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Abstract Constructability is a system for achieving optimum integration of construction 
knowledge in the building process and balancing the various project and environmental 
constraints to achieve maximisation of project goals and building performance (CII 
Australia 1993). Constructability concepts and principles, considered during conceptual 
planning, design, procurement, construction and use, can make the total building process 
easier to manage, quicker and more cost effective. When constructability becomes an 
implied and accepted aspect of the total building process it has the potential to deliver real 
benefits to clients, consultants, contractors and users. Constructability practices have 
developed from application and a considerable body of research conducted over the last 
thirty years. This paper reviews the development of constructability concepts and the 
identification of the key principles of constructability, and identifies the likely future 
developments in constructability research and practice. Historically, the attention given to 
constructability has been somewhat narrowly focused on individual project stages, and 
therefore, the multi-dimensional aspects of constructability have not been fully con­
sidered and the real benefits may have been missed. The findings presented in this paper 
indicate that the construction industry has begun to address more purposefully the 
concerns and difficulties of actively managing the interface between the various stages of 
the building process in addition to considering the facets of the individual stages them­
selves. In this way, constructability is becoming an important and powerful concept 
which can be applied beneficially to the total building process. 

Keywords buildability, constructability, construction management, design-construction 
integration 

INTRODUCTION 

The concept of buildability emerged in the late 1970s as a direct result of research 
and practical applications aimed at improving the efficiency, cost effectiveness and 
quality of construction projects. In 1983, the Construction Industry Research and 
Information Association, CIRIA, defined it as 'the extent to which the design of a 
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296 Griffith, A. & Sidwell, A.C. 

building facilitates ease of construction, subject to the overall requirements for the 
completed building'. The adoption of buildability in the UK does not seem to 
have been high. This is believed to be because research was limited in focus with 
an emphasis on improving site productivity through implementing concepts such 
as design rationalisation. This restriction, together with the separation of inputs 
characterising the UK's traditional building process, led to a lack of general 
interest in and application of buildability concepts. 

In contrast, research and construction practice in the USA focused more 
purposefully on the concept of constructability (CII USA 1987). Interests took 
advantage of the close link between building owners and contractors, emphasising 
a management systems approach to think creatively about the practicalities of the 
building process. Research in Australia adopted a similar management-based 
approach (CIIA 1993) presenting practical measures to improve the total 
construction process by focusing on key issues for consideration, rather than 
recommending specific procedures. The development of constructability princi­
ples serves to accommodate variations in organisational cultures, procedures and 
practices, thereby broadening the appeal of and encouraging the potential for the 
application of constructability concepts. 

THE FOCUS OF THIS PAPER 
The aim of this paper is to review critically the concepts and principles of con­
structability which are recognised today and which evolved from the early research 
studies into and practical applications of buildability. This focus is pertinent as 
there has been much creditable research and application of constructability 
concepts in recent times. Moreover, there remains some confusion in defining the 
conceptual boundaries of buildability and constructability. Until the boundaries 
are made clear, difficulties will likely remain in establishing the real benefits 
available to the construction industry from applying the concepts and principles of 
constructability. 

Objectives 

The specific objectives of this paper are: 
1 To describe in detail the development of constructability concepts and clearly 

determine the boundaries of constructability and the boundaries of buildability. 
2 To identify and develop the key principles of constructability which allow its 

concepts to be applied with the maximum potential during any construction 
project 

3 To anticipate likely future developments in constructability research and 
practice based upon current activities, concerns and issues. 

© 1997 Blackwell Science Ltd, Engineering, Construction and Architectural Management 4 | 4, 295-310 
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Collection of information 

The information for this paper was gathered predominently from the large body of 
knowledge in the fields of buildability and constructability which has been 
assembled over the last 25 to 30 years. The information, published extensively in 
the form of journal papers, books and conference proceedings, reflects research 
and practice in the UK, USA and Australia, these being the countries where 
research interest has been at its height. A practical example of constructability 
from recent research is described, which lends considerable support to the con­
cepts and principles which are presented. These sources of information combine 
to facilitate a level of insight into the likely future orientation of constructability 
research and practice. 

THE EVOLUTION OF CONSTRUCTABILITY CONCEPTS 

Early experience 

A UK governmental report in the early 1960s raised considerable concern at the 
distinct separation between the processes of design and construction, drawing 
specific attention to the inadequacies of communication and co-ordination which, 
it was said, was responsible for many of the problems then being experienced 
within the construction industry (Emmerson 1962). A number of general 
difficulties were identified, the principal ones being: the poor preparation of 
drawings and specifications; the inefficiencies of pre-contract design procedures; 
and the inadequate level of communication between the designer and contractor. 
Following this theme, a further report (Banwell 1964) suggested that: 

'design and construction must be considered together and that in the tradi­
tional contracting situation, the contractor is too far removed from the design 
stage at which his specialised knowledge and techniques could be put to 
invaluable use' 

The report called for more attention to be given to pre-contract planning and 
design formulation and criticised professionalism as being narrow sighted, giving 
rise to unnecessary and inefficient construction practices. It was suggested that: 
clients define their building requirements clearly at the start of the design stage; 
the building process should better integrate the stages of design and construction; 
and that traditional construction practices should be reviewed to seek inter­
disciplinary approach. A subsequent study (Economic Development Council 
1967) reported that the recommendations made in the Banwell Report had not 
been successfully implemented within the construction industry and that flexible 
approaches to traditional procedures should be sought and new initiatives 
developed if meaningful change within the industry was to be achieved. The 
Wood Report in the mid-1970s (National Economic Development Office 1975) 
suggested that in the decade following the Emmerson and Banwell reports some 
improvements had been made in the quest for integrating better the processes of 
design and construction. In general however, the original problems remained and 
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298 Griffith, A. & Sidwell, A.C. 

it was suggested that efforts should be directed towards increasing the level of 
awareness for the problems and designing measures to bring together the design 
and construction processes such that the construction stage might directly 
capitalise on design initiatives. 

Redefining the problem of integrating design wi th construction - the 
concept of buildability 

Following the reports of Emmerson, Banwell and NEDO, the Construction 
Industry Research and Information Association (CIRIA) supported a major 
research initiative to investigate what they regarded to be, the principal problems 
of construction practice. Their attention focused on a concept which they referred 
to as buildability, suggesting that building designs were not providing value for 
money in terms of the efficiency and effectiveness in the way in which the building 
process was then being carried out. The report of their investigations, Buildability: 
An Assessment, (CIRIA 1983) presented seven categories of buildability principles 
to: carry out thorough investigation and design; plan for essential site production 
requirements; plan for a practical sequence of operations and early enclosure; plan 
for simplicity of assembly and logical trade sequences; detail for maximum 
repetition and standardisation; detail for achievable tolerance; and specify robust 
and suitable materials. 

CIRIA stated that their methodological approach provided data that 'were too 
limited to be certain that the categories identified were final and universal', 
although they had sufficient confidence to publish the categories as provisional 
guidelines. It is from this original study that buildability research and practice 
evolved. The initial CIRIA report was followed by a further study (Adams 1989) 
in which the original seven categories of buildability principles were further 
developed to present 16, more definite, principles. This study is most purposeful 
since, although it still focuses on design, it does begin to widen the perspective of 
buildability and point the way towards recognising the true complexity and multi-
faceted nature of the issues involved. 

The first CIRIA study, while laudibly raising general awareness to the concepts 
and principles of buildability and therefore achieving its basic objective, was 
unfortunately restricted in focus. A subsequent research study (Griffith 1984; 
Griffith 1985a) was similarly narrow in scope, but recognised in its findings the 
fundamental weakness in focusing narrowly on the attributes of design to aid 
construction on site. It was suggested that concentrating on design was important, 
but that project site and management-based factors must also be considered. The 
difficulties surrounding the determination of conceptual boundaries for build­
ability have been discussed in further studies (Bishop 1985; Griffith 1985b).It was 
the narrow focus, together with the complexities of the traditional contractual 
processes, that led to the diminishing interest in buildability concepts within the 
UK construction industry during the late 1980s. 

© 1997 Blackwell Science Ltd, Engineering, Construction and Architectural Management 4 | 4, 295-310 
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Constructability concepts, principles and practices 299 

Developing the concepts of constructability 

Whereas in the UK the interaction of design and construction was perceived 
predominently as a design orientated concern, in the USA a much broader view 
emerged to establish widely ranging concepts termed constructability. In the early 
1980s, concern for the cost-effectiveness and quality of the American construction 
industry led to the establishment of the construction industry cost effectiveness 
project study team. Their report (Business Roundtable 1982) concluded that 'the 
benefits to be gained from "good" constructability [throughout the building 
process] are approximately ten to twenty times the cost of achieving it'. The 
Business Round Table initiated the establishment of the Construction Industry 
Institute (CII) based at the University of Texas at Austin in 1983. Constructability 
research has been a focus in CII activity and it was they who first defined 
constructability as 'the optimum integration of construction knowledge and 
experience in planning, engineering, procurement and field operations to achieve 
overall project objectives' (CII 1987). 

Three research projects during the late 1980s characterise the CII's interest in 
constructability. The first study (Tatum et al. 1986) directed attention towards the 
contribution that could be made by designer and contractor during the conceptual 
planning stage. Three aspects were identified as being important: developing a 
thorough project plan; detailing site layout; and considering alternative principal 
construction methods. The second study (O'Connor et al. 1986) examined how 
construction knowledge could be used to advantage during engineering and 
procurement. The suggestions made were: design and procurement should be 
construction-driven; designs should be configured to enable efficient construc­
tion; design elements should be standardised and encourage repetition; pre-
assembly works should be scoped to facilitate fabrication, transport and 
installation; designs should promote utilisation of resources; designs should assist 
construction under adverse weather conditions; and specifications should serve to 
simplify construction operations. The third study (O'Connor & Davis 1988) 
addressed the potential for good constructability during field operations. This 
study identified seven issues important to good constructability and which should 
be considered on all construction projects: sequencing of site tasks; temporary 
construction systems; use of hand tools; plant and equipment; pre-assembly 
needs; temporary support facilities; and post-bid construction preferences. 

The CII integrated the information accumulated from these three research 
studies into the Constructability Concepts File (CII 1987). In all, 14 concepts were 
presented, six for consideration during conceptual planning, seven for 
consideration during the design, engineering and procurement stages, and one 
concept for consideration during site operations. The essence of the approach is to 
consider the Pareto Principle where decisions taken early in a project's life cycle 
have greater potential to influence the final outcome of the project. (Fig. 1). 

Contributions to constructability research have also been made in Australia 
(Hon 1988; Hon et al. 1989). These studies reviewed the contribution of 
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300 Griffith, A. & Sidwell, A.C. 

constructability consideration within a project management setting. This was 
particularly useful since many of the problems seen in the UK studies, arising 
from the traditional contractual process, were obviated leading to the identifica­
tion of potential benefits through closer design and construction consideration. 
Further research (McGeorge et al. 1992) propounded that constructability must 
not just focus on the design and construction relationship, but rather be directed 
to examining the total building process and the contribution that constructability 
can make throughout the life cycle of a project. McGeorge et al. suggest that 
constructability is 'the extent to which decisions made during the whole building 
procurement process, in response to factors influencing the project and other 
project goals, ultimately facilitate the ease of construction and the quality of the 
completed project'. They present a three-dimensional model in which partici­
pants to the building process, constructability factors, and project stages, interact 
to give good constructability in the building process. 

Building on the suggestions of McGeorge, the New South Wales Government, 
Australia, developed the Capital Project Procurement Manual (CPPM) (NSW 
Construction Policy Steering Committee 1993). The CPPM sets out a detailed 
series of constructability considerations under seven principal headings: site fac­
tors; design; construction; employee relations; safety; climatic conditions; and 
procurement methods. The manual further encourages these considerations by 
incorporating them into an action plan designed to ensure their consideration at 
each key stage in the total building process. 

Establishing the boundaries of buildability and constructability 

In reviewing the evolutionary development of constructability concepts it can be 
clearly seen that constructability differs markedly from buildability in terms of its 
much wider boundaries. Buildability, as seen through research studies and 
practical applications, is a concept which focuses predominently on the influence 
that the designer may impart upon the ease of construction on site. Construct-

© 1997 Blackwell Science Ltd, Engineering, Construction and Architectural Management 4 | 4, 295-310 
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Constructability concepts, principles and practices 301 

ability takes a more holistic perspective, focusing on the consideration of all stages 
in the total building process. There is, of course, a very real and major implication 
to constructability as a practical concept for application throughout the total 
building process. Constructability is fundamentally dependent upon: the client 
being committed to its inclusion in project development from the outset; the 
efforts of the project team to avidly pursue its principles; and the early and 
dedicated involvement of the main contractor. Early commitment to construct­
ability in the project life cycle is also essential as the ability to influence project 
success will be greater in the initial stages of project development. When 
constructability is considered early and endorsed by the project team its concepts 
and principles have the potential to bring tangible benefits to the total building 
process. The following section develops this theme further and describes how 
principles of constructability have been developed which are applicable to each 
stage of the total building process. 

THE PRINCIPLES OF CONSTRUCTABILITY 

Without doubt, constructability is a complex and multi-faceted phenomenon. 
Benefits will only be achieved when there is a better understanding of the con­
tributions to be made by considering constructability both within the stages of the 
total building process and within the interface between the stages. Factors that 
influence the building process are many and may be generic or project specific and 
it is these factors that must be considered if good constructability is to be realised 
in any construction project. 

Factors influencing constructability 

Constructability may be influenced within the following stages and aspects of 
construction: 

Feasibility, conceptual planning and procurement 
Client's corporate objectives; client's project requirements; project strategy; 
project priorities - time, cost, quality; project team selection; definition of rela­
tionships, responsibilities and authority; type of project; location, site conditions 
and environment; resources; legislation and regulation; climatic influences; pro­
ject risk; form of contract; contract negotiation; and contract administrative 
procedures. 

Design 
Design concepts; specifications; construction details; task dependency; standar­
disation; tolerances; dimensional co-ordination; and drawings and communica­
tion. 

© 1997 Blackwell Science Ltd, Engineering, Construction and Architectural Management 4 | 4, 295-310 
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302 Griffith, A. & Sidwell, A.C. 

Construction and management 
Construction knowledge; skill base; construction methods; sequencing; resource 
deployment; standards and control of quality; organisational structure; manage­
ment and supervisory style; industrial relations; planning and progressing meth­
ods; material procurement; use of plant and equipment; site layout and temporary 
facilities; and site safety. 

Post-construction 
Installation and commissioning; operational requirements; user requirements; 
and life cycle provision and maintenance. 

Constructability is a concept that must seek to alleviate the difficulties brought 
about by the separation and demarcation between the stages of the building 
process. Moreover, it must seek to resolve the many problems of performance, 
technology and management that arise during each stage. An approach is 
necessary which appreciates those many and diverse factors identified in all 
construction projects while also accommodating project specific factors and 
appreciating the particular culture of the organisations involved. 

Constructability principles 

Between 1991 and 1993, the CII Australia collaborated extensively with the CII in 
the USA to develop a Constructability Principles File appropriate for the Australian 
context (CII Australia 1993). The research team evaluated the concepts of 
buildability and constructability that had been the subject of research carried out 
in the UK, USA and Australia over the last 25 to 30 years against a series of local 
case studies and developed a set of principles tailored to the Australian con­
struction industry. The concepts developed consist of a best-practice, how-to-do­
it manual, covering: 
1 Implementation advice on how organisations can establish a constructability 

programme 
2 A flowchart indicating the applicability of principles at each stage in the building 

process 
3 Executive summaries explaining the principles of constructability 
4 The key principles of constructability 
5 A database to record examples of the savings made from implementing 

constructability. 
An important development by the task force is the concept that principles of 

constructability are not applied sequentially as the building process develops, but 
rather may be developed during several stages. A flowchart was presented which 
advises the user which principles are most likely to be relevant at particular stages 
in the project life cycle. The constructability file presents 12 overriding principles 
which represent the best in current constructability practice and are aimed at 
encouraging the project team to apply them, where appropriate, to their project. 

© 1997 Blackwell Science Ltd, Engineering, Construction and Architectural Management 4 | 4, 295-310 
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Constructability concepts, principles and practices 303 

The team may find that some principles directly relate to their project while others 
do not, but the goal of the file is to stimulate thought about constructability and 
how to make it work. The approach deliberately avoids a checklist approach that 
likely stifles creative thought, and instead addresses the difficulties associated with 
implementation by indicating the relative importance of each principle at any 
particular stage of a typical construction project. The CIIA principles of con­
structability are described as follows: 

Integration 
Constructability must be made an integral part of the project plan. 

Construction knowledge 
Project planning must actively involve construction knowledge and experience. 

Team skills 
The experience, skills and composition of the project team must be appropriate 
for the project. 

Corporate objectives 
Constructability is enhanced when the project team gains an understanding of the 
client's corporate and project objectives. 

Available resources 
The technology of the design solution must be matched with the skills and 
resources available. 

External factors 
External factors can affect the cost and/or program of the project. 

Program 
The overall program for the project must be realistic and construction-sensitive, 
and have the commitment of the project team. 

Construction methodology 
The project design must consider construction methodology. 

Accessibility 
Constructability will be enhanced if construction accessibility is considered in the 
design and construction stages of the project. 

Specifications 
Project constructability is enhanced when construction efficiency is considered in 
specification development. 

© 1997 Blackwell Science Ltd, Engineering, Construction and Architectural Management 4 | 4, 295-310 
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304 Griffith, A. & Sidwell, A.C. 

Construction innovation 
The use of innovative techniques during construction will enhance construct-
ability. 

Feedback 
Constructability can be enhanced on similar future projects if a post-construction 
analysis is undertaken by the project team. 

Application of constructability principles 

Integration, construction knowledge and team skills consider the importance of 
including the 'right' team members from the beginning of the project. Corporate 
objectives considers how constructability may be enhanced when the project team 
understand clearly both the corporate, as well as project, objectives. Available 
resources and external factors address the concern that constructability will often 
be affected by factors over which the project team has little control, but that their 
potentially detrimental influence can be minimised if identified early. Program 
considers the importance of establishing a realistic and construction-sensitive 
schedule for the works, one which has been discussed and agreed to by project 
team members. Construction methodology, accessibility and specifications are 
concerned with issues that should be integrated into the final design and project 
documentation. Construction innovation addresses the use of construction 
knowledge to improve the effectiveness of site operations. Ideally, the contractor 
will have been consulted early in the developmental process to facilitate the input 
of his specialist knowledge and experience. Feedback, the final constructability 
principle, is concerned with the concept that a construction project evolves 
through a somewhat cyclic and cumulative process rather than a mere linear 
process, whereby the knowledge gained on the project can benefit subsequent 
projects. Two post-construction reviews are recommended, one to evaluate the 
effectiveness of constructability decisions, and the second to determine the 
operational efficiency of the total project. 

Benefits of implementing constructability 

Today, construction clients expect their projects to be completed on time, within 
budget, and to be of good quality; they demand a high quality of service and real 
value for money. Moreover, clients expect the final product to be relatively trouble 
free and inexpensive to use and maintain. They require a system that affords them 
efficiency and effectiveness throughout the total building process. It is for this 
reason, if no other, that constructability concepts and principles have an inno­
vative and significant role to play. The CIIA Australia has proposed a systematic 
approach based on four key components which are illustrated in Fig. 2. These are: 
acceptance of the cost influence curve; adoption of a corporate program; adoption 
of a project level program; and application of the Constructability Principles File. 

© 1997 Blackwell Science Ltd, Engineering, Construction and Architectural Management 4 | 4, 295-310 
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Constructability concepts, principles and practices 305 

There are tangible benefits to be gained from implementing constructability in 
any building project. Some of these benefits may be manifest, others more 
obscure, some quantitative in nature while others are more subjective. Benefits 
can also be quite pragmatic, measurable not only in terms of cost, time and 
quality, but in terms of the physiological and psychological gains for the building 
team members. The benefits of constructability have become well recognised (CII 
USA 1987; McGeorge et al. 1992; CII Australia 1993; Griffith & Sidwell 1995) 
and may extend across the total building process and include the following: better 
conceptual planning; more effective procurement; improved design; better con­
struction methods; more accomplished site management; more effective team­
work; higher job satisfaction; increased project performance; and enhanced 
recognition for the participants. 

Barriers to implementation 

It would be unrealistic and therefore irresponsible to suggest that constructability 
can address all the questions, difficulties and problems that confront any and all 
construction projects. Creating a building that is easier to construct cannot be the 
sole aim of the client (Griffith & Sidwell 1995). Each building project is an 
individual and often unique entity which requires, in its formulation, a multitude 
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306 Griffith, A. & Sidwell, A.C. 

of complex and interactive factors to be considered. What constructability can do, 
is to invite the client and building team to consider, perhaps more so than has been 
the case in the past, principles which can assist them to create a smoother passage 
through the management of the project. 

It is clear that the fragmented nature of building and the segregated roles of the 
project team, characteristic in traditional building procurement, present inherent 
and signifcant barriers to the widespread adoption and developing success of 
constructability. Moreover, support is stifled by the obstacles to innovation in 
design, technology and management, brought about through: the low level of 
awareness; demarcation; the lack of incentives; reticence; and the competitive 
stance adopted by construction professionals. Such difficulties and the barriers 
they create to the further development and application of constructability con­
cepts are complex and involved and will not be overcome easily. Better building, 
through the implementation of constructability, will evolve only from the com­
mitted interest of clients and a concentrated effort towards dissolving barriers and 
encouraging teamwork. Constructability can be assisted by clients and supported 
by project teams, with a clear direction sought to improve: design approach; 
construction techniques; construction management; and use of the finished 
product. Constructability must become a creative thinking process throughout the 
total building process. 

A CASE STUDY EXAMPLE OF CONSTRUCTABILITY APPLICATION 

This section presents a recently completed research case study example of con­
structability to exemplify constructability consideration within the building pro­
cess. The example reviewed should not be interpreted as stereotypical of 
constructability interest and activity, but rather serve as a persuasive indication of 
the propensities of constructability concepts and principles in application. This 
case study example of constructability application concerns the procurement, 
design and construction of a large public arts and entertainment centre, a state 
government initiative in Australia. The brief for the project called for: a 12,000 
seat public arena; backstage facilities and storage; public amenities; corporate 
suites; and a main foyer and auditorium. Speed of construction was considered to 
be the overriding priority of the client as was the effectiveness of construction 
techniques and management as the project held considerable public and political 
attention at that time. In addition, a project management approach was to be used 
for the project. At the recommendation of the client, constructability considera­
tion was to be encouraged throughout the total building process. The benefits of 
constructability emerging from this interest were as follows: 

Conceptual planning and procurement 
As the project was to be completed to a tight programme schedule and restricted 
budget, the project management team pursued a novation form of contract - where 
the client employs a designer to develop the design to a certain point, then calls for 
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tenders and the successful contractor then completes the design and carries out the 
works. For this project, the design consultant developed the design to the point of 
novation and then engaged their own subconsultant and a building consultant, 
appointed jointly by them and the project management team, to specifically assist 
with project methodology and planning. This approach was highly beneficial as the 
close interaction between the subconsultant, building consultant and project 
management team allowed constructability to be a key feature of their organisation 
and planning for the project. Tenders were requested from a number of contractors 
and detailed negotiations followed with the lowest bidder. 

Design 
The selected contractor allowed the project management team to scrutinise the 
bid during which the high cost elements could be identified and the opportunity 
explored to make cost savings. From this process a range of design and 
construction alternatives were suggested, leading to subsequent cost-effective 
modifications. 

Construction 
The project was situated on an area of poor ground. As this was identified early on 
in the conceptual planning stage, project management had taken the opportunity 
to re-confirm their site investigation survey data such that when the contractor 
tendered and subsequently carried out the construction works the nature of the 
ground conditions was known with accuracy. Construction methods that had 
been considered during the conceptual planning stage were reviewed with the 
selected contractor and aspects which would encourage good constructability in 
methods and sequencing were incorporated into the site works. 

Construction management 
A prominent concern of site management was the method and sequence by which 
the steel space frame trusses would be set in position for the large span roof. It was 
impossible to construct the entire roof at ground level and then lift it into position, 
so it was decided to use multiple and co-ordinated crane lifts to raise and sling the 
main trusses into position. Specially fabricated working cages were then sus­
pended from the cranes to allow operatives to fix the roof coverings. This method 
alleviated the need for temporary working platforms which reduced time and costs 
considerably. Special provision for safe working had to be agreed with site labour 
and trade unions before the method was implemented. 

The benefits of these techniques 
The benefits of constructability consideration were clearly visible in this case 
study. Constructability concepts and principles had been pursued throughout the 
total building process for the arts and entertainment centre, and post-construction 
review indicated that the project had been delivered four months ahead of 
schedule and with overall cost savings approaching 8% of total budget. This case 
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study shows quite unambiguously that there are real benefits to be accrued from 
the detailed consideration of constructability. 

FUTURE DEVELOPMENTS IN CONSTRUCTABILITY RESEARCH AND 
PRACTICE 

This review of constructability concepts, principles and practice has shown that 
there has, over time, been considerable re-assessment of its form. Interest has 
grown from the narrow perspective of buildability to the strategic consideration of 
constructability as a valuable management tool to bring real benefit across the 
total building process. A truly workable approach to constructability requires 
recognition that there are many and diverse factors that impinge upon the building 
processes. These factors were presented earlier in this paper. Constructability will 
not gain full support within the construction industry until these factors are better 
understood and until constructability principles are seen in context with them. To 
develop a conceptual approach which appreciates the influence of these factors 
and relates them better to constructability will not be an easy task. 

Recent research (Chen & McGeorge 1994) states 'that many researchers have 
recognised the importance of being able to identify all relevant factors . . . this has 
been an ideal which has been too complex to model conceptually and therefore 
too difficult to implement'. Chen and McGeorge suggest that 'the greatest 
potential gains will be achieved by better management of information to support 
project decision making'. They support a systems approach to examine a three-
dimensional model in which participants, project factors and project stages are 
significant to constructability strategies. Further research by Griffith and Sidwell 
(1995) presents an outline for developing a constructability strategy at each key 
stage of the construction process. This considers many of the factors suggested by 
Chen and McGeorge. This approach sought to stimulate creative thought about 
the nature of each stage such that important questions and considerations about 
the building process would not be missed and to encourage action to be taken by 
the respective participants to pursue constructability. 

In the strategic consideration of constructability it is likely that future research 
and practice might focus on: the more holistic view of constructability to develop 
more encompassing strategies to be developed for considering constructability at 
each stage in the total building process; the concentration on a fewer number of 
factors which influence constructability such that greater reliability can be built in 
to the strategies developed; and the formulation of management methods that are 
readily adaptable to the individual project situation, including non-traditionally 
procured projects. 

CONCLUSIONS 

It can be seen clearly from this paper that constructability concepts transcend the 
total building process. Constructability has a valuable role to play in conceptual 
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planning, procurement, design, construction and use. The timing of its imple­
mentation is crucial to its success as the ability to influence the project outcome is 
greatest early in the project lifestyle. The application of constructability thinking at 
the project's inception will therefore maximise its potential to deliver real benefits. 
Constructability will achieve greater success when its concepts and principles 
become an inherent and recognised part of the way in which a construction project 
is conceived, organised and managed. For benefits to be guaranteed, the project 
team led by the client must have a collective project policy which is actively 
pursued through a structured programme of measures designed to encourage 
constructability from day one of the project's conception. 

Three factors are significant to the successful implementation of construct­
ability: first, the conscious perception, drive and commitment of the client; sec­
ond, the earliest possible involvement of construction knowledge, skills and 
experience in the building process; and third and perhaps the most important 
factor, the collective response and support of all the members of the project team. 
Better value for money, improved quality of service and significant savings in 
project cost and time are shown to be possible through constructability con­
sideration. A strategic approach in the future will likely see constructability being 
focused on a number of key issues within the construction process - those which 
have a significant capability to influence the project outcome. Constructability will 
need to be understood fundamentally within the context of these factors if its 
concepts and principles are to develop, become applied more widely and have 
greater success in the future. 
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Constructability Analysis in the Design Firm
David Arditi, M.ASCE1; Ahmed Elhassan2; and Y. Cengiz Toklu3

Abstract: The timely execution of a construction project is very important to the owner, who makes plans and commitments on t
of the project’s anticipated completion date. Failure of design professionals to consider how a builder will implement the design c
in scheduling problems, delays, and disputes during the construction process. Constructability of design is a subjective scale th
basically on a number of interdependent project-related factors. Many design firms have a formal~explicit! constructability program tha
is launched as early as the conceptual planning stage of the project. This research examines design professionals’ efforts
constructability and provides recommendations for performing constructability reviews in an efficient and effective manner.
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Introduction
The strong markets in the late 1990s have brought a new s
problems. A formal~explicit! constructability program has be
come indispensable for any design firm that cares about the q
ity of services it provides, and more importantly, about survivi
in today’s highly competitive market.

Constructability programs aim at integrating engineering, c
struction, and operation knowledge and experience to be
achieve project objectives. But constructability input has b
hindered by the designer’s partial understanding of construc
requirements, diverging goals between design and construc
professionals, and the resistance of the owners to formal cons
tability approaches because of the highly visible extra cos
projects.

Another aspect of today’s construction industry is that fir
are trying to adapt themselves into a market that prefers m
integrated project delivery options~design-build, construction
management, fixed price, lump sum, etc.!. In a survey conducted
by Engineering News-Record~ENR! magazine in 1997, the
engineer-constructor discipline dominates the design market
nearly 50% of total billings, compared to other disciplines li
engineer, architect-engineer, engineer-architect, and others~The
top 500 design firms source book1998b!. This distribution indi-
cates that the construction industry is responding to the pro
benefits of integration and by implication, to the benefits of hig
constructable designs.

Even though the issue of constructability has been discusse
the literature for many years, it attracted special attention after
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paper is part of theJournal of Construction Engineering and Manage-
ment, Vol. 128, No. 2, April 1, 2002. ©ASCE, ISSN 0733-9364/2002/
117–126/$8.001$.50 per page.
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publication of a report sponsored by the Business Roundtabl
part of the Construction Industry Cost Effectiveness Project
1982 ~Integrating construction 1982!. Independent studies~e.g.,
Ireland 1985; ASCE 1991; Russell et al. 1993! confirmed that
integrating construction knowledge into design processes gre
improves the chances of achieving a better quality project, c
pleted in a safe manner, on schedule, for the least cost. The
struction Industry Institute issued guidelines for implementi
constructability programs~CII 1986, 1987!. Attempts were made
to develop models to classify constructability knowledge~e.g.,
Hanlon and Sanvido 1995; Fischer and Tatum 1997! and to auto-
mate the process of constructability reviews~e.g., Gray 1986;
Skibniewski et al. 1997; Navon et al. 2000!. Surveys were con-
ducted to understand the phenomenon better, to identify the
riers to better constructability, and to quantify the advantages
tained from constructability reviews~e.g., CII 1993; Uhlik and
Lores 1998; Anderson et al. 1999!. Although these surveys re
ported the contractors’ points of view, other studies looked i
the constructability issue from the owners’ perspective~e.g.,
O’Connor and Davis 1988; Gugel and Russell 1994; Russell e
1994a!. Because the common consensus is that constructab
reviews must take place in the design phase, the study repo
here surveys design firms.

The objectives of the research presented in this paper inc
assessing the extent to which constructability efforts are purs
by design firms, determining the preferred timing for construc
bility implementation, exploring the tools utilized by design pr
fessionals to achieve better constructability, exploring the fac
that promote or constrain constructability, and determining
benefits of a formal constructability program to the designer. T
findings of a survey of large U.S. design firms operating on
local, national, and international markets are reported.

Methodology

This research investigates the implementation of constructab
reviews in the design phase of a construction project. It enc
passes different issues regarding constructability concepts su
the existence of formal constructability programs in design firm
tools utilized, timing of implementation, and the factors that im
prove or hinder constructability reviews conducted in a des
firm. A questionnaire was designed to address these issues

s
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was mailed to the presidents of design firms along with a co
letter and a self-paid envelope. A copy of the questionnaire
presented in the Appendix. The collected data were analyze
means of statistical methods and conclusions were drawn.

The participants of this survey were selected on the basi
their presence in theEngineering News-Record~ENR! list of top
500 design firms in the United States~Top 500 design firms
1998!. ENR ranks design firms that work in a wide range
markets~general building, manufacturing, power, water supp
sewerage/solid waste, industrial process, petroleum, transp
tion, hazardous waste, and others!. Ranking is defined accordin
to total design revenue~national and international! in U.S. dollars
and therefore reflects the volume of design work performed
the firm. This implies that the sample represents the largest de
firms based in the United States, with 1997 total billings rang
from $9.8 million to $1.652 billion. The respondents were t
presidents and vice presidents of these design firms.

The data were split based on two control variables, nam
size of firm and type of work undertaken. To test the significa
of the differences between sample proportions, an estimate o
population proportion was calculated using the equation

p5
N1P11N2P2

N11N2

whereN1 andN25sizes of samples andP1 andP25sample pro-
portions drawn from respective populations. The null hypothe
states that there is no difference between the population pa
eters. The sampling distribution of differences in proportions
approximately normally distributed with its standard deviati
given by

sP12P2
5ApqS 1

N1
1

1

N2
D

whereq512p.
Hypotheses were tested using a level of significance oa

50.01 ~99% confidence level! by using the standardized variab
z. For a 99% confidence interval, the criticalz values are 2.33 and
22.33.

z5
P12P2

sP12P2

When respondents were asked to rate a factor on a~High/
Medium/Low/None! scale, the ranking of the factors was done
assigning numerical values to the ratings~e.g., High53,
Medium52, Low51, and None50!. The ranking was based o
the mean of the values derived for each factor.

To test the significance of the differences of the means of
ratings, a null hypothesis was constructed so that there is no
ference between the population means, that is,m15m2 or that the
samples are drawn from two populations having the same m
The sampling distribution of the differences of the means is
proximately normally distributed with a standard deviation giv
by the following expression:

s x̄12 x̄2
5AS s1

2

N1
D 1S s2

2

N2
D

whereN1 and N25sizes of the samples, ands1 and s2 are the
respective standard deviations.

The null hypothesis can be tested against the significance o
observed difference at an appropriate level of significance
using the standardized variable~z score!.
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The Statistical Package for Social Sciences~SPSS 1996! was
used to analyze the data.

Characteristics of Respondent Design Firms

It was found that 66% of the respondents provide traditional
sign services, 34% do design-build, and 18% construction m
agement~Table 1!. It can be inferred that the traditionally frag
mented project delivery option of design-bid-build still counts f
most of the contracts, which supports Uhlik and Lores’~1998!
assertion that ‘‘design without construction input is the tradition
way of contracting’’ and makes the need for formal constructa
ity programs very important. Nevertheless, recent feedback f
the industry shows that ‘‘innovative project delivery systems
sweeping the industry’’~Russell et al. 1998!. Among the new de-
livery options is partnering, which seeks to bring together all k
players on a project for goal setting and rapport building. Al
design-build, whose growing popularity is driven by the indu
try’s desire to loosen the stranglehold of litigation, combines
design and construction disciplines and gets projects compl
more expeditiously. Constructability is presumably less of a pr
lem in partnering and in the design-build delivery system beca
designers and construction personnel~including subcontractors!
are in constant touch throughout the project.

Table 1 includes information about the type of work perform
by the respondents, company size in terms of annual sales,
geographical location of projects undertaken by the responde
The design firms that took part in the survey appear to be la
firms involved mostly in general building and civil engineerin
projects and active in local, national, and international marke

The location of a project may have a considerable impact
constructability. Information about materials and skilled lab
available at a project location and construction techniques
dominantly used in certain regions should be taken into consi
ation during design. Other considerations might address site
cessibility, soil conditions, weather, and availability
preassembly or prefabricated components.

Table 1. Characteristics of Respondents

Characteristics of respondents Frequency Percen

Type of service provided
Traditional ~design-bid-build! 88 66
Design-Build 43 34
Construction management 21 16

Type of work performed
General building 86 64
Engineering~highway, heavy, etc.! 77 57
Industrial ~power plants, refineries, etc.! 39 29

Annual sales
Less than $15 million 30 22
Between $15 million–$20 million 26 20
Between $20 million–$45 million 42 31
More than $45 million 36 27

Geographical location of projects
Local 76 57
National 90 67
International 71 53

Note: Total respondents: 134. Some respondents identified more than
response.
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Constructability Reviews in Design Firms

Of 139 respondents, only 5 indicated that they had never h
the term ‘‘constructability’’ before. They represent 4.3% of t
total population surveyed. The answers provided by these res
dents were not included in the analyses presented in this p
This finding indicates that most design professionals~95.7%! are
familiar with constructability as a concept. A little over ha
~50.7%! of the respondents indicated that they have a formali
corporate philosophy about constructability in their organizati

The results of Uhlik and Lores’ survey~1998! of constructa-
bility approaches pursued by general contractors show that
of general contractors surveyed did not have formal constru
bility programs, nor did they take action toward the implemen
tion of constructability programs. There seem to be more exp
constructability programs in design firms than in construct
companies, although some design firms perform constructab
reviews as part of value engineering or as a component of ‘‘c
struction cost management.’’ The difference between contrac
and designers is probably caused by the general belief~Zimmer-
man and Hart 1982; Burati et al. 1992! that constructability analy-
sis is particularly valuable in the design phase.

Techniques used in Constructability Reviews

The findings presented in Fig. 1 indicate that ‘‘peer review’’ a
‘‘feedback systems’’ are the most popular tools used in cond
ing constructability reviews in design firms with 88 and 87
respectively, of the respondents using these approaches in
firms.

The popularity of the peer review technique can be explai
by the fact that many governmental agencies mandate project
reviews for specific contracts. For example, the city of Bos
requires that prior to the issuance of a building permit for ‘‘co
plex fixtures or systems’’ an examination by a second enginee
performed. Also, the state of Connecticut requires independ
engineering reviews on certain projects that meet establis
threshold limits~Gustafson 1990!. The reason behind the pee
review requirement is to benefit from the accumulated const
tion experience of designers at large.

Fig. 1. Utilization of constructability tools
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There are two types of peer reviews: project management
project design. The first focuses on the planning or managem
aspects of a project; whereas, the latter is an evaluation tha
cuses on the technical aspects of a project. Peer reviews
involve both of these reviews to improve the quality of a proje
prior to entering the construction phase. A major advantage
peer reviews is that they uncover and correct design inconsis
cies, and they specify alternative construction methods w
which the designer was not familiar.

With the rising costs of construction and the increased dem
of time constraints on schedules, few members of the construc
industry can afford to waste time and resources on errors or i
fective work practices. Therefore, heuristic construction kno
edge is gathered and stored on a project-by-project basis in m
design firms in order to benefit from past lessons and to avoid
same pitfalls in the future. The feedback process involves
capture and transfer of past lessons learned, using either
copy records or multimedia tools. In the latter, the computer t
captures, records, and stores constructability concepts and les
learned, while providing design professionals with easy acc
and graphical retrieval of concepts and lessons to deepen
understanding of constructability issues~Multimedia 1998!.

The least common tool used in constructability analysis i
small-scale physical model~used by only 27% of the respon
dents!. This finding indicates that this once popular tool used
visualize the project is on its way to becoming obsolete~except
for highly sophisticated structures like petrochemical plants!. The
design firms surveyed appear to rely more on computer gener
models to pursue constructability of design than building phys
models, probably because of cost and time considerations.
worth mentioning here that design firms utilize various differe
tools in their pursuit of constructability, depending on the char
teristics of the projects undertaken.

Techniques not included in the questionnaire were inserted
the respondents in the ‘‘other’’ category. Some prevalent to
include discussions with contractors, clients, and suppliers; q
ity assurance/quality control after each design stage; the cons
tion manager participating in design reviews; and design chec
reviews.

Timing of Constructability Reviews

The responses plotted in Fig. 2 show that the developed de
stage is where most constructability reviews are conducted~87%!.
It was also found that 25% of the respondents perform const
tability analysis throughout the entire design process~conceptual
planning, preliminary design, developed design stages, and
finishing the design!. This means that one quarter of the desi
firms surveyed treats constructability improvement as part of
overall continuous project improvement process, which is the
ommended practice by most researchers~O’Connor and Miller
1994!.

It is generally thought that constructability reviews should
conducted after plans are completed to a certain level in orde
reviewers to have something to work with. An alternative proc
emphasizes that construction expertise must be brought in be
any design is put onto paper. This way, opportunity is provided
the designers to begin their work with certain key issues in mi
issues that can frequently be accommodated without adverse
to the design~Mendelsohn 1997!.

If the sum of the respective bars in Fig. 2 is considered, it c
be observed that 51% of the firms start performing constructa
ity reviews as early as the conceptual planning stage, and 80
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early as the preliminary design stage. Four percent stated
their firms conduct constructability reviews only after finishin
the design. Only one respondent~0.8%! indicated that his/her firm
never performs constructability reviews. These findings indic
that there is a tendency to perform constructability reviews e
in the design process in order to obtain maximum benefits. T
finding supports Mendelsohn’s~1997! study that recommends tha
the constructability review process must begin at the earliest c
ceptual stage to be fully effective.

A constructability review process developed by the Washi
ton State Department of Transportation~WASHDOT! is very
similar to the practice reported by the respondents. The WA
DOT process is composed of four constructability reviews p
formed at various stages during the course of a project. The
review is performed at the completion of the draft project defi
tion report, a comprehensive project report developed during
project definition stage at which time a value engineering stud
performed. Then successive reviews are conducted at va
points during development of plans, specifications, and estim

Factors That Enhance Constructability

The factors that were rated in the survey by the designers ar
project related. The factors are plotted in Fig. 3 according to th
mean score, which ranges from 0 to 3~0 being the least influentia
and 3 the most influential!.

The most significant factor selected by the respondent
project complexity, which reinforces the results of the Constr
tion Industry Cost Effectiveness project, which indicated that
number of construction experts involved in a constructability p
gram should depend on project size and complexity~Integrating
1982!. Indeed, the likelihood of constructability problems occu
ring in the design/construction of industrial facilities such as
petrochemical plant is much higher than in civil engineeri
projects such as laying a pipeline.

The factor that has the second highest influence on cons
tability is design practices and philosophy, which shows that c
structability is affected largely by the designer’s approach to
problem. Constructability can be enhanced by a corporate cu

Fig. 2. Timing of constructability reviews: A, conceptual plannin
stage; B, preliminary design stage; C, developed design stage
after finishing the design
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that includes meticulous attention to construction detail, val
practical site experience, takes pride in a track record of proj
completed with minimum redesign, and rewards archite
engineers who produce constructable designs.

The third factor that impacts constructability is the proje
delivery system. Whether a constructability program is admin
tered by the constructor or the owner makes a difference~Russell
and Gugel 1993!. As mentioned previously, design-build practic
are also expected to reduce constructability problems as the i
face between the constructor and the designer in this deliv
system is more rigorous than in the traditional design-bid-bu
system. Partnering allows long-term relationships between c
structors and designers, and as a result, it minimizes constru
bility problems, because the designer knows well what the p
nering constructor requires in the design.

Not surprisingly, the least important factors were marked
project location and design standards. Indeed, design stand
are to be adhered to and do not affect constructability as these
universal and have been in the books for a long time. As
project location, the only factor that can be of consequence
constructability would be the designer’s ignorance of local co
struction practices and/or local materials. Given the uniform tra
ing of unionized labor and the widespread use of national mate
brands, it is not surprising that this factor is at the bottom of
respondents’ list.

Factors that Constrain Constructability

All the constraints listed in the questionnaire were project rela
The factors are plotted in Fig. 4 according to their mean sco
which ranges from 0 to 3~0 being the least influential and 3 th
most influential!.

Faulty, ambiguous, or defective working drawings, incompl
specifications, and adversarial relationships were found to be
three major factors that cause constructability problems.

Working drawings are an essential element of construct
bridging the gap between the design set forth in the specificat
and the details necessary to fabricate material and install the w
in the field. Any faults or ambiguity in working drawings can lea
to cost overruns, delays, disruption of construction progress,

,
Fig. 3. Factors affecting constructability
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consequently, litigation between the designer and other pa
involved in the process. This finding reinforces Mendelsoh
~1997! claim that technical contract documents are very import
and effective tools in achieving a highly constructable design

Specifications can be set as design or performance spec
tions, design specifications being the ‘‘recipe’’ the contractor
required to follow; whereas, performance specifications dic
what the end result should be without telling the contractor h
to accomplish that result. The incomplete specifications facto
the second most important factor shown in Fig. 4 that cau
constructability problems. If construction personnel are involv
in the preparation of specifications, many on-site conflicts can
avoided.

The construction industry is a fragmented industry where
ferent parties such as the owner, contractor, designer, and sub
tractors have differing and sometimes conflicting objectives. T
fragmentation is particularly prevalent in the traditional desig
bid-build project delivery system where adversarial relationsh
among the parties has become the norm. The lack of trust,
existence of conflicting objectives, and the common expecta
of frequent disagreements result in a general lack of commun
tion which in turn creates constructability problems.

The respondents listed budgetary limitations, resistance of
owner to formal constructability programs, and nonstandard
tion of design to be the least influential constraints that hin
constructability~Fig. 4!. This finding challenges the common pe
ception that owners constitute a barrier to formal constructab
programs because constructability programs add a highly vis
extra cost to projects, and benefits are less tangible~Integrating
1982!. The findings suggest that there is no tendency on the
of the owners to prevent constructability programs, probably
cause of their proven cost savings.

Benefits of Constructability Programs to Design Firm
A constructability program introduces a cost that is usually ad
to the design fee and might harm the competitiveness of the fi
Some firms absorb that cost into their indirect expenses to
competitive, so there should be some benefits to the design fi
in return for their investment in a more buildable design.

The most significant benefits listed by respondents are de
oping better relationships with clients and contractors, being
volved in fewer lawsuits, and building a good reputation~Fig. 5!.

Fig. 4. Constraints on constructability
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This finding indicates that long-term public relations, litigatio
free jobs, and the building of a good reputation are crucial c
siderations for design professionals, possibly because de
work is typically not awarded through lowest offer bidding but b
a client who approaches a reputable and competent designe
negotiates an agreement.

A reduction in the number of potential claims and lawsu
against the design firm was marked as the second reward of
structability. This finding can be explained by the fact that des
errors ~lack of constructability! are the most common cause fo
contract claims~Diekmann and Nelson 1985!. It also strengthens
the opinion put forward by Gambatese and McManus~1999! that
the implementation of constructability programs can reduce
tagonism and disputes between designer and contractor.

The construction business is extremely risky. Much of the p
paratory paperwork that precedes construction projects can
viewed as the formulation of risk allocation between the own
contractor, and designer~Rubin et al. 1983!. As claims and dis-
putes increase, the construction industry struggles to find a wa
equitably and economically resolve them. A study indicated t
fees paid to lawyers and experts in litigation had increased 42
between 1979 and 1990; whereas, settlements and verdicts
increased only 309%~Marcotte 1990!. As a result, the threat o
litigation stifles innovation in engineering design. Even as th
assess risk carefully on a project-by-project basis, many desig
turn down work because of the threat of liability. This shows th
the threat of litigation is an important factor in the design profe
sion.

Value Engineering versus Constructability

There is agreement by the large majority of the responde
~91%! that value engineering~VE! cannot replace constructabi
ity. This was rationalized by the comments made by respond
to stress the distinction between the two processes, such as ‘‘t
are two different issues,’’ and ‘‘these have different goals,’’ a
‘‘VE comes much later in the process.’’

The primary objective of VE is to reduce the total life-cyc
cost of a facility; whereas, constructability focuses on the opti
zation of the construction process. VE is normally performed d
ing the design phase of the delivery process. An effective form
constructability program ideally begins during the concept

Fig. 5. Benefits of constructability
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planning phase and continues through construction. Conduc
constructability reviews can act as a precursor to VE, provid
information through construction input and lessons learned fr
past projects so that VE may be more effective. Although c
structability reviews and VE might differ in terms of focu
implementation, and timing, activities within the two work pr
cesses may complement each other in achieving their goals~Rus-
sell et al. 1994b!.

Construction Engineers’ Involvement in Design

The large majority~95%! of the respondents are of the opinio
that construction engineers should be involved in the design p
in addition to other professionals that are already participatin
this stage; whereas, the remaining 5% think they do not nee
do so. This finding indicates that designers are aware of the n
for a construction expert to provide the design team with insig
into the construction phase of the project. Although 57% of
respondents believe that construction engineers should be
volved regardless of project conditions, 38% indicated that
involvement of construction engineers should depend on the
complexity, and type of project, with the remaining 5% not see
any need for a construction engineers’ involvement.

Several respondents made remarks like ‘‘sometimes our o
engineers do not see things as our construction people do.’’
kind of remark indicates that the designers are not against
potential advisory role that experienced construction person
might play in their organizations. It emphasizes the fundame
differences between designers and constructors; if nothing
one can say that a designer has a conceptual mind that relat
intangibles and a constructor has a practical mind that relate
tangibles.

Comparative Analysis

A comparative analysis was performed to test the differences
garding constructability issues between different populations
the collected sample. The sample (n5134) was divided into
small and large firms~according to annual sales! to test the effect
of corporate size on constructability practices. Firms with ann
sales equal to or less than $20 million were considered to be s
~56 firms!, and those with annual sales of more than $20 mill
were considered to be large~78 firms!. Also, the firms operating
in the general building sector~40 firms! and those working in the
engineering~highways, heavy, etc.! sector~32 firms! were used as
two control groups.

The differences in proportions and means were tested for
nificance. The underlying null hypothesis was that there is
significant difference between control groups. A 99% confide
interval, i.e., a level of significance ofa50.01, is used in order to
minimize Type I error~rejecting a true null hypothesis!.

Comparison between Small and Large Design Firms

By using a level of significance of 0.01, none of the null hypo
eses were rejected. This result means that for the underlying
hypothesis there is no difference between the population pro
tions ~or means! for small and large design firms in the constru
tion industry.

This finding indicates that the characteristics of constructa
ity reviews ~timing, tools used, factors that enhance or constr
constructability, and benefits of constructability! conducted in the
122 / JOURNAL OF CONSTRUCTION ENGINEERING AND MANAGEMENT
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design firm are not influenced by the size of the firm~i.e., the
volume of work performed!.

In contrast, findings by Uhlik and Lores~1998! show that gen-
eral contractors with larger volumes of work tend to use m
resources in the implementation of constructability programs
maintain and increase their volume of work and profitability m
gins. This difference between designers and general contra
can be attributed to the fact that smaller general contractors do
commonly implement constructability programs at all~Uhlik and
Lores 1998!; whereas, almost all designers~95.7%! have some
sort of constructability program in place. Therefore, it appe
that constructability practices vary with company size amo
general contractors more distinctly than among designers.

Comparison between ‘‘General Building’’ and ‘‘Engi-
neering’’ Design Firms

The results in Table 2 show that designers in the ‘‘general bu
ing’’ sector use some of the constructability tools~feedback sys-
tem, brainstorming sessions, and computer-generated models! sig-
nificantly more than their peers in the ‘‘engineering’’ sector. Th
finding can be justified by the fact that detailed planning of t
interconnection of several activities and specialties is nee
more in the general building sector than in the engineering se
In addition, site layout is a concern in the general building sec
because usually the projects are located in urban areas with
ited space for construction activities~Uhlik and Lores 1998!.

Designers in the general building sector conduct constructa
ity reviews in the conceptual design stage and in the develo
design stage more than those in the engineering sector. This
ing can be attributed to technical differences between enginee
design, which involves more calculations and repetition than
chitectural design, which requires one-of-a-kind solutions a
therefore more constructability reviews especially in the conc
tual design stage.

It was also found that designers in the general building se
believe that design practices and philosophies affect constru
bility significantly more than do the respondents in the engine
ing sector. This is probably due to the importance of style, art,
fashion in architectural design that is minimal in engineering
sign.

Conclusion
The maximum benefits of constructability reviews, measured
their ability to influence cost, are obtained in the design pha
Therefore, the study reported here surveys design firms to as
the current practice of constructability reviews conducted in
design of buildings and engineering works. The major findin
and the conclusions of the research are summarized as follo
1. Most design professionals are aware of constructability a

quality indicator of their finished product. About 96% o
the respondents are familiar with the concept of constr
tability.

2. Slightly more than half of the designers indicated that th
have a documented, formal corporate policy to cond
constructability reviews in their organization.

3. There is evidence that designers are abandoning the t
tional, physical small-scale models in favor of compute
generated 3D models. Only about one third of the desig
still use physical models as a constructability tool. Th
finding is explained by the time and cost savings compu
generated models can offer.
/ MARCH/APRIL 2002
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Table 2. Comparison between ‘‘General Building’’ and ‘‘Engineering’’ Design Firms

Variable Z score

a50.01
ZCrit.52.33

ZCrit.522.33

Documented corporate philosophy 20.68 Retain null hypothesis
Constructability tools

Feedback system 2.40 Reject null hypothes
Peer review 21.40 Retain null hypothesis
Brainstorming sessions 1.74 Retain null hypothes
Computer generated models 3.74 Reject null hypothes
Small scale physical models 4.90 Reject null hypothes

Stage of implementation
Conceptual planning stage 2.03 Retain null hypothes
Preliminary design stage 3.08 Reject null hypothes
Developed design stage 3.67 Reject null hypothes
After finishing the design 20.69 Retain null hypothesis

Factors that affect constructability
Project complexity 20.34 Retain null hypothesis
Design practices and philosophies 2.82 Reject null hypothe
Project size 20.42 Retain null hypothesis
Project delivery systems 21.21 Retain null hypothesis
Project type 2.20 Retain null hypothesis
Client type 0.98 Retain null hypothesis
Project location 2.04 Retain null hypothesis
Design standards and codes 1.38 Retain null hypothe

Factors that constrain constructability
Faulty working drawings 21.32 Retain null hypothesis
Incomplete specifications 21.09 Retain null hypothesis
Adversarial relationships between parties 1.92 Retain null hypothe
Nonstandardized design 1.99 Retain null hypothes
Budget limitations 20.49 Retain null hypothesis
Resistance of owners to formal programs 21.39 Retain null hypothesis

Benefits of constructability to design firms
Better relationships with clients and contractors 20.56 Retain null hypothesis
Reduction in lawsuits against the design firm 21.90 Retain null hypothesis
Professional satisfaction 0.26 Retain null hypothes
Efficient design 20.60 Retain null hypothesis
Better reputation 20.33 Retain null hypothesis

Value engineering as an alternative to
constructability

1.67 Retain null hypothesis

Construction engineers’ involvement in the
design phase

21.68 Retain null hypothesis
ale
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4. Peer reviews and feedback systems are the most prev
tools used to achieve high levels of constructability. T
popularity of peer reviews is attributed to the fact that so
governmental agencies mandate this process for proj
that meet established threshold limits.

5. Most designers conduct constructability reviews in both
preliminary and developed design stages. Design pro
sionals operating in the general building sector perfo
constructability analysis in the conceptual and develop
design stages significantly more than their peers opera
in the engineering sector.

6. Design professionals believe that project complexity is
essential factor that affects the way a constructability
view is conducted in the design stage. Project comple
~technology, materials, and methods of construction! can
determine the degree of formality of the program and
number and composition of construction experts neede
achieve constructability goals.

7. Design practices and philosophy usually determine the
proach followed in analyzing the constructability of a d
sign. This is more evident in the general building sector~as
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opposed to the engineering sector! because of the effects o
trends, fashion, and style on architectural methodology.

8. Faulty working drawings and incomplete specifications
the major constraints working against constructability
design; on the other hand, owner resistance and bu
limitations are perceived by designers as having a triv
effect on constructability. This finding does not agree w
the generally held belief that owners are usually reluctan
allow their designers to conduct formal constructabil
programs because of the highly visible extra cost to th
projects.

9. Designers consider developing good relationships with c
tractors and clients and avoiding litigation to be the b
rewards of a highly constructable design. This finding su
ports the involvement of construction personnel in the d
sign phase, which presumably improves the mutual und
standing among the parties involved in the construct
project, consequently reducing the chances for future
putes and potential litigation. Indeed, designers agree
the design team should include an experienced construc
ION ENGINEERING AND MANAGEMENT / MARCH/APRIL 2002 / 123
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engineer, especially if the project is large and complex.
10. Value engineering can be a complementary process to

structability, but cannot replace it. Ninety-one percent
the designers indicated that VE could not be an alterna
to constructability.

In today’s competitive world, deficiency of design is one of t
major challenges facing the construction industry. Significant s
124 / JOURNAL OF CONSTRUCTION ENGINEERING AND MANAGEMENT
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-
ings in both cost and time can accrue from the implementation
established constructability reviews as early as the concep
planning of especially large and complex projects. Further
search is recommended to study the relationship between inn
tion in design approaches and innovation in construction te
nologies.
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