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Preface

This proceedings contains the full papers of keynotes and papers submitted to, peer reviewed and accepted for
the CIB International Conference on Building Education and Research (BEAR 2008), held from 11th — 15th
February 2008 at Heritance Kandalama, Sri Lanka. The contributions reflect the call for papers of the following
CIB Working Commissions and

Task Groups:

CIB W89 (Building Education and Research)

CIB W113 (Law and Dispute Resolution)

CIB TG53 (Postgraduate Research Training in Building and Construction)
CIB TG63 (Disasters and the Built Environment)

CIB TG67 (Statutory Adjudication in Construction)

CIB TG68 (Construction Mediation)

CIB TG69 (Green Buildings and the Law)

BEAR 2008 was collaboration by a number of CIB commissions: CIB W89, W113, TG53, TG63,

TG67, TG68 and TG69, CIB International Student Chapters, and EURASIA, a three year EU Asia-

Link programme funded project that aims to improve capacity in training, teaching and research activities
associated with the creation and long-term management of public and commercial facilities and infrastructure in
selected Higher Educational Institutes in Asia and Europe. All EURASIA partners - University of Moratuwa
and University of Ruhuna in Sri Lanka, Tallinn University of Technology in Estonia, and Vilnius Gediminas
Technical University in Lithuania — were able to join the University of Salford for this event.

In line with the Asia Link EURASIA concept, a major theme for the 2008 BEAR Conference was to promote
built environment related education and research towards a more expansive view of the life cycle of
infrastructure projects, one that extends beyond the traditional cycle of feasibility analysis, planning, design,
construction, operation, maintenance and divestiture. This revised life cycle should encompass the building and
construction professional’s ability to anticipate and respond to unexpected events that damage or destroy an
infrastructure project — from earthquakes and climate change to terrorist attacks — and reflect construction’s
ongoing responsibility toward an infrastructure’s users. The role of building and construction industry
professionals and local communities in developing resilience to these types of disasters can be viewed as two
separate yet interrelated aspects: To create a built environment that is not vulnerable to a disaster or disruptive
challenge. This relates to the resilience of the physical state of infrastructure, buildings and cities as well as
developing policies, legal and regulatory controls, and practices that govern the building industry to build safe
structures. Essentially this means building cities or infrastructure that will not be affected by a disaster, and to
develop organisational structures, capacities through education and training, and construction systems, that can
react in the event a disruptive challenge does occur. This means responding to the immediate after effects of a
disaster to restore operational conditions of infrastructure or the built environment as quickly as possible. This
means also to aid in the speedy recovery of the region through sustainable reconstruction, post-disaster building
or other related projects.

It is evident that the CIB network of experts and member organisations active in the research community, in
industry and in education, has a wide range of expertise to offer in addressing disaster related challenges. The
BEAR Conference was an intriguing opportunity to bring together the interests and expertise of these
wide-ranging Working Commissions and Task Groups to discuss and attempt to address the complex and global
problems associated with anticipating and responding to unexpected events that damage or destroy an
infrastructure project. The Conference provided an ideal backdrop for CIB members to identify challenges and
opportunities, develop synergy, and collaborate on future work. It is hoped that a series of cross-commission and
task group initiatives and workings may ensue.

The conference was held in Sri Lanka, an island situated in the Indian Ocean, at the base of the Indian
Sub-Continent. It is a multi-ethnic, multi-religious country with a diverse and rich culture. Sri Lanka was
severely affected by the tsunami on 26 December 2004, which killed some 40,000 people and displaced 400 —
500 thousand people along two thirds of the northeast, south and south-west coastline. Half the fishing fleet was
destroyed, and a quarter of hotels in the affected areas sustained serious damage. It is our hope that Sri Lanka
will benefit greatly from the research and activities of W89 and commissions and task groups, and that the



country provided an appropriate backdrop for tackling challenging questions on built environment education and
research.

The Conference provided a forum for researchers worldwide to debate and exchange ideas and experiences on a
broad range of issues related to built and human environment research. All of the papers were selected on the
basis of strict review by the Scientific Committee members to ensure a good quality standard. The conference
had a broad scope and covered wide ranging topics which were organised around the following themes:

Capacity Building

Construction Management

Cost Planning and Control

Curriculum Development

Design

Developing the Law Curriculum in Built

Environment Education

Disaster Mitigation

Education

E-learning

Environmental Management

Facilities Management

Information and Communication Technology

International and Comparative Law in the Built Environment
Legal Scholarship and Research within the Built Environment Discipline
Post-Disaster Reconstruction

Post-Disaster Relief

Procurement

Skill Development

Sustainability

The conference program and the structure of this proceedings all reflect these themes. The papers on this
proceedings were developed by authors which includes background issues, literature reviews, problem-solving
processes, decisions and conclusions. All papers appearing in the proceedings were reviewed in their entirety,
prior to publication, by the International Scientific Committee comprising independent, qualified experts.
Editors would like to extend their sincere gratitude to all the authors of the published contributions for their
excellent work and participants at BEAR 2008. Executive summaries of the papers included within this
proceedings can be fund as a bound book, produced separately.

There were five keynote addresses from leading academics: Professor Peter Barrett, President of the CIB;
Professor Malik Ranasinghe, Vice Chancellor, The University of Moratuwa, Sri Lanka; Professor John
Ratcliffe, Director of the Faculty of the Built Environment, Dublin Institute of Technology, The Republic of
Ireland; Conrad de Tissera UN HABITAT Programme Manager for Sri Lanka, United Nations Human
Settlements Programme Colombo, Sri Lanka; and, Associate Professor Vasantha Abeysekera, Programme
Leader Construction Management Programmes, AUT University, Auckland, New Zealand. These keynote
addresses provide a global perspective and vision for built environment research, as the, “development of
research and other skills” has permeated the whole higher education sector.

Editors

Dr Richard Haigh
Professor Dilanthi Amaratunga

February 2008



About the Editors
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Masters programme that the School is launching in autumn 2008, and joint-coordinator of CIB Task Group 63:
Disasters and the Built Environment, a network of 58 Higher Education Institutes across 27 countries. Richard is
joint principal investigator of EURASIA, an EU Asia-Link funded network project that aims to enhance the
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(E-mail: r.p.haigh@salford.ac.uk)

Professor Dilanthi Amaratunga holds a chair at the School of the Built Environment at the University of
Salford, UK. She is an active researcher in the field of capability and capacity building in the built environment,
with a particular interest in disaster management. She has nearly 200 published papers, and has successfully
managed several research projects. She is the Coordinator of CIB TG53, which aims to improve the availability
of skilled researchers in building education and research through the development of researchers’ capacity to
produce, transfer and utilise knowledge. She is also the Co-chair of World Bank/UN HABITAT supported
working group on Disaster Management in Developing CountriesHer other research interests are: gender,
disasters and construction; research informed teaching.

(E-mail: r.d.g.amaratunga@salford.ac.uk )
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EURASIA (European and Asian Infrastructure Advantage)

The 2008 Building Education and Research Conference was held in association with EURASIA

(European and Asian Infrastructure Advantage).The EURASIA project is an International research collaboration
between Asia and Europe. The partnership includes: University of Salford, UK; University of Moratuwa, Sri
Lanka; University of Ruhuna, Sri Lanka; Tallinn University of Technology, Estonia; and, Vilnius Gediminas
Technical University, Lithuania.

There is growing recognition of a need to enhance the capacities of Higher Education Institutions (HEIs)
worldwide to cater for the challenges facing the world today. In particular, the increasing numbers of disasters
that impact communities across the world make it an imperative that knowledge on facilities and infrastructure
management is developed to meet the demands of disaster mitigation and reconstruction challenges. In response,
the EURASIA project aims to improve capacity in training, teaching and research activities associated with the
creation and long-term management of public and commercial facilities and infrastructure in selected HEIs in
Asia and Europe. In response, the programme specifically aims to enhance the capacity of the partner
institutions for training, teaching and research activities required for the creation and long term management of
public and commercial facilities and infrastructure. In doing so, the project will support the ongoing recovery
programmes set up in Sri Lanka following the Indian Ocean Tsunami of December 2004. Overall, the Tsunami
affected 2/3rds of the coastline of Sri Lanka. It resulted in the destruction of more than 100,000 houses and the
discontinuance of several livelihoods such as fishing, farming, tourism and handicrafts-related activities. The
post-Tsunami rehabilitation operation has been affected due to unprepared local government institutions with
poor response capacities to address the needs of such a magnitude. This is mainly because, before the Tsunami,
Sri Lanka was known to be a safe haven where outrages of nature scarcely occurred except for occasional floods
and landslides during the rainy seasons. Thus, by enhancing the capacities of partner institutions, specifically in
Sri Lanka, it is anticipated that Sri Lanka will be able to take up the challenge of post tsunami recovery more
strongly and successfully. The major activities of this research programme include:

*  Development of a professionally accredited postgraduate curriculum on the creation and long term
management of public and commercial facilities and elements of infrastructure, to be used in all the
partner institutions

e A split-site PhD programme for nominated staff of Sri Lankan partner Universities to enhance their
capacity for teaching and research in the field of Disaster management

* A major International Conference in Sri Lanka with a theme of creation and long-term management of
public and commercial facilities and infrastructure

e Developing and improving the professional and research skills of partner Institutions’ staff and
postgraduate students

e Improving and consolidating academic networks through systematic exchanges so as to establish a
sustainable link between EU and Sri Lankan partner Universities

* Disseminating knowledge and interpreting information through joint publications, lectures, seminars
and conferences

EURASIA is funded through the EU’s Asia Link Programme, dedicated to fostering regional and multilateral
networking between Higher Education institutions in the EU and Asia. As part of the project, a Virtual
Environment for Built Environment Researchers (VEBER) has been set up which provides a broad range of
functionality that will facilitate research activities among the partner institutions. The Salford team, in
collaboration with its Sri Lankan partners, is now working towards setting up a web portal to share information
on the post-tsunami response, with specific reference to case material in Sri Lanka. This work will be linked
with other disaster management initiatives undertaken by the Salford team, such as activities associated with the
recently established CIB Task Group 63: Disaster Management and the Built Environment.

Further information on EURASIA can be obtained from: www.eurasia.buhu.salford.ac.uk.
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The Asia Link Programme

The Asia-Link Programme was launched at the beginning of 2002 as an initiative by the European Union (EU)
to foster regional and multilateral networking between higher education institutions in European Union Member
States and South Asia, Southeast Asia and China. This five-year programme, which has a total budget of £40
million, aims to provide support to European and Asian higher education institutions in the areas of human
resource development, curriculum development and institutional and systems development.

The document has been produced with the financial assistance of the European Union. The contents of this
document are the sole responsibility of the Editors
and can under no circumstances be regarded as reflecting the position of the European Union.



Keynote Speakers

Professor Peter Barrett
CIB President & Pro-Vice-Chancellor Research, University of Salford

Professor Barrett is Pro-Vice Chancellor for Research and Graduate Studies at the University of Salford where
he is also a long-time member and ex-director of Salford’s 6* (top) rated Research Institute for the Built and
Human Environment. He is also Chairman of SCRI, a £5M programme of research funded by the UK research
council. He has been active in the CIB for many years, including as coordinator of W65 (organisation and
management of construction). More recently he was Chair of the CIB Programme Committee and has now been
elected President of the CIB for 2007 - 2010. Peter has led numerous construction management research projects
over the last 15 years and has published over one hundred and sixty single volume reports and refereed papers.
After becoming the first Chartered Building Surveyor to gain a PhD, Peter established the postgraduate
programme of research at Salford which now supports around 160 research students. He is currently
championing the CIB’s proactive theme of Revaluing Construction, an important element of which is the
“Awareness of the Systemic Contribution” of the built environment.

Professor Malik Ranasinghe
Vice Chancellor, The University of Moratuwa, Sri Lanka

Professor Ranasinghe is the Vice Chancellor and a Professor in Civil Engineering at the University of Moratuwa
(UoM). He is the immediate past Dean, Faculty of Engineering and a former Chairman, Centre of Excellence in
Project Management at UoM. Prof. Ranasinghe is a Professional and Chartered Engineer, a Fellow of the
Institution of Engineers, Sri Lanka and the National Academy of Science, Sri Lanka. He is also a Director on the
Board of Directors of The Colombo Stock Exchange, Sri Lanka. In March 2000, Prof. Ranasinghe was
appointed as the Head of the Department of Civil Engineering at the UoM, where he lead and managed the
largest academic Department with over 40 senior academic staff. As a result of his unobtrusive leadership as
Head of the Department of Civil Engineering, the Faculty of Engineering elected him unanimously to be their
Dean in March 2001. The Faculty of Engineering at UoM is the largest Engineering Faculty in Sri Lanka with
over 3500 undergraduate and postgraduate students. Prof. Ranasinghe’s vision as the Vice Chancellor is to
produce world class graduates at the UoM, in an environment that provides a rewarding experience for its
students and staff.

Professor John Ratcliffe
Director of the Faculty of the Built Environment, Dublin Institute of Technology, The Republic of Ireland

John Ratcliffe is a chartered planning and development surveyor with almost forty years experience as a
consultant and academic in the fields of urban planning and real estate development. Currently he is Director
and Dean of the Faculty of the Built Environment at the Dublin Institute of Technology, which is the largest
university level institution in the Republic of Ireland, and Founder and Chairman of The Futures Academy
there. He is also an Honorary Visiting Professor at the University of Salford and the University of Lincoln as
well as an Associate of the futures consultancy Outsights in the UK. Over the past decade he has acquired a
particular expertise in the futures field, with special reference to the sustainable development of city regions. A
special interest of Professor Ratcliffe at the moment is the nature and development of responsible business
practice.



Conrad de Tissera

UN HABITAT Programme Manager for Sri Lanka, United Nations Human Settlements Programme Colombo,
Sri Lanka

UN-HABITAT has a long history of cooperation in Sri Lanka and has pioneered innovative approaches in
community rebuilding of housing and basic urban services and infrastructure delivery. As the UNHABITAT
Programme Manager, Conrad de Tissera currently leads several post tsunami rebuilding community
infrastructure & shelter projects, enabling the target communities to rebuild essential physical facilities,
including shelter, so that they can restart functioning as normal communities, helping to create wage
employment from the investment of the rebuilding process as a way of contributing to the recovery of the local
economy and rebuilding self-confidence and restoring human dignity. Conrad has a B Sc. Engineering and a

M Sc. in Soil Mechanics and Foundation Engineering, and has served as the head of the National Building
Research Organisation in Sri Lanka. He further has over 40 years of construction industry experience and has
been the Director General of the Institute of Construction Training and Development of Sri Lanka and Secretary
of the Ministry of Housing and Construction during his long standing career. In his role as a visiting lecturer, he
has also shared his practical experience with university graduates whenever he has had the opportunity.

Associate Professor Vasantha Abeysekera
Programme Leader, Construction Management Programmes, AUT University, Auckland, New Zealand

Dr Vasantha Abeysekera is a Sri Lankan New Zealander. He is the Associate Professor of Construction
Management at AUT University in Auckland in New Zealand and heads the construction management
programmes. He graduated with a first class in civil engineer from the University of Moratuwa and obtained his
master’s and doctorate in construction management from the Loughborough University, UK. He maintains
professional memberships with engineering and quantity surveying associations in addition to various other
professional bodies. In a career spanning over 25 years, with almost half in industry and the rest in academia, Dr
Abeysekera has been involved in diverse roles in Asia, Africa and Oceania, He currently focusses on teaching
and research with RD&D interests in, security of payment and contract retentions, health and safety, and time
management.
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Complexity, Connections and Consciousness

Professor Peter Barrett,
President of the CIB

Abstract

This presentation will seek to link thematically the areas of disaster management (DM),
education in the built environment and the activities and aspirations of the CIB.

In recent years DM has rightly come into focus for many construction researchers. It has,
however, become apparent that, although the disaster itself is the most evident aspect that
demands attention, it is important not to overlook the periods before and after the disaster. It is
in these times that there is the opportunity to mitigate or at least prepare before a disaster and
afterwards there is the long haul back to a new normality. Both of these periods deserve
attention and broaden considerably the scope of DM research.

Implicit in this view is the need to educate people so that there is the technical and
organisational capacity to respond. This involves being able to:

e analyse potentially hazardous situations

e engineer technical solutions

e organise the delivery of these solutions

e handle the associated social and economic issues

e sustain the effort through very different phases, that will last several years

The scope of the last two of this list in particular highlight the complexity of the skills required.
Technical issues must be addressed in fractured social contexts, which are both shifting through
radically different phases, once the initial basic demands have been met. So the education of
construction professionals must fit these people to be able to deal with this complexity, both
individually and collectively. Interestingly, the characteristics evident for DM are quite
generally needed amongst construction professionals. The need to deal coherently with
complexity links to the necessity of making connections, both in terms of connecting specialists
in multi-disciplinary working and strongly connecting the processes into and out of the
construction phase.

These dimensions of connection lead to consideration of the mind-set those involved have
towards the scope of the issues involved. Everyone involved needs to have strong specialist
knowledge and skills to contribute, but they equally need a broad consciousness of the purposes
of construction as a contributor to and part of society more generally. This is most easily evident
around understanding and responding to the role of clients and users of buildings and built



infrastructure, but extends to wider social, environmental and economic issues. This has
challenging implications for the education of built environment professionals.

The CIB brings together over 2000 experts in 60 countries and has for over 50 years covered a
wide range of hard, technical and soft, social topics, through around 50 working groups.
Central to the CIB is an acceptance of the complexity of construction related issues and to work
to address this by making connections between relevant experts. Over recent years there has
been a deepening understanding that this connectivity has to run powerfully through the whole
life cycle of a building / facility strongly addressing the contribution made to clients, users and
society. This trend involves a shift in consciousness that sees construction as a key means to
creating value, but not an end in itself. Thus, the four CIB priority themes that cross-cut the
work of the working groups, address both the demand side, with emphases on sustainable
development and clients’ needs, and the supply side, with pushes in the areas of “revaluing” the
capacity of construction industries and achieving integrated design solutions at the project level.

And of course, the CIB also has working groups specialising in education and disaster
management!
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Stakeholder Consultation in the Decision Making for
Development Projects using Educated Trade-offs

Professor Malik Ranasinghe
Vice-Chancellor, University of Moratuwa, Sri Lanka

(email: ve@mrt.ac.lk)

Abstract

The recovery from the Tsunami that struck Sri Lanka in 2004 was hampered by a decision taken
by the Government of Sri Lanka (GOSL) not to permit reconstruction of any building 100
meters from the coastline, even if the property right was privately owned and the
reconstruction/rehabilitation was carried out without any support from the GOSL. This decision
taken without any consultation with those who were affected, the stakeholders, severely delayed
the recovery from the Tsunami.

When resources are scares, stakeholders’ judgments on trade-offs between different resource
uses tend to be emotional than rational. As such, stakeholders need to be well informed on all
aspects of conflicting issues, to make rational decisions on trade-offs between limited natural
resources. A five-step framework to formulate ‘educated trade-offs’ is proposed which can be
used as a tool for effective stakeholder consultation in the decision making of development
projects. This paper focuses on the application of the framework to the conflicting issues related
to clay mining in Sri Lanka.

The term ‘educated trade-off’ means that stakeholders are able to engage in technically,
economically and environmentally (including socially) informed (educated) decision-making
between the critical resource uses (trade-offs) in development projects. The conflicting
uses/issues of the development project are identified through the consultation of key
stakeholders. The critical bounds of the technical requirements of the conflicting resource
uses/issues identified are first estimated. The economic value and the environmental value of the
respective critical bound of the technical requirements are then estimated. Combining the
economic and the environmental value of critical bounds, “educated trade-offs” for stakeholder
consultations are established.

Keywords: educated trade-offs, stakeholder consultation, economic values, environmental
values, clay mining

1. Introduction

The recovery from the devastating Tsunami that struck Sri Lanka on 26 December 2004 was
severely hampered by a decision taken by the Government of Sri Lanka (GOSL) not to permit
reconstruction of any building 100 meters from the coastline, even if the property right was



privately owned and the reconstruction/rehabilitation was carried out without any support from
the GOSL. This decision taken without any consultation with those who were affected, the
stakeholders, delayed the recovery from the Tsunami. Even though this decision was
subsequently revoked by the GOSL, it caused numerous hardship and anxiety to those
stakeholders who were in a position to return and reconstruct their damaged property
themselves.

Stakeholder involvement (consultation and participation) is an essential but an often-ignored
aspect of decision making for development projects in all sectors. In the past, most development
activities were planned and implemented independently, where the decisions were based on
sectoral interests (e.g. hydropower, irrigation, mining of clay on river banks) and were primarily
for economic or political benefit.

The environmental and social impacts of such sectoral activities, especially impacts on other
stakeholders are generally not known and are often neglected at the design and planning stages
[1]. Most of the negative long-term impacts including adverse effects of degradation of the
environment and other ecological problems of such activities/projects are realized only long
after the projects have been implemented [2].

With the realization of the importance of the social and environmental impacts of development
projects, stakeholder involvement has been identified as an aspect that goes hand in hand with
the technical development of a project enabling adjustments needed from time to time. With
attempts at ‘integrated river basin management’, a wider stakeholder involvement has been used
increasingly in the recent past in river basin projects [3], [4], [5], [6], [7]-

There are two important recent research projects on stakeholder participation in integrated river
basin management, European Union HarmoniCOP (Harmonising Collaborative Planning)
Project [8] consisting of nine European countries and Illinois River basin study consisting of
three states in the United States of America [9].

The EU HarmoniCOP project attempts to give a comprehensive overview and analysis of the
state of the art in participatory River Basin Management Planning (RBMP) in Europe, using a
social-learning perspective. It also addresses scale issue in public participation and RBMP in a
systematic way and uses information and information tools as a means for social learning in
participatory RBMP in different national, cultural, geographical, institutional and legal contexts
[8]. The Illinois River basin study attempts to advance stakeholder consensus through an
interactive process of communication, analysis, education and deliberation by providing
stakeholders with sufficient information, analysis and imagery to enable them to arrive at a
consensus on polices that can be successfully adapted and implemented [9].

With motivation from the above two studies, [8], [9], a framework is formulated to estimate the
‘educated trade-offs’ which is a tool for the stakeholders of development projects to make
intelligent decisions between the different uses of limited natural resources [10]. The term
‘educated trade-offs’ means that stakeholders are able to engage in technically, economically



and environmentally (including socially) informed (educated) decision-making between the
critical resource uses/issues (trade-offs). The framework attempts to identify the key impacted
stakeholders, the key social and environmental impacts and then to value them.

The objective of this paper is to describe and demonstrate the versatility of the framework
developed to formulate ‘educated trade-offs’, which can be used as a tool for effective
stakeholder consultation in the decision making of development projects. The next section
describes the framework. The conflicting issues related to clay mining on the lower reaches of
the Ma Oya river basin in Sri Lanka is used to demonstrate the versatility of the framework in
the third section. The conclusions on the application of the developed framework to clay mining
in Sri Lanka are stated in the fourth section.

2. Educated Trade-off Framework

1. The framework consisting of the five steps to determine educated trade-offs is as
follows.

2. Identify the multiple stakeholders and the resource uses/issues that need stakeholder
consultation for the development project.

3. Bound technical requirements of the resource uses/issues.

4. Estimate economic value of the critical bound of the technical requirement of the
resource uses/issues.

5. Estimate environmental (including social) value of the critical bound of the technical
requirement of the resource uses/issues

Estimate net value of the critical bound of the technical requirement of the resource uses/issues
by combining the economic and environmental (including social) values.

2.1 Step 1 - Identify the Multiple Stakeholders and the Resource
Uses/ Issues that need Stakeholder Participation

This step identifies the multiple stakeholders and the resource uses/issues, which need to be
addressed through stakeholder consultation. Development projects are complex and in that they
involve many different stakeholders with divergent views and expectations [11]. For example in
a river basin, the interest of stakeholders could be of many folds; how they are linked to the
basin, use of resources, restrictions faced by them with respect to the use of resources,
awareness of negative impacts of their uses, concern for environment and other uses. The
stakeholders also represent a variety of sectors such as government administrative authorities,
line ministries and agencies, NGO’s, other formal and informal groups, and as individuals.
Besides the education level, age and gender are also important factors to be considered in
selecting a representative group of stakeholders for data collection as well as for decision-
making.

In any development project four main categories of stakeholders are possible [11].



e Directly affected people: those who reside and derive their living from areas where the
project will have a direct impact.

e Indirectly affected people —Those who reside near project area or relies on resources in
the project area and will have to change or adjust their livelihoods.

e Government and public sector agencies — Ministries, provincial, district or local
government agencies such as those responsible for land, water resources, agriculture.

e  Other stakeholders — project donors, NGOs with a direct interest in the project, external
advisors, consultants and private sector.

In the case of a new development project, the identification should include all present resource
use sectors, possible future developments and environmental concerns and to screen for the
sectors, which will be significantly impacted by the development project. For existing issues,
like clay mining the concerns raised by the different categories of stakeholders are the starting
point to apply the framework.

For example, the critical issues in the Ma Oya river basin at the mid reaches are sand mining,
discharging of pollutants by industries, extraction of water to supply urban areas. At the lower
reaches the above issues are expanded to include clay mining and maintaining the ground water
level to provide fertility to the lands in the basin. Decisions with regard to limitations in critical
issues such as sand and clay mining and the allocations for water extraction/consumption issues
will have to be made using educated trade-offs starting through stakeholder consultation.

2.2 Step 2 - Bound Technical Requirements of Natural Resource
Uses/Issues

In this step, the engineering knowledge is utilized to estimate the critical bounds of the technical
requirements for utilization of the different resource uses of the development project. For
example in the Ma Oya river basin issues dominated by water such as requirements for human
consumption, water supply and environmental needs would have the volume of required water
as the technical measure with the minimum volume to satisfy the requirements being the critical
bound. Other river basin uses such as sand mining, clay mining and discharging of pollutants
would have the volume of clay or sand extracted and volume of pollutant discharged as the
technical measure with the maximum volume not to exceed assimilative capacity of the river
basin being the critical bound.

The estimates for critical bounds could then be used to educate the stakeholders technically, on
minimum/maximum requirements of resources (upper/lower bounds) for different use sectors.

2.3 Step 3 - Estimate Economic Value of the Critical Bound of the
Technical Requirement of Resource Uses/ Issues

The upper/lower bounds of the economic values of different resource uses are estimated in this
step of the framework. The starting point of the economic analysis of a resource use is the financial
analysis of that resource use.



The financial analysis measures the receipts (benefits) and payments (costs) relevant to the
investors or owners of the resource/project. It is a tool that provides investors with the
information required to decide whether to undertake an investment. Hence, the objectives of the
financial analysis are to determine, analyse and interpret all financial consequences that may be
relevant to and significant for investment and financing decisions.

The economic analysis is of exactly the same nature as a financial analysis, except the benefits
and costs are measured from the viewpoint of the economy. Instead of relying solely on cash
flow techniques to measure benefits and costs as in the case of the financial analysis, economic
valuation requires the use of economic techniques of measurement. The economic net present
value (ENPV) of a resource use can be expressed as [12];

" B -C,
ENPV :sz (1)

where B and C; are the benefits and costs of the resource uses in the i year, ‘N’ is the duration
of the project period and r is the discount rate.

For example in the Ma Oya river basin uses/issues dominated by water such as requirements for
human consumption, water supply and environmental needs, the economic value would be the
value of the volume required to satisfy the minimum water requirements of that use/issue. For
other river basin uses such as sand mining, clay mining and discharging of pollution the
economic value would be estimated at the critical bound which is the maximum volume of the
damage not to exceed the assimilative capacity of the river basin (or the replacement value to
restore the damaged resource).

2.4 Step 4 - Estimate Environmental Value of the Critical Bound of
the Technical Requirement of Resource Uses/ Issues

Implementing a new development project or prioritizing a resource allocation could cause
imbalance in the existing system and create social and environmental impacts on other users.
Valuations of such impacts as environmental and social costs or benefits are carried out at this
step.

Then all of the environmental benefits and costs of impacts valued in constant value terms
become line items in the economic analysis. The present value of the environmental costs
(PVofEC) can then be obtained as;

n E.
PVofEC = —— (2)
0 ; d+r)

where Ei is the net environmental costs of the resource uses in the ith year, ‘n’ is the duration of
the project period and r is the discount rate [2].
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The economic costs and net environmental costs are separated in order to focus on
environmental costs and benefits. As suggested by Pearce and Warford [2], present value of the
EnvioPV is construed to be a cost, but in a number of cases EnvioPV may well be a benefit. The
present value of environmental costs of the next best alternative (i.e. externalities of the
alternative that is not adopted) is considered to be environmental benefits of the preferred
alternative due to the avoided environmental costs [13].

The net environmental costs referred to here are those, which are either not quantified or
underestimated in the economic analysis as part of normal engineering practice. Economists use
a range of primary and secondary valuation methods to assign values to environmental impacts
and the methodologies to evaluate environmental values are based on them [14].

2.5 Step 5 - Estimate Net Value of the Critical Bound of the
Technical Requirement of Resource Uses/Issues by combining the
Economic and Environmental Values.

The combined value of the technical bound can be estimated from the extended net present
value (EXNPV), process by which indirect costs are included into the economic analysis, as [13],

n n
EXNPY =3 D _C; -> 5 S©)
i (I+r) T (d+r)
Knowing the combined net economic value at the critical bound of the technical requirements
(EXNPV), helps stakeholders to make decisions based on educated trade-offs on the issues/uses
that need to be prioritized.

3. Application of the Framework to Clay Mining in Sri
Lanka

Until the 1980s, the mining of clay for the production of bricks and roof tiles in Sri Lanka was
done manually during the dry months. With the increase in the demand for building materials
during the eighties and nineties, the mining process for clay was mechanised. This resulted in
large clay pits, some over fifty feet deep, which fill with water during the wet season. Since
pumping water after the wet season for further mining becomes expensive, the miner attempts to
remove as much clay as possible during a single dry season. Hence, the environment is changed
drastically within a short period. The impacts of this change identified by stakeholders can be
seen in [15]:

e large areas of abandoned clay pits along the Ma Oya River banks;

e loss of productivity of adjoining agricultural lands - abandoned rice fields are visible
where clay mining has been carried out;

e an increase in the incidence of health problems such as malaria and respiratory diseases.

e lowering of water levels in the dug wells used by villagers.
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The people in the affected areas feel that social costs of clay mining are so great that the only
solution is to ban clay mining. While clay miners acknowledge that there is an impact on the
environment due to clay mining, they argue that they are carrying out a necessary economic
activity after paying the required fee [15].

The developed framework for educated trade-offs is applied to the conflicting issues related to
clay mining in the Ma Oya river basin. The next section analyses the viewpoint of the miner by
developing a condition for private (financial) profitability (feasibility) of clay mining. The third
section analyses clay mining from the viewpoint of the economy by developing a condition for
economic feasibility. This analysis excludes social (environmental and non-environmental)
costs of clay mining. In the fourth section damage to roads as non-environmental costs; and
health costs and costs of productivity loss as environmental costs are estimated. This provides
the lower bound for cost of clay mining. The condition to analyse the social profitability
(feasibility) of clay mining is developed in the fifth section by including the social costs to the
economic feasibility for the extended benefit cost analysis.

3.1 Private Profitability of Clay Mining
Study Area

The focus area of the study was the Dankotuwa Divisional Secretariat which is located in the
Puttlam District in the North Western Province of Sri Lanka. It is the area where the largest
volume of clay on the Ma Oya river basin has been and is being mined. The study area consists
mostly of privately owned coconut and rice lands. In the areas of clay mining there are no
forests and no endangered wildlife. See Ranasinghe [15], [16], [17] for details of the study.

The average depth of clay pits in different local administrative areas in the study area ranged
between 8 to 24 feet with an overall average depth of 17.5 feet. Since the depths of individual
clay pits were elicited from clay pit owners and village officers, the estimates were generally
believed to be lower than the actual depths. A sample clay pit, 1 acre in area and 20 feet in
depth, was used throughout the study for estimation purposes [15]. That allowed all estimations
to be compared for the same volume of clay and/or pit size. The in-situ volume of the sample pit
is 8,712 cubes (1 cube = 100 cubic feet). All estimations used British Imperial units because the
market prices for clay and transport are per cubes in the study area.

Condition for Private Profitability
The condition that will ensure clay mining to continue as a private economic activity is,
-MCL +PB; -PC; >0 4

where MCL is the market cost of the clay land to the miner, PB, and PC; are the private
benefits and the private costs of clay mining at time zero, respectively.
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Private Benefit

The market price of a cube of clay at the time of the study was US$ 4.80 (today it is
approximately US$ 23). The insitu volume of the sample clay pit is 8712 cubes. However,
during excavation there is bulking of clay. The value for bulking that is generally used in Sri
Lanka is 40%. For all estimations in this case study, 40% of bulking on excavation is assumed.
Then, the volume of clay sold from the sample pit is 12,190 cubes and private benefit to the
miner is US$ 58,512 [15].

Market Cost of Clay Land

According to Harischandra [18], the market value of an acre of clay in the sample study areas
where mining is not prohibited was approximately US$ 16,000 [15] (today it is approximately
USS$ 27,200).

Direct Production Costs of Clay Mining

The mechanized operation to mine clay requires in general, an hydraulic excavating machine, a
skilled machine operator for the hydraulic excavating machine, an unskilled labourer to assist
the machine operator, and a supervisor to be in charge in general and to keep count of the
volume of clay that is sold from the clay pit. The machine cost was estimated at US$ 17,066 and
labour cost at US$ 1740 per sample clay pit [15]. Therefore, the direct production cost to mine
the sample clay pit of 20 acre feet was estimated at US$ 18,806 [15].

Analysis

The market rate for capital is used as the discount rate. The average market rate for capital
available to the private sector was assumed at 24% for the study [15]. As shown earlier, this
analysis assumes that the mining operations and the sale of clay in the sample pit are completed
within six months. Hence, there is no impact of inflation on the discount rate. For discounting, it
is assumed that benefits and costs of clay mining will occur at the mid point (three months) of
the six month mining operation. Then, the net present value equation for private profitability can
be written as,

P-Bcoz5' P-Ccozs ®)
(I+i)" (I+i)

The estimated benefits and costs of the sample clay pit for the private profitability condition are

NPV =-MCL +

depicted in Figure 1. The net present value from equation (5) when the discount rate is 24% is
USS$ 21, 627. The benefit cost ratio is 1.64 [15].

3.2 Economic Feasibility Of Clay Mining

The objective of an economic feasibility analysis is to ascertain whether an activity can be
expected to create more net benefits to the economy than any other mutually exclusive
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alternatives, including the option of not doing it. In principle, the economic analysis should take
into account all benefits and costs to the economy, and it is generally confined to inputs and
outputs incurred or produced directly by the activity or the project [12].

This analysis required shadow priced clay sold from the pit, shadow priced labour and
equipment cost, opportunity cost of clay land and economic discount rate. The economic
discount rate of 6%, recommended to the National Planning Department, Sri Lanka by Curry
and Lucking [19], was used for the economic analysis.

Condition for Economic Feasibility

The condition for economic feasibility of clay mining is,

-OCL + PEB;-PEC. >0 (6)

where OCL is the opportunity cost of the clay land, PEB; and PEC, are the economic benefits
and the economic costs of clay mining, at time zero, respectively. Similar to the previous
analysis, it is assumed that mining and sale of clay in the sample pit will be completed within
six months of commencing mining operations.

Economic Benefit

Since there is no taxation on sale of clay and sale of clay is carried out by private individuals,
the market price was assumed as the economic price. Thus, the economic benefit from the sale
of clay in the sample clay pit of 20 acre feet was US$ 58,512 [15].

Opportunity Cost of Clay Land

The opportunity cost of a clay land is defined as the cost of the next best use of that land [20].
The opportunity cost of clay land, cost for using it for housing, was assumed as US$ 8000 [15].

Economic Costs of Clay Mining

The direct production cost of clay mining in economic costs was estimated by converting the
market prices to shadow prices. The economic machine cost was estimated at US$ 15,115 while
the total economic labour cost to excavate the sample pit was estimated at US$ 1349 [15].
Therefore, the economic production cost to excavate a sample clay pit of 20 acre feet was
estimated at US$ 16,464 [15].

Analysis

The net present value equation for economic feasibility can be written from equation (1) as,

(1+| )0.25 (1+| )0.25
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The estimated economic benefits and costs for the sample clay pit are depicted in Figure 2

US$ 58,512 (Revenue from Sale of Clay) US$ 58,512 (Economic Benefits from the Sale of Clay)
ol 1 2 3 Market Discount Rate = 24% of 1 2 3 Economic Discount Rate = 6%
Assumption : Sample Pit of 20 acre feet will be Assumption : Sample Pit of 20 acre feet will be
excavated within 6 months excavated within 6 months
US$ 18,806 (Production Costs for Excavating Clay) US$ 16,464 (Direct Economic Production Costs)
US$ 16,000 (Market Cost of an Acre of Clay Land) US$ 8,000 (Opportunity Cost of an Acre of Land)
NPV = US$ 21,627 B/C=1.64 ENPV = US$ 33,440 B/C =2.38
Figure 1. Private Profitability of Clay Mining Figure 2. Economic Feasibility of Clay Mining

Assuming 6% economic discount rate [19], the economic net present value by mining the
sample pit from equation (7) was estimated as US$ 33,440. The benefit cost ratio is 2.38 [15].

3.3 Environmental and Social Costs of Clay Mining

There are no conceivable environmental or social benefits from a mined clay pit. However, it
could be argued that a mined clay pit could be converted to a fishpond, or used to dispose of
solid waste. For the clay pit to be converted to a feasible fishpond, the depth should not exceed
six feet, and there is hardly any clay pit in this category. Also, fishponds might not be
acceptable in the study area for religious and cultural reasons [15]. Since these clay pits are
located in a rural area, there is hardly any solid waste to dispose of. However, low-grade
compost from solid waste in the Greater Colombo area could be a feasible fill material in the
future. On the other hand, there are environmental costs of an excavated clay pit. Two
environmental costs have been identified: health costs as loss of earnings and medical costs of
the residents in the affected area, and costs due to productivity loss of adjoining rice fields and
coconut lands. Costs due to the deterioration of village roads are identified as non-
environmental social costs [15].

Environmental Costs

Health and productivity loss costs were identified as main environmental costs associated with
clay mining. While the list could be extended to include loss of biodiversity, the study area
consists of coconut and rice lands of small extents, which have been occupied by villagers for
generations and there are no known habitats in the area. An acre of land, if it is well cultivated
would loose approximately 65 coconut trees due to excavation [15].

The study on environmental costs of clay mining was done in two stages. First a detailed
questionnaire survey was conducted in 280 households. Secondly, statistics were gathered from
institutions such as Anti-Malaria Campaign Directorate, Respiratory Disease Control
Directorate, and respective Medical Officers of Health (MOH) offices along both sides of the
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Ma Oya River for health cost, Agrarian Services and Coconut Research Institute for
productivity loss [15].

Health Cost

The stakeholders believed that incidence of Malaria and respiratory diseases have increased
since the increase of mechanised clay mining. Doctors practicing both western medicine and
native medicine confirmed this belief [15]. A questionnaire surveyed incidences of malaria and
incidences of respiratory diseases from 280 households. From this data, health cost was
estimated at US$ 1832, USS$ 2.56, US$ 165.2 as maximum, minimum and average health cost of
malaria due to the sample clay pit of 20 acre feet per annum respectively [15].

Increases in the common cough, wheezing and asthma were identified as the main impacts due
to transportation of clay. These respiratory diseases occur more frequently during the dry season
when clay transportation occurs. The estimated maximum, minimum and average health cost
due to the sample clay pit were respectively, US$ 13.6, US$ 0.72, and US$ 4.0 [15].

Productivity Loss

A pilot survey revealed that stakeholders in the study area believe that there is a significant loss
of productivity of rice fields and coconut lands adjacent to areas of clay mining. Abandoned rice
fields are clearly visible in the area [15].

When asked in the questionnaire survey whether there was an impact on rice fields due to clay
mining, 96% of the stakeholders involved in rice cultivation said that there was. The survey
revealed that 46% of the rice fields have been abandoned. The reason attributed for this action is
that the rate of drying up of water in the rice fields during the dry season is too severe for rice
production. The cause for this rapid drying is that the Ma Oya river bed which, determine the
level of the groundwater table during the dry seasons is now deeper due to extensive sand
mining. This situation is aggravated by the large and deep clay pits that are located along the
river [21]. The annual productivity loss in rice due to the sample clay pit was estimated to be
USS$ 34.80 [15].

The second aspect of the survey was to find out the impact on coconut lands due to clay mining.
When inquired, 93% of the households were of the view that there was an impact. The annual
productivity loss in coconuts due to the excavated sample clay pit of 20 Acft was estimated as
US$ 400 [15]. Thus, the annual productivity loss in rice and coconuts due to the excavated
sample clay pit of 20 acre feet in the study area is estimated at US$ 434.80 [15].

Non-Environmental Social Costs
The deterioration of village roads due to the transport of clay was identified as the main non-

environmental social cost due to clay mining, where most of the village roads are classified as
Class C or below. These roads were designed for low traffic volumes and, for economic reasons,
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nominal (which means non-existent) maintenance. Because of clay excavation, traffic in these
roads has increased way beyond design volumes. Since about half of these trips are with clay,
there is a rapid deterioration, long before normal design life. Hence, the annual non-
environmental social cost due to the sample clay pit of 20 acre feet was estimated as US$ 5.80
[15].

Analysis

For analysis purposes a study period, n, of fifty years is assumed. Then, the equation for the
Present Value of the Environmental Costs (PVOfEC) can be written from equation (2) as,

PvofEC = —E<1 _,gca » A1) -1
@a+i) i1 +1i)

where ECT are the annual social costs due to transportation of clay assumed to occur during the

(8)

middle of the first year and ECA are the annual environmental costs assumed to occur as long as
the sample clay pit remains starting from the end of the first year.

It is assumed that the social costs due to transportation of clay, ECT, consists of annual health
cost due to respiratory diseases (US$ 4) and the non environmental cost due to deterioration of
village roads (US$ 5.8). The environmental costs per annum, ECA, are annual health cost due to
malaria (US$ 165.2) and annual productivity loss (US$ 434.8). The estimated environmental
and non-environmental costs for the sample clay pit are depicted in Figure 3.

Assuming 6% as the extended discount rate, the present value of the social costs due to
transportation of clay is US$ 10; and of annual environmental costs is US$ 9457, respectively.
Then, the present value of the environmental and social costs caused by the sample clay pit from
equation (8) is approximately US$ 9,467 [15]. This is the minimum amount the affected
stakeholders, the villagers and adjoining land-owners, should be compensated for the change
caused by mining the sample clay pit. In other words, it is the lower bound of the stakeholder
viewpoint of the cost of clay mining the sample pit as shown by Figure 4.

« Productivity Change +

0 1 2 3 50 + Health Cost +
\ ‘ US$ 600 (Environmental Costs « Off Site Cost
per Annum) US$ 9,467
(Productivity Loss & Health Cost) 0 Eenvironmental & T TTTTTTTTT
US$ 9.8 (Social cost due to transport of clay) & Social Cost 0
(Health Cost & Off-site Cost)
zvo&eny : Affected
PV of Environmental Costs = US$ 9,467 e : UUEEE
Lower Adjoining

Clay

Bound Land
Excavators

Owners
Figure 3. Social (Environmental/Non-Environmental) Costs of Clay Mining
Figure 4. Stakeholder Viewpoint of the Cost of Clay Mining
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3.4 Social Profitability of Clay Mining

Even though in principle, the economic analysis should take into account all benefits and costs
to the economy due to an activity, little attention is paid to long term environmental impacts of
that activity [12], [22], [23], [24]. At present, many indirect costs are included in the economic
analyses by means of environmental and or non-market valuation [25]. This process is called the
extended benefit cost analysis. Munasinghe [23] states that the first step in doing
environmentally sound economic analyses is to determine the environmental and natural
resource impacts of the project, and these physical impacts should be determined by comparing
the "with project" and the "without project" scenarios. The second step involves valuing the
identified physical impacts and relationships because an environmental impact can result in a
measurable change in production and/or change in environmental quality.

This analysis included damage to roads as non environmental social costs; and health costs and
costs of productivity loss as environmental costs; to the economic feasibility analysis to
determine the social profitability of clay mining.

Condition for Social Profitability

The condition for social profitability of clay mining is,

-OCL +NPB.-SC.>0(9)

where OCL is the opportunity cost of the clay land, NPB. (= PEB; - PEC,) is net economic
benefits of clay mining and SC, is social (non environmental and environmental) costs of clay
mining.

Only if this condition is positive, should clay mining be permitted in Sri Lanka. In addition,
miners should either be required to restore the pits, or pay some sort of compensation to the
local communities for the change they are causing to the environment. Clay miners may object
to these requirements, but it is better than simply banning the industry because of its negative
environmental impacts.

Analysis

For analysis purposes a study period, n, of fifty years is assumed. Then, the extended net present
value (EXNPV) equation for this scenario can be written from equation (3) as,

- (10)

NF-)Bt():zs ) E(?Tos - ECA* (:.L-H _). -nl
A+i)” (1+i1) I(1+1)

where OCL is the opportunity cost of clay land, NPB. is net economic benefits of clay mining

EXNPV =-0OCL+

assumed to occur at the mid point of the six months mining operation for discounting, ECT are
the annual social costs due to transportation of clay assumed to occur during the middle of the
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first year and ECA are the annual environmental costs assumed to occur as long as the sample
clay pit remains starting from the end of the first year. The values are shown in Figure 5.

+ Productivity Change + : US$ 58,512 (Economic Benefits from the Sale of Clay)
« Health Cost + 0 1 2 3 50
« Off Site Cost US$ 600 (Environmental Costs

US$ 9,467 per Annum)

0 'E‘n;ir'o;;]e‘n:;“i’““““““i """" o (Productivity Loss & Health Cost
H : US$ 9.8 (Social cost due to transport of clay)
& Social Cost q
Replagement Cost (Health Cost & Off-site Cost)
property USS$ 80:; 000/acre Affeoteh US$ 16,464 (Direct I?conomlc Production Costs)
Right 2 s Villagers US$ 8,000 (Opportunity Cost of an Acre of Land)

Owners - : dioini
Lower Upper Adjoining

Gy Bound Bound Fand
Excavators Owners

EXNPV = US$ 23,973 ExB/C=1.71

Figure 6. Stakeholder Viewpoint of the Cost of Clay Mining Figure 5. Social Profitability of Clay Mining

From equation (10), the net present value from mining the sample clay pit when the extended
discount rate was 6% is US$ 23,973. The benefit cost ratio was 1.71 [15]. Therefore, clay
mining in Sri Lanka is socially profitable. In other words it is not possible to justify banning
clay mining on environmental concerns. However, the regulations that stem from the Minerals
and Mining Act No. 33 of 1992 should be properly enforced to compensate the affected
stakeholders and to internalize the externality caused by clay mining. Refilling of the clay pit
after excavation would internalize the externality caused by clay mining. The replacement cost
of the sample clay pit of 20 acre feet was estimated at US$ 80,000 [15].

4. Conclusions on Application of the Framework to Clay
Mining

The following conclusions can be derived from the application of the framework developed for
educated trade-offs to the conflicting issues of clay mining in the lower reaches of the Ma Oya.

1. Clay mining is privately profitable (feasible) as the discounted net private benefits of
clay mining are positive and the benefit cost ratio was 1.64. Therefore, no matter what
"command and control" measure is imposed clay mining will continue as a private
economic activity.

2. Clay mining is economically feasible as the discounted net economic benefits are
positive and the benefit cost ratio was 2.38. In other words, clay mining will create
more net benefits to the economy than any other mutually exclusive alternatives from
the clay land.

3. Clay mining is socially profitable (feasible) as the present value of net economic
benefits are greater than the present value of social (environmental and non-
environmental) costs of clay mining and the benefit cost ratio was 1.71. Therefore,
regulated clay mining should continue as an economic activity in Sri Lanka.

4. Unregulated large scale clay and sand mining over a long period (about 25 years),
primarily due to corruption, pressure from the politicians and official lethargy have
destroyed the fertile land around the river banks of the lower reaches of Ma Oya.
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5. The lower value of social (environmental and non-environmental) costs caused by a
clay pit of 20 acre feet was approximately US$ 9,467. If the clay miners are not
required to restore (refill) clay pits after mining, then the authorities should and must
ensure that the miners pay compensation at least equivalent to the social costs to local
communities to compensate for the change they are causing to the environment. The
cumulative effect on the environment from a number of open clay pits can be
significant.

6. The main contribution of the application of the framework is the bounding of an
emotional problem on the Ma Oya basin as shown in Figure 6. The clay excavators now
accept that there is a cost to be paid for changing the environment by clay mining. The
affected villagers and adjoining land-owners accept that regulated clay mining could go
on as long as the clay pits are rehabilitated. An emotional issue has been bounded, with
upper and lower limits, as educated trade-offs, for rational decision making regarding
clay mining in the Ma Oya river basin of Sri Lanka.
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Abstract

There is the challenge to the professions of the built environment to create a mindset and a
skillset within its ranks that promotes a greater awareness of risk and an improved facility in
hazard appraisal and disaster management.

The aims of the paper are fivefold.

e To explain why 21* Century hazards are different.

e To explore the global hazards we face.

e To examine the attributes of global challenges.

e To evaluate the nature of ‘foresight’ and the potential role of ‘futures techniques’ in
preparing for hazard appraisal and risk management.

e To espouse a futures-oriented mindset among built environment researchers, educators
an practitioners in facing and addressing the natural, man-made and environmental
hazards that lie ahead.

The overriding rationale being that:

“No problem can be solved from the same level of consciousness that created it. We must learn
to see the world anew”” [Albert Einstein].

Keywords: 21st Century challenges. Hazards. Foresight Principle. Futures thinking.

Prospective

1. Exordium

There is a growing awareness that humankind is on a non-sustainable course which could lead
to “grandscale catastrophes” [e.g. Lovelock, 2006; Rees, 2004]. At the same time, however, we
are unlocking formidable new capabilities. This could be humanity’s last century, or a century
that sets the world on a new course towards a spectacular future. Echoing the warnings of
Hawken et al (2000), and their promotion of ‘natural capitalism’ as a necessary fundamental
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change in the way of doing business, the global economy seems to be outgrowing the capacity
of the earth to support it. As part of all this, there is also generally the need to understand,
prepare for, and respond to natural, man-made and environmental disasters. Most particularly,
in the context of this conference, there is the challenge to the professions of the built
environment to create both a mindset and a skillset within its ranks that promotes a greater
awareness of risk and an improved facility in disaster management. This paper proposes that
‘futures thinking’ through the adoption of the ‘foresight principle’ and the employment of
‘scenario planning techniques’ can contribute significantly to research and education in this
field.

2. 21st Century Challenges

There is widespread recognition that we live in an era of rapid change in which new discoveries,
philosophies and technologies play an ever more prominent part in shaping social and economic
development. The world is becoming increasingly complex, more competitive and better
connected. There is economic internationalistation on the one hand, yet cultural decentralisation
on the other. Society has shifted from an industrial base to an information and knowledge
orientation. Advances in genetics, materials, energy, computing, robotics, miniaturisation,
medicines, therapies and communication proceed apace. The developed world is getting
smaller, older and wealthier, whilst the developing world grows bigger, younger and relatively
poorer. A blurring of boundaries between disciplines, industries and social enterprises is taking
place. And, as those boundaries fade, the lines connecting the constituent parts become more
critical, so that networks, systems and holistic thinking are more meaningful. Moreover, crucial
issues on a global level — demographic, natural resources, the environment and human culture —
have to be addressed. All in all, a veritable transformation, or great disruption, is occurring.
Something old is coming apart at the seams, and something new is emerging.

2.1 Why the 21st Century is Different

Until relatively recently humankind retained a simplistic view of the world. Back in the 1960’s,
and early 1970’s, it seemed possible to keep an overview of development, take future changes
into account and make five to ten year planning proposals based on ten to twenty year forecasts.
It was a period of trend projection, time series, network analysis and mathematical modelling.
Above all, perhaps, it was an era with a belief that tomorrow would mostly resemble today. The
future was a given, and planning of all kinds sought to adapt current trends to meet that
predestined condition. During the 1970’s, and into the 1980’s, however, the view of the future
changed. With sudden and significant economic disruptions and social upheavals the future did
not seem as predictable as had previously been imagined. Indeed, it became recognised as
uncertain. There was no longer only one likely future path of development, but several different
and possible futures. All these futures, moreover, would be shaped by a number of critical
challenges.
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Too many people. As the world’s population grows to about 9 billion around 2050,
global tensions will climb as a result of dropping water tables, rising and changing
consumer demand, uncontrolled migratory movements, demands for equality in
healthcare, pollution, famine, congestion, unemployment, poverty, disease, starvation,
social violence and the like. The challenge is to determine and achieve a stable and
sustainable population for the earth.

Not enough resources. Conflict over valuable resources — and the power and wealth
they confer — is fast becoming a prominent feature of the global landscape.
International security experts argue that in the early decades of the new millennium,
wars will be fought not over ideology, but over dwindling supplies of precious natural
commodities. The challenge is to shift economic thinking from an emphasis on human
productivity to a radical increase in resource productivity through the concept of
natural capitalism.

It takes time. Many, if not most, of the major ‘momentum trends’ for the 21% Century
are long-term in their formation, impact and necessary control. We need to ‘stand in the
future’ and create a strategic view that is unrestricted by the exigencies of the present —
imagine ahead and plan backwards. Whilst we cannot predict the future in detail or
with surety, we can study the alternative directions it might take and how to influence
them over time. The challenge is to learn how to handle long-term, intergenerational,
lead-times.

There will be new technologies. With 20" Century technology, there was a massive
gulf between natures systems and man-made systems. At the dawn of a new century we
are witnessing new discoveries, innovations and adaptations that combine living and
non-living systems. There are new forms of medicine and farming. There is also the
prospect of new forms of ‘artificial life’. The challenge is to decide how to use these
technologies responsibly and harness them to create a better world.

What’s the risk? Risk in the future could reach magnitudes of harm unimaginable
hitherto in modern times. Due to the interdependence of economics and societies, risks
in one country can spread rapidly to others, so the notion of risk needs to be broadened
and precautions put in place at global, regional and national scales. Vital systems need
greater protection and citizens need to be more fully involved as partners in decisions.
The challenge is to build trust and share the burden between the public and those in
charge.

Redefining the enemy. Increasingly we are at war not with enemy states or foreign
armies but with small groups of people or specific individuals: fugitive terrorists, drug
traffickers, warlords, dangerous dictators, rogue scientists, villainous zealouts and the
like. The needs of safety, security and defence are different. Yet powerful institutional
barriers to fundamental change remain. The challenge is to alter radically how we
organise to defend and to fight.

Economics are complex. When viewed in out-of-equilibrium formation, economic
patterns are all too often simplified into the facile equilibrium of standard economic
models. In reality, economics are everchanging, showing perpetually novel behaviour
and emergent phenomena. The challenge is to portray the economy not as
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deterministic, predictable and mechanistic; but as complex, process-dependent, organic
and continually evolving.

o Détente with dilemma. Well-schooled in solving problems, governance at all scales
needs to re-educate itself in the art of acting intelligently, and also compassionately, in
situations that have no solution. Agencies and organisations of all kinds will have to
find tools and processes for teasing-out the first-, second-, and third-order dilemmas in
these situations. They will also have to reconcile multiple stakeholders and design
processes that generate new value out of apparent conflicts of interest. The challenge is
to reach some kind of détente with dilemma in a world with no externalities.

e Running the show. There will be a redistribution and relayering of power and
governance at all scales and across all sectors of society. Representative government is
fine in theory, but frequently fails in practice. Why? Three reasons are suggested. First,
populations tend to elect the average. Second, elected representatives tend to be
members of short-sighted, self-serving political parties. And third, large numbers of
people in the democracies’ feel alienated from the political process. The challenge is to
promote more effective leadership, bring about a step change in the degree of
collaboration between key players in a process, and foster a deeper engagement
between local people and large organisations.

e There will be surprises. Wildcards or jokers will be played from time-to-time. Some
of these might be totally unexpected — some could be unlikely yet predictable. Leaders
in organisations at all levels, and in all situations, need to collect the information, study
the signs and confront the issues surrounding the degree of probability and scale of
impact of macro-uncertainties that might impinge upon their areas of responsibility.
The challenge is to avoid tragedy by both anticipating and preparing to mitigate
damage done by ‘predictable surprises’.

Perhaps the main difference that distinguishes the 21* Century from those that proceeded it is
the need to develop a mindset that can tackle the conscious design of large systems — cities,
communities, corporations, countries, cultures, domains and the earth itself.

2.2 The Hazards We Face

All the dimensions of change — frequency, magnitude, complexity, rapidity and visibility — are
happening at an ever-accelerating pace. In the past, there has been a discernible pattern to
change. This time, however, it is different, for change is far less sequential and certain, showing
much greater discontinuity and unpredictability. Evolutionary change, however, is largely in
human hands, and humanity, it is argued, must learn the rules in order to see a transition during
this century to a planet managed well enough to make its long-term survival more likely
[Martin, 2006]. A starting point, in the context of 21C hazards, is some form of classification of
the hazards we face. The following ordering has been compiled by the author from several
authorative sources [Canton, 2006; Glenn and Gordon, 2006; Leggat, 2006; Martin, 2006]. It
identifies the five most significant hazards in each sector — economic, environmental,
geopolitical, societal and technological.
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2.2.1 Economic

World Trade. Widening disparities in wealth and welfare could cause serious disruptions unless
a global partnership emerges based on ethical market economies to reduce the gap between rich
and poor.

Rising Energy Demand. World energy demand will probably increase by about 60% between
now and 2030, so the time has come for an Appollo-like programme to increase the global
supply of non-polluting energy safely and efficiently.

Extreme Poverty. Market economics and globalisation are lifting the bulk of humanity out of
extreme poverty, but special measures are needed, funded by affluent countries, over the next
few decades to help the planets 1 billion indigent populations out of conditions of dire poverty.

Natural Capitalism. A fresh economic paradigm is starting to emerge founded on four central
strategies of radical resource productivity, biomimicry, service and flow relationships between
producers and consumers, and investment in natural capital.

Corporate Responsible Behaviour. How companies manage their strategic, tactical and
operational activities to produce an overall positive impact on society is becoming a powerful
imperative in the world’s economy.

2.2.2 Environmental

e Global Warming. Further exacerbated by the induced release of methane from the
permafrost or from clathrates on the continental shelves.

e Biota Extinction. The eruption of continental flood basalts leads to the mass extinction
of 95% of biota.

e A New Ice Age. Caused either by natural cycles or by abrupt climate change from
reduced Atlantic thermohaline circulation, leading to a loss of 65% of current land
biomass.

e Quakes and Eruptions. Especially the super-eruption of somewhere like Yellowstone,
producing a five to seven year volcanic winter reducing solar and wind power.

o Water Resources. Ensuring that everyone, everywhere can have access to sufficient
clean water without conflict.

2.2.3 Geopolitical

e Peace and Security. At the extreme, preventing war among nations using weapons of
mass destruction. But also determining when it is right to use force to intervene in the
affairs of another country.

e Terrorism and Ethnic Conflict. Promoting a set of shared values and new security
strategies to reduce the means and motivations for terrorism and ethnic conflict.
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Organised Crime. In contrast to military spending of around $1 trillion a year, annual
income for organised crime has passed $2 trillion and is impeding governments’ ability
to act.

Leadership and Ethics. Global ethical standards are merging from a variety of sources,
but the education and development of decision-making for policy makers is lagging
well behind.

Global communication. The use, control and reliability of the internet and any
successor information system will be crucial as the majority of the world’s population
becomes connected.

2.2.4 Societal

Health and Medicines. Reducing the threat of new and re-emerging diseases and
immune micro-organisms that could threaten civilisation, and slashing the costs of
treating the world’s most devastating illnesses.

Population Growth. Balancing population growth, resource availability and sustainable
development is a key issue with inherent risk. As humanity swells toward nine billion
in the next half century it will undergo historic changes in the balance between young
and old, rich and poor, urban and rural, so that choices now and in the years ahead will
determine how well we cope with our coming of age.

Opportunity and Capability. Developing the capability latent in everyone, with
particular emphasis on changing the status of women to improve the human condition,
and helping young people everywhere understand the meaning of the 21C.

Decision Making. Making policy formulation more sensitive to long-term prospectives,
improving the capacity to decide as the nature of work and institutions change and
incorporating more routinely ethical considerations into decisions at all levels.
Biodiversity. Developing a new understanding of how species become extinct, and how
to preserve them, is a hallmark of a civilised society.

2.2.5 Technological

Scientific Experimentation. There is the danger that some scientific developments could
change the fundamental fabric of the universe in a way not previously seen in nature.
Nanotechnology. The theoretical threat exists of planet-wide spread of exponentially
self-replicating nano-machines utilising DNA/chlorophyll (‘green goo’), or bio-vorous
fully artificial nanoreplictors (‘grey goo’).

Acclerating Technology. Factors causing the acceleration of scientific/technological
innovation are themselves accelerating, to such an extent that perhaps an international
Sci/Tech agency or organisation may be needed to examine the potential consequences.
ICT Convergence. Hazards prevail in determining how the global convergence of
information and communications technologies can work for the benefit of everyone and
be safeguarded from corruption, distortion and criminality.

The Singularity. A number of scientists believe machine intelligence will surpass
human intelligence within a few decades, leading to what has become known as the
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‘singularity’, and producing in the words of Ray Kurzweil (2005) technological change
so rapid and profound it could create a rupture in the very fabric of human history.
What we have to do perhaps is understand how any ‘transhumanist’ changes to Homo
sapiens can be made without negative consequences.

Then, of course, there are the real ‘wild cards’, such as an asteroid or comet over 10km striking
the earth, or the collapse of a supermassive star causing an intense pulse of x-rays, cosmic rays
and muon particles. A ‘wild card’, however, need not necessarily be bad, it can be marvellous —
a ‘benestrophe’ rather than a catastrophe [Cornish, 2004]. Those might include : war fades from
history; energy that is almost free; a happiness pill is perfected; death becomes an ecstatic
experience; permanent human settlements in space; drugs to boost human intelligence; a really
effective ‘youth treatment’ is found; or a ‘world brain’ is constructed. But perhaps such
‘benestrophes’ raise more questions than catastrophes?

3. The Foresight Principle
3.1 Futures-oriented Thinking

Foresight is the principle producing the prime methodology for the practice of futures studies.
The main purposes of adopting a futures approach have been listed elsewhere as follows
[Gannon and Ratcliffe, 2006].

e Extending thinking beyond the conventional and fostering more forward thinking as a
result.

e Forcing thoughts and stimulating conversations about the future.

e Helping identify assumptions about the future that might require examination, testing
and subsequent modification.

e Encouraging people to have regard for the positive possibilities and opportunities that
tomorrow might hold, as well as the potential threats and disasters.

e Making more intelligent decisions today concerning the future by focusing the mind on
the most important questions that must be resolved in order to formulate better policy.

e Inspiring people to ‘think outside the box’.

e Widening perspectives and increasing the number of options available for exercising
more deliberate decision-making towards positive change.

e Preparing for, and managing change better by enhancing the capacity to learn.

e Making response times to actual future events much shorter and reactions more
relevant.

e Fostering active participation in strategic thinking leading to decision-making.

In the context of major disaster management, the use of futures methods offers a rigorous,
comprehensive and integrated approach towards anticipating, planning and implementing
recovery and reconstruction operations, relying, as it does, more on intuition, participation and
adaptability than conventional strategic thinking and planning systems. Most excitingly, a
futures approach can constitute an effective platform for collaborative planning. A
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collaborative futures process helps to develop successful solutions and ensures that the
ownership of these solutions is embedded in the community so that they have a greater chance
of implementation. It also enables the development of preferred visions of community futures
through mobilisation — bringing together and facilitating the network of key stakeholders and
sources of knowledge. Above all, perhaps, foresighting reduces risk. Thus, the ‘foresight
principle’ enacted through ‘foresight programmes’ provides an opportune, seductive and
feasible approach for studying the hazards that lie ahead and preparing ourselves to meet and
overcome them.

3.2 The Foresight Process

Foresight is a systematic, participatory, future-intelligence-gathering and medium-to-long-term
vision building process aimed at present day decisions and mobilising joint actions [FOREN,
2001]. There are said to be five essential elements of foresight — anticipation, participation,
networking, vision and action (ibid). And the most important aspects of the Foresight process
have been précised as being [Irvine and Martin, 1984]:

e communication between parties concerned;

e concentration on the longer term;

e co-ordination of research and development;

e consensus created on future directions and policies; and

e commitment generated among those responsible for implementation of policy.

A defining characteristic of foresight is that, in essence, it is a human capacity to think ahead
and to forecast possible outcomes of present decisions. Turning towards the practical operation
of the process, the stages of a strategic foresight activity, together with the relevant objectives
for each stage and the intended outcomes are shown in Exhibit 1.

STAGE OBJECTIVES OUTPUT

Framing Scoping the project : attitude, audience, work environment, | Focal Issue
rationale and purpose, objectives and teams.

Scanning Collecting the information : the system, history and context | Information
of the issue and how to scan for information regarding the
future of issue.

Forecasting Describing baseline and alternative futures : drivers and | Baseline and
uncertainties, tools, diverging and converging approaches, | Alternative Futures
and alternatives.

Visioning Choosing a preferred future : implications of the forecast, | Preferred Future
and envisioning desired outcomes.

Planning Organising to achieve the vision : strategy, options and | Strategy and Plans
plans.

Acting Implementing the plan : communicating the results, | Action
developing action agenda and institutionalising strategic
thinking and intelligence systems.

Exhibit 1 : A Strategic Foresight Activity (Bishop and Hines, 2006)
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Central to the use of Foresight, however, is a strong dose of common-sense. It is, at heart, about
avoiding danger, reducing risk, optimising opportunity and developing a strategy to reach a
preferred future.

3.3 Prospective Through Scenarios

A particularly progressive and proactive form of foresight is to be found in prospective. The
prospective, or more familiarly “la prospective”, has French origins, but is now bring more
popularly applied across Europe in a variety of strategic planning settings. In the francophone
context, however, ‘prospective’ refers to a much wider approach and activity than other futures
methodologies as it comprises not only the study of the future, and an evaluation of alternative
outcomes against given policy decisions, but also the will to influence the future and to shape it
according to society’s wishes. Furthermore, it is a very formalised, inclusive, comprehensive
and rigorous methodology when compared to more generalised future studies. In many ways, it
is similar to foresighting, but would be better understood as a specific means of applying the
foresight approach.

One of the most popular and persuasive techniques used in futures studies and foresighting is
scenario analysis. Scenarios have long been used by government planners, corporate strategists
and military analysts as powerful tools to aid in decision making in the face of uncertainty.
They are instruments for ordering people’s perceptions about alternative future environments in
which today’s decisions might play out. In practice, scenarios resemble a set of stories built
around carefully constructed plots. Such stories can express multiple perspectives on complex
events, with the scenarios themselves giving meaning to these events.

Despite their story-like qualities, scenarios follow systematic and recognisable phases. The
process is highly interactive, intense and imaginative. It begins by isolating the decision to be
made, rigorously challenging the mental maps that shape people’s perceptions, and hunting and
gathering information, often from unorthodox sources. The next steps are more analytical :
identifying the driving forces, the predetermined elements and the critical uncertainties. These
factors are then prioritised according to importance and uncertainty. Subsequently, three or four
thoughtfully composed scenario ‘plots’, each representing a plausible alternative future, against
which policy options can be tested and implications identified, are developed. Then, the deeper
structures and systems behind the scenario stories, and their underlying logics, are elaborated to
explain them and reveal their crucial differences. Finally, the key events, or turning points, that
would channel the future towards one scenario rather than another are identified.

At The Futures Academy, in DIT, an approach has been developed which combines the above
methodologies and is known as Prospective Through Scenarios. It has been applied across a
wide range of policy issues over the past ten years, and is confidently put forward as an
effective means of getting those concerned with hazard appraisal and risk management to think,
talk, plan and act, creatively and differently, together. This particular process is described in
Exhibit 2.
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Exhibit 2: ““Prospective through Scenarios’ - Source: Ratcliffe and Sirr (2003).

4. Built Environment Foresight

The world is changing at a pace hitherto unknown, and previously unimagined. There is a need
for academic institutions and professional bodies in the field of the built environment to play a
more positive role in addressing the 21C hazards we face, and the potential disasters that might
ensue. Some of the tasks that might be tackled include the following.
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= Raising issues of common concern that may be overlooked taking the traditional short-
term view.

= Highlighting dangers, alternatives and choices that require attention before they become
critical.

= Publicising the emerging picture of the near-term future in order to involve the public
and contribute to present-day decision-making.

=  Contributing to a body of knowledge about foresight and the macro-processes of change
and continuity that frame the future.

= Identifying the dynamics and policy implications of the transition to sustainability.

= Helping to identify aspects of a new world order so as to place these on the global
political agenda.

= Facilitating the development and application of social innovations.

= Helping people to deal with fears and become genuinely empowered to participate in
creating the future.

=  Assisting organisations to evolve in appropriate ways.

= Providing institutional shelters for innovative futures work which might not be carried
out elsewhere.

In proselytizing the simple yet profound message that we do not have to walk blindly into the
hazards we face surrounding the future of the built environment, it is possible to pose a few
questions to participants at this conference, or readers of this paper:

= How flexible is your organisation in adapting to change, and does it use outside
“visionaries’ to question the basic assumptions held internally?

= Since planning invariably takes longer than events to happen, is enough time spent on
contingency or parallel planning?

= Does your organisation devote enough time to ‘relationship management’, both
internally for colleagues, and externally for actual or potential customers and
collaborators?

= How ready is your organisation for significant shifts of ‘culture’ in the environment
within which it operates — exploring the way people think, believe and behave?

= [s your organisation managing efficiently and effectively its intellectual capital and
knowledge base to think and plan creatively and collaboratively?

5. Propositum

What does the future hold? Are we living at a turning point in human history? Can we master
the hazards ahead, or does a new Dark Age menace? Contemplating the critical trends, issues
and threats raised earlier in the paper, let alone their possible convergence, it is tempting starkly
to suggest that without rapid and positive action we could actually be bringing history to an end.
As one leading futurist, James Martin (0p cit), succinctly states:
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“We are travelling at breakneck speed into an era of extremes — extremes of wealth and
poverty, extremes in technology, extremes in globalisation. If we are to survive, we must learn
to manage them all”

Turning to another prominent futurist, Dr. Patrick Dixon [2004], it is imperative, he argues, to
become ‘futurewise’. It is an extraordinary time to be alive. The world is being transformed
before our eyes from a technological twentieth century society into something altogether new
and different. Either we take hold of the future, he concludes, or the future will take hold of us.
At a practical level, Dr. Dixon offers ten proposals for organisations facing the hazards of
planning and managing their affairs in the 21C.

Prepare for the unexpected.

Generate faster reactions times.

Create flatter structures.

Build teams and forge partnerships.

Learn to live in the global village.

Become more culturally aware.

Invest in technology.

Foster a family feeling with a sense of identity, value and belonging.

e AN o o

. Develop purpose and meaning.
10. Recognise that leadership will be everything.

It is largely futures thinking through foresighting that helps achieve this.
On a more personal note, this paper ends with the proposition that to face the Grand Challenge
of the 21* Century a more informed, structured and imaginative approach towards the study of
the future is demanded of those professions concerned with the stewardship of the built
environment and the promotion of sustainable urban development, and that this can most
effectively be provided by the Futures Studies field through the adoption and adaptation of the
Foresight Principle through Scenario Planning and associated techniques. We need a new
mindset — a futures-oriented mindset.
“We are made wise not by the recollection of the past but by the responsibility for the future!”
[George Bernard Shaw].
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International Community Perspectives in Disaster
Mitigation in Developing Countries

Conrad de Tissera
UN-Habitat Programme Manager - Sri Lanka

Abstract

Disasters are exceptional events with overwhelming loss of lives and property. Natural disasters
continue to strike and increase in magnitude, complexity, frequency and economic impact.
Whilst the natural phenomena causing disasters are in most cases beyond human control,
vulnerability is generally a result of human activity.

Today the world is increasingly interdependent. As a result the global community needs to act in
a new spirit of partnership to build a safer world based on common interests and shared
responsibility to save human lives. Natural disasters do not respect borders or countries whether
developing or developed. Disaster prevention, mitigation, preparedness and relief are four
elements which contribute to and gain from the implementation of sustainable development
policies. Therefore, nations should incorporate them in their development plans and ensure
efficient follow-up measures at the community, national, sub-regional, and international levels.

The Geneva Mandate for the world body on disaster reduction stresses the importance of
developing and strengthening regional approaches dedicated to disaster reduction in order to
take account of local specificity and needs. It emphasizes the need to support initiatives for
strengthening regional, national and local capabilities, and applied research initiatives to ensure
that prevention and mitigation policies and programmes for disaster management are in place in
all countries particularly developing countries.

An example to demonstrate translation of these intentions into action by the international
community can be seen in Sri Lanka where UN support in Landslide Hazard Mapping Project
(LHMP) for local capacity building provided necessary technical expertise and assistance in
introduction of standards, guidelines and codes of practice for human settlements planning and
site selection for developments in hilly areas that are vulnerable to landslides. This included
using state-of-art technology for preparation of Landslide Hazard Maps, early warning systems,
dissemination of information relating to causes, identification of telltale signs, remedial
measures etc. which has enabled Sri Lanka to decrease its vulnerability in relation to landslide
disasters in the future.

This paper focuses on the International Communities commitment, their mandate and their
interventions with regard to disaster mitigation in developing nations and the lessons learned in
a case study where access to and application of advanced technology in natural disaster
management was facilitated by such interventions.
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Building Theory for the Built Environment: The Case
of Monetary Retentions

Vasantha Abeysekera
School of Engineering, AUT University, New Zealand
(email: vasantha.abeysekera@aut.ac.nz )

Abstract

This study explores the notions of theory as science, and practice as science, in the pursuit of
theory for the built environment. Whilst endorsing these notions, practice is differentiated with
scientific practice suggesting that latter is part of theory, and that theory should be seen as
science. The need for building theory for professional disciplines such as construction
management is urged by reflecting on the engineering profession pointing out that practice
without theory is akin to action without thinking or the practice of a quack-doctor.

The meaning of theory and scientific practice is explained in preference to definitions,
portraying theory as knowing but of a particular kind of knowing, which is different to other
ways of knowing such as authority, intuition, and experience, whereby logic (reason) is applied
to questions. Theory is explained as justified beliefs as well. There is also a need to develop a
structure with an accompanying narrative on stories about phenomena in the built environment
in a way that it condenses knowledge, and informs practice.

Theory consists of answers to four elements, namely, ‘what, how, why and so-what’ with what
identifying the phenomena, the how providing explanation (and prediction) and the why
providing understanding. Other elements to include are responses to when, where, who, which
are considered to be the limiting parameters (i.e. the context). Criteria for judging the value of
theory are also given including a brief description of methodologies for building theory. By
reflecting on the profession of engineering, it is proposed that theory for the built environment
should consist of theory in the different professional disciplines (which often overlap) in an
interactive and integrated manner.

With this synthesis of theory and practice, an ‘unusual’ phenomenon that has spanned well over
a century is investigated with the intention of building theory. This phenomenon is the practice
of holding a portion of the moneys due to a service provider from each and every payment until
the project is fully completed. It is a practice which was originally enforced through legislation
(in New Zealand), later abolished, and then re-enforced through contract.

Having explored different methodologies for building theory, metaphors was found to be a
convenient and a powerful approach for building theory particularly for channelling knowledge,
give it structure, and develop narrative, in a way that it condensed knowledge and facilitated
practice. Accordingly, five theories were presented under Images of Retentions — an unfolding
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story about the practice of retention. These theories were named as Cash-Cow, Steroid, Beast,
Stress, and as Chaos. They were seen as providing a deeper understanding of the reasons for this
phenomenon along with new insights on retentions.

These theories are accounts of justified beliefs; they describe, explain, and predict what might
happen if certain courses of actions are taken, particularly in a New Zealand context. These
must be criticised and modified, and refined as necessary in the pursuit of deeper understanding:
this is the nature of theory; theory is neither complete nor perfect.

Individually, these ‘theories’ tell us a one-sided story by highlighting certain interpretations and
forcing others to the background. This needs to be understood but importantly the theories needs
to be viewed together as a collection rather than in isolation, understanding the opposing and
complementary points of view, along with their interactions.

The theory (and theories) presented herein on retentions are not exhaustive. There are still a
number of issues pertaining to retentions that need to be understood. However, it is believed that
these theories should provide a good foundation for further deliberation and research. In this
regard, the use of metaphor as a methodology cannot be underestimated; it is an interesting,
valuable, and an exciting approach for building theory as evidenced through this study.

This is only a beginning of a story on retentions; there is much to be understood about this
‘unwanted essential’!

Keywords: built environment, construction management, theory and practice, monetary
retentions

1. Background

2007 saw an important milestone achieved with the first symposium on ‘theory for the built
environment’ held at the University of Salford. The call for papers re-kindled a dormant desire —
to tell a “story” about a phenomenon that has been witnessed since the dawn of civilisation. Just
over a decade ago, as I wrote the final chapter of my PhD thesis on strategies for managing the
chaos in Sri Lankan brickwork, I mooted the idea for a ‘theory of brickwork’ [1]: Sri Lankan
brickwork is unique in many respects. The environment within which this phenomenon is seen
is rich in that it permits the study of forgone — taken for granted fundamentals - of building with
bricks. If I were to write a book on brickwork today, its structure would very likely be different
to the structure of a traditional text book where the focus to a large extent has been on ‘how’
than ‘why’. I realised that many issues had been taken at the face value influenced by colonial
traditions failing to realise the local context without a real understanding of, particularly
production management issues, connected with time—cost—quality issues. The practice in Sri
Lanka has been to prescribe English brickwork over ‘Sri Lankan brickwork’! Delegates to this
conference would no doubt see how chaotic Sri Lankan brickwork is but surprisingly enough
there is an underlying order only if you care to understand why. And if you do, there is much
opportunity to improve its productivity and economy, thus saving billions of dollars.

41



I believe, it is the case with ‘monetary retentions’ as well. It is this desire that I hope to explore
in this paper on a phenomenon that has spanned over a century, enforced by legislation and
through contractual provisions, with the hope of laying a foundation for understanding it better,
through what I will refer to as a ‘theory on contract retentions’: Some countries have outlawed
this practice, others have tried to follow suite but failed, yet others seem to find it useful and are
content with the status-quo, which raises important questions on why this is the case.

During my undergraduate studies in engineering, theory was the order of the day. However,
when I specialised in construction management, I realised that there was hardly any ‘theory’ to
help make decisions as one would do in engineering; there wasn’t a right or wrong way of doing
things. It was, in this sense, a somewhat difficult and uncomfortable realisation, often having to
draw on experience, intuition, and insight for managing projects. As I look back, I ask myself
the question, could we not condense such knowledge into a form that we could classify as
‘theory’ which will assist in decision making, practice not for the sake of practice but with
sound reason, and guide future research and help move our knowledge forward on important
questions confronting the profession of construction management.

2. Theory as Science

No doubt, it is pertinent to raise the question as to what is meant by ‘theory’. In engineering,
theory is the foundation for many applications whether it is the design of a bridge, a building, or
a road and so on which are part of the built environment. Not only does theory help to
understand how these structures should be built and the reasons for it but also for their planning
and maintenance from a technical perspective. In this regard, those from a background in
engineering would find it easy to see the value and the relevance of ‘theory’. If not for theory,
one would have to use experience, intuition, and judgement instead, to create the built
environment we live in, no doubt, with much trial and error, inefficiency, and waste.

If my perception is correct, theory in civil engineering (as it appears to me) is about
understanding, explaining, and predicting how the natural world and the built environment
interface with each other in an interactive and integrated way with particular relevance to the
planning, design, construction, and maintenance of man-made facilities and services provided
for and by human kind for their benefit. But what is theory and how has it been developed...?

In common usage, the word ‘theory’ is often used to signify an opinion as in “he has a theory
that wearing hats makes men go bald”. In fact, many of us seem to have theories about many
things on how to ‘choose a bait, a date, or mate’ as eloquently put by Shoemaker et al [2]. In
this usage, theory is not necessarily based on facts; and is not required to be consistent with true
descriptions of reality. Such usage of the term ‘theory’ is confusing, incorrect and inappropriate
for a professional discipline such as engineering or for that matter any other discipline that help
fashion the built environment. However, this usage shows us that theory helps us to know but
this is not enough; it must work in practice too. However, knowing is much more than this.
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Interestingly, according to the Webster’s New World Dictionary, the word science which is
derived from the Latin word sciens means “knowing”. However, it is the particular way of
knowing that appears to distinguish ‘science’ from other ways of knowing such as authority,
intuition, tenacity or even experience. Moreover, what makes science different to other ways of
knowing is that ‘science applies logic [reason] to questions constantly’ for right understanding
[3]. T propose therefore that theory must be science if it is to be of value to professions
involved with the built environment. Professions that are backed by theory (as science) could
then be referred to as scientific, as in scientific engineering (as against engineering) analogous
with ‘scientific medicine’ or ‘scientific farming’ [4].

A widely held belief is that science uses the scientific method for building theory which is
another reason why science is different to other ways of knowing. Additionally, science uses
other methods and methodologies which may differ from profession to profession [5]. However,
whichever methodology is used, it is useful to echo the sentiments of Nobel Laureate biologist
Peter Medawar in relation to scientific inquiry and method:

‘[The Scientific method]... is a potentiation of common sense, exercised with a specially firm
determination not to persist in error if any exertion of hand or mind can deliver us from it.
Like other exploratory processes, it can be resolved into a dialogue between fact and fancy,
the actual and the possible; between what could be true and what is in fact the case. The
purpose of scientific enquiry is not to compile an inventory of factual information, nor to
build up a totalitarian world picture of Natural Laws in which every event that is not
compulsory is forbidden. We should think of it rather as a logically articulated structure of
justifiable beliefs about nature [i.e. with explanations as to why the belief is a true one]. It
begins as a story about a Possible World—a story which we invent and criticise and modify
as we go along, so that it ends by being, as nearly as we can make it, a story about real
life.” [6]

What then is theory...? According to a definition given in the Oxford Learner’s Dictionary
(1989), theory is a ‘set of reasoned ideas intended to explain facts or events’ which aligns well
with the above description, particularly with reference to ‘justified beliefs’. However, Ron
Weber, the Editor of MIS Quarterly explains that it is ‘notoriously difficult’ to define what
‘theory’ is, claiming that ‘any definition ... is sure to evoke disagreement among scholars’ [11].
He states further that ‘some even see the notion of theory as an anachronism — an idea that
reflects earlier, naive notions about our abilities to understand the world (the so called
“modernist” view of the world)’. In fact, it is also claimed that theory has number of distinct
meanings in different fields of knowledge, depending on their methodologies and context of
discussion [4]. Furthermore, an online dictionary on medicine defines theory (of medicine) as
‘science, as distinguished from the art, or practice’ (of medicine). Thus, it is not surprising why
it is not easy to come to a universally agreed definition. Moreover, experience shows that
definitions are difficult to come by. And even if it does, reaching agreement on controversial
words such as theory is difficult. However, just as much as it is difficult to define an elephant as
compared with explaining what an elephant looks like, there is no difficulty in explaining what
theory is. In this regard, as argued before, theory is seen as science.

43



3. Practice as Science

“Actions without thinking, practice without theory are unimaginable...” [7], [8]

The main product of almost all professions associated with the built environment is practice
whether it is engineering, medicine, architecture or construction management. I believe all these
professions can be practiced by people, for example, by learning on the job, and is nothing new.
Ask a bricklayer to build a wall and he will. Ask him why uses a particular size he might
explain but ask him why it should be used for a wall which is plastered on both side and one
without any openings, he might think hard, and he might not give a plausible answer (see [1] ).
He might even challenge the importance of this question! Consider another scenario — the
application of critical path methods in project planning and control. Talk to a construction
manager and he might explain how he uses these. This is skilful mastery. However, ask for
reasons for choosing this particular technique over so many other techniques, he might be less
able to provide a satisfactory answer unless there is a good theoretical understanding of the
techniques. If he fails, his practice is not scientific. Indeed, practice that is not driven by science
is akin to a quack-doctor practicing medicine [9]: there is a need to transform the ‘art’ of
practice into a ‘science’.

So what characteristics must be displayed before practice can be considered as science?
According to one explanation, ‘practice is science’ when the practitioner can explain it in terms
of ‘knowledge, logic and prior experience’ [4], [10]. However, this is not sufficient: The reasons
for practice must be justifiable and indisputable. And, ideally, such reasons must be established
and/or verifiable (and undisputable) according to an established standard of evaluation though it
might prove difficult. This is part of the challenge of ‘practice as science’. Practice without such
evidence cannot be regarded as science.

There is a need to embrace scientific practice as against practice, in which case practice
becomes part of theory! When practice-based professions accept scientific practice as
fundamental to their profession, it no doubt strengthens professional identity. This is an
important consideration for emerging fields such as construction management.

4. Building Blocks of Theory

As mentioned before, theory is about “knowing”. Theory is also about justified beliefs (as noted
before) where explanation of the reasons for a phenomenon or practice is fundamental.
However, theory is much more; for instance, theory is expected to ‘explain in order to predict’
which is essentially about understanding [2]. Thus, understanding entails ‘considerably more
than explanation (or prediction): Ancient astronomers made excellent predictions of the future
positions of the planets but were unable to say why (understanding) the planets behaved this
way because they lacked understanding [12].

Well known scholars such as Abraham Kaplan and Robert Merton have asserted that theory is

the answer to the questions of why [13]. Whilst this is fundamental, a complete theory should
include answers to not only why but also to what and how viz. what factors should be
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considered to explain the phenomena, how these factors are related, and why this particular
phenomena be accepted; while what and how describe and provide a framework for
interpretation, why supplies the explanation[14]. These are not the only elements; a theory
should include responses to when/where/who, which are considered to be the limiting
parameters defining the applicable population of actions, actors, etc. This is what Weber [15]
has referred to as the ‘state space of a theory’ and the ‘event space of a theory’, or the ‘boundary
conditions’ (i.e. the context). The last element of theory is which is referred to as the “so what”
element, which was thought to be necessary to demonstrate the implications and consequences
of a proposed ‘theory’ [16]. To summarise (and as noted immediately below), we wish to take
the position that a theory should respond to “what, how, why, and so-what’ elements with
‘when, where, and who’ describing the limiting or the contextual elements. As such, theory in
the built environment should form the basis for explaining and understanding phenomena in the
built environment. In fact, such understanding would serve a better purpose if they also respond
to the so-what element referred to above.

5. Theory for the Built Environment

So what constitute theory for the built environment? What does theory look like...? How could
we build and present theory in a way that it condenses scientific knowledge, permits practical
applications, and guide research...? These are important questions that need to be looked at.

It was argued earlier that theory should be viewed as science. Moreover, it was also argued that
scientific practice should also be part of theory separating practice which is not scientific as
practice. Discerning readers would no doubt have noted that theory in the built environment (as
discussed in this paper) is a collection of theory in the different professional disciplines which
often overlap. Theory includes frameworks, concepts, facts, laws, models, rules and regulations
(codes of practice) etc. integrated together that includes various ‘theories’ as well, such as
theories on motivation, theories on chaos, and so on depending on the nature of the professional
discipline.

According to Shoemaker et al [19], the beginning point of building theory would be a problem.
These could be intellectual problems or practical problems, or a combination of both. Concepts
(such as ‘retentions’) could also be a starting point for theory building particularly if they are
problematic. Such concepts could lead to hypotheses (opinions) which could be tested for
validity and thereby provide greater understanding. It is also possible that theory building could
start with a hypothesis or even with a question about something that needs better understanding.
Another possible beginning point for building theory would be to start with an area in which
theory is vague or lacking. This is clearly the case with ‘contract retentions’.

Theory building is said to be an ongoing process; it does not come to an end though it may
come reach a point where it is useful and can be applied to solving problems [17]. Various
methods (qualitative, quantitative, mixed-approaches, learning by doing) and methodologies
(such as positivism and constructivism) have been, and are being, used for building theory. Such
theories could be displayed through charts, graphs, diagrams or even mathematical equations as

45



mentioned before. However, according to Shoemaker et al the creative side of theory building
has often been neglected in textbooks and classes [18]. As an aide, they provide 12 ‘techniques
of creativity’ that might be helpful for building theory, namely, attribute listing, forced
relationships, morphological analysis, brainstorming, lists of ideas, lateral thinking, random
input, setting up provocations, creative hit lists, visualization, writing techniques, and letting the
unconscious (mind) do some work. Although not mentioned as a technique, these authors claim
that metaphors may also play a very useful role by assisting the theory builder, particularly for
expressing ideas or insights that have not yet been verbalised, for gaining new insights and fresh
illuminations, and for formulating new theories on old themes.

Finally, if as noted before theory should respond to the questions of ‘what, how, why and so-
what’ in relation to phenomena, how does one judge or evaluate theory? Shoemaker et al [19]
provide ten criteria, namely, testability, falsifiability (i.e. capability of being criticised by
observational reports), parsimony (least complex explanation for an observation), explanatory
power, predictive power, scope, cumulative nature, degree of formal development, heuristic
value (generate ideas for research and other theoretical ideas), and aesthetics (expressing the
value of a theory by the application of aesthetic principles such as by referring to an idea as
“beautiful”) noting that it is unlikely that all these criteria can be fulfilled simultaneously.

6. A Theory: Images of Retentions

The experience of moving from engineering to a practice-driven profession like construction
management led to the observation that there was hardly any theory to inform practice. The
situation is not much different today: educational curricula rarely if ever focus on theory. Part of
the problem is that there has not been an attempt to differentiate practice with scientific practice.
Moreover, neither has there been an attempt to build theory nor appreciate the need for it. Given
this background, it is the intention here to explore and examine, monetary retentions, a practice
that has spanned a century, a practice that was enforced through legislation in New Zealand (for
almost a century), later abolished only to find that the practice is reinforced through contractual
provisions, interestingly with a new imperative which is significantly different to the old
imperative, in a manner that protects people who seek services as against those who provide
services!

What is this practice...? As it stands today, those who seek services (principals) hold on to a
portion of money usually in the range of 5 — 10% from every payment they make to those who
provide services (contractors and subcontractors). When the project is over, only a part is
returned at the end of the construction period (usually around 50%) with the balance retuned at
the end of the defects liability period.

As mentioned before, some countries have outlawed this practice, others have tried to follow
suite but failed, yet others seem to find it useful and are content with the status-quo, which
indeed raises much curiosity as to why this is so. Could we have a better understanding of the
issues at stake by attempting to develop theory...? There is no indication to suggest that there is
a scientific basis for the practice of retention. No doubt, it is an enormously important concept
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to the extent that there have been parliamentary select committees commissioned (in the UK) to
investigate whether or not to abolish retentions. Yet, there isn’t a single book on construction
management that appear to have a chapter on this issue. Not surprisingly, there is very little
research done on this area. As such, the intention herein is to build theory, and hopefully lay the
foundation for a better and deeper understanding of this practice.

One of the mind-boggling problems that arose initially was on a suitable methodology to build
theory with the little that was known about retentions. An obvious choice was to use the six
elements described as the ‘building blocks’ of theory using the ‘attribute listing’ and the ‘forced
relationship’ techniques mentioned earlier. This approach generated interesting and useful
avenues for understanding issues on retention; it appeared as a useful approach to set up a
research agenda but for communicating theory to practitioners, it was found to be too unwieldy
even with the use of visual methods (incorporating mind-maps). An attempt was also made to
use taxonomies without success [20]. It was only then that the technique of using metaphors was
explored as advocated by Shoemaker [23].

Investigations on, and experimentations with metaphors, was exciting as it became easier to
give structure to thoughts on retentions. On pursuit of further knowledge on this area, the
discovery of an interesting and a provocative book became a source of inspiration: ‘Images of
Organisations’ by Gareth Morgan, a book which shows how it would be possible to ‘see,
understand, and manage organisations in new ways’ cemented the approach contemplated.

Morgan’s book is based on a simple premise: ‘that all theories of organisation and management
are based on implicit images or metaphors that lead us to see, understand, and manage
organizations in distinctively yet partial ways’. It soon dawned that the use of metaphor was a
powerful way of thinking and seeing to make us understand more about the world around us. He
quotes as follows [21]:

‘Each chapter invites you to engage in a mode of thinking that generates important
insights while having major limitations. You are likely to be attracted to certain
metaphors and be impatient with others. Or you may find competing metaphors
equally compelling or attractive. As you pursue a favoured perspective you are
going to find insights of others eliminated from view...In this way, the book invites
you to explore and deal with the paradox of metaphor. So, absorb and enjoy the
process. Gain comfort in dealing with competing viewpoints, for this is one of the
key competencies that need to be developed as a basis for effective management.’

He does not stop here. In the last three chapters of the book, he explains how managerial

insights gained from the use of different metaphors could be integrated. In fact, it is this
methodology that has been followed in the development of a set of theories on retentions.

6.1 Retention as Cash Cow
This expression is a metaphor for a dairy cow that can be milked on an ongoing basis with little

expense after being acquired. In business, it is something that generates unusually high profit
margins to the extent that it far exceeds the amount necessary to maintain cash-cow business,
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and the excess is used by the business for other purposes [24]. Likewise, in construction,
retention is such a powerful facility that head contractors in New Zealand would very much like
to protect.

It is well known in the construction industry as far back as the early 1940s, the sum of
subcontract retentions deducted by the head contract would significantly exceed the head
contract retention sum deducted by the employer [25]. However, this is not guaranteed unless
the organisational buying behaviour is such that the level of outsourcing is high and the
‘retention differential’ (i.e. the difference between the rate imposed by principals on head
contractors and the rate imposed by contractors on subcontractors) is considerable. In fact, there
are many strategies that could be adopted to nest a large surplus of cash with no investment at
all for contractors who outsource bulk of their work [26].

Under one of the retention regimes suggested in NZS 3910 [27], retentions are capped at
$200,000 (see Table 6). This works out to a contract price of $9M. Not surprisingly, a project
over this value entails an effective retention rate less than 2.2% (see Table 6). When compared
with a retention rate of 10% that might be levied on subcontractors (for work less than $
200,000 and when back to back contract terms with the retention regime shown in Table 6),
there is a significant opportunity to generate surplus cash especially when head contractors
negotiate for no retentions or when they have the opportunity to provide retentions bonds:
Greater the retention differential, greater is the opportunity to generate surplus cash. This is
what Abeysekera has labelled as the ‘retention differentiation’ strategy [26]. The surplus of cash
so generated could be utilised for various purposes including short-term investments. No longer
is it necessary for head- contractors to add financing costs for retention moneys. Planned profits
are realised long before the project is over as a result of having access to surplus cash when the
retention differentiation strategy is used!

It was mentioned earlier that a number of strategies could be adopted to increase the pool of
cash. Consider the practice of offering back-to-back contract terms to subcontractors. This is
often portrayed as a fair practice by head contractors. However, with a ‘declining’ retention
regime (see Table 6), some head contractors deliberately limit the size of subcontract packages
to $200,000 to ensure that subcontractors would be on the highest rate of retention (i.e. 10%)
which in effect allows them to maximise the pool of cash to unprecedented levels. In an
environment where outsourcing is high, head contractors would benefit tremendously to the
extent that they would not have to borrow any funds from commercial banks. This is an
interesting option particularly because commercial banks have constantly failed to understand
construction when it comes to providing various facilities. There is no doubt that when
retentions are used in this manner, it is a ‘cash cow’. It would be surprising (and foolish) if large
to medium scale head contractors fail to capitalise on this bountiful opportunity.

Given this background, it is easy to understand why head contractors in New Zealand are not
keen to abolish retentions [28]; any attempts are likely to be met with stiff resistance.
Interestingly, a survey of structural steel subcontractors in NZ have revealed that they do not
mind retentions either, other than for expressing concerns about high rates, and the manner in
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which retentions are deducted and released [29]. This is in stark contrast to the views emerging
from some other countries — particularly from the UK. Thus, head contractors cannot be
expected to be complacent about this facility; they need to ensure that this opportunity is not
taken away from them. However, as to what percentage of contractors in NZ actually use this
strategy is unknown. According to business literature, cash-cow products seem to be common in
markets with high growth rates, i.e. in immature markets. Whether this is the reason in NZ for
the use of retentions as a cash-cow is matter that needs investigation.

Interestingly, retention regimes are fixed by people who seek services: principals or their
professional advisors do so in contracts with contractors (and contractors have nothing to do
with it!), whilst head-contractors do so with subcontractors. In the case of the former,
investigations reveal that although the standard declining retention regime is a popular choice,
other regimes are also being used (see Table 6); surprisingly, there is no rationale for setting up
of such regimes; it is more an art than a science at present!

6.2 Retention as Steroid

Societies around the world have used performance enhancing substances for thousands of years.
However, it is only in the recent past that this issue has received much attention, particularly
with the use of Anabolic steroids (AAS) in sports as a means of increasing muscle mass and
physical strength to gain a competitive advantage: The sports world was shocked when sprinters
Canadian sprinter Ben Johnson was denied his 1988 Olympic gold medal, and just recently
Marian Jones’s was stripped off her 2000 Olympic gold medal, as a result of using AAS, which
is a banned substance. However, anabolic steroids continue to be used for medical and non-
medical purposes. Means of coping with adverse effects of such use have and are being
developed. Given that the value of monetary retentions as an incentive for performance has been
well argued for some time, it will be interesting to reflect on the metaphor of ‘retention as
steroid’ to investigate new ways of using retentions, particularly for enhancing performance of
subcontractors.

One such initiative is worthy of mention wherein an attempt has been made to ‘marry’
‘retentions’ and ‘performance’ [30]: This initiative was based on the premise that subcontractors
who perform well must receive better (favourable) retention regimes as a reward for their
performance and as an incentive for achieving even higher levels of performance. The
organisation for which this schemed was developed (by the author and a fellow researcher) had
a performance database on subcontractors which was regularly updated as and when projects
were completed. A number of different retention schemes were developed (see first column in
Table 1) with the aim of developing a one-one to correspondence with a set of ‘performance
scores’. Take the ‘discounted (retention) percentage’ regime. In this, high performance scores
were linked to discounted retention rates. As mentioned before a number of such schemes were
developed and narrowed down to just five having first discussed the preferences with a wide
cross section of executives (in the firm for which the scheme was developed). Thereafter, an
attempt was made to reach consensus on a suitable set of schemes acceptable to the firm which
were then shown to the subcontractors in order to exclude schemes which were not acceptable
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to them or as seen valuable. Subsequently, preferences of both the executives within the firm,
and the subcontractors, were sought (using a scale rating). Then, the scores of both the
executives and the subcontractors were added and ranked to select the most preferred (see Table
1). Positive and negative comments about this interesting scheme are shown in Table 2.

Table 1: Retention regime ranking summary [30]

Retention regimes Firm Subs Total Rank
Discounted percentage 14 12 26 1
Deduction Timing 23 20 43 4
Release Mechanism 12 16 28 2
Project Cap 17 17 34 3
Aggregated Project Cap 24 24 48 5

Table 2: Positive and Negatives [30]

Improved performance for firm More administration for firm

Improved performance for industry Could impact adversely on company’s cash flow
Early retentions fair for early trades Creates unfair competitive between subcontractors
Reduced costs Higher financial risk for firm if the subcontractor

does not perform or goes into liquidation
Strengthen relationships with subs
Clients aware of weeding off bad subs
Encourages subs to give their ‘A’ team
Increased desire to work for firm

Client comfort knowing that they have high
performing subs

Better sub performance a financial gain for
firm through less management

What this study shows is that the metaphor of ‘retention as steroid’ brings to light a powerful
message — one that is appealing not only to the head contractor but also to the subcontractor, one
that is attractive but also repulsive to the head contractor. Used with caution minimising adverse
effects, companies might just have an edge over those not contemplating such options. If
embraced by the industry, perhaps, it might loose value at which point of time, a new scheme
might have to be developed.

6.3 Retention as Beast

The word beast is used in many contexts — as an animal; as an irrational or aggressive part of
somebody’s personality; as somebody cruel or aggressive; or for something that is difficult or



unpleasant. Do retentions display such characteristics...? If so, does this metaphor bring about
new ways of understanding retentions?

There are many beastly characteristics of retentions to say the least. There is enough evidence to
suggest that retentions are being abused. “Yes, it has come to the point that subcontractors now
have to virtually add their retentions onto their costing... They’re not confident of ever getting
them back. A lot of subcontractors will say that to me that they’re — whether they perceive their
retentions to be is at least their profit. They cannot ever work on the assumption that they’ll see
their retention because some of the builders will try to negotiate their last payment which will be
a discharge against the monies that they’re owed. Some of them are quite unashamed about
how they do it. They’ll basically say to the subcontractor, I owe $10,000 in retention, I’1l hold
onto it, think up hundreds of excuses as to why I shouldn’t pay it to you. But, if you accept
$5000 I'1l give you a cheque now. A lot of subcontractors would say, for god’s sake give me
the $5000 and I’ll go, which effectively means that the main contractor has just extorted $5000
out of it. But that’s the way some main contractors behave!” [31]

There is also the issue that they may loose all their retention moneys (and this includes head-
contractors too) if people to whom they provide services, go into liquidation, which raises
serious concerns about security of payment. Financial failures often occur suddenly and
unexpectedly [32] with no recourse to their funds. Such risks are accentuated by harsh retention
regimes and release mechanisms. For instance, it is not common in the construction industry for
head contractors to link the release of subcontractor retentions to theirs with the use of back-to-
back contract terms; this is an overly long time to wait. Whilst there are good reasons for this,
the practice is similar to the now illegal practice (i.e. in NZ and some other parts of the world)
of the use of contractual clauses such as ‘pay-when-paid’. However, contractors (and also
subcontractors in NZ) could seek the protection of the Construction Contracts Act 2003 in the
event of payment delays with retentions. So how does one deal with this ‘beast’...? There are
number of logical possibilities from shooting it down, to confining it, or taming it, and putting it
for good use! It is an interesting way of understanding the nature of retentions.

Table 3: Strategies for coping with beastly features of retentions

Dealing with the beast Dealing with retentions

Shoot it down Abolish retentions #
Confine it Use when essential
Tame it Use retention bonds, payment bonds, trust accounts
Put to good use Induce high performance (see Steroid Theory)
Set up a retention fund as a ‘construction bank’
[33], [34]

# Research in NZ shows the contractors and subcontractors do not favour this option [28]

As mentioned before, what is interesting about using the ‘retention as beast’ metaphor is that it
provides new ways of understanding issues related to retentions and gain new insights and new
options for dealing with retentions. Consider the ‘put to good use’ strategy and the related
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option of a central retention fund. According to Hughes [35] such an approach is considered to
be a revolutionary option, one that is ‘new, and perhaps a radical approach’ to moneys
‘otherwise dissipated and diluted to such an extent that they are of little use to a nation’. This is
an interesting and exciting option given that commercial banks have consistently failed to
understand construction. Some of the main benefits of such a fund are shown in Table 4 [33].

Table 4: Benefits of a Central Retention Fund

The Costs and Benefits of a Retention-based Fund

i.  Security of payment as cash retentions are held by an independent body.

ii. Ownership in the hands of contractors and subcontractors provide greater opportunity to
introduce construction-friendly services.

iii. Reduced prices to clients.

iv. Bonds and guarantees at cheaper prices (with nil/minimal collateral).

v.  Elimination of retention bonds.

vi. Work in capital loans to subcontractors/contractors, secured on retentions held by the fund.
vii. Higher leverage on retention-based investment (e.g. loans factored many times its value)
viii. Higher returns with larger pools of money utilising expert fund managers

ix. Use of contract receivables as collateral

x.  Trade bonding for ‘performance’ with ‘retention’ build up

xi. Use of a third party for dispute resolution.

xii. Targeted training for members

xiii. An outward orientation (as a service than profit) with a greater focus on member development
xiv. Use of innovative, contractor-friendly approaches understanding the nature of construction.

6.4 Retention as Stress

Interestingly, just as much as retentions display beastly characteristics, it displays stressful
characteristics for almost the same reasons given above. To give an analogy as to what stress is
like, consider the case of a concrete column. Increase the load, the column will take up the
stresses but only up to point beyond which it will fail. This is very similar to what happens with
human beings when subject to stress; the repercussions are well documented. This perspective
suggests that retentions are acceptable up to a point beyond which there is bound to be adverse
impacts. If so, there is a need to develop strategies to minimise such effects, if at all possible
(Note: see ‘retention as chaos’; stress a means by which systems could be move to ‘edge of
chaos’). Some of the strategies that could be adopted to minimise stress levels of humans in a
work setting are shown in Table 5. Interestingly, when one reflects on these strategies, new
insights can be gleaned. Indicative responses are given in Table 5.
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Table 5: Strategies for dealing with retentions with the stress metaphor

Stress prevention at workplace [22] Strategies for dealing with retentions

e ‘Ensure workload is in line with e Tailor retentions to suit contractor/
workers' capabilities and resources subcontractor capabilities

e Design jobs to provide meaning, e Develop retention regimes to induce
stimulation, and opportunities for performance (see ‘retention as steroid’); price
workers to use their skills discounts for nil retentions

e Clearly define workers' roles and e Define purpose of retentions (at present it is
responsibilities ambiguous as mentioned before)

e  Give workers opportunities to e  Opportunity to negotiate retention regimes
participate in decisions and actions
affecting their jobs

e Improve communications-reduce e  Tie-up retentions with current and future jobs;
uncertainty about career development take a relationship-based approach
and future employment prospects

e Provide opportunities for social e Transparent retention regimes
interaction among workers

e Establish work schedules that are e  Establish (fair/favourable) retention regimes
compatible with demands and by taking into account of work undertaken on
responsibilities outside the job’ other projects (e.g. cap total retentions when a

contractor/subcontractor works on number of
projects for the same client)

6.5 Retention as Chaos

As mentioned before, the retention phenomenon examined in this paper, has spanned over a
century in NZ. It was initially introduced through legislation in 1892 and then abolished with
the repeal of the Contractor’s and Workmen’s Liens Act in 1982 (after amendments in 1908 and
1939) [36] but carried on through using contractual provisions which is used in almost all
contracts in the commercial sector of construction. Moreover, the old and the new imperatives
are very different; earlier, the emphasis of creating a retention fund was to protect those who
were providing services, but today, it is used for protecting those who seek services from others
[37]! Clearly, issues connected with retentions seems to be perennial; the sentiments expressed
by Rt. Hon. Geoffrey Palmer, the then Minister of Justice, at the third reading of the 1987 Lines
Act Repeal Bill sums it all: “I am completely satisfied that it is not possible to reach agreement
with industry on the reform of the revised Liens Act, and the reason is that the interests of
contractors and subcontractors are diametrically opposed to each other. Contractors prefer to
hang on to retention money for as long as possible and subcontractors prefer to be paid as soon
as possible. The time has arrived to let the building industry work out its own solutions...” [38].

Nothing significantly has changed since the repeal of the original Act but for the introduction of
the Construction Contracts Act 2003 with the aim of dealing with payment delays. However, the
practice of using retentions has continued unabated particularly with the sliding retention regime
notwithstanding others (see Table 6). Despite its extensive use, there is no rationale for setting
up such retention regimes whether it is about rates, limits - capped or otherwise, release
mechanisms (amounts released on practical completion) and the length of time held. Moreover,
different standard form contracts specify different clauses in relation to retentions. There aren’t
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any explanatory or guidance notes on how to set up such schemes. Moreover, most contracts are
silent on how to provide security for retentions monies but for a few specifying the use of trust
accounts whether interest bearing or not!

Table 6: Retention regimes used in New Zealand

Work connected with head contractors Work connected with subcontract work [39
Sliding retention regime [27] Current Practice
i TRADES Retention % DLP (maonths)
Rate of Retention
0‘5‘10‘15‘20 01‘3512
% Of Respondents
10% 10°%
Front End Trades
Limit of retention $200,000 Demalition 40 10| a0 40|20 |30 |10
N% Excavation 10|20 70 30 |20 |40 10
_____ ~ Effective rate of retantion curve Piling 10| 90 20 |20 | 50 [10f
o "--.,___‘ 227% Concrete wiork 40 |30 30 40 {20 {30 |10
= <220% Pre Cast conc. 50 |20 30 501030 |10
175% s e —~ Reinforcement Steel a0 20 a0 0
s 5 ! Structural Steel 20 80 70 |20 10
’ 200,000 11 am > Brick & Block Work 10 /10| B0 10 50 200 10
e ~ Contract Price (NZ§) Crainage 10] 90 10 |50 40
Effective rate of retention Mid Trades
Ilatal Windows & Doorg 100 70 200 10
Project 1: $4M - 5% of Contract Price with a limit | [-2P°™Y a0 30 AT |10 |40 o
£§ 125,000; Defects liability retention | e R Lty
Y ,UU; DCleCts liability retentio. Roofing 10] 90 70 [l 10
(DLR) 50% Plumbing & Gas 10| 90 50 [10] 40
Project 2: $100 M - 10% on first $15M + 5% on mfggégﬁs 13 gg jg 13 :g
o . 1 1
next $OM + 2.5% thereafter; Limit of Eloctical Services Py w0 o =
retention $3.5M; DLR 50% from last | |gack End Trades
separable portion Solid Plaster / Cladding 100 &0 o] 10
Project 3: § 25M - Retention rate 10%; Limit of gﬁgﬁejgﬁ) 4 ceilngs 4 ig gg X 13 :g 13
1 0/ . 0
retention 5@ DLR 50% from last Floor Coverings Py 1o len o
separable portion Painting & Sp. finishes 0] 90 g0 [10] 10

None of the standard form contracts used in NZ define the purpose of retentions. Part of the
problem lies in not understanding or agreement on what retentions are for: whether it is for
performance, for defective workmanship, or not. Often contracts specify ‘performance bonds’ in
addition to retentions. If these are for performance related matters during construction
(including any defective work), the case for withholding moneys from progress payments is
weak. The whole issue of who owns retentions (i.e. the principal or the contractor) is a matter
for debate.

Consider the case of performance bonds valid until the end of the defects liability period. If so,
is there a real need for monetary retentions? Some may argue that there is given that the ‘power’
of cash retentions far exceeds the power of bonds when it comes to getting contractors on site to
finish defective work. It is also not clear whether retentions are for those defects arising during
construction, or for those arising during the defects liability period, or both. Latent defects
would, of course, not enter the fray (as the contract would be non-existent) by then. However, as
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to whether retentions relate to defects due to materials is a contentious matter particularly for
materials specified by the designers which are found to be defective. Perhaps, these would be
covered separately through material warranties and guarantees.

The practices differ significantly with subcontract work, particularly in the building sector. High
rates of retentions (Table 6), excessively long periods of release, price discounts for retention-
free contracts, trade related retention regimes are some examples [39].

In short, the manner in which retentions have been used is ‘chaotic’!

Given this state of affairs, it is interesting to explore an interesting and novel way of reflecting
on retentions by making use of various theories on chaos in order to develop new insights on
how to ‘live with chaos’ or to bring ‘order’. All the theories described thus far, such as the
‘cash-cow’ and the ‘beast’ theories indicate how to ‘live with chaos’ but not the latter. Before,
such possibilities are explored, it is necessary to understand what chaos theory is about.

According to Hall ‘unlike relativity and quantum mechanics, chaos is a science of everyday
things — of art and economics, of biological rhythms and traffic jams, of waterfalls and
weather..., and is a new line of scientific inquiry which has caught the popular imagination [40].
Many would consider the hallmark of ‘chaos’ to be what is popular known as the “Butterfly
Effect” after Edward Lorenzo’s paper on “Predictability: Does the flap of a butterfly’s wings in
Brazil set off a tornado in Texas?” As the title suggests, a small alteration in the state of a
dynamical system will cause subsequent states to differ greatly from the state that would have
followed without the alteration [41]. To put it differently: it is about the small that can produce
the great, or what others have referred to as ‘sensitive dependence on initial conditions’.

So what is the relevance of these observations...? The very nature of ‘sensitive dependency to
initial conditions’ suggests outcomes which are apparently random and chancy [42]. However,
this is a paradox [43] in that chaos is deterministic; meaning that later states evolve from earlier
states according to fixed rules or laws. Nevertheless, minute uncertainties are amplified with the
effect that even though the outcomes are predictable in the short term, these are unpredictable in
the long term: Two paper cups floating side by side on top of a waterfall may well end up far
apart at the bottom. This is considered to be one of the significant discoveries about chaos
(related to dynamical systems; in fact, construction industry can be considered to be one such
[1]). When these findings are translated into situations connected with retentions, it might mean
that despite having the same retention regimes, slight differences in other project characteristics
will result in significantly different outcomes! In fact, it can be very easily shown that this is
very much the case in relation to say costs and benefits either to the client, contractor or to the
subcontractor.

Another feature of chaos is that despite its randomness, there is ‘order’! It is this promise of
finding a fundamental order and structure behind complex events that has aroused much interest
in chaos. This randomness is said to have an underlying geometric form(s) or what is known as
“attractor(s)” (pattern) [44]. Could such patterns be identified in relation to retentions...? Could
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these chaotic events be moved to a different attractor...? Interesting as it may be, these findings
provide new insights on how ‘retention chaos’ could be resolved.

It must be pointed out that both chaos and order can be observed in juxtaposition within the
same system with much interest in finding out how systems progress from chaos to order and
vice-versa, as when water in a steady-flow state moves into turbulence (with eddies and
whirlpools). According to Feiganbaum [45], there is astonishing regularity in the route to chaos,
which he refers to as ‘universality’. What is this route...? What are its characteristics...? If these
can be found, we might be able to gain new insights on how to deal with retentions.

There has also been much interest in finding how systems could be moved from a chaotic state
to an orderly state. Stacey [46] points out that ‘when non-linear feedback systems in nature are
pushed far from equilibrium into chaos, they are capable of creating a complex new order’. For
example, atoms in a gas when subjected to an external impetus (say heat), can ‘spontaneously
re-organise’ to create a complex new order [46]. However, it has also been found that as
systems proceed through chaos, some options may represent yet further chaos whilst others may
lead to more orderly forms, but which will occur is said to be unpredictable. Suppose for
instance, the local association of consulting engineers issues a directive to the effect that
subcontractors’ retention moneys should be deposited in a trust account. This change is to be
made through contractual clauses. If the consulting community adopted the change, what chaos
theory points out is that it is not possible to predict the outcome (as this a feature of systems in
chaos). Take another example. Suppose for instance the government introduced legislation
stating that it is illegal to use the ‘sliding retention regime’ in an attempt to minimise the
benefits of using the retention-differentiation strategy. Once again, the understanding provided
by the chaos theory is that it is not possible to predict the outcome. However, if systems are
pushed to the ‘edge of chaos’ through such interventions, the chances are that there may be a
possibility of creating a complex new order. Consider the following example:

‘Mediaeval bricks in the U.K. were burnt with wood fuel in kilns or clamps and from
early 13th century sizes had varied from district to district 10 -15” long, 5-7.5" wide
and 3 1/4” thick [which is chaotic]. Flemish bricks were smaller, nearer to the present
day bricks 8 - 9 3/4” long, 3 3/4 - 4 3/4” wide and 1 3/4” thick. ... [T]hese latter sizes
were used almost universally until 1784 when the tax of that date imposed on bricks
produced an increase in size, as large bricks paid the same duty as small. When in 1803
the duty was doubled on bricks over 150 cubic inches in volume, the size settled down to
approximately the present day dimensions, being that most suitable for handling by the
bricklayer. This duty was ultimately repealed in 1850.” [47]

The situation described is similar to the ‘spontaneous self organisation’ concept; the unexpected
increase in the size of the brick by manufacturers (spontaneous self-organisation) caused
revenue to drop as a consequence of the imposition of a duty (an external impetus) and the
subsequent modification of the duty structure (for short-living the dissipative structure) resulted
in the re-manufacture of smaller size bricks (spontaneous re-organisation to an orderly state).

Understanding behaviour of chaotic systems assists in taking new approaches for understanding,
coping, and combating the ‘retention chaos’.
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7. Implications for theory and practice

“The purpose of scientific enquiry is not to compile an inventory of factual information,
nor to build up a totalitarian world picture of Natural Laws in which every event that is
not compulsory is forbidden. We should think of it rather as a logically articulated
structure of justifiable beliefs about nature [i.e. with explanations as to why the belief is
a true one]. It begins as a story about a Possible World—a story which we invent and
criticise and modify as we go along, so that it ends by being, as nearly as we can make
it, a story about real life.” [6]

Images of Retentions was an attempt to write a story about a practice that has spanned well over
a century. Specifically, this was attempt to build a story through ‘facts’ in a way that it
condenses what we know, capture and provide new insights, and facilitate scientific practice.
The Cash-Cow Theory explains the value of monetary retentions for those who outsource their
work with a desire to capitalise on the cash benefits on offer. It also explains how they may do
so. Embedded within the theory are the responses to all the theory building elements discussed
earlier. Furthermore, it also explains why contractors should not show any complacency in
protecting the ‘cash-cow’. The Steroid Theory of Retention explains the power of retentions to
act as a catalyst for high performance (and not just performance). The Beast Theory highlights
the woeful implications of retentions and how beastly features can be put into to good use. The
Stress Theory defines the impact of its use, particularly extensive use, and strategies that may be
used to minimise the adverse impacts in addition to providing various new insights as was the
case with other theories. Finally, the Chaos Theory on Retentions portrays retentions as a
chaotic phenomenon, and how features of chaos could be used to gain new insights particularly
for moving retentions to a new order. These theories are accounts of justified beliefs; they
describe, explain, and predict what might happen if certain courses of actions are taken,
particularly in a New Zealand context. These are not perfect; there is opportunity to criticise and
modify as we develop understanding: this is the nature of theory.

Individually, these ‘theories’ tell us a one-sided story by highlighting certain interpretations and
forcing others to the background. This needs to be understood but importantly the theories need
to be viewed together rather than in isolation, understanding the opposing and complementary
points of view, along with their interactions. For example, if the aim is to ‘live with chaos’, each
of these theories tells us how one might to do so in a way that betters current practice. On the
other hand, if the intention is to bring order, each of these theories might be used for this
purpose; create more chaos and push the current state to the ‘edge of chaos’ with the hope of
producing a new order through ‘spontaneous re-organisation’.

This is only a beginning; there is more to be understood about this ‘unwanted essential’!

8. Implications for Research

Theory is neither complete nor perfect! So are the theories that go to build theory. There is a
need for such an appreciation through which new theories could be developed, or existing ones
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modified, thereby refining our understanding in a way that informs practice: The theories
presented herein should be a good foundation to undertake further investigation and exploration.

The theory (and theories) presented on retentions are not exhaustive: These theories do not
explain, for instance, why retentions are mainly used in commercial construction and not
residential construction or why retentions are not used in supply contracts. Nor does it explain
why it is only meant to protect those who seek services and not those who provide services.
There is a need for further explorations with the aim of building theory and theories. In this
regard, the use of metaphors as a methodology cannot be underestimated; in deed, it is an
interesting, valuable, and an exciting approach for building theory, as evidenced in this study.

‘Theory building is difficult because it requires both great discipline and great
creativity, and although a person may possess one of these attributes, few people seem
to possess both. In fact, we suspect that those who possess one of these attributes are
likely not to possess the other — that those characteristics that make for a great
disciplinarian do not make for great creativity, and vice-versa. But that is just an
untested hypothesis we have. What we do know, tried and tested from many personal
experiences, is that theory building requires excruciating attention to detail coupled
with wild flights of imagination. About the only solace we can give you is that it
probably won’t kill you and that if it doesn’t kill you it probably will make you
stronger’ [48]
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Abstract

Security of payment legislation does not seem to provide any protection for the contracting
community when the principal or the funding institution goes into liquidation. Losses arising out of
such failures are a major concern for such communities of practice and this study examines this issue
from a New Zealand context, particularly as to whether a statutory bonding mechanism would be a
way forward. In this regard, the practice of using ‘payment bonds’ in the USA is examined which is
found to be of less value for the two types of payment losses this study focuses on, namely, the loss of
interim payments, and retention monies. Thus, in order to find a suitable solution to this problem, the
nature of the risks associated with these losses is examined. It is found that the risks associated with
interim payments and retentions are significantly different. As such, the provision of two different
types of bonds, i.e. ‘principal bonds’ and ‘retentions bonds’ (as prescribed in NZ standard form
contracts) appears to be a sensible approach when compared with the ‘payment bonds’ used in the
USA. Nevertheless, these are of little value as they are rarely ever used: Examination of industry
practices reveal various ad-hoc arrangements which are mainly of value to main contractors but not to
subcontractors. Given the power of cash-retentions and the many benefits that it offers to main
contractors when employed with the ‘retention-differentiation’ strategy (in an environment where
large volume of work is outsourced) given a unique and a comparatively ‘contractor-friendly’
retention regime used in NZ, there is little opportunity for the subcontractors to manage the retention
risk. Given this background, the industry has the opportunity to lobby the government for a solution
(i.e. for a statutory bonding mechanism through the Construction Contracts Act 2002 or otherwise) if
the benefits far outweigh the costs, and also by lobbying the consulting and project management
community for a solution through contract documents. In the alternative, industry could self-regulate
through a central retention fund (either public or private) which would no doubt provide security for
retention monies and also for interim payments (by the issue of suitable bonds or otherwise); such an
approach has the potential to usher a new era for the construction industry through a construction
bank that better understands the commercial realities of construction. Further investigation is
necessary before a sustainable solution can be found to a major national problem.

Keywords: guarantee, payment bond, retentions, security of payment

63



1. Introduction

Security of payment is a major concern of contractors, subcontractors, and suppliers alike in an
industry that is widely perceived to be risky. In a breakthrough piece of legislation, contractors
(including subcontractors) and some suppliers can now seek the protection of an Act of Parliament
known as the Construction Contracts Act 2002 [1]. The main intention of the Act is to facilitate
progress payments and to set in place a mechanism by which related disputes could be resolved
speedily. In particular, a major relief for the subcontracting community was the abolition of pay-if-
paid and pay-when-paid contractual provisions making it illegal to use even if the parties agreed to.

Whilst such legislation exists in number of countries, they seem to fall short in providing protection to
contractors, subcontractors and suppliers when the “principal’ or the ‘funding institution’ ceases to
exist. This is the case in New Zealand. Indeed, the situation is such that many construction
companies, some first tier companies have gone bankrupt particularly during the last decade leaving
the subcontracting community to absorb the perils of such failure with a detrimental impact on an
industry that is well known for its high rate of bankruptcy. With outsourcing a common practice in
NZ, the impact of such failures place huge strains on this community. As Meng [2] has pointed out,
such strains, shuns the development of an industry that is so vital for national development: It is
timely, and logical, that this issue be investigated further.

Interestingly enough, as far back as 1892, New Zealand had legislation that protected contractors,
subcontractors and workmen for the payments due to them. Known as the Contractors’ and
Workmen’s Liens Act, at the time the Act was enacted, there was no equivalent legislation either in
the United Kingdom or in Australia although similar legislation was widespread in the United States
and Canada on which the NZ Act was based [3]. The provision of security for contractual debt was
such that the Act provided a right of payment to any contractor, subcontractor, supplier of materials,
or workman by way of security given over money (called a charge) or security given over the owner’s
interest in land or chattels (called a ‘lien”). The Act required a percentage of the value of the work
(i.e. 25% of the money payable) be retained by the payer (the owner, employer, or builder) for a
specified period of time (i.e. 31 days after the completion of the work), out of the monies that would
othe payable for the work, so providing a fund against which the charge could operate. Whilst these
percentages reduced over the years, the Act was repealed in 1987 as there were many problems with
its implementation [4]. Almost after 15 years since its repeal, there is a new Act in force (as
mentioned before), which provides various protections for payments in the construction industry but
not when the principal or the funding institution goes into liquidation. The *principal” as referred to
herein can either by the client (in the case of the client-contractor relationship) or the contractor (in
the case of the contractor-subcontractor relationship).

2. The Problem and a Standard Solution

Payment risks are mainly of two types, firstly, those due to payment delays, and secondly, those due
to ‘payment losses’ (PL) when the principal or the funding institution goes bankrupt. This study
focuses on the latter type of risk, as it has no protection under the CCA when compared with the
former. What possible solutions exist for the latter problem...? Indeed, one of the simplest would be
the use ‘payment bonds’ (PBs).
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In essence, a PB is a “surety’ bond wherein one party, i.e. the surety (an insurance company or a bank)
guarantees to another, the obligee (say the contractor), that a third party (say the principal) will
perform a contract in accordance with the contract documents [5]. In the event the principal fails to
perform all obligations diligently, the surety agrees to compensate the obligee with financial costs, up
to an agreed limit [6]. As to what this agreed limit needs further investigation. In the USA, it seems to
be not less than the penal sum of the performance bond with regard to the contract [7].

According to Powelson [8], a payment bond (in the USA) is intended to guarantee the employer (i.e.
the client employing the contractor) that subcontractors and suppliers will be paid the monies that are
due from the contractor. In certain states in the US, this is a statutory requirement as per the Miller
Act [9]. Understandably, such a bond would no doubt be in the interest of the project (and of course
the client) to ensure that project progress is not hampered by payment delays. Moreover, if it extends
to situations where the contractor goes bankrupt, the client and the subcontractors including suppliers
are further protected. If so, the PB (as used in the US) appears to provide an opportunity for wider
protection than available in NZ. However, there does not appear to be any evidence to suggest that
clients reciprocate such arrangements by giving a similar bond to contractors. In fact, as noted by
Powelson [8], the practice in US is such that it is the main contractor that guarantees payment to
certain subcontractors, workers and suppliers and not the client to the contractor. However, note that
only first-tier subcontractors and suppliers who contract directly with the main contractor and certain
second tier parties are entitled to a payment bond’s protection.

This raises the question as to whether a PB could not be used as a means of ensuring security of
payment to main contractors in the USA, or more to the point, in NZ. Interestingly enough, the
practice in NZ seems to be different in relation to who provides the bond and its coverage. The main
standard form of contract for building and civil engineering works, i.e. NZS 3910 [10], provides a
format for a guarantee (vide Fourth Schedule) where the security comes in the form of a bond referred
to as the Principal’s Bond (and not payment bond) to ensure the performance of the Principal’s (i.e.
the client’s) obligations under the Contract. As per Cl. 2(b), the expectation is that the Surety shall
pay to the contractor up to the ‘amount of the bond any unpaid balance of the Contract Price and of
any other monies payable under the Contract Documents, and of the damages sustained by the
Contractor in respect of all default by the Principal’. However, it is not clear whether this bond could
be used in situations where the principal goes bankrupt; it will be necessary to investigate the bond
conditions. Moreover, as things stand, it is neither mandatory nor enforceable as it is left to the
discretion of the Principal to agree. Furthermore, it is not clear whether banks/funding institution
would accede to terms and conditions referred to therein. In fact, according to Kangari and Bakheet
[11], the process involved in assessing risks for underwriting purposes is complicated wherein factors
such as financial strength of the contractor, performance reputation, contractor’s capacity and project
characteristics, and business continuity and the like, need to be considered. Thus, the situation in NZ
is such that contractors, subcontractors and suppliers are exposed to a particular kind of risk without a
ready mechanism to deal with such types of risk, i.e. loss of payment for work performed (including
consequential losses and retentions) when the principal or the financing institution goes bankrupt.
Hence, one of the questions that spring to mind at this stage is as to what type of bond could be used
either through contract provisions or through other arrangements.
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3. The Focus of This Study

In order to understand the use of PBs for PLs, it is important to understand the nature of the PL risk,
and as to how the industry has responded to it this far. In fact, this is a risk that cuts across all
communities of practice including the contracting and consulting communities which includes
contractors, subcontractors, suppliers and consultants. Given the widely held belief that it is the
contracting community (i.e. contractors, subcontractors and to a lesser extent suppliers) that is heavily
exposed to this risk, this study focuses on the contracting community (excluding suppliers). It is
expected that on completion of this preliminary study, it would be possible to establish a broad set of
objectives for a much in-depth study to ascertain the feasibility of using PBs to provide security for
PLs.

4. The Nature of the Payment Risk

In order to understand whether or not PBs are an effective strategy for dealing with the security of
contractual debt related to PLs, there is a need to understand the nature of the risks involved. Number
of issues and factors impacting on this are considered in the following sections.

5. Types of payment and payment risks

There are three types of payments to be considered when focussing on payment risks through
bankruptcy: The first relates to interim payments (i.e. for work done during a particular period, say a
month). The second relates to payments made for materials (either on or off site, or on order) and
finally, the third relates to sums of moneys retained from interim payments generally as a protection
against poor workmanship. However, according to Hughes [12], such sums are held partly as security
in the case of non-performance, and partly as leverage to persuade them to come back and complete
the final few items of work after practical completion. The actual intentions may need to be gleaned
through contract provisions and statutory provisions. The type of payment risk with respect to the
contractual relationship is shown in Table 1.

Table 1- Payment risks

Relationship Community at risk Defaulting party Payment risk

Principal-Contractor | Contractors Principal (P)/ Interim payments
Funding  Institution | Retention moneys
(FI) Payment for

materials (on or off
site, or on order)

Principal Contractor Advance payment#
Contractor- Subcontractor Contractor Interim payments
Subcontractor Retention moneys

Contractor Subcontractor Over payment
Contractor — | Supplier Contractor Materials on credit

Supplier

# Rare in New Zealand; hence, not discussed.
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5.1 Types of principals

The practice of obtaining a PB from the principal who in fact selects the service providers seems an
unusual and unpopular preposition as there does not seem to be any benefit to the principal other than
perhaps to secure the services of a top quality provider in times of high demand. Moreover, principals
have different risk profiles; some more risky than others. For example, when the government
commissions projects, it is rare for them to go into liquidation or fall short of funds for payment.
Whist this may be the case in New Zealand (or for that matter in the developed world), it is not an
uncommon in developing countries to fall short of funds as they sometimes budget for more projects
than for which funds are available (in order to counteract underperforming projects), or when funds
already pledged do not materialise. On the hand, private sector clients, especially property developers
in comparison with government clients, are considered to be less trustworthy at least on the face of
anecdotal evidence. Thus, there is a need to understand the payment risk profile of principals in order
to make decisions on strategies for dealing with payment losses (described earlier).

5.2 Construction sectors

Main contractors operate across many sectors of the industry from residential, commercial to
infrastructure. Clearly, the risks of working across these different sectors are not the same. For
instance, there is anecdotal evidence that those who work in the property development sector are
exposed to a greater level of payment risk than in other sectors. Such differences need to be
understood before any attempt is made to promote solutions to payment risks. The situation is much
the same when it comes to subcontractors with further differences depending on the type of work they
do (say different trades in building projects) and also depend on whether it is labour only, or a full
contract, or whether nominated or otherwise.

5.3 Project characteristics and interim payments

Big or small, projects vary in length. Interestingly, the size of the projects and its duration is linked
with the nature of the payment risk. Interim payments of a project which is 10 months long would
roughly be 1/10" of the contract sum which appears to a large sum of money to lose when compared
with general profit margins; and in the case of a 5 month long project, this may be roughly 1/5".
Clearly, the nature of the payment risk would be higher in the latter than the former for projects of
similar value. On the other hand, the payment risk in a larger project with the same duration would be
comparatively larger than a smaller project. In other words, larger the rate of turnover, larger appears
to be the payment risk (in relation to interim payments). However, as for retentions, the risk would
appear to be different with larger and longer duration projects (with longer defects liability periods)
having a larger risk. Thus, with such different profiles of payment risks, applying a single PB seems
unsuitable, unless of course the PB is geared to reflect the nature of the risk that is currently being
understood.

5.4 Types of work and nature of trades
First consider the case of the subcontractors in the building industry. According to the findings of a

study by Abeysekera and Soysa [13], contractors do not view all trades as equally risky which would
mean that the amount of retention moneys held would also be different. Results of the study
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mentioned earlier show that contractors do reflect on trade-risk when fixing retention rates and release
mechanisms. As to whether this is the case with civil engineering work is unknown and needs to be
investigated.

5.5 Type of sub-contract and the time lag

The type of sub-contract seems to have an impact on payment risk. For example, if the work is labour-
only, it is usual (in NZ) to receive payments on a fortnightly basis but given that the first payment is
received only after about a week or two, the payment risk period is approximately 3 to 4 weeks. When
compared with work involving ‘labour and material’ there is a significant difference as payments for
such work are made usually on a monthly basis which amounts to a payment risk period of around 2
months. If this period can be reduced, then the risk involved could also be reduced.

The question of whether this period is either too long or too short may depend partly on whether the
principal is seen as creditworthy; in other words, the risk profile of the principal. Thus, in order to
understand the issues at stake, it appears necessary to investigate how businesses assess
creditworthiness of their customers (which may also impact on the price-discounts they may or may
not secure for say material purchases). However, in the case of construction contractors (or
subcontractors as the case may be), they may not have much of a choice other than to make a decision
whether or not to take the job depending of course on market conditions. If so, they would have to
accept the risk which may have unfortunate and debilitating repercussions in the event the risk
eventuates.

5.6 Retention regimes

Take the case of retention regimes imposed by clients on main contractors. Examinations reveal that
the commonest regime used in NZ is a sliding one as shown in Table 2. Accordingly, as the contract
price increases, the effective rate of retention reduces. Of course, this is not the only regime used.
Other examples are given in Table 2. It appears that there isn’t a rational explanation as to why such
regimes are being used.

In formal construction, it is common for main contractors to enforce back to back terms on
subcontractors; in essence, smaller the value of the subcontract, larger is the rate of retention. For
example, if the value of the subcontract package is less than $ 200,000, the applicable retention rate
would be 10%. This creates a retention differential as noted by Abeysekera [14] which in essence
creates a surplus of cash for the main contractor. This is indeed the case if main contractors adopt the
same retention release mechanisms that are applicable to them. However, examinations show that this
is not the case always as some trades, particularly the front end trades in the building industry have
been able to get their retentions released after a stipulated period from their practical completion as
against main contractor’s practical completion [13]. It is not clear whether this is a common practice
or not. Nevertheless, what is clear is that subcontractors are exposed to a comparatively higher
financial risk than main contractors, and if the main contractor goes bankrupt, the amount of retention
moneys held by clients may not be sufficient to meet subcontractors’ retention monies, particularly
after taking into account of other debts a contractor may have when they liquidate.
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Table 2- Retention Regimes

Project | Retention Regime
Rate of Retention (2005)
A $4M; 5% of Contract Price with a limit of $
10% —Q"% 125,000; Defects liability retention 50%
N Limit of retention $200,000
\6"%
S, Effective rate of retention curve N " - P n
5% ! ~- . B $25M; Retention rate 10%; Limit of retention
] SSEE e 5%; Defects liability retention 50% from last
1.75% ! =~ separable portion
0% : !
200,000 M M
* Effective rate of retention ContractPrice llllﬁ)
C $ 100M; 10% on first $15M + 5% on next 30M +
The contractor-friendly sliding-scale retention 2-5:/0 thelr_ez?)ftle_zr; Limit of retgntlop $3-5|M3
regime used in New Zealand Defects lia |_|ty retention 50% from last
separable portion

6. Risk Management Strategies: Current Practices

There is no doubt that contractors and suppliers adopt various strategies to cope with payment risks,
from receiving payment in advance (before work/supply is completed) undertaking work only to the
extent of funds made available, and many others which will be described later. However, as
mentioned before, one of the solutions used particularly in the United States (see Miller Act) is to use
payment bonds (i.e. principal bonds) for the protection of not only contractors and subcontractors but
also suppliers (although not much is known about its success or failure). Of course, such a payment
bond could theoretically provide protection for retention moneys as well, but the risks involved for
regular payments and retentions moneys are significantly different as explained earlier which will
require different type of payment bonds and release mechanisms.

6.1 Principal-contractor relationship

One of the solutions that have been used in large scale projects is to enter into a tripartite agreement
wherein the funding institution is included as a party to the traditional bi-party agreement between the
principal and the contractor. This seems to be a common practice in large property development
projects. Though there is a possibility of using Principal Bonds (as made available through NZS
3910), not surprisingly, there does not appear to be any evidence of it being used.

With regard to retention moneys, top tier contractors in NZ would no doubt attempt to exclude
retentions from contracts they enter into leveraging their reputation particularly if a performance bond
is called for. Of course, they could also seek to submit a bond in lieu of retentions (referred to
hereinafter as retention bonds as in NZS 3910) thereby eliminating the retention-payment risks
altogether. However, the principal has to agree to it in the first place (and not otherwise) which
appears to be a much easier option than a Principal Bond. However, it would obviously fall short of
protecting contractors with respect to interim payments risks. Moreover, as to whether PBs would be
valid when the contractor has gone bankrupt needs to be established.

The fact that standard form contracts in NZ provide for the above mentioned bonds (i.e. principal

bonds and retention bonds) is interesting. Moreover, it is an impetus to a solution through a bonding
mechanism. However, given that there is no evidence that PBs have ever been used in NZ (and that
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RBs seem to have been used sparingly), there is, perhaps, a need to investigate why these have not
been used (by main contractors) despite being available at least through standard form contracts.

With regard to retention moneys, there is a number of risk management strategies which go beyond
RBs including the use of trust accounts (whether interest bearing or not) and also whether as a
combined performance and retention bond [15]. Another option would be to channel all retention
moneys to a central repository [16] which according to Hughes [12] is a ‘new, and perhaps radical’
approach to moneys ‘otherwise dissipated and diluted to such an extent that they are of little use to a
nation’. These ‘new’ strategies have not been seriously explored in NZ construction industry but for
an initial attempt by Abeysekera [17]. Of course, there is also an extreme option, i.e. the abolishment
of retentions altogether — an option which is unlikely to be accepted by the contracting community in
NZ which perceives retentions as being a fair practice [15] perhaps given the many benefits available
to them through the ‘retention differentiation’ strategy [18]. The extent of its use as a business
strategy is unknown (across different construction sectors) in order to weigh the benefits of the
retention differentiation strategy against the costs of losing retentions in the event the principal goes
bankrupt. In other words, there is a need to understand the costs and benefits of using retentions in
order to make a decision on whether or not to use (a) a payment bond which provides protection for
both interim and retention payments, (b) whether two different types of bonds, one for interim
payments and the other for retention payments should be used given the different nature of the risks
involved (as explained earlier), and (c) a strategy for implementing such bonds (as for instance,
through contract documents or through legislation).

There is of course another option than the use of bonds, i.e. letters of credit which is used extensively
when importing materials and to a lesser extent domestically. This is another option that needs to be
investigated fully.

6.2 Contractor-subcontractor relationship

Subcontractors appear to be at a higher level of risk when compared with main contractors both with
respect to interim payments and retention moneys partly because they do not seem to have access to
either PBs or RBs even when such facilities are available to main contractors. Moreover, there is
evidence that retention moneys in the hands of some contractors have been abused increasing the risk
of non-payment [17]. This seems to be the case even with the CCA in force which raises the question
whether the Act itself needs to be amended, which in essence is a legal solution to the issue of
security of payment.

In relation to retentions (as against regular payments), it is interesting to point out that NZ
subcontractors are not totally averse to the concept of retentions. Abeysekera and Price [19], seeking
the views of structural steel fabricators found that most were at ease with retentions but for the
manner in which retentions were used (larger rates, smaller contract packages to increase the
differentiation of retention rates, lack of security, etc.). In fact, some large steel fabricators saw
retentions as a positive business strategy which allows them to compete with smaller fabricators!
However, whether the trade-off is so significant to the extent that they would not mind losing interim
and retention payments in the event of a collapse of a contractor is unknown.
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Just as much as main contractors negotiate for better deals with clients by using their reputation for
example, subcontractors too negotiate favourable retention regimes with contractors but large many
still find it difficult. Some subcontractors have attempted to provide price discounts in lieu of
retentions as a way of managing this risk. Others, particularly those involved in specific trades (i.e.
front-end trades in the building industry) have been able to obtain lower retention rates and better than
normal retention release mechanisms [13]. Thus it seems there are more issues impacting on the
retention-payment risk and consequently on its magnitude (i.e. the combined effect of exposure,
severity, and likelihood) when compared with the interim payment risk. What seems to be emerging is
that the risks connected with interim and retentions payments are significantly different and as such
having one type of bond for both types of risks may not be commercially viable option particularly
with regards to risks faced by subcontractors.

Whilst this may be so, the power of cash retentions through the retention differentiation strategy [18]
appears to be very strong to the extent that it is difficult to see how contractors would let go of cash
retentions (without the possibility of having access to cash either through a trust-account or may even
be a central retention fund). Thus, it seems doubtful that subcontractors would be successful in
obtaining PBs or RBs unless the clients insist that they do so. If they do, no doubt, clients will have to
pay extra (for the bonds, and also for financing costs); there does not appear to be any real incentive
for them to do so. Thus, to move forward the agenda for the use of PBs, there appears to be a need for
government intervention. However, if the industry is to self-regulate (or be regulated by the
government), the solution may come through a ‘retention fund’ which could (a) provide protection for
retention moneys whilst providing a return, and (b) issue PBs using retention moneys as collateral and
also through funds generated by investing retention moneys, whilst serving as a bank that understands
construction. This seems to very interesting and promising option that must be evaluated.

There are other possibilities. For example, subcontractors could explore the use of performance bonds
in lieu of retentions although there is no evidence to suggest that it has been tried out. The downside is
that obtaining a performance bond from a bank is not easy (without collateral). Moreover, bank bonds
usually drain working capital facilities provided by banks which in turn restrict the ability of a
subcontractor to undertake new work. Although insurance bonds may be a more welcoming solution,
contractors may be sceptical about bonds from insurance companies.

It should be clear from the above discussions that there are various risk management strategies that
contracting parties adopt. However, there is little understanding on which of these would be better for
the long term sustainability of the industry. Moreover, as to whether these approaches increase the
overall costs of construction without commensurate benefits need investigation too. Furthermore,
whether existing financial institutions would provide bonding facilities (and at what price) need
investigation. In the alternative, whether a new organisation which serves as a central repository of
retention funds whilst providing various facilities for the contracting community including the issue of
various bonds could usher a new era for the construction industry needs further investigation. Clearly,
there are many issues impacting on the security of payment problem without a clear cut strategy
emerging from the above discussions; there is a need for greater understanding to find a sustainable
business solution.
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7. Conclusions

Security of payment is a fundamental premise for creating a sustainable business environment. The
CCA is a major piece of legislation in that direction but fails short when it comes to meeting this
important premise. Over the last decade, a number of well known construction companies have gone
bankrupt raising the need for an effective strategy for managing this risk, the risk of losing interim
payments and also retention payments.

It was seen earlier that the nature of the interim payment and the retention payment risk appears to be
significantly different which raised the issue of whether or not one type of bond would be suitable.
The practice adopted in NZS 3910 is to create two types of bonds, one for interim payments and the
other for retention payments; the former to be given by the principal and the latter by the contractor.
The former deals with both the interim payment and retention payment risks and is therefore
comprehensive. The need for such bonds and costs of such bonds would no doubt depend on the
nature of the risk as explained earlier. Given that it is difficult to imagine principals voluntarily
agreeing to such bonds, one option would be for the government to intervene through legislation. This
would not be a reality unless there is a strong case for it. On the other hand, if industry prefers a
hands-off approach, it could create a climate for such bonds through enforceable contractual
provisions (or otherwise) particularly if benefits outweigh costs. Additionally, industry could self-
regulate itself by channelling all retention moneys to a central repository which would certainly
provide security for retentions, and also for interim payments through a cost-effective arrangement for
PBs whilst providing various other services as noted by Abeysekera [16]; in essence, such an
arrangement would act as a (private) bank exclusively for the use and benefit of the construction
industry. The government could also be part of such a mechanism. Given that commercial banks have
consistently failed to understand construction, this is an interesting option to be evaluated; indeed, an
option that Hughes [20] has labelled as a ‘new, and perhaps radical’ approach to moneys ‘otherwise
dissipated and diluted to such an extent that they are of little use to a nation’.
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Abstract

The contractor’s project overhead costs are the on-site related costs for production support in
undertaking a project, such as those for supervision, office, utilities and services. Unlike direct
costs, they are not directly connected with the performance of any particular element of a
project, but are required for running the project as a whole. Despite the recommended practice
of estimating the contractor’s field overhead for a project as line items, the alternative method
of applying a selected rate as a percentage of direct cost still is used widely. As an ongoing
research on building cost, Empirical models of project overhead rate have been developed from
historical data in the present study. The nature and significance of the contractor’s project
overhead are first explored, along with factors that have an influence on the overhead rate. The
bid data for 173 building projects collected from a large construction firm in Taiwan covering a
variety of work is analyzed and a classification is established whereby the projects’ overhead
rates range between 0.0171 and 0.2912. The data is divided into two parts for model
development and model testing according to order of time. Then, two methods of estimation are
compared in their modeling and prediction errors: the cluster center method of categorizing
projects into 24 groups and the multiple regression method using four variables, i.e. size,
duration, type of work, and location. Either method can achieve an average error of about 3% of
direct cost in modeling as well as in prediction. An improvement on the subjective rate-
applying method, the model may coexist with the itemized estimation method as a checking
mechanism and is potentially useful to contractors as well as owners and consultants.
Implications for the building industry and recommendations for future research are also
discussed.

Keywords: cost estimation, project overhead, empirical model, statistics
1. Introduction

The contractor’s project overhead costs are the on-site related costs for production support in
undertaking a project. Unlike direct costs, they are not directly connected with the performance
of any particular element of a project, but are required for running the project as a whole.
Depending on the practice of categorizing costs, they generally include costs of supervision,
office, utilities and services, insurance, safety etc. The sum of direct costs and project overhead
costs is the contractor’s project construction cost representing all expenditures internal to a
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project and essential for completing it according to specifications. In contrast, the project’s
share of the contractor’s home- office overhead costs and profit (so called the bid markup) is
business-oriented and external to the project, for which a higher or lower level may be charged
as deemed appropriate. Since the project overhead costs often constitute a greater part of the
contract price than the markup, project overhead estimation deserves no less attention than
markup determination. Even the owner in preparing the budget of a project should not overlook
the importance of a fair estimate of project overhead costs. Traditionally, to obtain a reasonably
accurate estimate of the contractor’s project overhead costs, the formal practice is to establish
line items and calculate how much is needed for each item, based on a plan that meets project
conditions and requirements. For example, salaries of management and supervision are
estimated according to the planned field office organization and the durations of the positions.
Costs of various categories of insurance and bonds are estimated individually as a percentage of
the estimated bid price and relevant direct costs. Usually the estimator is assisted by a checklist
and evaluates each possible item in turn. Detailed examples can be found in McCaffer and
Baldwin [9], Halpin [7], and Diamant [6] etc.

However, precise definition of project overhead charges is time consuming and may not
guarantee the correctness of the results. Hence, when all estimates are complete, often the ratio
of project overhead to direct cost (referred to herein simply as “project overhead rate™) is
calculated as representing the level of project overhead and compared with those for past similar
projects as a check on abnormality. On the other hand, the alternative method of applying an
experience-based rate (say 10%) to cover the contractor’s project overhead costs still is used
widely. Some contractors and owners/ consultants even fix all the contractor’s overheads and
profit as a percentage (say 20%) of the estimated direct cost to arrive at the bid price or budget
for a project. Naturally, such a simple method is prone to inaccuracy, as the applied rate often is
selected without the support of a modeling methodology. To remedy the rate-applying method’s
subjectivity and to improve its accuracy, this paper presents a research that set out to develop
more reliable models founded on historical data, which can be used for estimating or checking
for coming projects. Establishing the relationships between project attributes and project
overhead rate, two empirical methods, i.e. cluster center and linear regression, are compared
about their performance in modeling and prediction, based on a contractor’s past bid data. The
objective is to find out what would be the best method and how accurate the best method could
be according to some error measures for evaluation. Related researches and factors influencing
project overhead are reviewed prior to describing the data and the models. Model results are
discussed and model limitations addressed at the end.

2. Related researches

Holland and Hobson [8] found from a survey that there is a lack of consistency among
construction firms concerning categorization of costs as direct costs and indirect costs, i.e.
project and home-office overheads. For example, the construction manager is equally likely
categorized as project overhead or home-office overhead, whereas field engineers may be
categorized as direct cost as well as project overhead. However, the inconsistency of different
firms does not affect the models in the present study, since they are oriented towards one firm,
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as long as it has its own way of categorization and categorizes costs consistently for different
projects. In any case, to avoid confusion, the firm in provision of data for model development
has to be specific as to what constitutes project overhead costs to it.

Determination of the bid markup rate to be applied on top of the estimated project construction
cost has attracted much research interest over the past decades. For example, Ahmad and
Minkarah [1], Chua and Li [4] studied factors that influence the markup, which can be
categorized broadly into internal and external factors, or environment, company, and project
factors. Using identified factors as inputs, many markup models built upon past bid experiences,
case data, or experts’ opinion have been proposed, such as those in Chua et al [5], Chao and
Liou [2], and Chao [3]. Although they serve a different purpose from the present study, the
modeling methodology employed may be referred to, since both deal with very complex
estimation problems.

3. Factors influencing project overhead

Like direct costs, the project overhead costs are entirely project-oriented and consumed on site.
The project overhead rate presumably varies according to some project conditions and project
features as reviewed broadly below. Generic project factors identified by previous researches to
have an effect on the bid markup may also influence the level of project overhead, e.g. a small
size project located in a remote area with a long duration area is likely to have both a high bid
markup and a high project overhead rate. First, common to all construction projects, many
overhead costs exhibit economies of scale, e.g. the larger the work, the lower the manpower
required for supervision per unit of work due to a more efficient deployment, and so the project
size as represented by total direct cost could be a factor. Next, the charges for several items of
overhead costs such as office rents and utility fees are mostly in proportion to the time that a
project lasts, and hence project duration is likely another factor. Average direct cost per month
derived from the above two factors can indicate the intensity of activity and may be considered
as an alternative measurement of project size.

The main type of work of a project, i.e. road, building, etc, influences the number of specialty
trades involved, the proportion of labor cost, and the character of the site, concentrated or
spreading, and thus has an effect on supervision, coordination, and transportation requirements,
which impact on the overhead rate. Similarly, the project location, urban or rural, influences
setting-up and maintenance costs of offices, shops, and quarters. In particular, the country in
which a project is located is an important factor as the contractor’s operation is subject to
customs, practices, and laws applicable. In developing countries, numerous taxes and fees are
levied on a construction project by various authorities, resulting in higher overhead costs in
some categories that have to be allowed for in estimates. In a large country, China, for example,
there are even regional differences in this regard.

Other possibly relevant project attributes include scope of contract, i.e. construction only or

design and build (D/B), and proportion of subcontracted work. D/B and subcontracting affect
resources distribution and lead to changes in interfaces and communication links with effects on
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costs for attendance, coordination, and engineering in support of production. Last but certainly
not least, the quality level required of a project is believed to impact significantly on the staff
and documentation efforts for quality control and hence overhead costs. The quality level is to
some extent implied by work type and project size, e.g. large mass rapid transit contracts tend to
require higher quality than common road contracts. However, it would be better to stand as a
separate factor since same size facilities such as buildings can have very varied qualities.

4. Description of data

Ideally, actual costs of completing projects should be used for model development. However,
estimated costs of a firm in preparing bids were the only data available to this study and so the
models built later would try to capture knowledge containing in the firm’s estimates, whose
consistency and level of noise would affect model performance. The estimate summaries of 200
projects comprising bids submitted between March 2000 and March 2006 were collected from a
large general contractor whose business spreads all over Taiwan covering a variety of types of
work. For each project, the data shows project name, owner, project address, bid date, project
duration, and a summary of various categories of direct costs, project overhead costs, and
markups. Although the firm has standardized cost classification and reporting forms for use by
all estimators, some problems in the data were found upon close examination. For example,
safety costs for some projects are missing as a result of being bill items and conveniently
included in direct costs, while a few projects have major materials as owner-supplied and hence
a lower direct cost, which would artificially jack up project overhead rates. Since detailed
estimates were not available for corrections, the data for 27 projects was discarded and a usable
collection of 173 projects was complied at last.

Numbered from one to 173 in chronological order, the sample projects range between 60
millions and 30 billions NT$ in bid amount (note: INT$ ~ 0.03 US$) and between 3 months and
106 months in duration. The following are classified in this study as project overhead costs:
salaries for administration and supervision, office and shops, utilities and services, insurance
and bonds, transport, safety, surveys and tests, environmental protection, and public relation.
The calculated project overhead rates range between 0.0171 and 0.2912, with a mean of 0.0793
and a standard deviation of 0.0428.

All the projects were located domestically and of the construction-only contract. As the firm has
long since adopted a policy of subcontracting almost entire work, there is little difference in
proportion of subcontracting among the projects. Moreover, the data available gives very
limited project information that does not allow a separate indicator for quality level to be set up.
Therefore, only the following factors were considered as inputs in modeling: total direct cost,
total duration, mean direct cost per month, classification of work, and classification of location.
First, the coefficients of correlation among the quantifiable factors and project overhead rate for
the projects as shown in Table 1 were examined. The strong and positive correlations among
direct cost, duration, and mean direct cost and between duration and overhead rate appear
reasonable. The weak correlation of project overhead rate with either direct cost or direct cost
per month may be explained by the lessening of effects of economies of scale by large projects’
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more demanding quality and other factors at the same time, e.g. the overhead rates of the largest
ten projects with a concentration of metros and tunnels average 0.0964 versus the overall mean
of 0.0793.

A classification scheme is required for the two categorical attributes, type of work and location.
With respect to type of work, a project is classified according to limited project description
available into one of eight groups (Table 2). With respect to location, a project is placed into
one of three classifications based on its address in Taiwan (Table 3). Tables 2 and 3 also show
the statistics of each group ranked in order of increasing mean project overhead rate. Standard
deviations within the groups are quite large and statistical tests of the difference between the
mean overhead rates of any two adjoining groups conclude that the null (equality) hypotheses
all cannot be rejected except for work type groups #5 and #6, suggesting that different
groupings may be used.

Table 1- Coefficients of correlation among quantifiable factors and project overhead rate for
sample projects

Total direct | Total Mean direct | Project
cost duration cost per | overhead
month rate
Total direct cost 1
Total duration 0.4697 1
Mean direct cost per month 0.9289 0.2838 1
Project overhead rate 0.1059 0.3613 -0.0537 1

Table 2- Statistics of project overhead rates for sample projects by type of work

Group number (type of work) Nur_nber of | Mean project Star_1dard deviation of
projects overhead rate project overhead rate
1 (Site works/parks) 16 0.0573 0.0277
2 (Buildings) 30 0.0597 0.0249
3 (Highways/airfields) 52 0.0665 0.0213
4 (Water structures) 5 0.0726 0.0167
5 (Bridges) 33 0.0728 0.0292
6 (Ports/marine facilities) 9 0.1072 0.0488
7 (Tunnels) 11 0.1217 0.0633
8 (Metros/high-speed rails) 17 0.1465 0.0510

Table 3- of project overhead rates for sample projects by project location

Group number (location) Number of | Mean project | Standard deviation of
projects overhead rate project overhead rate

1 (Cities/townships) 89 0.0730 0.0419

2 (Metropolitan areas) 62 0.0820 0.0360

3 (Remote areas) 22 0.0976 0.0577
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5. Description of models
5.1 Data representation

While project overhead rate is the model output and project duration a model input, whether
direct cost or mean direct cost per month represents project size, another input, requires
consideration. Trials later showed that the conversion of direct cost to mean direct cost per
month did not enhance model performance. Furthermore, in the presence of duration, mean
direct cost per month is somewhat redundant for modeling the estimation. Therefore, it is direct
cost that is used as an input to represent project size. As direct cost, duration, and project
overhead rate are quantitatively defined, they are suitably represented by their measurements.

For the other two inputs, type of work and location, both categorical, two ways of
representation, decimal and binary, are used. With decimal representation each input is assigned
a number according to the order of mean overhead rates, i.e. group numbers in Tables 2 and 3,
meaning that an increase in the value of each input variable corresponds to an increase in the
overhead rate. With binary representation a series (number of categories minus one) of 0/1
variables are used for each input: seven for work type and two for location, bringing the total
number of input variables to 11.

5.2 Arrangement of data for model development

The readied data is arranged into two sets for developing and testing models: 152 cases from
03/2000 to 03/2005 and 21 cases from 03/2005 to 03/2006. Data for the first five years are used
as a large base of estimates from which a model is developed. Data for the last year is external
to the model being developed and is used as future cases for testing its prediction performance
in estimating overhead rates. The above arrangement agrees with the fact that a contractor
makes estimates for coming projects based on experiences from various kinds of prior projects,
which grow with time. Because disruption of time sequence will violate the reality and a
model’s prediction performance cannot be fairly tested with a completely new case, for each
model shown later the steps of modeling and prediction will use the two successive data sets
strictly in chronological order of the bids.

5.3 Error measures for performance evaluation
Three error measures are used to evaluate modeling and prediction performance: root of mean

squared error (RMSE), mean absolute error (MAE), and mean absolute percent error (MAPE),
as defined below:

RMSE = \/%Z(outputtedi —applied,)® (1)
i=1
MAE = %Z‘Joutputtedi — applied,| 2)
i=1
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where n = number of cases used in the evaluation; outputted; = overhead rate produced for case i
by the model; applied; = overhead rate actually applied to case i according to the firm’s
estimates.

RMSE inherits the efficacy of mean squared error (MSE), which is used by most algorithms
including regression to represent overall system error to be minimized in modeling.
Furthermore, RMSE refers directly to the deviation between model output and target output like
MAE. It is therefore a consistent and convenient performance indicator for the present single
output problem. In the following, RMSE is used as the main evaluator to measure model
accuracy in monitoring performance and comparing different models, while MAE and MAPE
are used as secondary measures.

5.4 Cluster center and regression methods

Two methods, cluster center and regression, were used to model overhead rates for a
comparison. Using the cluster center method, the projects are classified according to
combinations of work type and location into clusters, with the maximum number of clusters at
8x3=24. The mean overhead rates for each cluster are calculated as the modeled rates. Where
there is a missing cluster, the mean for the work-type group is used in its stead. Using the
regression method, two multiple regression equations involving all four inputs were built: one
with the decimal representation and a total of four independent variables and the other with the
binary representation and a total of 11 independent variables. The built equations are then used
to produce overhead rates for cases within the modeling set as modeled rates and those for cases
within the testing set as predicted rates.

For each model above, the RMSE, MAE, and MAPE of modeling representing closeness of fit
and those of prediction representing test accuracy are calculated using (1), (2), and (3),

respectively. The results are shown in Table 4.

Table 4- RMSE, MAE, and MAPE of modeling (152 cases) and prediction (21 cases)

Models RMSE of | RMSE of | MAE of | MAE of | MAPE of | MAPE of
modeling | prediction | modeling | prediction | modeling | prediction

Cluster —center | 5 oa9 | 0.0395 | 00207 |0.0273 0.2870 0.3673

method

Regression with |, ;546 0.0373 0.0243 | 0.0273 0.3291 0.4377

decimal rep.

Regression with |  )a05 | 00409 | 0.0218 | 0.0266 0.3099 0.4202

binary rep.
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6. Discussion and conclusions

Compared with the large standard deviation (0.0428) of overhead rates, all of the three models
represent a significant improvement (error reduction by more than 1% of direct cost) as a result
of explaining factors being introduced, meaning that the input factors are relevant for modeling.
Overall, the cluster center method outperforms the regression method and the regression model
with binary representation outperforms the regression model with decimal representation. This
indicates that linear regression with decimal representation is unsuitable for the problem as it
fails to improve performance by picking up the extra factors of project size and duration left out
by the cluster center method.

An empirical model’s accuracy is inevitably affected by the level of noise in the data used for
developing the model, so its performance must be judged considering this influence. For the
present study, noises in the overhead rates for the sample projects come from over- or under-
estimates of direct cost (inaccuracies in the denominators) and over- or under-estimates of
overhead cost (inaccuracies in the numerators), both causing the rates to deviate from what they
should be. Since a project’s cost estimate can achieve +3 percent accuracy with the total design
available [7] and the direct cost constitutes the bulk of it, the best result of about 3 percent error
of direct cost achieved by either the cluster center method or the regression method with binary
representation is considered acceptable for the problem, although there is room for
improvement. However, the fact that the cluster center method using only two factors achieves
comparable or better performance in closeness of fit and test accuracy than the regression
method with binary representation requires further consideration.

Although the overhead costs of a project have a lot to do with its legal and business
environments and have to be considered within a local context, the presented approach is
general and can be applied in any country. As the data used for model development relates to a
firm’s costs, the models constructed are intended for use by that particular firm, but other
organizations can use their own data to the same effect. While subject to limited availability of
data with a lot of noise, heuristics from this study suggest that suitable factor selection and data
representation are required for producing better results. Continual model updates with the
buildup of estimates would be helpful for improving performance as the base of cases expands
with time.

Because of the exploratory nature of this research, the presented models are just prototypes that
still need to be refined and improved. As their effectiveness is limited by the correctness of the
bid data, it is suggested that future researches collect actual costs for use in model development.
However, even actual cost data is available, it may not be more dependable than estimate data
because of errors in assigning and reporting costs. Checking the data’s consistency is important
whichever is used. As the present study left out some potentially significant factors affecting
model accuracy, such as level of required project quality and type of contract, they can be
considered for inclusion as well as more detailed classification schemes for work type and
location. Based on the findings of this study, the use of a nonlinear model such as artificial
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neural networks for dealing with the complex relations existing between the inputs and output of
the stated problem is called for in attempts to improve modeling and prediction performance.
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Abstract

Proper risk allocation in construction contracts is emerged to be prominent, because risk
identification and risk allocation are influential factors in risk handling decisions. To handle
risks properly, it is necessary to identify risks and properly allocate them. This can only be
achieved if all parties do comprehend their risk responsibilities, risk event conditions and risk
management capabilities. This paper reports a study carried out using multiple case studies, to
identify various risks inherent in Sri Lankan road projects and the allocation of those risks
between contractual parties. Semi-structured interviews were used as the primary data
collection method and documentary evidence has also been used. Data analysis was approached
using the code-based content analysis. The study revealed that road projects are dealing with
many risk sources, and parties not allocated with some risks through contract clauses also
happen to bear consequences of those risks, urging all contractual parties to have a thorough
understanding on such risk events.

Keywords: Risk Identification, Risk Allocation, Road Projects, Contractual Parties
1. Background

Dey and Ogunlana [1] have stated that every human endeavour involves risk and that the
success or failure of any venture depends crucially on how we deal with it. Therefore, it is
apparent that risk and uncertainty are inherent in all construction work, and as it has been
stressed by Flanagan and Norman [2], ‘the construction industry is subject to more risk and
uncertainty than many other industries.” This nature of uncertainty in a construction project is
emerged by the long and complex process from its inception to completion and presence of
various kinds of people with various ideas, experience, skills and interests. There are many
ways of defining and classifying risks. Chapman and Cooper (cited in [3]) defined risk as
‘exposure to the possibility of economic or financial loss or gains, physical damage or injury or
delay as a consequence of the uncertainty associated with pursuing a course of action'.

Having realized the ever increasing tendency of traffic volume, the Road Development

Authority (RDA) of Sri Lanka has planned for the future development of the national highway
network [4]. However, road projects are exposed to the uncertain environment because of such
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factors as, presence of various interest groups, resource availability, climatic environment,
economic and political environment and statutory regulations, etc.

The aim of this research study is to be of assist to Sri Lankan road contractors and employers to
identify risk sources inherent in road projects and understand their risk responsibilities so that
they would be able to optimize the scarce resources and enhance the socio-economic value of
Sri Lankan road projects. Against this background, the study objectives are to identify risk
sources associated with Sri Lankan road projects, and the proper allocation of those risk sources
among the contractual parties.

The paper is organized into several sections. Starting with the background to the research
followed by the methodological framework, the next two sections discuss the theoretical
framework. The fifth section discusses the analysis of risks in Sri Lankan road projects and the
allocation of those risks based on two case studies whilst the sixth section concludes the paper.

2. Methodology

The research was conducted by means of the case study approach. In this research study, two
foreign funded road projects which had significantly been completed were deployed. The
Contract Sum was more than Sri Lankan rupees 500 million in each project. Multiple sources of
evidence comprising of semi-structured interviews, documents such as letters, weather records,
bills of quantities, claim reports, non-conformity reports, variation orders, project programme,
public complaint reports, certified monthly bills, monthly progress reports, and also archival
records such as past weather records have been used in this study for the collection of data. The
list of interviewees, which represents the three contractual parties, namely the Employer,
Contractor and Consultant in two cases, Case 1 and Case 2, is shown in the Table 1. The party
to whom an interviewee had belonged to is indicated against the designation of the interviewee.

Table 1: List of interviewees

Case 1 Case 2

Additional Director (Employer) Chief Engineer (Employer)
Project Manager (Contractor) Quantity Surveyor (Consultant)
Quantity Surveyor (Consultant) Planning Engineer (Contractor)
Site Engineer (Contractor) Public Officer (Contractor)

Quantity Surveyor (Contractor)
Quantity Surveyor (Contractor)

Insurance Manager (Contractor)

Triangulation, which is the rationale in using multiple sources of evidence, has been addressed
here. The content analysis was used to analyse data, in which the software named QSR
NVivol.0 was used to codify interview transcripts and results were arrived at after a cross case
analysis. The methodological framework was discussed in this section, and a literature synthesis
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has been made in next two sections in order to assimilate knowledge in fields of risk
management in construction and risks in road projects.

3. Risk Management in Construction

Bufaied (cited in [5]) has described the risk in relation to construction as, ‘a variable in the
process of a construction project whose variation results in uncertainty as to the final cost,
duration and quality of the project’, and Dey [3] has argued that, such a variation is due to
absence of risk management techniques in project management. Hence, risk management refers
to a procedure which controls the level of risk and that mitigates its effect, as it had been
comprehended by Toakley (cited in [6]). Important elements of this procedure are discussed
within this section, with regard to the stipulated objectives of this research.

3.1 Risk identification and classification

According to Flanagan and Norman [2], a risk management framework would consist of: risk
identification, risk classification, risk analysis, risk attitude and risk response. Therefore, risk
identification and classification become important in minimizing the probability and
consequences of adverse events. Dawood (cited in [7]) describes that a systematic risk
management allows the early detection of risks. Therefore, there is no need for contingency
plans to cover almost every eventuality. Risk identification involves identifying the source and
type of risks. According to Flanagan and Norman [2] an identified risk is not a risk, but a
management problem. It is also said that a bad definition of a risk will breed further risks. What
is significant here is that having a clear view of a risk event is the first requirement, focussing
on the sources of risk and the effect of the event. Risk identification is influenced by the risk
perception of the risk management team, which again is influenced by belief, attitudes,
judgement and feelings of the people.

Classifying risks is by identifying the consequence, type and impact of risk. Wiguna and Scott
[8] have derived a risk hierarchy under four risk categories: external and site condition risks,
economic and financial risks, technical and contractual risks, and managerial risks. This
classification of risks has been adopted in this study. According to Bunni [9], when a risk has
been identified, assessed and analysed, it must be allocated to various parties in order to keep
them under control, prevent the occurrence of harmful consequences. Therefore, it is required to
study the allocation of those risks.

3.2 Risk allocation

Andi [10] converses that, ‘construction risks, however, can hardly ever be eliminated. They can
merely be transferred or shared from one party to another through contract clauses.” The above
statement is further strengthened, as Mak and Picken [11] have stressed that contractors are
required to accept a certain level of risk due to unforeseen costs they incur during construction
and that, the risk is also an issue for clients. The consultant may also carry certain risks
depending on his role and the scope of work assigned to him. Hence, the significance of risk
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allocation is emphasized and such allocation of risk becomes a part of the risk management
process.

Thompson and Perry [12] suggest that the careful analysis for a contract strategy will also lead
to the selection of the right allocation of responsibilities in the same way which determines the
type of contract and tendering procedure for a project. This gives an understanding that the
significance of the role of each constituent in the contract, such as the contract agreement,
Particular and General Conditions of Contract, specifications, preamble notes, bills of quantities
and drawings are the determinants to the allocation of risks. Risks can also be transferred
beyond the limits of contract clauses also but with the consensus of both parties as it becomes
evident from the study of Wang and Chou [13].

Thus, a party to whom a risk is allocated is considered to have the “ownership of risk” and
according to Godfrey (cited in [7]) it has several meanings. They are: having a stake in the
benefit or harm that may arise from the activity that leads to the risk, responsibility for the risk,
accountability for the control of risk, and financial responsibility for the whole or part of the
harm arising from the risk should it materialize. Hartman (cited in [7]) further suggests that the
principle in determining whether a risk should be transferred is whether the receiving party has
both the competence to fairly assess the risk and the expertise necessary to control or minimize
it. Contracting parties who do not have a shared understanding of its accountability may
mismanage the risk event by assuming the event or its consequences are not their responsibility.

Section 4 describes risks in relation to road projects and especially the consideration has been
given to such projects in Sri Lanka. Having realized the importance of risk identification, risk
classification and risk allocation, there is the potential to operate on risks with minimal conflicts
among interests of contractual parties.

4. Risks in Road Projects

The development of basic physical infrastructure becomes a pre-requisite to underpin the main
types of real estate investment and especially investments in roads are large-scale so that their
success or failures will have long-term implications. According to Kitazume, Miyamoto and
Sato [14] road projects are social capital development projects and are subject to various risks
throughout their life cycle. The reason behind that is the long construction and maintenance
periods and wide geographical coverage. The longer the time scale, the more likely that there
will be some interference or outside events those affect the project.

When Sri Lankan road projects are considered, their sources of risks might be specific because
of its developing nature and the geography. In this type of an environment, there are evidences
that contractors and owners do not pay much attention to those risks, thereby causing schedule
delay, cost overrun and poor workmanship. In the recent past, many Sri Lankan roads have been
reconstructed or rehabilitated mainly due to deterioration where continued maintenance was not
sufficient to bring them back to standard and increase in traffic to the point where widening or
realignment was necessary in certain sections. This process will be never ending and is
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happening so intensively at present too. Therefore, this tendency has to be realized and risks
involved in this process of construction are also required to be identified and properly allocated
to contractual parties in order to make them understood regarding their risk responsibilities so
that the aim of the research is properly addressed.

5. Results and Findings
5.1 Risk sources associated with road projects

Identification of risk sources in Sri Lankan road project is the first finding of the research. The
study started with 26 risk sources which were gathered through the literature review and
concepts generated from interview transcripts. However, it could be found out that 23 risk
sources were pertinent to the two cases. Those 23 risk sources have been classified in Figure 1
under four types of risk sources in order to formulate a risk classification framework based on
the literature review. Those risk sources could be identified as it has been discussed within this

section.
Risks in road projects
| Types of risk sources
| | | |
Technical and Economic, financial Managerial risks External and site
contractual and political risks condition risks
risks
v y Risksources v v
e Insufficiency of e Delayed ¢ Contractor e Acts of God
the Preliminaries payments competence e Adverse
Bill e Dependence on e Dealing with weather
e Changes foreign funds utility agencies conditions
imposed by the e Regulations and e Defective e Unforeseen
Engineer difficulty in construction work site ground
e Defective design obtaining e Improper conditions
e Late handing permits estimation
over of the site e Inflation e Late approvals
e Tentative o Legislative e Low labour and
drawings changes equipment
o Scope change productivity
e Neighbourhood
relationships
e Procurement of
resources
e Public security
and safety

Figure 1- Risk classification framework
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There were only two risk sources those were not common in two cases. They were delayed
payments and insufficiency of the preliminaries bill. There had been a delay in two interim
payments in one case and contractor’s facilities had not been included in the preliminaries bill
of that same case. In one case, construction activities had to be halted for few days after the
Tsunami disaster and with regard to the other, there were several earth slips. That was the
impact of Acts of God. The impact of adverse weather conditions was such that, there were
materials washed away, and critical works affected due to the unexpected rainfall. Though the
contractor competence was not much significant in relation to these two cases, this required
much attention or otherwise there could have been more adversarial impacts. Changes imposed
by the Engineer was much more significant causing many difficulties to the Contractor, and it
was the same with dealing with utility agencies, late handing over of the site and late
approvals. Obtaining approvals had more often been late for the reason that, not enough
laboratory assistants had been there in the site to carry on required tests.

Defective construction work was marginal encountering only a few non-conforming works.
The risk of defective design could not be underestimated since this could certainly lead to poor
performance of the completed road and it could be identified such defects in the design. The
dependence on foreign funds too was a risk as the contract sum in both projects had exceeded
the forecasted sum and the amount of funds was limited. Insufficient estimation was a risk
mainly because price escalation had not been considered for recurrent preliminary items. The
increase of contract sum by more than fifty percent was due to the inflation. Legislative
changes were also significant as there was a change in labour act requiring salaries of labourers
to be increased, fuel adjustment charges on electricity bills, and also the removal of VAT (Value
Added Tax) from diesel while the market price of diesel was remaining unchanged due to
escalation. Thus, the possibility of claiming price escalation for diesel was restricted since the
price increase had not been reflected in price indices.

Special attention had been given to overcome the risks of low labour and equipment
productivity and procurement of resources. With regard to neighbourhood relationships a
lot of complaints had been received from the neighbourhood such as, house damages due to
cracks, damages to boundary walls and access paths, and land fill, endangered houses due to
land cutting, accumulation of waste in paddy lands. The risk of public security and safety was
also a major risk in this type of an infrastructure project. Regulations and difficulty in
obtaining permits was also a risk as it was required to obtain permits for use of explosives in
road works and in the quarry, and to pay royalty as the quarry that was used had been in a forest
land. Scope change was another risk which contributed the most to the cost and time overrun in
both cases. Increase of the road width, change of the road surfacing from DBST (double
bituminous surface treatment) to asphalt paving in one case, and addition of a binder course
layer and introduction of hard shoulder instead of the earth shoulder in the other case were due
to the change in scope. Tentative drawings in one case had caused lot of difficulties to the
Contractor because of frequent changes to dimensions and levels during constructions.
Eventually, the risk of unforeseen site ground conditions was also significant as the difficulty
in identifying underground cables, changes in sub grade to use rock fill or type-1 soil in areas
where the water table was high, extra excavations for places where soil conditions were weak,
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difficulty in identifying underground cables because of the presence of boulders thus, ultimately
requiring additional excavations.

Having identified risk sources, the proper allocation of them becomes the second finding.
5.2 Risk allocation in actual

The Conditions of Contract that had been used in both projects was the Conditions of Contract
published by the International Federation of Consulting Engineers [7]. Since risks are allocated
to contracting parties through contract clauses, the administration of construction risks was first
analysed using the Conditions of Contract used in two cases. Since the Conditions of Contract
used in the two cases was the same, it provided a similar basis for the analysis. The actual
allocation of these risks was also analysed according to views of respondents and archival
analysis in particular.

The risk of adverse weather conditions was a risk to the Employer by the sub clause 20.4(h)
and from the sub clause 21.1[Insurance of Works and Contractor’s Equipment] the Contractor
was also allocated with this risk. Changes imposed by the Engineer is a risk to the Contractor
under sub clauses 51.1[Variations] and 7.1[Supplementary Drawings and Instructions]. The
Employer is also allocated with this risk under clauses 52 and 53. The risk of contractor
competence is allocated to the Contractor by the sub clauses 39.2 [Default of Contractor in
Compliance] and 10.1 [Performance Security]. By the sub clause 8 [Co-operation with Utilities]
and in particular conditions the risk of dealing with utility agencies had become a risk to both
the Employer and the Contractor. The risk of inflation as per the sub clause 70.1 [Increase or
Decrease of Cost] of Particular Conditions of Contract in both cases, had been allocated to both
the Employer and the Contractor. The former had accepted this risk in both cases while the
latter in one case too had to bear this risk because of the nature of funding arrangements and due
to the unexpected inflation prevalent in the country. Through the sub clause 22.1(b) [Damage to
Persons and Property] and 32.1 [Contractor to Keep Site Clear] the risk of neighbourhood
relationships had been allocated to the Contractor while the sub clause 23.1 [Third Party
Insurance- including Employer’s Property] had allocated the risk to both parties and to the
Employer though the sub clause 22.2 [Exceptions]. The assignment of risk in regulations and
difficulty in obtaining permits was through the sub clause 26.1 [Compliance with Statutes,
Regulations] to both the Employer and the Contractor. It was revealed in this study, that these
risk sources had been shared by both the Employer and the Contractor as it had been allocated
through contract clauses.

The sub clause 8.1, 36.1 and 13.1 have delineated that the risk of defective construction has to
be taken by the Contractor, and it was the same with the risk of insufficient estimation which
was allocated to the Contractor through the sub clause 12.1 [Sufficiency of Tender]. The latter
also allocated the risk of insufficiency of the preliminaries bill to the Contractor. The
ownership to the risk sources of Low labour and equipment productivity according to sub
clauses 16.1, 54.2 and 20.1, and procurement of resources according to sub clauses 8.1
[Contractor’s General Responsibilities], 28.2 [Royalties], 34.1 [Engagement of Staff and

89



Labour] and 36.1(a) [Quality of Materials, Plant and Workmanship] have been allocated to the
Contractor. It was also found out that all these risks had been borne by the Contractor.

The risk of Acts of God becomes a risk to the Employer through the sub clause 20.4(h)
[Employer’s Risks]. However, it was revealed that the Contractor too had to share this risk.
Although the risk of late handing over of the site had been allocated to the Employer under the
sub clause 42.2 [Failure to Give Possession], the Contractor too had to share this risk because of
irrecoverable difficulties he had to face. The Employer had borne the risk of scope change in
both projects as in the sub clause 52.3 [Variations Exceeding 15 per cent], while the Contractor
too had to carry a certain risk with him by delaying the project to complete. Thus, all these three
risks have been shared by the two parties though the allocation was only to the Employer
through contract clauses.

The Employer was supposed to undertake the risk of delayed payments if the Employer fails to
make any interim payment as in the sub clause 60.10 [Time for Payment]. It is the responsibility
of the Employer being dependent on a limited fund for not going into insolvency according to
the sub clause 69.1(c) [Default of Employer]. Thus the risk of dependence on foreign funds
has been assigned to the Employer. The Contractor was also entitled to claim increased costs
due to legislative changes in both of these cases under the sub clause 70.2 [Subsequent
Legislation]. Therefore, the effects of all these risk were borne by the Employer. Hence, it was
the Employer, who had assumed these risk sources in actual.

According to sub clause 20.4(g) [Employer’s Risks], loss or damage to the extent that it is due to
the design of the Works other than any part of the design provided by the Contractor or for
which the Contractor is responsible, defective design constitutes a risk to the Employer. The
risk also lies with the Contractor according to the sub clause 8.1 [Contractor’s General
Responsibilities]. However, in both cases this risk had been transferred to the Consultant
through a separate agreement between the Employer and the Consultant since the Consultant
had been appointed as an independent party and also, it could be seen that the Employer in one
case had taken measures before the start of the project in eliminating design defects.
Accordingly this risk had been shared by all three parties in actual. In accordance with sub
paragraphs (a), and (b) of sub clause 19.1 [Safety, Security and Protection of the Environment]
and the sub clause 22.1(a) [Damage to Persons and Property], the risk of public security and
safety lies with the Contractor and as in the sub clause 23.1 [Third Party Insurance], it is a risk
to both the Employer and Contractor. With regard to the two cases it could be clearly seen that
this risk was borne by these two parties including the Consultant also.

The risk related to unforeseen site ground conditions has been allocated to the Contractor
through the sub clause 11.1 [Inspection of Site] and as well as to the Employer through the sub
clause 12.2 [Not Foreseeable Physical Obstructions or Conditions]. It was also evident that this
risk had also been shared by all three parties. The risk of late approvals has been allocated to
the Engineer as per the sub clause 37.3 [Dates for Inspection and Testing], but they were the
Employer and the Contractor who were happened to carry the risk. It could be considered that
the risk of tentative drawings is assigned with the Contractor according to the sub clause 7.1
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[Supplementary Drawings and Instructions]. However, all three parties had borne this risk with
regard to two cases.

The Table 2, shown below compares the actual risk allocation (denoted by the dark circle - o)
against risk allocation through contract clauses (denoted by the light circle - o).

Table 2- Actual risk allocation against risk allocation through contract clauses

Risk allocation
Employer | Contractor Engineer

Sources of risks

1. Acts of God

2. Adverse weather conditions

C|®@|O |®@|O

3. Changes imposed by the Engineer

4. Contractor competence

5. Dealing with utility agencies

6. Defective construction work

7. Defective design

c|le|O|®@|O|®@ |O|®@ | O|® OC|®|O

8. Delayed payments

Ne)

. Dependence on foreign funds

C|®@|O|®@|O|e

10.Insufficient estimation

11.Inflation

12.Insufficiency of the Preliminaries Bill

O|®@|O|® |O|e

13.Late approvals

14.Late handing over of the site

C|®@|O |®|O
o

15.Legislative changes

16.Low labour and equipment productivity

17.Neighbourhood relationships

O|®@|O |e®
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Sources of risks Risk allocation
Employer | Contractor Engineer
18.Procurement of resources
o
. . ° °
19.Public security and safety
o o o
20.Regulations and difficulty in obtaining d °
permits o o
°
21.Scope change
o o
. . °
22.Tentative Drawings
o o
°
23.Unforeseen site ground conditions
o o

6. Conclusions

The research was initially begun with twenty six risk sources, and during the analysis it was
found out that there were very few trivial or irrelevant risks with regard to the two cases that
were studied. As it had been realized through the literature review, the observance of real cases
revealed the nature of the environment within which the construction works were operated,
being exposed to many risks throughout their entire construction process.

It could be seen that the relatedness of Acts of God was specific to the geographical location of
the construction project, so that any party to a contract in a construction project is expected to
identify the probability of occurrence of such events. In the same way, the effect of dependence
on foreign funds was also specific to each project as the terms of funding arrangement are not
the same in different projects.

Only the project risks of delayed payments and insufficiency of the Preliminaries Bill were not
common in the two cases. The risks of defective construction works, insufficiency of the
preliminaries bill, low labour and equipment productivity, project programme and Contractor
competence were not much significant.

Risks of defective design, late approvals, late handing over of the site, tentative drawings, and
unforeseen site ground conditions had thwarted the Contractor in many occasions. Other than
that, neighbourhood relationships, and public security and safety, were also of the essence in
pursuing these social capital development projects. Inflation of the country and the scope
change were also deterministic factors in failing to confine to the cost and time limits of the two
cases. Therefore, these risks were identified as more vital.

Another important aspect in risk identification is that, the contractual parties have to have a

continuous learning approach. Past projects and past events are real scenarios to gain a good
experience in liaison with this, so that probable risks that might be encountered in a new project
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could be identified beforehand to avoid triggering of a those risk events. Thus, early
identification of a risk source was felt much essential in its proper allocation.

It is a fact that the Employer allocates construction risks through contract clauses before the
contract is awarded, and this urges Contractors to have a clear understanding on risks they are
allocated with. Disagreements may also occur from the absence of related contract clauses,
unclear stipulations and queries about the fairness of risk allocation.

In most of the situations, though some risks had been specifically allocated to a party through
contract clauses, it could be realized that, the party who was assigned with those risks was not
carrying the consequences on his alone, but the other parties were also happened to bear the
consequences arisen because of those risks. Acts of God, defective design, late approvals, late
handing over of the site, public security and safety, scope change, tentative drawings and
unforeseen site ground conditions are examples for such risk sources.

The risks of delayed payments, dependence on foreign funds, and legislative changes had been
borne by the Employer himself while the risks of contractor competence, defective construction
work, insufficient estimation, insufficiency of the Preliminaries bill, low labour and equipment
productivity, and procurement of resources had been borne by the Contractor.

Risk sharing had proved to be more effective with regard to dealing with utility agencies,
neighbourhood relationships, regulations and difficulty in obtaining permits. Those risks,
including adverse weather conditions, changes imposed by the Engineer, and inflation were
shared by the Employer and the Contractor.

The study helps the contractual parties to identify and classify risk sources and also to improve
their understanding on proper allocation of those risk sources.

7. Acknowledgements

The authors wish to thank the employers, contractors and consultants who took part in the
consultation and interviews. Their openness and cooperation towards this study is highly
appreciated. Reviews made by referees for the BEAR 2008 Conference is also appreciated for
their many helpful comments and valuable suggestions. Nonetheless, the opinions expressed are
solely those of the authors.

References
[1] Dey, P.K. and Ogunlana, S.O. 2004 Selection and application of risk management tools
and techniques for build-operate-transfer projects. Industrial Management and Data

Systems, Vol. 104, No. 4. pp 334-346.

[2] Flanagan, R. and Norman, G. (1993) Risk Management and Construction. Blackwell
Science Ltd, Oxford.

93



[3] Dey, P.K. (2001) Decision Support System for Risk Management: A Case Study.
Management Decision, Vol. 39, No. 8, pp 634-649.

[4] Road Development Authority. (2006) Highway development plan, (available online
http://www.rda.gov.lk/ hwaydev.htm [accessed on 19/02/2007]).

[5] Akintoye, A.S. and Macleod, M.J. (1997) Risk Analysis and Management in
Construction. International Journal of Project Management, Vol. 12, No. 1, pp 31-38.

[6] Uher, T.E. and Toakley, A.R. (1999) Risk Management in the Conceptual Phase of a
Project. International Journal of Project Management, Vol. 17, No. 3, pp 161-169.

[7] Mills, A. (2001) A Systematic Approach to Risk Management for Construction.
Structural Survey, Vol. 19, No. 5. pp 245-252.

[8] Wiguna, I.P.A. and Scott, S. (2006) Relating risk to project performance in Indonesian
building contracts. Construction Management and Economics, Vol. 11, pp 1125-1135.

[9] Bunni, N.G. (1997) The FIDIC Form of Contract. 2nd edn. Blackwell Science Ltd,
Oxford.

[10] Andi. (2006) The Importance and Allocation of Risks in Indonesian Construction
Projects. Construction Management and Economics, Vol. 24, pp 69-80.

[11] Mak, S. and Picken, D. (2000) Using Risk Analysis to Determine Construction Project
Contingencies. Journal of Construction Engineering and Management, Vol. 126, No. 2,
pp 130-136.

[12] Thompson, P.A. and Perry. J.G. (1992) Engineering construction risks. Thomas
Telford Publishing, London.

[13] Wang, M.T. and Chou, H.Y. (2003) Risk Allocation and Risk Handling of Highway
Projects in Taiwan. Journal of Management in Engineering, Vol. 19, No. 2, pp 60-68.

[14] Kitazume, K. Miyamoto, K. and Sato, Y. (2005) Quantitative Risk Analysis of Road
Projects Based on Empirical Data in Japan. Journal of the Eastern Asia Society for

Transportation Studies, Vol. 6, pp 3971-3984.

[15] International Federation of Consulting Engineers (FIDIC). (1987) Conditions of
Contract for Works of Civil Engineering Construction. 4th edn. Lausanne.

94



Practical Standard Methods of Measurement Cost
Estimating in the Design Stage

Jae-Ho, Cho
Doctor’s course, Dept. of Architectural Eng. School of Architecture, Dankook University
(email:cjhace@naver.com)
Woo- Chul, Cha
Master’s course, Dept. of Architectural Eng. School of Architecture, Dankook University
(email: gaioum@hanmail.net)
Hyung-Wook, Seo
Master’s course, Dept. of Architectural Eng. School of Architecture, Dankook University
(email: cms9980@naver.com)
Seung-Won, Tak
Master’s course, Dept. of Architectural Eng. School of Architecture, Dankook University
(email: tagisw@naver.com)
Jea-Sauk, Lee
Doctor, Research Professor, Dept. of Architectural Eng. School of Architecture, Dankook
(email: jslee3w@hanmail.net)
Jae-Youl, Chun
Doctor, Professor, Dept. of Architectural Eng. School of Architecture, Dankook University
(email: jaeyoul@dankook.ac.kr)

Abstract

For accurate cost estimating in the initial design stage of a project, various factors related to the
characteristics of the project should be reflected in the cost planning. It is impossible, however,
to reflect all the side factors on the construction cost. Therefore, at least the cost factors from
similar conditions in similar projects must be reflected. For the effective method used at this
time, the unit price for the measurement of the quantity could be the most suitable cost model.
This research aims to study the utilization goal and the current utilization status of the standard
methods of measurement of some countries, and to propose new directions for the domestic
standard methods of measurement. Not only are the standard methods of measurement utilized
in the detailed design stage, but a method of interconnecting the information to be utilized in the
initial design stage is also required.

Keywords: SMM(Standard Methods of Measurement), Cost Estimating, Design Stage
1. Background and Goal

Cost planning model can be applied to cost factors based on quality methods of measurement
with respect to the characteristics of the construction project. Many studies have been
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performed in domestic until now, but they have various problems regarding their utilization in
practice.

Therefore, this study propos the cost model, through it is compared and analyzed with the
standard methods of measurement(SMM) of developed countries and that can reflect the
construction cost factors based on quantities unit by design stage.

This cost model is to support decision-making by the owner and the architecture considering
cost and design simultaneously

This study first examined the primary theoretical base for performing the conceptual cost
calculation model, and then studied the prototype of the calculation system as an advanced
study. This study is meant to be a practical study that will make possible systemization and
computerization through consistent review of and complementation by succeeding research.

1.1 Research Process

This study examined the methods of utilization of standard methods of cost measurement and
calculation by stage based on related literature and standard methods of cost measurement in
other developed countries.

(1) Study of the Cost Calculation Method by Design Stage

(2) Study of the Current Status of Advanced Foreign Countries’ Standard Methods of
Measurement

(3) Analysis of the Cost Estimating Utilization Model in the Planning Stage with the Standard
Methods of Measurement in the Construction Documents Stage.

The abovementioned research process aimed to study the utilization of standard methods of
measurement and the method of connecting cost calculation methods in the construction
documents stage and the initial design stage based on the quantities of unit or elements.

2. Cost Estimating Method by Design Stage

The cost estimation method is generally classified into three types. The first type is the
Conceptual Estimation Method, which is used for incomplete designs.

For example, the conceptual estimation method is used in the planning stage or the schematic
design stage. The second type is a combination of the conceptual estimation method and the
semi-detailed cost estimation method. The semi-detailed cost estimation method is generally
used in the design development stage. The design development stage is the stage in which the
entire plan design is completed even as other designs in other construction-type projects are still
partly uncompleted. Lastly, the construction documents stage is calculating the Quantities Take
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Off from the complete plan and specifications. The following sections examine the cost
estimation method by design stage.

2.1 Planning Stage

There are three types of conceptual estimation methods in the planning and schematic design
stages. The first method is the ROM (rough —order —of magnitude) method, or the calculation
method by pyeong or ni. This calculation method estimates the construction cost based on the
total gross area. The second method is the assemblies cost estimation method, which estimates
the cost based on the database of the costs of the individual components of a building such as
the base, roof, upper structure, lower structure, exterior wall, interior wall, interior, machine and
electricity, etc.  The third method is the calculation method by cost index. This method
estimates the cost using region, time series, or construction economy indices of similar types of
projects.

2.2 Design Development Stage

The semi-detailed cost estimation method was developed for use in decision-making on the
design within the budget of the owner. The major decisions related to the construction,
including the outline of the project, the use of each room, and the land arrangement. However,
Some parts of design or engineering construction are generally yet determined. Cost estimation
is possible only when the design has been complete. Therefore it is used with conceptual
estimation, when the design is incomplete or has yet been completed. This means that for
incomplete designs, cost estimation can be performed using the actual results database;
(reference historical data). And in complete designs, detailed cost estimation is performed
through the market price or labor cost calculation method, take off quantities. In other words,
the semi-detailed cost estimation method is applicable depending on the completeness level of
the development design. Both methods are practically performed in a mixed manner in each
type of design stage.

2.3 Construction Documents Stage

Detailed cost estimation is performed when the design specifications have been completed. The
estimator performing quantities take off all types of construction materials used in the project
and adds indirect costs to calculate the total construction cost.

In Korea, public and private organizations differ to the Standard Methods of Measurement. In
the USA, both types of calculation standards are used. The types are more widely known as
Uniformat(GSA) and Masterformat(CSl) in Korea. The selection of the format depends on the
personal preference or the strategy of the detailed estimation.
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3. Current Status of the SMM in Developed Countries
3.1 Status of SMM in Developed Countries

The details of the standard methods of measurement of other developed countries are based on
the study of AIQS (The Australian Institute of Quantity Surveyors) and RICS (Royal Institution
of Chartered Surveyors). The purpose of this study is to examine the current status of utilization
by developed countries of standard methods of measurement (SMM) and the roles of these
SMMs. Through this, it aimed to propose new domestic standard methods of cost measurement
and utilization SMM methods through a review of the current SMM. In the case of Australia, it
has about 10 years of history in SMM, and it went through four times the revision process. In
the case of the UK, three main concepts on SMM were introduced in the 1970s, and a
calculation concept related to the calculation method, time and quantities was proposed. In the
case of the UK, where the level of utilization of SMM is high, it aimed to enhance the utilization
level with respect to the integrated information concept of the project. The details were
introduced in SMM 7, which was announced through CPI (Coordinate Project Information) in
2000. CPI aims to integrate all the factors related to quantities measurement details to reduce
repetitive and wasteful factors, specifications and plans and to use them as a cooperative
information system.

3.2 Comparative Analysis of the SMM

The results of the current status of the SMM of each country are shown in Table 1. The results
explain the concrete details of the standard methods of measurement. In the case of Singapore,
the analytical details are shown in Table 1 (Singapore ; Purpose of SMM is to provide a uniform
basis of measurement, and Enabling the exchange of date between SMM, National Productivity
and Quality Specifications CAD drawings)

Table 1- General Rules and Recommendations — Identified similarities and differences

classification . .
Comparison analysis
country
Australia Purpose of SMM is to provide a uniform basis of measurement
Canada Work measured as net in position
Allows for the provision of Location Drawing and Bill Diagrams to aid the
Ireland S .
descriptions of time
United Location to be provided in descriptions unless evident from drawings or other
Kingdom information required to be provided by these rules
Purpose of SMM is to provide a uniform basis of measurement
Singapore Enabling the exchange of date between SMM, National Productivity and Quality
Specifications CAD drawings
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3.3 The Prototype of Cost Estimating by Utilized SMM in Initial
Design Stage and Construction Documents Stage.

The details of estimation, it is necessary to operate the Masterformat in the construction
documents stage. The Uniformat is able to utilization of the standard methods of measurement
in the schematic design and design development stages. The figure 1 is concept of utilization
SMM for cost estimating which is connecting in the construction documents stage and the initial
design stage through with the quantities take off (figure 1.) It is connecting labor cost and
equipment cost with the Quantities Take Off the works in each design stages.

Owner dedsion making
Elerments SMM —WB{Work breakeiown)
—— ATahble (Elements) skab
beam
B -H* I'd % k| A 3 3 3
(Master format) wall
| CTable ir
nflmen ;
Lk J Lk J L 4 4 L 4 L 4
Historical Cost, " National Standard
Quantities Data {SMM}Quantities Take off
I
I I |
. Labor Equipment
Material Cost Cost Cost

Figure 1- The concept of cost estimating by connected SMM in design stage.
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Table 2 - Sample historical cost and quantities date — Connected Materformat and Unit format

010103 reinforced concrete

unit [ quantities | material labor expense sum
ready mix [structure] | 25-270-15 M3 [15903.97 |0 0 0 0 0 0 0 0
ready mix [structure] | 25-240-15 M3 | 6244.6 0 0 0 0 0 0 0 0
pump car 100M3

M3 | 2670.06 775 2,069,296 | 8,138 21,728,948 | 3,622 | 9,670,957 | 12,535 | 33,469,201
(25/20) slump~12cm
reinforcing rod HD10 ton | 174.06 0 0 0 0 0 0 0 0
reinforcing rod HD13 ton | 566.38 0 0 0 0 0 0 0 0
reinforcing rod HD16 ton | 112.46 0 0 0 0 0 0 0 0
reinforcing rod HD19 ton |72.93 0 0 0 0 0 0 0 0
cutting and assemble | general ton |2633.72 10,400 | 27,390,688 | 336,600 | 886,510,152 | O 0 347,000 | 913,900,840
Circle form 1th M2 | 1716 8,600 | 14,757,600 | 36,600 | 62,805,600 |0 0 45,200 | 77,563,200
Board form 3th M2 | 24747 3,900 | 96,443,100 | 17,200 | 425,338,800 | 0 0 21,100 | 521,781,900
Uro-form wall M2 | 34237 2,500 |85,592,500 | 15,300 | 523,826,100 |0 0 17,800 | 609,418,600
vibrator M3 | 21929 241 5,284,889 |0 0 30 657,870 | 271 5,942,759

Table 3 - Sample cost on market and quantities take off data — Masterformat

(L(Jgr::;/rtl::::ss) Board Form (3th) Circle Form Uro-Form Concrete (M3)
FT 216 360 7,754
FT 216 0 360 7,754
B2 10,117 8,498 3,590
B1 10,941 8,061 4,464
Substructure 21,058 0 16,559 8,054
1 500 273 2,958 935
2 356 198 1,717 689
3 356 198 1,776 744
4 360 198 1,712 739
5 363 198 1,687 762
6 447 178 2,347 767
7 460 200 1,433 564
8 132 137 1,795 428
9 194 117 1,110 289
PH1 305 881 267
Superstructure 3,473 1,695 17,417 6,183
Total 24,747 1,695 34,335 21,991
Total compound cost 524,672,600 77,563,200 609,418,600 351,360,749
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4. Conclusions

The Uniformat is a standard method of measurement that can be used as a semi-detailed cost
estimation method by forecasted the quantities take off in the initial design stage. It is to used
subject to building components of the base, superstructure, substructure, the exterior walls and
finishing, etc. In spite of even in dazzling construction development in korea, effective cost
estimating methods such as Uniformat standard methods of measurement haven’t practically
been established yet. To enhance the accuracy of cost estimating in the planning design and the
development design stage, the quantities measurement methods of transforming from the
Masterformat to the Unitformat should first be performed. This study aims to encourage future
studies on a method of connecting the Masterformat and the Unitformat through case studies
with the historical data.
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Abstract

Cost estimates at the pre-tender stage of project development could determine whether a project
is dropped or continued. Thus accuracy of early stage estimate is an important piece of
information needed for decision-making at the pre-tender stage. This study explores project-
related factors which influence variance between conceptual cost estimate and tender sum and
in that regard investigates how the accuracy of early stage estimates could be improved. The
research comprised a postal questionnaire survey of quantity surveyors in Australia. The main
findings are: (1) the majority of the respondents believed that early stage estimating was either
an important or very important facet of the service offered by a Quantity Surveyor with between
10% and 40% of the total workload of their company being early stage estimating. However,
the majority were dissatisfied with the current level of estimating accuracy in Australia
Construction Industry (2) the three most important project-related factors influencing bias in
early stage estimate were project procurement method, location and project size while
consistency in estimates was believed to be mostly influenced by the three factors but with
project size ranking first, followed by project procurement method and location (3) Quantity
surveyors slightly agree on the relative effectiveness of 13 methods for improving accuracy of
estimates. The three most effective methods were: ensuring sufficient information is available at
the time of estimating, followed by ‘increased cost planning and control during the design
phase’ and ‘checking all assumptions with clients and consultants during the estimating period’.
Quantity Surveyors should note that there may be need for different approach to estimating
projects of different complexities, different location, with different procurement method. They
should also take note of the most effective ways of improving estimate accuracy identified in
this study.

Keywords: Estimating, Conceptual cost, Estimate, Tender sum, Quantity Surveyors, Australia
1. Background
A large part of the Quantity Surveyor’s role in the construction industry is to provide certainty

of cost through estimating process. Estimates are typically carried out by the Quantity Surveyor
early in the project at the design and feasibility stage and again at tender stage. When the project
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is finished, the Quantity Surveyor is often left with three figures namely the initial (conceptual)
cost estimate, the tender estimate and the final completion cost. These three figures are often
different, raising the question of estimate accuracy.

Early stage estimating accuracy is particularly important as these estimates are often prepared
within a limited timeframe, without the aid of a finalised project scope. Decisions with large
consequences regarding project and investment are often based largely on the outcome of this
estimate. Biases in estimates can be attributed to two areas associated with the process, namely,
biases associated with the project itself (will be the same regardless of the estimator) and biases
associated with the estimating technique and environment (which would change depending on
the estimator). This aim of this research is to explore project characteristics influencing the
variances between conceptual cost estimate and tender estimate and in that regard investigate
the most effective ways of improving the accuracy of early stage estimates.

This study is important because the knowledge gained could help quantity surveyors and
estimators so that they are aware of which project areas may need special attention and what
information or practices would be most effective in improving the accuracy of their estimates.

2. Theoretical Framework
2.1 What is Early Stage Estimating Accuracy

Serpell defines conceptual (early stage) estimating as “the forecasting of project costs that is
performed before any significant amount of information is available from detailed design and
with still incomplete work scope definition” [1]. (Skitmore describes the accuracy of early stage
estimates as a comprising three aspects, namely bias, consistency and accuracy of the estimate
when comparing the forecast (estimate) with the contract price [2]. Bias is concerned with “the
average of differences between prices and forecasts”, measures of consistency are concerned
with “the degree of variation around the average” and accuracy is considered as an overall
combination of both bias and consistency. This study examined accuracy of early stage estimate
in terms of bias and consistency and is concerned with the variances between forecast and the
accepted tender or contract sum.

2.2 Importance of Early Stage Estimate

After an early stage estimate has been produced, it will serve many purposes for the client. The
estimate becomes one of the most important pieces of information for decision making at the
conceptual stage [1]. It determines whether the project proceeds or is scrapped. The estimate
provides initial information that are used to (a) decide on the financial feasibility of the project
(b) evaluate alternatives to the project [3] and when the project proceeds, the estimate will (a)
serve as a tool for budgetary control and (b) serve as a management tool [4]. Should further
estimates on the project be required, the accuracy of the initial estimate is important, as Trost
and Oberlender stated — “Early estimates, even when grossly inaccurate, often become the basis
upon which all future estimates are judged”[5]. However, if estimates are inaccurate, they lose
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their effectiveness as tool for these outlined purposes. Clearly, an estimating error at early stage
of the project development cycle could lead to misguided business decisions being made, which
may not only jeopardize the success of the investment but could also have long term
consequences for the performance of the investor.

Therefore, in order to enhance clients’ satisfaction in the Quantity Surveyor’s professional
services, there is a growing need to provide accurate early stage estimates, so that cost certainty
from the early stages of project development is assured.

2.3 Factors Driving the Accuracy of Early Stage Estimate

Gunner and Skitmore summarised the factors relating to accuracy, bias and consistency
identified in previous studies [6]. These were building function, type of contract, conditions of
contract, contract sum, price intensity, contract period, number of bidders, good/bad years,
procurement basis, sector, number of priced items, number of drawings and price forecast.
When analysis was performed on 181 projects from the office of a Singapore Quantity
Surveyor, the results found that bias existed for the vast majority of the variables measured.
Ling and Boo found similar results when they compared 5 variables against Gunner and
Skitmore’s work using 42 traditional procured projects from the offices of a Singapore Quantity
Surveyor [7]. Skitmore and Picken studied the effect that four independent variables (building
type, project size, sector and year) had on estimating accuracy and tested these variables against
217 projects from a Quantity Surveyor based in the USA [8]. They found that bias existed in
project size and year, and consistency errors existed in project type, size and year. Trost and
Oberlender in their study of 67 process industry construction projects from around the world,
identified 45 variables contributing to early stage estimate accuracy and arranged them into 11
orthogonal elements affecting accuracy, the five most important being basic process design,
team experience and cost information, time allowed to prepare the estimate, site requirements,
bidding and labour climate [5]. Together, these studies tend to all suggest that a large number of
variables substantially contribute to early stage estimating accuracy. The present study
investigates project-related factors influencing the accuracy of early stage estimate.

2.4 Methods for Improving the Accuracy of Early Stage Estimate

Ling and Boo investigated the causes and suggest 13 measures to improve estimate accuracy
[7]. When industry professionals were surveyed, ensuring proper design documentation and
information management was found to be the most popular measure to improving estimate
accuracy, followed by checking all assumptions during the estimating process and thirdly,
providing a realistic timeframe in which to undertake the estimate. However, a possible shortfall
exists in this research, as the respondents appear to have only been able to select from the
thirteen options, which may have restricted some responses
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3. Research Method
3.1 Data Collection and Sampling

A quantitative research method was adopted to address the objectives of the study. A
questionnaire was designed for data collection. The questions relates to the profile of the
individual completing the questionnaire and the company profile; respondent’s views regarding
importance of early stage estimate; respondent’s company workload on early stage estimate and
whether they are satisfied with current level of estimate accuracy; respondent’s views regarding
7 project characteristics that could influence the accuracy of early stage estimate and 12
potential methods for improving the estimates. Depending on the nature of the question,
respondents were asked to indicate their answers on a five-point Likert scale. To anchor the
Likert Scale, relevant nomenclatures were assigned to the response options.

The questionnaires were sent to Quantity Surveying firms around Australia. The respondents
were selected from the list maintained by the Australian Institute of Quantity Surveyors (AIQS),
the most recognised Quantity Surveying body in Australia [the list may be accessed at
www.aigs.com.au/Find_a_member/QSFirms.asp). Sampling for the survey was done at random,

with two out of every three Quantity Surveying firms listed by the AIQS selected to be
surveyed, starting with the first company listed. Surveys were mailed to 102 Quantity Surveying
firms and included an invitation/plain language statement and a stamped self addressed return
envelope.

3.2 Response Rate and Characteristics of Sample

Of the 102 quantity surveying firms sampled, 41 responded representing a response rate of 41%.
Figure 1 shows the questionnaire distribution and response rate according to 8 states in
Australia. Return rates were greatest for Western Australia and Queensland, with 54.5% and
54.1% return rates respectively. Seventy-three percent of the firms have more than 6 technical
staff. Ninety percent of survey responses were completed by either a Director or Associate of
the firms. Eighty-one percent of survey respondents have had over 15 years experience as a
Quantity Surveyor.
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Survey Summary

40

35

30

25

20

15

Number of surveys

10
5 7L

o -
ACT NSW NT QLD SA TAS VIC WA

M Mailed Out 5 38 2 24 4 1 17 11
Returned 1 13 0 13 2 0 6 6
State

Figure 1- Questionnaire Distribution and Response

With the experience of the respondents and their designations in their respective firm, it was
understood that the data came from the highest echelon of the Quantity Surveying profession in
Australia, and can therefore be relied upon with confidence.

3.3 Data Analysis Approach

Relative Importance Indices were determined and used to rank methods identified to contribute
to bias and inconsistencies in early stage estimate, and methods used to improve early stage
estimating accuracy. Relative importance Indices was computed for each factor or method using

the following expression:

RII =_A
BxC
A = total Score; B = highest response option;  C = total Number of responses

Agreement among Quantity Surveyors regarding the ranking of the methods for improving early
stage estimating accuracy was tested using Fleiss’ kappa statistics. Fleiss’ kappa statistics is a
measure of inter-rater reliability and is able compare multiple sources of data.
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4. Results

4.1 Importance of Early Stage Estimating and Workload of
Respondents’ Firms

Analysis of survey questions revealed that for 71% of the respondents, more than 50% of the
projects brought to them by clients included some form of early stage estimate. For 68% of
respondents, between 10% and 40% of the total workload of their firm is on early stage
estimating. Based on these results, it was understood that the respondents and respondents
company have sufficient experience on early stage estimating. Thus their responses can be
relied upon.

Percentage of Jobs Requiring Early Stage
Estimating
2% g,
10%
& less than 10%
2% 10 - 20%

0 20-30%
m 30-40%
W 40-50%
O More than 50%

7%

72%

Percentage of Company Workload Engaged
in Early Stage Estimating

&l Less than 10%
10 - 20%

@ 20-30%

0 30-40%

W 40-50%

O More than 50%

7%

Ninety-eight percent believed that early stage estimating was either an important or very
important facet of the service offered by a quantity surveyor. Similarly, 98% indicated that
accurate early stage estimates were either important or very important in terms of overall project
success.
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Importance of Early Stage Estimating as a
facet of the QS service

29
" 10%

O Neither
W Important
O Very Important

88%

4.2 Satisfaction with the Current level of Estimating Accuracy and
Acceptable Tolerance level

When the respondent were asked on their satisfaction with the current level of estimate accuracy
in the industry, 63% indicated they were either very dissatisfied, dissatisfied or neither satisfied
nor dissatisfied. No respondents indicated they were very satisfied with current levels of early
stage estimate accuracy. The results suggest that the respondents are not satisfied with the
current level of estimating accuracy. When asked about acceptable tolerances in terms of
deviation between early stage estimate and accepted tender price or contract sum, 78% of
respondent indicated that a deviation of +£10% is acceptable.

Satisfaction with Current Accuracy Levels in
Industry

7% 5%

O Very dissatisfied
M Dissatisfied

O Neither

M Satisfied

No response

To explore the accuracy of early stage estimate, sample cost data on 56 projects completed in
the last 10 years was analysed. The contract value of the projects range from A$712,774 to
A$543,875,324 and have a combined value of A$1,805,681,596 when brought to 31 December
2006 price. The projects have gross floor area (GFA) ranging from 168 m”* to 276,094 m* while
the combined GFA for all the projects stands at 1,103,223 m”. It was found that the early stage
estimates of the projects are on the average biased and are overestimated by 4.29%.

While the findings suggests that the accuracy of early stage estimate is unsatisfactory in
practice, the level of bias in the estimate of the sampled projects seamed to fall within the
tolerance level £10%. The reason for the inconsistency may be because the cost data used are
from projects procured in Melbourne while survey data is from quantity surveyors across
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Australia with only 14% from Melbourne (Victoria). Thus the accuracy of the cost data is
limited to projects in Melbourne. Future research need to make use of cost data from around
Australia so as to obtain accuracy level that may be generalised for Australia.

4.3 Factors Influencing Bias and Consistency of Early Stage
Estimate

Table 1 shows the results of Relative Importance Indices analysis of the respondents’ perceived
extent to which different factors (project characteristics) contribute to systematic bias and

consistency of early stage estimates.

Table 1 Project Factors Influencing the Accuracy of Estimate

Bias Consistency
Project Characteristics Mean | Total | RIl; | Ran | Mea | Total | RIl, Ran

Score | Score k n k
Project Size 3.59 140 0.718 | 3 3.78 151 0.755 |1
Type 3.10 121 0.621 | 5 338 | 135 0.675 |5
Procurement Route 3.74 146 0.749 | 1 3.75 150 0.750 |2
Year of Construction 3.49 136 0.697 | 4 3.55 142 0.710 |4
Sector 2.92 114 0.585 | 6 298 | 119 0.595 |6
Location 3.69 144 0.738 | 2 3.75 150 0.750 |2
Principle Structural | 2.90 113 0.579 | 7 295 | 118 [0.590 |7
Material

RIl; = Relative Importance Indices of factor

The results (Table 1) indicate the way a project is procured, followed by its location and size
would contribute most to overall bias experienced in the early stage estimate. These three
factors were also perceived to have the most significant effect on consistency of estimates, with
the size of project ranking first followed by the way it is procured and location. The principal
structural material and the project sector were perceived to contribute least to both bias and
consistency of early stage estimates when compared to the other factors.

4.4 Effectiveness of Methods for Improving the Accuracy of Early
Stage Estimate

Results in Table 2 indicate that ‘ensuring sufficient information is available at the time of
estimating’ is the most effective method of improving early stage estimating accuracy. This is
followed by ‘increased cost planning and control during the design phase’ and ‘checking all
assumptions with clients and consultants during the estimating period’.
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Table 2

Ranking and T test of Methods for Improving the Accuracy of Early Stage Estimate

Improvement Mean | Total Score RIlyy | Rank | ttest
Method (one tailed) (t> 3)

t value p value
M, 4.13 157 0.826 | 5 6.85 0.0000
M, 4.18 167 0.835 | 4 8.23 0.0000
M; 4.62 180 0923 | 1 14.98 0.0000
M, 4.20 172 0.839 |3 7.81 0.0000
M; 3.65 146 0.730 | 10 4.11 0.0001
Mg 3.88 155 0.775 | 7 6.49 0.0000
M; 3.44 134 0.687 | 11 2.74 0.0047
Mg 3.38 132 0.660 | 12 2.07 0.0230
My 3.82 149 0.745 | 8 5.14 0.0000
Mo 4.33 169 0.845 | 2 9.27 0.0000
My, 3.82 145 0.744 | 9 6.57 0.0000
M, 4.03 153 0.785 | 6 7.15 0.0000

RIIy; - Relative Importance Indices of Method

Legend:

M; - Ensure proper design documentation

M, - Establish effective communication and co-ordination between members of the project team
M; - Ensure sufficient information is available for estimating

M, - Check all assumptions with clients and consultants

M:; - Establish formal feedback for design and estimating activities

Mg - Provide a realistic timeframe for estimating activity

Mj5 - Use a more rigorous method of estimating

Mg - Incorporate market sentiments and economic conditions into the estimate by way of
simulations, probability and utility functions

M, - Incorporate other market sentiments and economic conditions into the estimate

M, - Increase cost planning and control activities during the design stage

My, - Improve methods of selection, adjustments and application of cost data

M, - Update cost database with new cost analyses and provide feedback for improving estimate
accuracy

The result is different from findings of Ling and Boo in Singapore where

4.4.1 Testing for Agreements

To check whether all quantity surveyors agreed with the raking of the effectiveness of methods

used to improve accuracy, Fleiss’ kappa statistical measurement (k) was estimated. The result of

Fleiss’ kappa statistical measurement shows that:

Kk =0.045
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According to Landis and Koch agreement between respondent is Almost Perfect if k = 0.81 —
1.00; Moderate if k¥ = 0.41 — 0.60; Fair if « = 0.21 — 0.40; Slight if « = 0.0 — 0.20 and Poor if
< 0.00 [9]. In this study the measurement k = 0.045 indicates that quantity surveyors only
slightly agree with each other on the effectiveness of methods for improving early stage
estimating accuracy. However, a one sample t test (table 2) shows that all the methods are
effective (mean greater than 3 at p < 0.05). Thus it is likely that quantity surveyors consider all
method to be an effective means of increasing the accuracy of early stage estimates. However,
each firm uses a differing combination of improvement methods, which could explain the slight
value of agreement between firms.

5. Conclusion and Recommendations

Early stage estimating is an important or very important facet of the service offered by a
quantity surveyor. The accuracy of early stage estimates is important in terms of overall project
success and it forms a substantial part of quantity surveying firms’ workload in Australia.
Despite the importance, there is dissatisfaction with the current levels of early stage estimating
accuracy within the Australia construction industry. Project procurement method, location of
project and project size are the three most important project-related factors driving the level of
bias and inconsistencies in early stage estimates when compare with the accepted tender sum.
Quantity surveyors should note that there may be need for different estimating approach and
process when working with project of varying size and complexities, varying procurement
method and in different locations in Australia. Also, the accuracy of early stage estimate could
be improved by ensuring that sufficient information is available at the time of estimating,
increasing cost planning and control during the design phase and checking all assumptions with
clients and consultants during the estimating period. More time and effort should be directed at
understanding client’s requirements during early stage estimating process. Accuracy of
estimates could be improved using other methods such as giving adequate time for estimating,
effective communication between project team, rigour in estimating process, adequate update of
cost data base.
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Abstract

The technique for calculation of home office overhead damages, a claim category on
construction projects, has been widely debated. The Eichleay Formula is a well known
technique for such claims, that evolved over the past 47 years. This paper provides concepts of
compensable home office overhead damage due to a project delay, the evolution and required
prerequisites for using the Eichleay formula, and alternate formulas and techniques used. A
“Direct Method” is proposed, which is simpler to apply. In the final analysis, obtaining a 100%
accurate estimate of home office expenses is impractical, if not infeasible.

Keywords: Eichleay, Compensable, Home Office, Claim
1. Introduction

Home office overhead expense damages incurred due to project delay are called ‘unabsorbed
overhead’. The most commonly applied method for calculating home office overhead claims
for damages due to delay is the “Eichleay Formula”. This paper focuses on several areas
relating to the Eichleay Formula and its evolution, and provides an explanation of the elements
of the formula and alternate formulae for calculating unabsorbed overhead. The paper will
present criticism surrounding the use of the Eichleay Formula. Various techniques for
calculating unabsorbed home office overhead will be presented, and the results will be
compared and analyzed. All known techniques have been pulled together in this study.

2. Items in Home Office Overhead

Home office overhead normally consists of costs such as rent, utilities, furnishings, office
equipment, executive staff salaries, support and clerical staff salaries, project related staff
(engineers, estimators, schedulers), mortgage costs, outside legal and accounting expenses,
depreciation, auto travel, professional trade licenses and fees, employee recruitment, relocation,
training and education, photocopying, entertainment, contributions, donations, postage, cost of
preparing bids, review of submittals, taxes, advertising, insurance premiums, interest costs, and
data processing/computer costs.  The contractor needs to pay or recover these costs by
allocating these costs to the projects it performs (Taam and Singh, 2003). The unabsorbed
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home office overhead that will be discussed here consists of the home office overhead for which
the contractor is not paid for work that is really compensable.

3. Evolution of the Eichleay Formula
3.1 History of the Formula

Before 1940, unless expressly permitted by the contract, the contractor could not recover
consequential damages for government delay (McCord v. United States)'. The bias towards
owners is found to increase as one checks case law further back in history. The U.S.
government’s position in earlier centuries was simply that it had paid for the right to change the
contract. In 1945, however, in the case of Fred R. Comb Co. v. United States ", the Court of
Claims found the government liable to the contractor for home office damages caused by delay.
The court also found that the government, having breached its contract, had no right to state that
a contractor will go uncompensated. This laid the foundation for the emergence of the Eichleay
formula, which set up criteria and formulae for calculating compensation due to the contractor.

The Eichleay Formula originated from a decision by the Armed Services Board of Contract
Appeals in 1960, Eichleay Corporation v. United States "". In its appeal before the Board, the
Eichleay Corporation proposed a formula for calculating the damages. The Board accepted this
formula as a reasonable method for calculating the damages (Trauner, 1990).

3.2 The Eichleay Formula
The Eichleay formula is a three-step process as per the following formulae:

(Actual Billings for Delayed Contract x Total Actual Billings for Period (All Contractor
Contracts)) + Total Home Office Overhead for Period = Overhead Allocable to Delayed
Contract (OACD) -(1)

OACD =+ Days of Performance = Daily Contract Overhead for Delayed Contract -(2)

Daily Contract Overhead for Delayed Contract x Number of Days Delay = Overhead Claim
Amount for Delayed Contract -(3)

A step-by-step example of the Eichleay Formula, using the data in the example shown later,
yields a value of $6,667.

The Eichleay Formula first determines the allocation of home office overhead for a particular
project. Next, it takes a portion of the allocation and applies it to the total days of performance,
which results in a daily home office overhead cost. Finally, the Eichleay Formula calculates
compensation due to a contractor for an owner-caused delay by multiplying the daily overhead
rate with the days delayed. The formula is an attempt to provide a realistic basis for allocating
home office overhead costs.
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3.3 Acceptance of the Eichleay Formula

Since its inception, the Eichleay Formula has gained considerable acceptance, but courts and
boards have generated numerous opinions concerning its application, going alternately back and
forth on it. For example, in Excavation-Construction, Inc. v. United States ", the board
recognized the use of the Eichleay Formula to determine the cost not only of a suspension of
work, but also of a delay caused by extra work. In Wickham Contracting Co. v. Fischer ¥, the
3" Federal Circuit held that the Eichleay formula was the exclusive means available for
calculating unabsorbed overhead, overruling the earlier decision by the GSBCA (General
Services Board of Contract Appeals). In Capital Electric Co. v. United States", 1984, the 2™
Federal Circuit reaffirmed the applicability of Eichleay. However, disputes continued as to
whether the Eichleay formula was the only correct method and whether other formulas led to a
more accurate calculation of unabsorbed overhead (Peckar and Abramson, 1999).

3.4 Arguments against the Eichleay Formula

The most common argument against the use of the Eichleay Formula is that the contractor is
already compensated for home office overhead in his markup of direct costs on changes, and
therefore, requires no further compensation. The problem with this argument is that a contractor
receives the markup regardless of whether or not the change causes a delay.

The Eichleay formula is often challenged and criticized in two principal areas by auditors,
private and government attorneys, and judges. These two areas are (1) the overall concept of
unabsorbed overhead, as covered in the Eichleay formula; and (2) the accuracy of the formula.
In Wickham Contracting Co. v. U. S. Dept of Defense ", the GSBCA claimed that Eichleay was
entirely theoretical, and that the Eichleay formula, which is a simple proration, cannot give a
correct result because it has no mechanism for allocating wasted overhead where there are two
or more delay sources (Kaufmann and Holman, 1995).

Cibinic (1991) also took issue with the Eichleay formula by stating:

The Eichleay formula does not take into consideration the first and most important
factor --- how much fixed overhead would have been allocated to the contract. In
addition, it calls for a determination of the total overhead incurred during the contract
period. This too, is defective; since fixed overhead (the subject of unabsorbed
overhead) is incurred for accounting periods (usually the contractor’s fiscal year), not
contract periods (which would equate with the contractor’s fiscal year in only the most
rare and unusual coincidence).

3.5 Abrasion and Reinstatement of the Eichleay Formula
As a result, courts minimized the formula in the late 1970’s and early 1980’s. A judge for the

GSBCA predicted its complete demise. Non-government contract forums were the first to reject
the use of the Eichleay formula; courts in New York"" and Texas™ both refused to apply it in
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construction delay cases. The low point for Eichleay was the GSBCA decision in Capital
Electric Co.*, where Judge Lieblich stated:

[We can be confident] ... that the government will never again go along with any payment to a
contractor for “extended overhead” nor will it ever again agree to the application of the
Eichleay formula to any overhead calculation in a construction case. Whether distinguished or
overruled, those prior decisions will be dead letters hereafter.

Within one year, however, the U.S. Court of Appeals for the 2" Federal Circuit reversed the
Capital Electric decision and reinstated the contractor’s right to utilize Eichleay.

3.6 Compensability Criteria for the Eichleay Formula

Since the inception of Eichleay in 1960, courts have required prerequisite criteria to determine
whether a particular situation would qualify for application of the Eichleay Formula. The first
criteria is the uncertainty of the delay or standby period, and the second criteria is the
“practicality” and “possibility” for the contractor to take on additional work, which would
“absorb” the home office expenses during the period of delay. “Standby” is defined as an order
by a contracting office to not perform any further work on a contract until requested to do so by
the contracting officer.

The first criteria was upheld in Community Heating & Plumbing Co., Inc. v. Kelso . Again, in
C.B.C. Enterprises, Inc. v. United States ™, the contractor appealed the Navy’s denial of an
extended overhead claim. The courts found that there was no suspension, delay, or disruption of
work and that the period of performance was known. Recovery is permitted only when a “cloud
of uncertainty” exists regarding the period of performance.

In Interstate General Government Contractors v. West X' the contractor claimed unabsorbed
overhead costs because of government-caused delay subsequent to a standby. In this case, the
project was completed 13 days early, but the standby was prolonged. The Federal Circuit
implemented a three-part test that needed to be met whenever a contractor completes a contract
early:

e The contractor must prove that it intended to complete the contract early.

¢ the contractor must prove that it had the capability to do so, and

e It must prove that it actually would have completed early, but for the government’s
action.

The test is to assure prevention of a contractor receiving double payment on its overhead
claim.¥ However the universal rationality of this test does not seem to have been established.
The test is much like the victim of an injury in torts having to prove he had no intention to
injure himself, a requirement that is not entertained in modern tort law.
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In Wickham Contracting Co. vs. Fischer, the Federal Circuit court affirmed that the Eichleay
Formula was the exclusive formula to use to calculate home office overhead damages when the
Eichleay prerequisites were met. The prerequisites for use of the Eichleay formula are standby
with uncertainty, and the impractical ability to take on additional work during the delay period
to absorb the home office overhead. Since Wickham, the question in most government delay
damage cases has been more a question of entitlement instead of a contractor having to prove
damages in order for use of Eichleay.

In West v. All-State Boiler ™, the court found that the government could not meet its burden by
showing either: “(1) that it was not impractical for the contractor to obtain other work to which
it could reallocate its indirect costs; or (2) that the contractor’s inability to obtain other work
was not caused by the government’s suspension...” This decision further clarified the second
prerequisite of a contractor not having to prove that it was impossible to take on new work, but
only that it was impractical to do so (Peckar and Abramson, 1999).

In Melka Marine, Inc. v. United States *', the Court further clarified that when the government
identifies with certainty the date on which its delay will end, the standby test is not met.
Standby requires an uncertain delay period where the government can require the contractor to
resume work.

Naturally, many of these prerequisites are harsh and unwarranted, making recovery quite an
onerous task for the contractor.

4. Alternate Techniques and Formulas
4.1 Other Formulae and Techniques

Critics of the Eichleay formula have suggested the use of various formulae and methods for use
in calculating unabsorbed overhead damages, depending on the situation. Alternate techniques
include ten methods, including one designed by the authors. These are the Comparative
Absorption Rate Method (CARM), Burden Fluctuation Method, Carteret Method, Allegheny
Method, Canadian Method, Modified Eichleay Method, Calculation based on Actual Records,
Total Direct Cost Allocation Method (DCAM), Specific Base Allocation Method (SBAM), and
Direct Method. Not all the methods can be discussed here for want of space, but the most
important and representative ones will be described. The interesting factor about these alternate
techniques is that they do not come with strings attached, such as the prerequisite criteria of
Eichleay. Such is the nature of case law on this topic.

The following example will be applied to above methods to calculate unabsorbed home office

overhead (McDonald and Baldwin, 1989). A summary of the results for comparison purposes is
provided later.
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4.2 Example Situation

The example applied to the formulas and methods to follow, is described: A project could have
been performed by the contractor for a price of $400,000 over a four-month duration assuming
no change orders were issued, and no suspensions of work or other delays were encountered.
The contractor, in this example, has a fixed home office overhead rate of $40,000 per month,
has $100,000 of monthly billings on this contract, has $400,000 per month from other contracts,
and thus regularly does $500,000 worth of total business per month including the contract in
question.

Under the contractor’s “potential performance,” contract billings are made through months 1
and 4 (both inclusive). Total billings stay at $500,000 for all months and reflect what would
have happened but for any changes or delays by the owner on this project.

In the “actual performance”, there is a one-month suspension in the third month: the contractor
has to forego contract billings for that month, but still must carry a home office overhead. Thus,
while total billings are $500,000 for all months, they fall by $100,000 in month 3.

4.3 4.3 Burden Fluctuation Method

This method determines unabsorbed overhead by finding the increase in the absorption rate and
allocating that increase to the non-contract work, which was forced to bear more than its fair
share of overhead expenses. The burden fluctuation method has been used by courts and boards
to calculate manufacturers’ unabsorbed overhead claims.

Total Billings - Contract Billings = Other Contract Billings -(4)
Actual Overhead Rate - Potential Overhead Rate = Burden Fluctuation -(5)
Burden Fluctuation x Other Contract Billings = Unabsorbed Overhead Claim -(6)

Under the Burden Fluctuation Method, the contractor could claim a 0.33 percent increase in his
overhead rate for the example considered, resulting in a claimed amount of $6,600.

4.4 Modified Eichleay Method

The Eichleay Formula tends to understate the overhead rate because it considers and includes
the delay period in the formula calculation for the disputed contract. The Modified Eichleay
Method changes this by deleting the days of delay from the number of days in the contract
performance period (Equation 8). The result will be a higher Daily Overhead Rate. The
Modified Eichleay Formula is provided below. A simple calculation yields unabsorbed
overhead = $8,333.

Actual Billings for Delayed Contract + Tot. Actual Billings for Period (All Contractor
Contracts) x Total Home Office Overhead for Period = OADC - (7)
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OADC + Days of Performance (less delay period) = Daily Contract Overhead for
Delayed Contract - (8)

Daily Contract Overhead for Delayed Contract x Number of Days Delay = Overhead Claim
Amount for Delayed Contract - (9)

45 The Canadian Method

This method is used extensively in Canada (Trauner, 1990). The Canadian Method uses the
contractor’s actual markup for overhead in its calculation. This markup is based on bid
documents or audit records. An audit of the contractor’s records will determine a percentage
based on history. The result for the example is $8,000.

Percentage Markup (from bid docs or audit) x Original Contract Sum + Original Number of
Days in the Contract = Daily Overhead Rate - (10)

Daily Overhead x Number of Days of Compensable Delay = Compensation for Home Office
Overhead - (11)

4.6 The Allegheny Method™

This formula focuses on the difference in overhead rates between the actual period of
performance and the originally expected period of performance. The excess overhead rate is
multiplied by the contract base costs to determine the unabsorbed overhead amount. This
method yields only a rough order of magnitude estimate of the damage, since the two periods
will be intermixed and the excess overhead is calculated on the costs of the contract amount
(Cibinic, 1991). For the example, unabsorbed overhead = 0.33% * $2,400,000 = $7,920.

Incurred Overhead Rate during Actual Period - Incurred Overhead Rate for Projected
Performance Period = Excess Rate of Overhead - (12)

Excess rate of Overhead x Base Costs of all Contracts = Unabsorbed Overhead - (13)

4.7 Total Direct Cost Allocation Method
The Total Direct Cost Allocation Method allocates the direct costs incurred to calculate the
overhead rather than what has been billed (Hewitt, 1986). The calculation for the method is as

follows. For the example, unabsorbed overhead = $10,000 * 1 = $10,000.

Overhead Applicable to the Disputed Contract, OHDC = Disputed Contract Direct Costs x
Total Company Overhead + All Other Contract Direct Costs - (14)
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Daily Overhead Rate, DOR = OHDC + Days of Contract Performance (less delay days)- (15)
Overhead Cost Claimed, COH = DOR x Days of Delay - (16)

The total direct cost approach suffers from a number of weaknesses. It does not consider the
differences in the cost components from a contractor’s various projects. The methodology
assigns the same overhead rate calculation to every project. Normally, rates are determined
based on the type of work involved in the contract. Overhead rates would vary based on the
level of effort required.

4.8 Specific Base Allocation Method (SBAM)

SBAM is a substantially accurate allocation approach, but is also considered the most
complicated and expensive to use (Hewitt, 1986). SBAM allocates overhead costs based on the
specific characteristics of a job and each overhead cost element. SBAM would only be a
practical approach if the methodology for collecting data was already in place or when the claim
amount can justify the analysis expense. The method involves creating indirect cost pool
accounts and a basis for allocating the accounts to each contract. This involves developing,
comparing, and establishing cost relationships for all elements. The costs for overhead items
are allocated to each job based on the established percentages of the overall item cost. Of the
various established techniques, SBAM comes closest to counting the dollars in detail the exact
way they are allocated. This is, of course, time consuming and tedious. For the example,
unabsorbed overhead = $8,000.

Allocation Basis (AB) = Allocation Item Cost on Disputed Jobs + Allocation Item Cost on All
Jobs - (17)

Allocated Overhead of Pool Account (AH) = Pool Account Costx AB  -(18)
Average Daily Overhead (ADOH) = AH + Total Contract Days - (19)
Claimed Overhead Cost s= ADOH x Days of Delay - (20)

4.9 Calculation Based on Actual Records

In the calculation of damages based on actual records, the contractor needs to provide detailed
accurate records of his home office overhead expenses that will support his claim. In providing
the records, the contractor will need to determine the percentage of effort expended for this
project performance period or during the delay period. This percentage can be applied to the
fixed home office costs, which will result in an allocation for the particular project (Trauner,
1990). This procedure requires detailed accounting procedures, from a record-keeping
standpoint, which can be quite onerous. However, the effort may produce substantial benefits to
the contractor, which might otherwise not be realized (Ernstrom and Essler, 1982). This method
is very accurate if used precisely, and requires no formulas, which is a welcome benefit.
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4.10 The Direct Method

The Direct Method is a method proposed by the authors, since it espouses a one-step
calculation.

Planned Overhead Rate x Planned Earnings during the delay period = Unabsorbed Overhead -
(21)

For the example, unabsorbed overhead = 8.00% * $100,000 = $8,000. The calculation of
unabsorbed overhead should really not be more complex than this, and this reflects exactly what
the contractor would have earned on the home office overhead had there been no delay or
standby. The expected (i.e. planned) production during period of delay can be known from
client-approved contractor schedules, the information for which should be readily available. On
complex, high-volume projects, especially those of the Department of Defense, earned value
reports are mandatory, so the expected earnings should be available and easily acquired. For
this particular example, the result of the Direct Method agrees with the Canadian, Comparative
Absorption Rate, the Carteret, and Specific Base Allocation Methods. The important factor in
the “Direct Method” is that the planned earnings are based on the latest updated schedule.
There needn’t be any interference from Total Billings in the calculation of unabsorbed overhead
for a specific project, and the Direct Method has taken this into account. The Direct Method is
much less convoluted than the other methods presented. It consequently appears evident that
attorneys and judges, in their ignorance of construction engineering and management, have
made a simple process as complicated as possible.

5. Summary of Unabsorbed Overhead Calculations

The results for unabsorbed home office overhead damage calculations for each alternative are
provided below:

Burden Fluctuation Method $6,600
Eichleay Method $6,667
Allegheny Method $7,920
Canadian Method, CARM, Carteret, SBAM and Direct Methods  $8,000
Modified Eichleay Method $8,333
Direct Cost Allocation Method $10,000

6. Discussion

The median result of all methods is $8,000. The mode is the same, as well. The Eichleay
Formula calculation, at $6,667, is approximately 20% lower than the median. It appears that
various claimants have used different, but rational approaches to calculate the value of
unabsorbed home office overhead, each which have been upheld by courts and boards.

Results for the various alternatives and methods vary, predicated by the particular situation,
conditions, and assumptions used in each particular method. All the alternative methods have
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been used at some time or the other to calculate compensable damages for unabsorbed home
office overhead due to delay. Each alternative and technique is based on assumptions, have
their own formulas, their individual issues and weaknesses, and they all result in estimates or
approximations of the damage.

7. Summary and Conclusions

The history and evolution of the Eichleay formula for unabsorbed overhead expenses, first
developed in 1960, were presented and discussed. The calculation of unabsorbed overhead still
continues to dog owners and contractors alike. Multiple issues and criticism has risen on the
use and application of Eichleay. Case law and court decisions that shaped the prerequisite
criteria for use of the Eichleay were studied, and alternate methods and formulae for the
calculation of damages for unabsorbed home office overhead due to delay were presented. The
calculation of the results were summarized and discussed.

The alternate methods have similarities and differences. Even critics of the Eichleay formula
acknowledge the difficulty in the determination and calculation of delay overhead damage costs.
However, many of these alternate methods utilize questionable assumptions, end up
approximating the damages, and often result in some of the same problems alleged against the
Eichleay formula.

An exact method or calculation is probably quite impossible to develop, unless actual overhead
expenses are accepted, in which case dividing the extra expenses from contractual expenses can
be a knotty problem. Therefore, the goal, given the circumstances, is to determine a fair
allocation for compensating a contractor for the delay. Consequently, the Direct Method is
proposed as an alternate method for the calculation of unabsorbed overhead. The Direct
Method is a simple, straightforward, and realistic method for calculating unabsorbed overhead
damages and is simpler to use and apply, using, as it is, only a one-step process. Subsequent to
all the convoluted techniques studied, it appears reasonable to recommend the straightforward
Direct Method, better even than the widely adopted Eichleay.
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Abstract

Infrastructure projects, such as road construction, are one of the most important projects In
Indonesia. They contribute significantly to the national economic growth. Data from Indonesian
Bureau of Statistics shows that budget for road construction project is still the largest compared
to other infrastructure projects. Effective cost control in Indonesia’s road infrastructure project
need to be done in order to better support the economic development. Controlling cost overrun
can be done in several ways. Before-process variance is the most effective way because cost
overrun is measured early in the beginning of project phase. This makes contractor can focus to
develop option of responses planning to avoid such cost overrun through risk avoidance, risk
transfer, risk reduction, or risk absorption. This paper discuss the factors that influence
contractor’s risk response planning in controlling and monitoring cost of road construction
project in Indonesia. The research was done using case study in two major contractors in
Indonesia. Data analysis is done by Analytic Hierarchy Process (AHP) method in order to
obtain priority of the factors. The analysis indicates that personnel’s risk attitude as the most
influence factor. Risk identification and macro level external factor have the equal rank in
second place, and project level external factor is the least influencing factor in construction
contractors’ risks response planning.

Keywords: Infrastructure, road, construction, risk response, cost control

1. Introduction

Infrastructure projects, such as road construction, are important part of Indonesian economic
development. It provides infrastructure for other economic sectors such as agriculture, tourism,
manufacturing, trade and others.

Road construction project is the highest government annual spending in terms of providing
public infrastructure. In 2005, for example, road construction projects constitute about 15
percent of government budget [1]. Therefore it is important to effectively control the cost of
road construction.
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Road construction project is susceptible to risks and uncertainties, which could affect project
cost performances. Road construction contractors respond differently to those risks. Their
responses could be to absorb, transfer, reduce or avoid the risks. Decision to select the type of
risk response to be performed is influenced by several factors which include attitude toward
risk. As contractors responsible for the construction phase of road construction projects, their
respond toward risks would affect the project cost performance. The better the risk response the
better the project cost performance.

The purpose of this paper is to identify factors that influence contractor’s risk response planning
in controlling and monitoring the cost of road construction projects in Indonesia. Case studies
on state owned construction companies, which specialised in road construction was used to
identify those factors. The paper starts with a review the risk response as a tool for project cost
control. Following these reviews, the paper describes the method use to collect and analyse the
data. Finally, the paper presents and discusses the research findings.

2. Risk Response Planning as a Tool for Project Cost
Control

Project cost control is important to project management as it provides early detection of actual
or potential cost overruns. This early detection provides the opportunity to initiate remedial
actions and increases the chances of eliminating such cost overruns or minimising their impact

[2].

Cost control for road construction project can be divided into control for direct cost and indirect
costs. Direct cost includes labours, materials, equipment and subcontractors cost. Indirect cost
includes cost related to general condition, tax, risk and overhead [3]. Control for project cost
variance includes controlling labours, materials, equipments, subcontractors and overhead [4].

According to Zahn [4], based on the timing of their identification, project cost variances can be
divided into three layers: before-process variance, in-process variance and after-process
variance. Before-process variances mostly occur in the planning stage before actual construction
starts. In-process variances happen during the process or before the measurement results are
known. After-process variance is reactive and after-the-fact, but reflects the project performance
most realistically, provided that accurate data are captured.

Zahn [4] further stated that before-process variances and in-process variances should be the
major targets of a project management team who wants to effectively manage a project in a
proactive, aggressive, and professional way. One approach that should be considered to do this
is risk management approach. By identifying and assessing risks that can cause project cost
variance, project management team can develop a risk response plan.

Risk response planning is a process of developing options and determining actions to enhance

opportunities and reduce threats to the project’s objectives. It also identifies and assigns
individuals or parties that responsible for particular risks. Risk response planning must be
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appropriate to the severity of the risk, cost effective in meeting the challenge, timely to be
successful, realistic within the project context, agreed upon by all parties involved, and owned
by a responsible person [5].

Risk response planning can be used as a tool for controlling construction project cost. As part of
risk management activities, risk response planning can be used to deal with risks and
uncertainties in construction project cost [6]. It can be implemented in every phase of
construction project.

Construction projects, including road construction, are affected by risks and uncertainties. Risks
and uncertainties occur due to the limitation of knowledge in forecasting, which lead to
favourable products (opportunities) as well as unfavourable products (risks). Risk management
is often used to change risks to opportunities. Construction risks which related to human factors
and technology, for example, if managed properly can reduce the negative impact to projects
cost or even improve project cost performance.

Risk management process starts with risk identification, which is identifying the type and the
source of risks. It continues with classifying the types of risks and their impact to the project.
Risk analysis will filter and prioritise the identified risks. Following the risk analysis, risk
response plan is then developed. During project implementation, the risks identified and their
responses are monitored and reviewed [7].

Response to risks can be done in the followings [7]:
e Risk absorption, which is accepting the risks and preparing the cost for such risks if
happened
e Risk reduction, which is reducing the impact of the risks by implementing preventive or
corrective actions
e Risk transfer, which is transferring the risks to another party based on agreement
e Risk avoidance, which involves changing project management plan
The selection of the type of response will be influenced by management attitude toward the
risks.

Any individual or organisation can have different risk attitude toward a particular risk, which
will be influenced by time, situation, condition, experience and its environment [8]. Webb [9]
stated that risk attitude can be influenced by: maturity of management in communication;
credibility and flexibility of management behaviour related to disciplinary, compliant to
conditions and requirements, proactive in identifying problems and using structured approach in
solving the problems; and management preparedness in facing possible changes.

In general, risk attitude can be grouped into four types: [9]
e Risk averse, tend to avoid a risk
e Risk neutral, to consider benefit and losses due to the risk occurrence
e Risk seeking, to find or challenge the risk
e Risk tending, to manage the risk by developing available responses
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3. Research Method

Case studies were used to identify factors that influence road construction contractors in

developing their response plan. The case studies were performed on two state-owned

construction companies, which are specialised in infrastructure construction projects.

The factors are grouped into internal and external factors. Internal factors related to risk

management aspects of the project, which mainly related to risk identification and risk attitude.

The external factors are divided into project level and macro level. Table 1 list the variables

under each group.

Table 1 - Research variables

NO.

Research variables

1.

Internal Factors

1.1

Risk Identification

X1 = project size

X2 = project location in relation to sources of materials

X3 = project complexity

X4 = project duration

X5 = condition of exist traffic in relation to traffic management

X6 = construction method

X7 = resources availability (professionals, skills, materials and equipments)
X8 = local weather condition

1.2

RISK ATTITUDE

X9 = maturity in communication

X10 = preparedness in facing possible changes

X11 = discipline of project personnel

X12 = compliant to conditions and requirements

X13 = proactive in identifying problems

X14 = using structured approach in solving the problems

External Factors

Macro level

X15 = level of market competition
X16 = economic condition

X17 = political condition

X18 = uncertainty in legal enforcement

2.2

Project level

X19 = historical database in similar project

X20 = availability of other project stakeholders (subcontractor, supplier and insurance)

X21 = capabilities and experience of other project stakeholders (subcontractor, supplier
and insurance)

X22 = liquidity of project owner

X23 = state of technology development

Data collection was done using structured interview to five senior project managers from the

two state-own companies. The questionnaire for the interview was designed as such so it can be
analysed using Analytic Hierarchy Processes (AHP).
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AHP is a multi-criteria decision making method which is developed by Saaty in 1970 [10]. AHP
was used because there are multi criteria that have to be considered in selecting a risk response.
It will recommend priorities based on the criteria used.

AHP uses a pair-wise comparison in its mathematical formulation. Several analysis and
assessment which are performed in AHP include calculating weight factors, assessing
consistency and analysing rank correlation. For any comparison matrix which has consistency
ration (CR) more than 10%, a clarification was made to respected respondents.

Data analysis was done using a computer application ‘Expert Choice’, which is an application
that was designed to perform AHP analysis.

4. Factors Influencing Risk Response

Data analysis shows that most of the responses have consistency ratios (CR) less than 10%,
which within the requirement. Only one response that resulted in a CR of more than 10%. After
clarification with the respondent, the CR result is less than 10%. Table 2 shows the consistency
ratios of the responses.

Table 2- Consistency Ratio

Pair-wise comparison matrix Respondent
1 2 3 4 5

Criteria toward goal 0.06 |0.02 | 0.09 | 0.05 | 0.04
Sub-criteria toward risk identification 0.09 10.09 | 0.07 | 0.06 | 0.08
Sub-criteria toward risk attitude 0.08 |0.07 | 0.09 | 0.08 | 0.09
Sub-criteria toward macro level factors 0.04 ]0.07 [ 0.03 | 0.08 | 0.09
Sub-criteria toward project level factors 0.04 |0.07 | 0.05 | 0.04 | 0.02
OVERALL 0.07 10.05]0.07 | 0.06 | 0.06

Table 3 to 7 show the pair-wise comparison matrix at criteria (factors) and sub-criteria
(variables) levels. The coefficients in the matrices are based on the median of the responses.

Table 3- Pair-wise comparison matrix toward goal

Risk Risk External External
identification | Attitude Macro Project
Risk identification 1 Vs 1 2
Risk Attitude 1 2 2
External Macro 1 2
External Project 1

Table 4- Pair-wise comparison matrix toward risk identification

X1 X2 X3 X4 X5 X6 X7 X8

X1: Project size 1 Yo 1/3 1 1/3 1/5 Va )

X2: Project location 1 1/3 3 2 Ya 1/3 23
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X3: Project duration 1 3 2 1/3 Y2 Y2
X4: Traffic condition 1 1/3 Vi 1/3 Yo
X5: Construction method 1 Vs 1 1
X6: Resource availability 1 2 3
X7: Weather condition 1 2
X8: Complexity 1

Table 5- Pair-wise comparison matrix toward risk attitude

X9 [ X10 [ X1l |X12 |[X13 |Xl14
X9: maturity 1 Vs s Vs 1 Vs
X10: preparedness 1 1 1/3 Y 1
X11: discipline 1 1 2 2
X12: compliance 1 3 2
X13: proactive 1 2
X14: structure 1

Table 6- Pair-wise comparison matrix toward external factors (Macro level)

X15 | X16 | X17 | XI8
X15: level of market competition 1 1/3 1/3 s
X16: economic condition 1 7 2
X17: political condition 1 3
X18: uncertainty in legal enforcement 1

Table 7- Pair-wise comparison matrix toward external factors (Project level)

X19 | X20 | X21 [X22 | X23
X19: historical database 1 1/3 1/3 1/6 P2
X20: availability of other stakeholders 1 1 1/5 2
X21: capabilities & experience of other stakeholders 1 1/5 2
X22: liquidity of project owner 1 5
X23: technology 1

The matrix coefficients from Table 3-7 were used as input for AHP analysis using Expert
Choice software. Figure 1 shows the results of the analysis. It can be seen from Figure 1 that the
first ten variables contribute about eighty percent toward risk response planning.

The ten variables that influence the risk response plan, on the descending order, are:
1. compliant to conditions and requirements (X12)

discipline of project personnel (X11)

political condition (X17)

resources availability (X7)

proactive in identifying problems (X13)

preparedness in facing possible changes (X10)

using structured approach in solving the problems (X14)

local weather condition (X8)
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9. economic condition (X16)
10. liquidity of project owner (X22)

From the ten main variables, five are part of risk attitudes factor (X12, X11, X13, X10 & X14).
There are two variables (X7 & X8) from risk identification factor and also two variables (X16 &
X17) are considered external factors at macro level. There is only one variable (X22) from the
external factor at project level. The respondents agreed with the results when these variable
factors were validated to them.

Y12 131 I
X11 10 |
X17 077 |
X7 077 |
X13 070 |
X10 061 |
X14 057 |
XS 049 |
X16 049 |
X22 047 |
X9 046 |
X4 037 |
X3 034 |
X6 030 |
X18 028 |
X2 .025 —
X15 g TH—
X5 Y R
X20 g —
X21 op -
X1 .012 —
X23 .008 —
|

OVERALL INCONSISTENCY INDEX = 0.04

Figure 1- AHP Analysis Result at sub-criteria (variables) levels

At the criteria (factors) level, as shown in Figure 2, risk attitude contribute about forty percent
toward the risk response plan. This result indicates that risk attitudes is the main factor in
selecting a response plan It is not surprising as attitude toward the risks would most likely
influence selection of response to particular risks. The attitude would be influenced by project
team compliance to conditions and requirements, project personnel discipline, proactive attitude
toward problem identification and project team preparedness in facing any possible changes.

131



Most of the respondents agreed that project team personnel compliance to conditions and
requirements, their discipline and proactive attitude toward problem identification are important
variable not only for selecting a response plan but also for identifying and assessing the risks.
Conditions and requirements to be complied with include project contracts, company’s policies
as well as government rules and regulations.

Risk
|dentification

ey . |
Risk
attitude 395 I

External macro, .,
232

External 140 NN

Project

Inconsistency Ratio =0.02

Figure 2 AHP Analysis Result at criteria (factor) level

The external factor at the macro level and the risk identification has the same contribution of
about twenty-three percent each toward the risk response planning. The main variables affecting
the external factor at macro level are the political and economic condition. Indonesia has just
changed from a centralised government into more regional autonomy. This condition,
unquestionably, is affecting the way construction companies select their risks response as the
condition in different region can be different.

The main variables that need to be considered in risk identification for road construction
projects in Indonesia include availability of resources and local weather conditions. Road
construction is affected by water, therefore weather prediction need to be done intensively and
continuously to schedule the activities that required dry condition. As road construction
performed across the country, availability of resources becomes important factor.

The least influencing factor in developing response plan is the external factor at project level.
The main variable that affects this factor is the project owner liquidity. Road construction
projects are mostly considered public sector project. The fiscal year adopted by the Indonesian
government has an effect to budget disbursement which is the main source of project payment.
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5. Conclusions

Road construction is an important aspect of infrastructure development in Indonesia. It is the
highest government annual spending for infrastructure projects, which contribute about 15% of
overall government budget. Controlling road construction projects costs is, therefore, very
important.

Risk response planning can be used as a tool for road constructions project cost control. The
paper shows that risk attitude is the most influence factor in developing risk response planning
in road construction projects. The risk attitude is influenced by project team compliance to
conditions and requirements, project personnel discipline, proactive attitude toward problem
identification and project team preparedness in facing any possible changes. The least
influencing factor is the external factors at project level.

The study reported in this paper was limited to two state-owned construction companies that

specialising in infrastructure project. The future study need to expand the scope to more
construction companies.
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Measuring Quality: how does this improve
construction performance?

Vaughan Coffey,
School of Urban Development Queensland University of Technology, Australia
(email: v.coffey@qut.edu.au )

Abstract

The paper charts the history and development of the Hong Kong Housing Department (HKHD)
Performance Assessment Scoring System (PASS) from 1990 to the present day and examines its
effect on facilitating change to the quality of construction work of building contractors engaged
in the production of public sector housing projects Hong Kong. The paper builds partly on
empirical research carried out by the author as part of a doctoral thesis from 2000 to 2005, on
experiential knowledge and also on some relevant case studies. The outcomes from this earlier
research and validation of PASS based on results derived from the system since the research
was originally undertaken are of benefit to practitioners and academics working and studying in
the areas of performance assessment and organisational culture and change. The conclusions
presented in the paper further underpin the connection established in previous research between
strong organisational culture and project and corporate success. Organisational culture was
measured using a survey instrument originally developed by Denison and Neale (1994), adapted
for the environment of the study, and corporate success was measured by the PASS system
mentioned above. The major results of the original study indicate that there is significant
linkage between strong organisational cultures and business success and the detailed findings
were that, (1) strong organisational culture was positively associated a high level of company
effectiveness, (2) a high level of company effectiveness was positively associated with the
cultural traits of ‘consistency’, ‘adaptability’ and ‘mission’, and (3) a high level of company
effectiveness was positively associated with the combined cultural traits represented by the
dimensions of ‘external focus’ and ‘stable culture’. Several opportunities to take forward this
research have been identified, including extending the study to other countries and also
longitudinally re-evaluating some of the original case studies to ascertain how organisational
cultures have changed or further developed in relation to the changing construction climate in
Hong Kong.

Keywords: Public housing construction, performance measurement, organisational culture,
procurement, quality.
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1. Background
1.1 Public housing in Hong Kong — a brief history

Public housing in Hong Kong has a fairly modern history, which began in 1953 with a fire at
Shek Kip Mei that destroyed a large area of ‘squatter’ huts housing predominantly families of
refugees from China who had descended on the territory between 1947 and 1949 following the
civil war on the mainland (Leung, 1999: 23). This fire left over 60,00 people homeless
overnight and the story of how this tragedy was one of the triggers that over the next 55 years
has lead to the roll-out of one of the largest and most successful public housing programmes in
the world is well documented (Agassi, 1969; Drakakis-Smith, 1979; Bristow, 1984; Leung,
1999). Whilst fascinating, this is not the topic of this paper, but the story that maybe does
require telling here (albeit very briefly) is a description of what happened to the quality of
public sector housing construction during the late 1970s and early 1980s, that then leads us to a
consideration of the topics covered in this paper.

Early on in the housing construction efforts that occurred after 1953, familiar low-rise building
techniques were prevalent (the Bowring Bungalows) and much assistance was rendered by the
British Army and a small dedicated band of professionals employed by the Public Works
Department to overcome the immediate housing problems of those made homeless by the
original fire disaster. However, as more and more refugees continued to flow down from the
mainland of China, the problems of where and how to house thousands of people meant that the
early temporary barrack-style accommodation would not suffice in the longer term. A series of
simple low-rise multi-storey buildings were developed and constructed and in various forms
formed a workable solution until the late 1960s; amongst these were the ‘H’ shape resettlement
blocks built on the site of the original fire in Shek Kip Mei. With land in urban Hong Kong
being in such short supply, it was maybe logical that planning densities should be maximized
and taller buildings constructed to house more people in a shorter programme time. However,
this approach was not without its downside, much of which was not immediately visible at the
time the new *high-rise’ apartments were actually handed over and it would only be a decade
down the timeline when the devastating problems of these buildings would become horrifyingly
obvious. Lack of technical expertise by the construction companies which had sprung up in
Hong Kong over the preceding 20 years, coupled with insufficient financial resources and a
small number of qualified supervisory professionals meant that the core superstructure and
rather poor standards of very basic finishes did not possess the structural integrity or durability
needed for the task in hand.

An increasing spate of serious maintenance issues began to grow in intensity in the early 1970s
and after investigation by the new breed of architects, engineers and surveyors who had been
recruited from overseas by the HK government or had been employed by private developers to
lead the new private housing boom that was taking off in the territory, 26 multi-storey low and
high rise blocks were deemed to have serious or dangerous structural deficiencies. They were
classified into several distinct types according to severity of the defects and placed on short-
term, median and long-term demolition schedules with the worst being demolished almost
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immediately. Once this disastrous situation became public knowledge, all government
departments and especially the Hong Kong Housing Authority (HKHA) and it’s executive arm,
the Hong Kong Housing Department (HKHD), were forced to reconsider their construction
quality control systems to assure a distraught public that this could never happen again.

1.2 Ensuring the quality of public housing in Hong Kong

Whilst the HKHA was now firmly committed to obtaining good quality, because of public
funding, this needed to be at a fair price and was driven by a belief that quality assurance starts
at the beginning of a project not at the end. New leadership in the HKHA and highly- qualified
professional staff in the HKHD were committed to a vision that quality is not something which
is applied by rectifying defects in buildings found at the final inspection, it requires managing
from the top downwards and throughout the life of the project. The unprecedented levels of
public housing expenditure on capital works that was now being provided to the local
construction and allied industries, entitled the HKHA to expect and receive full value for
money. The underlying philosophy has always been, certainly since the late 1980s, “quality is a
value and will not be foregone” (Mortiboys, 1991: 4).
At this time, contractors from the Works Branch (WB) List | and Il were employed by the
Authority on its building contracts, which meant that up to 220 (Group A, B & C) firms were
invited to tender by means of open gazette and usually at least 50 tenders were returned for
every major contract. Whilst this method of tender invitation ensured that the whole process
could be deemed ‘fair’ and ‘competitive’, it also meant that companies with reasonably
unknown or even poor track records in building work could tender and be awarded quite
sizeable contracts. Although any known past performance was taken into account when
appraising firms for the award of contracts, the methodology for assessing such performance
was somewhat crude and subjective, relying on a simple tick-box grading system based on
appraising just a few major building elements..
As by 1989, the HKHA was the major user of the larger Group C companies on the WB List,
the establishment of the Authority’s own list of contractors seemed a logical development. It
was also apparent by that time that some contractors tended to concentrate only on the work of
the Authority and had set up specialized operations within their companies to handle such work.
A list of contractors was therefore promulgated in April 1990, which was to be dedicated only
to the HKHA works. A comprehensive set of Rules for Administration of the List (the “Rules”)
was produced to regulate all listing matters. Using only companies from its own list meant that
the HKHA could exercise direct control in the vetting, prequalification and subsequent
performance monitoring of these companies. It also allowed the Authority to operate a reward
and penalty mechanism for good and bad performance.
In order to be admitted onto the HA List, contractors were required to fulfill the following basic
criteria as advocated in the “Rules’:
(@) Certified to of ISO 9000.
(b)  Ability to meet List financial requirements
(c) Company organization and staff resources capable of taking on work in the appropriate
List group and category and of a relevant value.
(d) A good relevant performance track record.
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Once listed into various categories (i.e. new works or maintenance), contractors were then
subdivided into groups based on thresholds related to the financial workload limits that
accountancy and organisational checks determined they could safely work within without
serious risk of causing disruption to the HKHA’s all-important housing programme. Should the
companies fail to deliver on time, cost and quality, they would be seriously censured including
being removed from the List. The new list of contractors was administered by three high-level
committees of the HKHA and HKHD shown in Figure 1 below:

Housing Authority
Building Committee

Housing Department
List Management
Committee

Housing Department
Contractors’ Review
Committee

COMPANY PERFORMANCE

Figure 1- The Hong Kong Housing Authority and Department committee structure

As the ‘owner’ of the list, the HKHA;s Building Committee (BC) approved all
recommendations from HKHD’s List Management Committee (LMC) regarding new
contractors to be admitted onto the list and changes to the listing status of the existing listed
contractors. It set out the “Rules” and executed the authority to implement the laid down
policies, and approve disciplinary actions against contractors.

On a quarterly basis, the LMC selects eligible tenderers for upcoming new works contractors
and awards tendering opportunities based on previous 6 months performance as measured under
a robust and objective performance-based methodology known as the Performance Assessment
Scoring System (PASS). The Housing Department Contractors’ Performance Review
Committee (HDCPRC), on a quarterly basis considers project performance and provides project
scores and recommendations on performance and penalty/reward consideration to the LMC.

1.3 The Performance Assessment Scoring System (PASS)

A simplified model of the constituent measures used in PASS 1997 to generate an effectiveness
(i.e. performance) score is shown in Figure 2 below.
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QUARTERLY INPUT SCORE (25%) QUARTERLY MPA SCORE (standalone)
MONTHLY OUTPUT SCORE (75%) X 3 Management Outstanding Works
Resources Repair of Defects
St\;\fgrtlgsral A;Icr\}\iltgrclz:r Obﬁégﬁgns Coordination Management Responses
Documentation
9 21 5 Programme
Sub-factors Sub-factors Sub-factors Completed works

\

QUARTERLY
> PASS COMPOSITE SCORE
(project-based)

Figure 2 - Simplified model of PASS 1997 Version

Every 3 months, the Quarterly PASS Composite Scores (QPCS) of all projects being undertaken
by individual contractors are then amalgamated to form a Quarterly Contractor Score for each
active company, an important component of the PASS Contractors’ Score-league measuring the
comparative achievement of building contractors across all of their public housing contract
works, as follows:

a) Project League — shown in Table 1 below, reflects contractors’ performance on individual
projects. It triggers discussion of, or action on, poor performance of a contractor for a particular
project. The league is categorized into three bands with two benchmark lines:

e Composite Target Quality Score (CTQS) is drawn at the upper quartile (25 percentile)
of the league.

e Composite Lower Score Threshold (CLST) is drawn at the lower quartile (75
percentile).

Table 1- Sample of the Quarterly Project Score League

Projec Contractor QPCS

Project 1 Contractor A 93.05

Project 2 Contractor A 92.90

Project 9 Contractor B 91.25

Project 10 Contractor B 91.09 Composite Target Quality Score (CTQS)
Project 11 Contractor B 90.89

Project 12 Contractor C 89.20

Project 13 Contractor C 89.14

Project 14 Contractor B 87.38

Project 15 Contractor D 87.25

Project 27 Contractor D 87.01

Project 28 Contractor E 86.86

Project 29 Contractor E *6.68

Project 30 Contractor F 86.08 Composite Lower Score Threshold (CLST)
Project 31 Contractor F 85.60

Project 32 Contractor A 85.27

Project 39 Contractor B 84.18

Project 40 Contractor C 83.50
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b) Contractors’ League — shown in Table 2 below, considers overall performance of
contractors across all projects being undertaken (i.e. a contractor’s composite score would be
the average of all it’s individual project scores).

The CTQS and CLST lines, drawn from the Project League, are superimposed onto the
Contractors’ League. Higher tendering opportunities would be given to those contractors who
fall in the upper band of this league (i.e. above CTQS). These contractors will normally be
invited to tender for all upcoming contracts in the next quarter, whereas contractors in the lower
band, i.e. below CLST, will not be invited to tender for any projects during the next quarter.
Those contractors falling between CTQS and CLST will be given varying tendering
opportunities, as decided by the LMC.

Table 2- Sample of the Quarterly Contractors’ Score League

0 Composite | Eligibility | Based on 6 Projects to tender in the Quarter under
Score to Tender | Consideration
Contractor A 92.98 6
Contractor B 91.03 Composite Target Quality Score (CTQS)
Contractor C 90.01 4
Contractor D 87.11
Contractor E 86.55
Contractor F 86.01
Contractor G 85.89 2
Contractor H 85.77
Contractor | 85.01
Contractor J 84.69 Composite Lower Score Threshold (CLST)
Contractor K 84.12 NIL
Contractor L 84.01

1.4 The impact of PASS on performance of contractors

Performance Assessment Scoring System
PASS Project Score Trend (PASS 97)
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Figure 3- PASS Score Trend 1997- 2001

Figure 3 above clearly demonstrates the overall performance improvement of
contractors on projects during the first four years of introducing PASS 1997. This
improvement was in part due to the reward component of the system, but also to the
disciplinary actions imposed on poor performers. These actions ranged from a 3-month
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restriction from tendering through to longer periods of formal suspension, and in
extreme cases, removal from the list. With the exception of the removal in 1993 of 63
companies, due to their not attaining the required 1SO 9000 Standard certification by the
official deadline date set by HKHD, the actual number of removals from the HA list and
suspensions for disciplinary reasons of companies on the list has been quite small.
However, the numbers of contractors restricted from tendering for a prescribed 3-month
interval due to poor PASS results since 1997 has been much more significant. Given the
existence of quality problems described in the earlier section of this paper that directly
affected both the business success of companies involved in the construction of public
housing as well as the customer satisfaction of recipients of their product, the possession
and maintenance of a robust and accurate performance monitoring system is one
important of the most important assets to the HKHD’s construction managers and
project teams.

1.5 PASS — The future

To ensure the continued effective operation of PASS, HD has needed to constantly monitor,
review and enhance the system, the last major review being undertaken in 1997. The reviews
identify the main areas of performance shortcomings revealed on projects and raised by
assessors, contractors and client. In 1998, following concerns expressed by the Building
Committee, HD’s senior management decided that a major system review and if necessary,
system overhaul should occur. Various system reviews have occurred since the introduction of
the 1997 version of the system and the latest review was undertaken in early 2006. In a bid to
streamline the system operation and facilitate project teams to concentrate on managing
projects, all major monthly PASS assessments are now carried out by dedicated independent
teams and project teams contribute by way of daily site inspection records and Management
Input scores on a quarterly basis. Figure 4 below shows how the newest major version of the
system (i.e., PASS 2000) has continued to improve performance in the years following 2001.:

Performance Assessment Scoring System
PASS Project Score Trend (New PASS)
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Figure 4- PASS Score trends 2001 — 2004
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Given such a robust system, it was logical to use the measured performance outcomes as a basis
for determining the varying organisational and business success of HKHA listed companies.
However, given that by the mi