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Foreword

The interconnectedness between resources consumption and the activities of
individuals in environmental management is often appreciated in qualitative reg-
ulations, but sometimes it is not sufficiently recognized in quantitative studies.
Too frequently the implications of how the interaction between all elements of
an environmental management system influence the enterprise, project, or pro-
cess is left only to descriptive prose. It is only recently that technologies have
been developed which enable practitioners to assess potential environmental
risks in construction management. These technologies now allow practitioners to
conduct environmentally-oriented management with information systems which
have knowledge bases embedded within them. This book presents a quantitative
approach to environmental management based on an integration of an effective
decision-making model with a knowledge re-use framework and a system for
quantifying environmental impacts of construction activities for complex envi-
ronmental management of construction projects. Case studies have been provided
to illustrate to practical uses of the quantitative methods presented in the book.
The integrated approach to environmental management presented in this book
is a very useful contribution to the development of environmental management
systems. It suggests a helpful tool for both academics and practitioners to make
progress in avoiding the mistakes of the past and to encourage the promotion of
sustainable resource utilization in future construction project management.

Professor Peter Brandon DSc MSc FRICS ASAQS
Director of Strategic Programmes in the School of
Construction and Property Management and
Director of the Salford University “Think Lab”
Vice Chairman, the RICS Research Foundation



Preface

Strategic environmental management under the ISO 14000 series of environmen-
tal management standards requires tactical approaches to support its implemen-
tation. For this reason, the authors developed a set of quantitative approaches
to minimizing adverse environmental impacts in the construction industry. The
primary aim of this book is to demonstrate how quantitative approaches can
be made serviceable to environmental management in the construction industry.
Specifically, the book illustrates how quantitative methods can be applied to
measure the degree of adverse environmental impacts that are generated by con-
struction activities onto the surrounding areas, and how to reduce such impacts
through minimizing the wastage of materials and equipments, and maximizing
the re-use, recycling, and recovery of construction wastes in the construction
industry. In addition to the quantitative approaches, a knowledge-driven system
for effective environmental management in construction is also presented.

The uniqueness of this book is reflected in three aspects. First, it has compre-
hensive coverage of literature related to the field of environmental management in
construction. Second, it is the first book that presents an integrated system which
can quantitatively control and manage adverse environmental impacts generated
from construction activities. Third, it presents a knowledge-driven framework
which can be conveniently implemented into a computer-based system to further
support effective environmental management in construction.

This book is ideal as a textbook for both undergraduate and postgraduate
students in construction engineering and management related fields.

Zhen Chen & Heng Li
2006
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Chapter |

Introduction

I.I Overview

Adverse environmental impacts of construction such as soil and ground con-
tamination, water pollution, construction and demolition (C&D) waste, noise
and vibration, dust, hazardous emissions and odours, demolition of wildlife and
natural features and archaeological destruction have been major concerns since
early 1970s and received more and more attention in the construction industry,
especially after the BS 7750 and the ISO 14001 Environmental Management
System (EMS) were promulgated one after another in the 1990s.

However, although there have been many academic studies and professional
practices for environmental management (EM) in construction, many of them
were conducted in the form of regulations or guidelines. A literature review con-
ducted by the authors of this book from the ASCE’s CEDB (Civil Engineering
Database) and the EI’s Compendex® databases (refer to Table 3.6) revealed
that only 2% of works provide quantitative methods in the total number
of publications related to EM in construction in 2003. In this book, a set of quan-
titative methods, which finally composes an integrative prototype for supporting
the EM in construction, is presented to support the EM in the lifecycle of a
construction project.

1.2 Objectives of the book

The objective of this book is to describe an integrative quantitative approach to
EM in construction. This objective has been achieved through five steps. First
of all, an integrative methodology named E+ for dynamic environmental impact
assessment (EIA) in construction is developed as a comprehensive framework.
Next, four analytical methods are developed and integrated. These four methods
include the construction pollution index (CPI) method to quantitatively evaluate
and reduce pollution and hazard levels of processes and projects, the env.Plan
method to evaluate environmental-consciousness of proposed construction plans
and select the prime environmental-friendly construction plan, the incentive
reward program (IRP) method to reduce on-site construction wastes through an
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incentive reward programme, and the Webfill method to promote C&D waste
exchange in the local construction industry. Finally, the implementation of the
integrative analytical approach is demonstrated by an experimental case study.

1.3 Organization of the book

There are eight chapters in this book. These chapters are organized according to
their relationships with the objectives of the book. To start with the introduction
to the integrative prototype for EM in construction, the need for quantitative
approach to EM in construction is presented based on previous investigations on
adoption and implementation of ISO 14001 EMS in construction enterprises in
Australia, Hong Kong, mainland China, Singapore, United Kingdom and United
States, etc. After the integrative prototype (named E+) for dynamic EIA in con-
struction is described in Chapter 2, four practical analytical methods — including
CPI method, env.Plan method, IRP method, and Webfill method, together with
their working knowledge bases (KBs), which are essential components in the
E+ prototype — are elaborated individually from Chapters 3 to 5. For the appli-
cation of the E+ prototype to EM in construction, an experimental case study
is then conducted to demonstrate the developed E+ prototype in Chapter 6. In
addition to the E+4 prototype and its essential components, conclusions and rec-
ommendations are then presented in Chapter 6 to summarize contributions and
limitations of this book, and recommend further research and development for
quantitative EM in construction. Finally, four appendices have been provided: a
questionnaire for an investigation on the acceptability of the ISO 14001 EMS
in the construction industry, a decision-making model for acceptance of the ISO
14001 EMS, sample waste exchange websites, and the function menu of Webfill
(an e-commerce business plan). The abstract of each chapter is as follows.

1.3.1 Chapter 2: E+: An integrative methodology

The ISO 14001 EMS is not as widely acceptable as the EIA process in the con-
struction industry, according to previous investigations. In order to demonstrate
the acceptability of the ISO 14001 EMS in the construction industry, this chapter
reports a remarkable disagreement between the rate of the ISO 14001 EMS
registration and the rate of implementation of EIA in the Chinese construction
industry. This disagreement indicates that the contractors there might not have
really applied EM in construction projects. This hypothesis is then examined
in this chapter by a questionnaire survey conducted among 72 main contractors
in Shanghai, mainland China. Survey results indicate that there are five classes
of factors influencing the acceptability of the ISO 14001 EMS, including gov-
ernmental laws and regulations, technology conditions, competitive pressures,
cooperation attitude, and cost-benefit efficiency. Reasons why approximately
81% of contractors surveyed are indifferent to the ISO 14001 EMS are then
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analysed based on the critical classes. A linear discriminant model for decision-
making on whether to accept the ISO 14001 EMS for construction companies is
consequently developed and provided in Appendix B.

On the other hand, the remarkable difference between the registration rate of
ISO 14001 EMS and the implementation rate of EIA in the construction industry
in mainland China also indicates that there may be little coordination between the
implementation of EIA and EMS in construction projects in mainland China, and
the EIA practice may not really serve as a tool to promote EM in construction.
Since the China Environmental Protection Bureau enacted laws to implement the
environmental supervision system in construction project supervision, contrac-
tors have to pay greater attention to adopt and implement EM in construction.
According to the second emphatic factor based on the survey results, contrac-
tors paid greater attention to technology conditions on both construction and
management and they thought the technology conditions can effectively enhance
their working efficiency in EM in construction. Based on this consideration,
this chapter presents an integrative methodology named E+ for dynamic EIA
in construction, which integrates various EM approaches with a general EMS
process throughout all construction stages in a construction project. As the E+
is designed to be a general tool to conduct EM in construction, it is expected
to assist contractors to effectively, efficiently, and economically enhance their
environmental performances all over the world.

1.3.2 Chapter 3: Effective prevention at pre-construction
stage

To the authors’ knowledge, there have been very few studies on integrating
concerns of EM in the construction planning stage in particular. Construction
planning involves the choice of construction technology, equipment and materi-
als, the definition of work tasks, the layout of construction site, the estimation of
required resources and durations for individual tasks, the estimation of costs, the
preparation of a project schedule, and the identification of any interactions among
the different work tasks, etc. (Horvath and Hendrickson 1998; Hendrickson and
Horvath 2000). As a fundamental and challenging task, construction planning
should not only strive to meet common concerns such as time, cost, and qual-
ity requirement, but also explore possible measures to minimize environmental
impacts of the projects at the outset.

From this point of view, this chapter presents two quantitative methods
for EM at pre-construction stage: the CPI method to quantitatively evalu-
ate and reduce pollution and hazard levels of construction processes and
projects, and the env.Plan method to quantitatively evaluate environmental-
consciousness of proposed construction plan alternatives and thereafter select the
prime environmental-friendly construction plan. Both CPI method and env.Plan
method can greatly facilitate the application of the E+4 prototype at the pre-
construction stage.
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The CPI method is a quantitative approach to EM on pollution and haz-
ards potentially caused by construction projects in accordance with a proposed
construction plan. The proposed CPI method is to assess and control the poten-
tial environmental problems upon implementation of a construction plan, and a
method to calculate the CPI is originally put forward which provides a quan-
titative measurement of pollution and hazards caused by construction projects.
In addition to the conception of the CPI, a practical method to comprehen-
sively reducing construction pollution level during construction is put forward
and examined. The CPI method is further applied in a commercial software
environment, i.e. Microsoft Project®. A comparison study on the performance of
CPI levelling between the normally used resource levelling method and genetic
algorithm (GA) is also conducted. The parameters of CPI, i.e. pollution and
hazards magnitude (%;), are treated as a pseudo resource and integrated with a
construction schedule. When the level of pollution for site operations exceeds
the permissible limit identified by a regulatory body, the GA-enhanced levelling
technique is used to reschedule project activities so that the level of pollution
can be re-distributed and thus reduced. The GA-enhanced resource levelling
technique is demonstrated using 20 on-site construction activities in a project.
Experimental results indicate that the GA-enhanced resource levelling method
performs better than the traditional resource levelling method used in Microsoft
Project®. The proposed method is an effective tool that can be used by project
managers to reduce the level of pollution at a particular period of time, when
other control methods fail. The CPI is a primary component of the E+ proto-
type for reducing potential adverse environmental impacts during construction
planning stage.

Although the CPI method is an effective and efficient approach to reducing or
mitigating pollution level during the construction planning stage, the problem of
how to select the best construction plan based on distinguishing the degree of its
potential adverse environmental impacts is still unsolved. In the second section of
this chapter, the authors review essential environmental issues and their charac-
teristics in construction, which are critical factors in evaluating potential adverse
environmental impacts of a construction plan. These environmental indicators
are then chosen to structure two decision models for environmental-conscious
construction planning by using an analytic network process (ANP), including a
complicated model and a simplified model. The two ANP models named env.Plan
can be applied to evaluate potential adverse environmental impacts of alternative
construction plans. The env.Plan method is an important component of E+4 pro-
totype in selecting most environmental-friendly construction plan alternatives,
and it is also a necessary complement of the CPI method in the E+4 prototype.

1.3.3 Chapter 4: Effective control at construction stage

This chapter presents a group-based IRP method to encourage site workers
to minimize avoidable wastes of construction materials by rewarding them
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according to the amounts and values of materials they saved. Based on the for-
mulations of the IRP, bar-code technique is used to facilitate effective, efficient,
and economical management of construction materials on site. In addition to
the integration of the group-based IRP and the bar-code technique for reducing
construction waste, an IRP-integrated construction management (CM) system
is also introduced to avoid jerry-building and solve rescheduling problems due
to rework because of quality failure. For the application of the IRP method,
an experimental research is then conducted on a residential project in Hong
Kong. Results from the experimental research demonstrate the effectiveness of
the IRP in motivating workers to reduce construction wastes. In addition to the
IRP method and its implementation, discussions on the relationship between
construction waste reduction and time-cost performances, and difficulties and
challenges of applying the IRP method are presented accordingly. The IRP
method is a basic component of E+ prototype used for minimizing avoidable
material wastes on construction site.

1.3.4 Chapter 5: Effective reduction at post-construction
stage

Although the trip-ticket system (TTS) has been widely implemented to manage
C&D waste in many countries for a long time, problems still exist in the landfill
disposal of C&D waste. For example, it is reported that fees are difficult to
collect from waste transporters for tipping the C&D waste at the landfill site
in Hong Kong. Based on an examination on the flexibility of currently enacted
TTS for reducing C&D waste, this chapter proposes an e-commerce model
named Webfill in order to facilitate traditional TTS to effectively, efficiently, and
economically manage C&D waste in macro scopes of the construction industry.
The computational structure of the Webfill system is therefore described and the
usefulness of the Webfill method is accordingly evaluated based on computer
simulations which provide a direct comparison between the existing TTS and
the Webfill-enhanced TTS. The Webfill method is an enhanced component of
E+ prototype for reducing, reusing, and recycling C&D waste inside and outside
a construction enterprise at post-construction stage when C&D waste has been
inexorably generated.

1.3.5 Chapter 6: Knowledge-driven evaluation

This chapter demonstrates an integrative application of the E+ prototype for
dynamic EIA in construction illustrated in Chapter 2 by using an experimental
case study, in which various quantitative EM methods described in Chapters 3—5
are integrated with a general ISO 14001 EMS process throughout all construction
stages in a construction project. Besides the demonstration of the E+ proto-
type, the experimental case study used in this chapter also indicates that it is
necessary to further develop the integrative prototype to be a Web-based E+
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environment to effectively, efficiently, and economically undertake and enhance
EM in construction.

1.3.6 Appendices

The appendix section consists of four appendices: Appendix A: a questionnaire
for investigating the acceptability of the ISO 14001 EMS in the construction
industry, Appendix B: a decision-making model for acceptance of the ISO 14001
EMS, Appendix C: sample waste exchange websites, and Appendix D: the
function menu of Webfill (an e-commerce business plan). Appendices A and
B complement the investigation on the acceptability of ISO 14001 EMS in the
construction industry with a questionnaire and corresponding statistic analysis.
Appendix C provides a list of 36 websites related to C&D waste exchange from
which the e-commerce model for the Webfill method is developed. Appendix D
illustrates the function menu of Webfill (an e-commerce business plan).



Chapter 2

E+: An integrative methodology

2.1 Introduction

Since September 1996, when the ISO 14000 series was first issued, environ-
mental management systems (EMSs) have been received in the construction
industry globally (ISO 2001), and have become a research and development area
in construction management (Kein etal. 1999; Ofori et al. 2000; Tse 2001). The
ISO survey in 2001 showed that there is a continuing strong growth of ISO
14001 EMS registration in the construction industry; for instance, the number of
registered companies increased from 298 as at the end of 1998, to 500 as at the
end of 1999, and then up to 1035 as at the end of 2000 (ISO 2001). However,
three statistical figures from mainland China indicate that the EMS has not been
prevalent in the construction industry there. The first figure is the percentage of
environmental certificates awarded to Chinese enterprises versus total environ-
mental certificates awarded to enterprises worldwide, which is as low as 2.23%
(ISO 2001); the second figure is the percentage of environmental certificates
awarded to Chinese construction enterprises versus total environmental certifi-
cates awarded to Chinese enterprises, which is as low as 7.65% (ISO 2001);
and the third figure is the percentage of the construction enterprises that have
been awarded environmental certificates versus total governmental registered
construction enterprises in mainland China, which is as low as 0.083% (CCEMS
2001; CEC 2001; CEIN 2001a; CACEB 2002). These statistical data indicate
that the construction enterprises have not fully accepted the ISO 14000 series in
mainland China.

By contrast, a higher implementation rate of environmental impact assessment
(EIA) in construction projects in mainland China is encountered from another
statistical analysis (China EPB 2000/2001). The EIA of construction projects is
the process or technique of identifying, predicting, evaluating, and mitigating
the biophysical, social, and other relevant environmental effects of development
proposals or projects prior to major decisions being taken and commitments
made (IAIA 1997; European Commission 1999; landscape Institute with IEMA
2002). According to the Official Report on the State of the Environment in China
2000 (China EPB 2000/2001), the implementation rates of EIA were 90.4% in
1999 and 94.8% in 2000. A further investigation on the implementation rate of
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EIA in mainland China indicates that the average EIA rate from 1995 to 1997
is 82% (a mean of three yearly average EIA rates, which are 79% in 1995,
81% in 1996, and 85% in 1997). Comparing with what it was in 1999 and
2000, the implementation rate of EIA is rising, although it varies in different
municipalities and provinces in a range from 46 to 100%. It is obvious that the
EIA rate is much higher than the implementation rate of the ISO 14000 series in
mainland China.

The statistical data indicates that the ISO 14000 series have not yet been
widely implemented in the Chinese construction industry and the problem of
whether contractors have really accepted the standard also emerges. In order
to further verify the observation and understand the reasons that hinder the
acceptance of the standard, a questionnaire survey focusing on the adoption and
implementation (A&I) of EMS and the ISO 14000 series has been conducted
over 100 selected construction companies in Shanghai, which is selected as a
representative city in mainland China. Reasons why some contractors surveyed
resist the A&I of the ISO 14000 series (ISO 14Ks,q,;) are then analysed and
useful conclusions, including a discriminant model for decision-making on ISO
14000 acceptance, are generated. A Microsoft Excel® spreadsheet is adopted to
apply the discriminant model.

2.2 Background

Environmental management in construction has received more and more attention
since the early 1970s. For example, studies on noise pollution (U.S.EPA 1971),
air pollution (Jones 1973), and solid waste pollution (Skoyles and Hussey 1974;
Spivey 1974a,b) from construction sites were individually conducted in the early
1970s. Although the expression “EM in construction” came out in the early
1970s after the U.S. National Environmental Policy Act of 1969 was enacted
(Warren 1973), the concept of EM in construction was introduced in the late
1970s, when the role of environmental inspector was defined in the design and
construction phases of projects to provide advice to construction engineers on
all matters in EM (Spivey 1974a,b; Henningson 1978). However, there had been
little enthusiasm for establishing an EMS in construction organizations until two
important standards, BS 7750 (issued in 1992) and the ISO 14000 series (issued
in 1996), were promulgated to guide the construction industry from passive
construction management on pollution reduction to active EMS for pollution
prevention.

In the 1990s, the Construction Industry Research and Information Association
(CIRIA) conducted a series of reviews on environmental issues and have under-
taken initiatives relevant to the construction industry after the introduction of
BS 7750 (Shorrock etal. 1993; CIRIA 1993, 1994a,b, 1995; Guthrie and Mallett
1995; Petts 1996). Thereafter, research efforts for EM have also been put into the
implementation of EMS and the accreditation of ISO 14001 EMS by authoritative
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institutions in the construction industry, including the CIOB (Clough and Antonio
1996), the FIDIC (1998), the Construction Policy Steering Committee (CPSC
1998), and the CIRIA (Uren and Griffiths 2000).

In order to assess the extent of EMS implementation within the construction
industry, several investigations have been conducted. For example, Kein et al.
(1999) conducted a field study in Singapore to assess the level of commitment of
ISO 9000-certified construction enterprises to EM. They found that contractors
in Singapore were aware of the merits of EM, but were not instituting systems
towards achieving it; Ofori etal. (2000), also in Singapore, then conducted a
survey to ascertain the perceptions of construction enterprises on the impact of
the implementation of the ISO 14000 series on their operations. Major problems
were identified, such as the shortage of qualified personnel, lack of knowledge of
the ISO 14000 series, indistinct cost-benefit ratio, disruption and high expenses
on changing traditional practices, and resistance from employees, etc.; the CIRTIA
(1999) led a self-completion questionnaire survey of the state of environmental
initiatives within the construction industry and of sustainability indicators for
the civil engineering industry in the United Kingdom; Tse (2001) conducted
an independent questionnaire survey in the Hong Kong construction industry to
gain a further understanding of the difficulties in implementing the ISO 14000
series; Lo (2001), also in Hong Kong, made an effort to identify nine critical
factors for the implementation of ISO 14001 EMS in the construction industry
based on critical factors drawn from an investigation in another industry; and the
CPSC (2001), in Australia, conducted a questionnaire survey of the New South
Wales construction industry on EM with industry leaders. All these questionnaire
surveys aimed to clarify the real situations in ISO 14Ks,g, in local construction
industries.

One important contribution of these surveys is that researchers have gained
useful insights into the problems and difficulties of implementing the ISO 14000
series. Their survey results provide useful information not only for improving
efficiency on EMS implementation but also for developing the EMS itself,
focusing on effective EM in the construction industry. For example, Tse (2001)
has found four major obstacles in implementing the ISO 14000 series in Hong
Kong’s construction industry, including lack of government pressure, lack of
client requirement or supports, expensive implementation cost, and difficulties in
managing the EMS with the current sub-contracting system. One cannot easily
draw such constructive conclusions in detail without such a kind of survey.
However, what originally impelled us to an investigation on the acceptability of
the ISO 14000 series in mainland China was not the advantage of a survey even
though there is little published research work in this area, but the remarkable
disagreement between the rate of ISO 14001 EMS registration and the rate of
EIA implementation in Chinese construction industry. As stated previously, the
remarkable deviation between the two rates indicates that the contractors in
mainland China may not have really applied EM in construction projects. In
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order to verify this hypothesis, a questionnaire survey was conducted and details
of the questionnaire survey are described below.

2.3 A questionnaire survey

2.3.1 Data collection

The methodology adopted for this study involves the use of a structured ques-
tionnaire (see Appendix A) and a statistical analysis. Shanghai was selected as
a representative city. As one of the most industrialized Chinese cities, Shanghai
is halfway along the eastern coastline of mainland China. It is a municipality
with an urban population of 9.6 million, and plays an essential role in national
socio-economic affairs; furthermore, Shanghai is one of the areas where there
have been large numbers of construction projects in mainland China in the past
several years (China NBS 2000).

In mainland China, construction enterprises are divided into three types: main
contractors, specialized contractors, and labour contractors (MOC 2001a,b,c).
Each type is further divided into different classes according to the characteris-
tics of construction projects and technological demands. And each class is then
divided into different grades with specified qualifications to individual compa-
nies. At present, there are five grades of main contractors. They are Special
Grade, and Grade-1 to Grade-4. The population of the survey group consists of
100 main building contractors randomly selected from Shanghai, including 50
Grade-1 qualified contractors and 50 Grade-2 qualified contractors.

Hundred copies of the questionnaire were distributed to the main contractors
in Shanghai, with whom the authors were acquainted in April 2001. By the end
of October 2001, 72 usable responses were received. This represents 1.5% of
contractors in the Shanghai construction industry. All survey data accumulated
were analysed using a standard version of SPSS® 11.

2.3.2 Overall status

Among these 72 construction companies, 2 companies have ISO 14001 EMS
registrations, 1 company is under assessment for registration, 11 companies are
willing to apply for registration, and 58 companies do not want to apply. These
results indicate that the ISO 14000 series has only been accepted by 19% of the
contractors surveyed, while others (81%) gave out their indifference to the ISO
14000 series.

2.3.3 Main reasons for indifference

The reasons for indifference to the ISO 14000 series are summarized in Table 2.1.
The acceptability of the ISO 14000 series is examined separately in terms of
A&I in the questionnaire survey (see Parts 6 and 7 in Appendix A), as adoption



Table 2.1 Potential influential reasons for indifference to the ISO 14000 series

(a) Reasons for not adopting the ISO 14000 series

Class  Reason Item Grade Mean  Grade Rank

I Lack of governmental administrative requirement 9.0 |
on adopting the ISO 14000 series
Lack of governmental encouragement on financial 8.5 2
subsidies, e.g. tax deduction/return
Lack of governmental encouragement on 84 3
non-financial allowance

2 Lack of reliable consultant companies on 7.5 6
tutorship of adoption of the ISO 14000 series

3 Lack of competitive pressure from domestic 7.1 7
construction industry
Lack of competitive pressure from international 7.0 8
construction industry within WTO

4 Lack of internal initiative consciousness on 8.0 4
implementation of EMS

5 High cost of implementation of ISO 14001 EMS 7.6 5
(About RMB 0.3M)
High cost of ISO 14001 EMS assessment, 6.8 9
certification, and maintenance
Additional cost of human resource on adopting 6.8 9
and implementing the ISO 14000 series
High cost of ISO 14001 registration (About RMB 6.6 10
50,000)

- Additional cost of reorganization on adoptingand 6.3 I
implementing the ISO 14000 series

- The necessity of management involvement on 6.3 I
adopting the ISO 14000 series

- Interrupt and adjustment of construction 6.1 12
processes on implementing the ISO 14000
series

- Entire employees’ training and education before 6.0 13
implementing ISO 14001 EMS

- Various additional EM documents on adopting ISO 6.0 13
14000 series

- Lack of requirement and pressure from clients or 6.0 13
suppliers

- Lack of expectation from clients or suppliers 6.0 13

- Additional cost on training functionaries inside 5.9 14
company

- Lack of intention to establish enterprise’s internal 5.6 15
ISO 14000 based EMS

- Less encouraging subcontractors to adopt ISO 5.6 15
14000 series for improving EM

- Additional cost of failure on adopting ISO 14001 5.2 16

EMS




Table 2.1 (Continued)
(b) Reasons for not implementing the ISO 14000 series

Class  Item Grade Mean  Grade Rank

| Lack of pressure from the government 8.0 4

2 Multifarious documental operation process of the 9.0 2
ISO 14000 series
Destitute of applicability of the ISO 14000 seriesin 8.5 3
construction enterprises
Lack of suitable technology and material for 8.0 4
environmental protection

3 Lack of pressure from the competitors inside 6.5 6
construction industry
No competitors implemented the ISO 14000 series 6.0 7
first inside construction industry
Lack of pressure from the clients 55 8

4 Lack of correspondence and cooperation of design 9.0 2
and construction
Poor employees’ attitude towards cooperation 9.0 2
on implementing the ISO 14000 series
Poor administrators’ attitude towards cooperation 9.0 2
on implementing the ISO 14000 series
Poor subcontractors’ attitude towards cooperation 9.0 2
on implementing the ISO 14000 series
Poor suppliers’ attitude towards cooperation on 75 5
implementing the ISO 14000 series

5 Additional cost of implementation of ISO 14001 9.5 I
EMS
Impacts and additional expense of construction on 9.5 I
interruption and adjustment
Costly expense on implementation 9.5 I

- Success/failure on employees’ training and education 8.0 4
inside enterprise

- Success/failure on maintenance and continuous 8.0 4
assessment of the ISO 14000 series

- Success/failure on administrator’s training and 8.0 4
education inside enterprise

- Success/failure on combination with other EMS 6.5 4
inside enterprise

- Success/failure on adjustment of organizational 6.0 7
structure inside enterprise

Notes

Class | = Governmental regulations; Class 2 = Technology conditions; Class 3 = Competitive

pressures; Class 4 = Cooperative attitude; Class 5 = Cost-benefit efficiency.
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means only to get an ISO 14001 EMS registration, while the implementation
is to carry out the EMS after registration, and some contractors who gain ISO
14001 certificates might not carry out a qualified EMS up to the requirements of
the ISO 14000 series. Table 2.1a gives reasons for indifference to adopting the
ISO 14000 series, and Table 2.1b gives reasons for indifference to implementing
the ISO 14000 series.

In order to find critical factors that influence the adoption and the imple-
mentation of the ISO 14000 series, reasons in Table 2.1a and Table 2.1b are
assorted into classes according to their coherence, and five classes are iden-
tified: governmental command-and-control regulations on ISO 14Ks,g, (gov-
ernmental regulations), applied environmental-friendly technology conditions in
construction and management (technology conditions), competitive pressures
from both domestic and foreign trades (competitive pressures), attitude towards
cooperation with an EM-seeking enterprise on /SO 14Ks,q, (cooperative atti-
tude), and cost-benefit efficiency on ISO 14Ks,,, (cost-benefit efficiency). All
items are ranked according to their mean score grades, which are calculated
with corresponding scores from respondents who are indifferent to the adop-
tion of the ISO 14000 series. The average grades of each of the five classes
are then determined by using grade means of each corresponding reason in
the class.

First, the main reasons for indifference to adopting the ISO 14000 series
(refer to Table 2.1a) show that those respondents score highly in a sequence on
governmental regulations (Ranks 1 to 3 with an average grade of 8.6), cooperative
attitude (Rank 4 with an average grade of 8.0), technology conditions (Rank 6
with an average grade of 7.5), competitive pressures (Ranks 7 and 8 with an
average grade of 7.1), and cost-benefit efficiency (Ranks 5, 9, and 10 with an
average grade of 7.0).

In terms of indifference to implementation of ISO 14000 series, major reasons
in the classes (as shown in Table 2.1b) were identified, which include the cost—
benefit efficiency (Rank 1 with an average grade of 9.5), cooperative attitude
(Ranks 2 and 5 with an average grade of 9.3), technology conditions (Ranks 2,
3, and 4 with an average grade of 8.6), governmental regulations (Rank 4 with
an average grade of 8.0), and competitive pressures (Ranks 6, 7, and 8 with an
average grade of 6.0).

Combining the results of Tables 2.1a and 2.1b, the histograms which indicate
the opinions of companies surveyed for not adopting and implementing the ISO
14000 series, as shown in Figure 2.1, were obtained.

Additionally, in order to test whether a mean grade differs from a given
hypothesized test value in the corresponding column in Tables 2.1a and 2.1b,
the one-sample ¢ test method is employed in every calculation on an individual
potential influential factor. At the 95% confidence level, the critical value of
t with 57 degrees of freedom (i.e. n—1 =58 —1) is 2.11. Therefore, as the
absolute value of ¢ (here r = 0) is less than +2.11, it is concluded that the null
hypothesis (mean grade) could not be rejected.
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2.4 Examinations

According to the survey results, the critical factors for not adopting and
implementing the ISO 14000 series are characterized by five classes: gov-
ernmental regulations, technology conditions, competitive pressures, coopera-
tion attitude, and cost-benefit efficiency. These critical factors are now further
analysed.

2.4.1 Governmental regulations

The governmental regulations include all kinds of governmental command-and-
control ordinances and regulations on encouraging contractors to adopt and
implement EMS. In the survey, the governmental regulations are divided into
three scopes: administrative requirement on adopting and implementing EMS
in construction industry, encouragement of financial subsidies (e.g. tax deduc-
tion or repay), and encouragement of non-financial allowance. Analysing data
regarding these three kinds of governmental regulations shows that all Pearson’s
correlation coefficients (0.890 between administrative requirement and financial
encouragement, 0.420 between financial and non-financial encouragement, and
0.399 between administrative requirement and non-financial encouragement) are
significant at the 0.01 level (2-tailed). Frequencies of each kind of governmental
regulation above their mean grades are 76.2, 76.2, and 80.0%; and these frequen-
cies are quite similar on approaching 80%. Moreover, a trend analysis between
the governmental regulations and the ISO 14000 series’ acceptability indicates
that contractors who give higher score to governmental regulations would have
less intention to accept the ISO 14000 series. The survey results indicate that the
government plays an important role in promoting ISO 14Ks ., and contractors
would prefer to be indifferent to the ISO 14000 series if there were insufficient
governmental command-and-control regulations on it.

The survey results offer a conclusion similar to those of the three previous
surveys on ISO 14Ks,, in the construction industry in Hong Kong (Tse 2001)
and Singapore (Kein eral. 1999; Ofori etal. 2000) in that contractors would
ignore to adopt and implement the ISO 14000 series directly if there were lack
of pressure from the government. The effect of governmental regulations is also
reflected in the fact that the high implementation rate of EIA in mainland China is
because the Managerial Ordinance on Environmental Protection of Construction
Project (SC of China 1998) stipulates that all new construction projects must
apply for environmental impact approval following an approval procedure of ETA
report/form or Ei form before construction. More than 90% of new construction
projects have been undertaken according to the EIA procedure and received
approval annually in mainland China since the ordinance was issued (China EPB
2001). Moreover, a literature review shows that the governmental regulations
particularly affect the number of ISO 14001 certified contractors in Hong Kong.
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In the past four years, the number of ISO 14001—certified contractors in Hong
Kong was 4 in 1998, 7 in 1999, 4 in 2000, 22 in 2001, and 2 in early 2002
(HKEPD 2002). These numbers coincide with the governmental regulations on
promoting the ISO 14000 series issued twice, in later 1996 and early 2000
(HKPC 1996, 2000); for example, there were 15 ISO 14001—certified contractors
after the first promotion in 1996 and the figure increased to 39 owing to the
second promotion in 2000.

Unfortunately, there have been no governmental regulations on promoting the
ISO 14000 series nationally or locally in the Chinese construction industry since
1996, and contractors with less consciousness on environmental protection in
mainland China can thus be indifferent to the EMS without any liability. For
example, although the Environmental Protection Bureau of China has established
seven National Demonstration Districts to display the benefits of implementing
ISO 14001 EMS since 1998 (China EPB 2002), there has been no ISO 14000
series—related requirement or restriction for contractors to tender projects (China
EPB 2001). Moreover, in the 10th five-year plan of the Ministry of Construction
in China (CMC 2000), no environmental-friendly construction technology is
promoted. It is thus not surprising to see that near by 81% of contractors were
indifferent to the ISO 14Ks,q,; in the survey.

2.4.2 Technology conditions

Technology conditions refer to the level of environment-friendly or resource-
efficient (NAHB Research Center 1999) technologies for reducing negative envi-
ronmental effects in construction. In the survey, these technologies are divided
into three types, the first type includes the use of technologies in order to get
accreditation of ISO, the second type includes technologies used for implement-
ing the ISO 14000 series (Technology B), and the third type includes technolo-
gies used by a company to reduce negative environmental impacts, although
the company does not accept the ISO 14000 series (Technology C). Analysing
data regarding these three types of technologies shows that all the Pearson’s
correlation coefficients (0.469 between Technology A and Technology B, 0.449
between Technology A and Technology C, and 0.442 between Technology B
and Technology C) are significant at the 0.01 level (2-tailed). Frequencies of
the three types of technologies above mean grades are 76.1, 66.7, and 57.1%,
all of which are above 50%. Moreover, a trend analysis between the technology
condition and the ISO 14000 series’ acceptability indicates that contractors who
gave higher scores to the technology condition would be more likely to accept
the ISO 14000 series. The survey results indicate that technologies are an impor-
tant means for adopting and implementing the ISO 14000 series and contractors
would prefer to accept the ISO 14000 series if there were sufficient technolo-
gies to help them to control and reduce the negative environmental impacts in
construction.
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2.4.3 Competitive pressures

Competitive pressures include pressures from the competitors of both the domes-
tic and international markets on ISO 14Ks,g,;. The survey divides the competi-
tive pressures into two scopes: domestic competitive pressure and international
competitive pressure. Analysing data regarding these two scopes of competi-
tive pressures shows that the Pearson’s correlation coefficient (0.558 between
domestic competitive pressure and foreign competitive pressure) is significant at
the 0.01 level (2-tailed). Frequencies of the two scopes of competitive pressures
above mean grades are 64.3 and 61.9%, which are above 60%. Moreover, a
trend analysis between the competitive pressures and the acceptability of the ISO
14000 series indicates that contractors who give higher score to the competitive
pressures would be more likely to accept the ISO 14000 series. The survey
results indicate that competitive pressure is an important consideration when
contractors decide whether to adopt and implement the ISO 14000 series, and
contractors will accept the ISO 14000 series if there are sufficient competitive
pressures.

In the past five years, construction companies in mainland China met with
increasing competition from foreign construction companies in the domestic
market. According to the statistical data from the China National Bureau of
Statistics, the proportion of foreign construction companies has grown with an
average rate of 10.7% since 1996, while the proportion of domestic construction
companies has shrunk with the rate of 2.9% (China NBS 1998/2000). This
indicates that contractors in mainland China are facing severe competition from
their international counterparts, especially in the next five to ten years after
China’s accession to WTO and many important civil infrastructure projects will
be tendered internationally (CEIN 19/03/2001).

Unfortunately, contractors involved in the survey have not yet realized the
competitive pressure and the trend of globalization, as most of them have been
largely accustomed to focusing on competition with their domestic peers.

2.4.4 Cooperative attitude

Cooperative attitude reflects the willingness of people in ISO 14Ks,g,. In the
survey, the cooperative attitude is divided into four scopes: cooperative attitude
from designers, cooperative attitude from workers, cooperative attitude from
administrators, and cooperative attitude from subcontractors. Analysing data
regarding these four scopes of attitude on cooperation shows that the Pearson’s
correlation coefficients (0.803 for cooperative attitude among workers, admin-
istrators, and subcontractors, 0.661 for cooperative attitude between employees
and designers, and 0.557 for cooperative attitude among designers, administra-
tors, and subcontractors) are significant at the 0.01 level (2-tailed). Frequencies
of the four scopes of attitude on cooperation above mean grades are 59.5, 50.0,
52.4, and 52.4%, all of which are above 50%. Moreover, a trend analysis between
the cooperative attitude and the acceptability of the ISO 14000 series indicates
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that contractors who give higher score to the cooperative attitude would have
greater intention of accepting the ISO 14000 series. The survey results indicate
that the cooperative attitude towards ISO 14Ks ¢, also affects the progression
of EMS, and contractors would have accepted the ISO 14000 series if there had
been satisfactory cooperation on EMS both inside and outside their companies.

2.4.5 Cost-benefit efficiency

Cost—benefit efficiency includes all concerns regarding benign cost—benefit cir-
culations on ISO 14Ks,,, inside a construction enterprise. In our survey, the
concerns of cost—benefit efficiency are divided into three main scopes: costs for
registration and maintenance of ISO 14001 EMS certification, costs for imple-
mentation of ISO 14001 EMS, and benefits from the ISO 14Ks,¢,. Analysing
data regarding these three scopes of concerns in cost-benefit efficiency shows
that the Pearson’s correlation coefficients (0.561 between cost on registration
and cost on implementation, 0.701 between cost and benefit of ISO 14Ks,¢,)
are significant at the 0.01 level (2-tailed). Frequencies of the three scopes of con-
cerns on cost—benefit efficiency above mean grades are 50.0, 57.1, and 54.8%,
all of which are above 50%. Moreover, a trend analysis between the cost—benefit
efficiency and the ISO 14000 series’ acceptability indicated that contractors
who give higher score to the cost-benefit efficiency would have less intention
to accept the ISO 14000 series. The survey results indicate that the indistinct
cost-benefit efficiency obstructs the progression of the ISO 14000 series and
contractors prefer to see a higher cost-benefit efficiency on the ISO 14Ks .

Our survey results encounter another similar conclusion with the three previ-
ous surveys as detailed before in that contractors would hesitate to adopt and
implement the ISO 14000 series if the cost is high. One way for small and
medium-sized enterprises to reduce the cost is to form a network and establish
a joint EMS in accordance with the ISO 14000 series. This route to achieve the
ISO 14000 series has been proved effective at the Hackefors Industrial District
in Sweden (Ammenberg ez al. 2000).

2.5 The E+

2.5.1 Introduction

The EIA of construction projects is a process of identifying, predicting, evalu-
ating, and mitigating the biophysical, social, and other relevant environmental
effects of development proposals or projects prior to major decisions being taken
and commitments made (IAIA 1997). According to the Official Report on the
State of the Environment in China 2001 (China EPB 2002), the annual imple-
mentation rate of EIA for construction projects was 97% in 2001 in mainland
China. In addition, a further investigation on the implementation rate of EIA in
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mainland China indicates that the average EIA implementation rate from 1995
to 2001 is 88%, with an increasing rate of 23% (China EPB 2002).

On the other hand, three statistical figures from mainland China indicate that
the EMS may not have been prevalent in the construction industry there; and
they are given below.

e The first figure is the percentage of environmental certificates awarded
to Chinese enterprises versus total environmental certificates awarded to
enterprises worldwide, which is as low as 2% (ISO 2002);

e The second figure is the percentage of environmental certificates awarded
to Chinese construction enterprises versus total environmental certificates
awarded to Chinese enterprises, which is as low as 8% (ISO 2002);

e The third figure is the percentage of the construction enterprises that have
been awarded environmental certificates versus total governmental regis-
tered construction enterprises in mainland China, which is as low as 0.1%
(CACEB 2002; CEIN 2002).

It is obvious that implementation rate of EIA is much higher than the implementa-
tion rates of the ISO 14000 series in the construction industry in mainland China.
These statistical figures also indicate that most construction enterprises have not
yet adopted or accepted the ISO 14000 series in mainland China. Because of the
disagreement between the implementation rates of EIA and EMS, there may be
little coordination between the EIA process and EMS implementation in con-
struction projects, and thus EIA may not really serve as a tool to promote EM in
the construction industry in China. As a result, adverse environmental impacts
such as noise, dust, waste, and hazardous emissions still occur frequently in
construction projects in spite of their EIA approvals prior to construction.

However, this situation is expected to improve in the near future. The China
Environmental Protection Bureau has enacted laws, in December 2002, to
implement the environmental supervision system (ESS) in construction project
management (China Environment Daily 16/12/2002). Although this supervision
system had been carried out in 13 pilot construction projects only since 2002, it is
suggested that contractors in mainland China have to pay greater attention to EM
in project construction in future, and prepare to actually adopt and implement
EM in construction in the near future.

To find out the main obstacles to implementing the ISO 14000 in the construc-
tion industry in mainland China, a questionnaire survey was conducted in 2001
among representative contractors in Shanghai, a representative city, and five
key factors were identified. These five factors are (1) governmental command-
and-control ordinances and regulations on encouraging contractors to adopt and
implement EMS, (2) technology conditions for environment-friendly or resource-
efficient construction, (3) competitive pressures from the competitors of both
the domestic and international markets on adopting and implementing the ISO
14000 series, (4) cooperative attitude towards adopting and implementing the
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ISO 14000, and (5) cost-benefit efficiency on adopting and implementing the
ISO 14000 (Chen and Li eral. 2004b). According to the survey results, con-
tractors in mainland China are most interested in technology conditions such
as construction techniques and construction management approaches that can
assist field engineers to reduce adverse environmental impacts in terms of the
requirements of environmental ordinances and laws.

As can be seen from statistic figures and the questionnaire survey, the imple-
mentation of either the EMS or the ESS requires additional EM approaches as
practicable as the EIA approach, which is popular and easier to use by contrac-
tors. For that reason, this chapter attempts to transplant a standard EMS process
into a static EIA process, which is currently adopted in mainland China, to derive
a dynamic EIA process. The EMS-based dynamic EIA process presented in this
chapter, named as E+, is an integrative methodology which integrates practicable
EM approaches into an ISO 14001 EMS process throughout a whole construction
cycle in a construction project, and it is expected to be able to assist contractors
to effectively and efficiently enhance their EM performance in China.

2.5.2 A conception model of the E+

The E+ is an integrative methodology for EM in construction projects, using
which a dynamic EIA process can be effectively and efficiently applied during
construction. The successful implementation of an EMS in construction projects
requires far more than just the apparent prevention and reduction of adverse or
negative environmental impacts in a new project and its construction process
development cycles during pre-construction stage, continuous improvement of
the EM function based on institutionalization of change throughout an onsite
organization to reduce pollution during mid-construction stage, or efficient syn-
ergisms of pollution prevention and reduction such as waste recycle and regen-
eration in construction industry during mid-construction and post-construction
stages. It necessitates a complete transformation of the construction management
in an environmentally conscious enterprise, such as changes in management
philosophy and leadership style, creation of an adaptive organizational struc-
ture, adoption of a more progressive organizational culture, revitalization of
the relationship between the organization and its customers, and rejuvenation
of other organizational functions (i.e. human resources engineering, research
and development, finance, and marketing, etc.) (Azani 1999). In addition to
the transformation for EM in construction enterprises, the integrative methodol-
ogy, E+, for the effective implementation of EM in all phases of construction
cycle including the pre-construction stage, the mid-construction stage, and the
post-construction stage is necessarily activated, together with other rejuvenated
construction management functions such as human resources, expert knowledge,
and synergetic effect.

There are already some approaches to effectively implementing the EM on-
site at different construction stages. For example, for the pre-construction stage,
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a CPI approach, which is a method to quantatively measure the amount of pol-
lution and hazards generated by a construction process and construction project
during construction, can be utilized by indicating the potential level of accu-
mulated pollution and hazards generated from a construction site (Chen, Li and
Wong 2000), and by reducing or mitigatingpollution level during the construc-
tion planning stage (Chen and Li eral. 2002); in addition to the CPI approach,
a life-cycle assessment (LCA) approach for material selection (Lippiatt 1999),
and a decision programming language (DPL) approach for environmental liabil-
ity estimation (Jeljeli and Russell 1995), etc. also provide computable methods
for making decision on EM at pre-construction stage; for the mid-construction
stage, a crew-based incentive reward program (IRP) approach, which is realized
by using bar-code system, can be utilized as an on-site material management
system to control and reduce construction waste (Chen and Li etal. 2002a); for
the post-construction stage, an online waste exchange (Webfill) approach which
is further developed into an e-commerce system based on the trip-ticket system
for waste disposal in Hong Kong can be utilized to reduce the final amount of
C&D waste to be landfilled (disposed of the C&D waste in a landfill) (Chen
and Li eral. 2003a). Although these approaches to EM in project construction
have proved effective and efficient when they are used in a corresponding con-
struction stage, it has also been noticed that these EM approaches can be further
integrated for a total EM in construction based on the interrelationships among
them. The integration can bring about not only a definite utilization of current
EM approaches but also an improved environment for contractors to maximize
the advantages of utilizing current EM approaches due to sharing EM-related
information or data.

As mentioned above, the EMS is not as acceptable as EIA in mainland China
partly due to the lack of efficient EM tools, and the tendency of EM in con-
struction is to adopt and implement the EMS after the EIA report/form of a
construction project is approved. As a result, the dynamic EIA process for con-
tractors to enhance their environmental performance in mainland China, which
integrates all necessary EM approaches available currently, just appropriates to
the occasion.

The proposed E+4 aims to provide high levels of insight and understanding
regarding the EM issues related to the management in a construction cycle. In
fact, current EIA process applied in mainland China is mainly conducted prior
to the pre-construction stage of a construction project, when a contractor is
required to submit an EIA report/form based on the size and significance of the
project and the EIA process for the mid-construction stage is seldom conducted
in normalized forms. Due to the alterability of the environmental impacts in
the construction cycle, the commonly encountered static EIA process prior to
construction cannot accommodate the implementation of the EMS in project
construction, and a dynamic EIA process is thus designed for the E+. In addition,
current EM approaches are to be combined with a frame of the EMS (a process of
the EMS including issuing environmental policies, planning, implementation and
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Construction cycle EMS Process EM Process
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4
% | ®Management Review | — — 1

Legend: It = EM process flow, T=EM data flow

Note: Description of the EMS Processes:

D Envir { Policy: the envir¢ | policy and the requirements to pursue this policy via objectives,
targets, and environmental programs;

@ Planning: the analysis of the environmental aspects of the organization (including its processes, products and
services as well as the goods and services used by the organization;

@implementation and operation: implementation and organization of processes to control and improve
operational activities that are critical from an environmental perspective (including both products and services
of an organization);

@Checking and corrective action: checking and corrective action including the monitoring, measurement, and
recording of the characteristics and activities that can have a significant impact on the environment;

@Management Review: review of the EMS by the organization's top management to ensure its continuing
suitability, adequacy and effectiveness.

Figure 2.2 A conception model of the E+-.

operation, checking and corrective action, and management review) according to
their interrelationships with which various EM-related information/data can be
organized. Because the main task of the EM in construction is to reduce adverse
environmental impacts, the dynamic data transference in the framework is the
prime focus of the E+4. Thus, a conception model of the E+ is illustrated in
Figure 2.2.

2.6 Conclusions

The remarkable difference between the rate of ISO 14001 registration and EIA
implementation indicates that contractors in mainland China have not really
implemented EM and accepted the ISO 14000 series. This hypothesis has been
tested in this study by a mail questionnaire survey conducted with contractors in
Shanghai. The survey data has been analysed focusing on the ISO 14000 series’
acceptability, and the survey results indicate that there are five classes (critical
factors) affecting contractors in Shanghai on ISO 14Ks,4,. These critical factors
include governmental regulations, technology conditions, competitive pressures,
cooperative attitude, and cost—benefit efficiency.

Based on the analysis of the ISO 14000 series’ acceptability, an empirical
evaluation model for deciding on whether to accept the ISO 14000 series has been
developed (see Appendix B). The model can be used by contractors to decide
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whether they should accept the ISO 14000 series in the Shanghai construction
industry.

The integrative methodology for EM in construction projects, in which a
dynamic EIA process can be effectively and efficiently applied during con-
struction, has been put forward. The implementation of the E+ model requires
essential analytical approaches, which belong to the E4+ Plan section or E+
Logistics section individually, to carry out data capture and transform stage by
stage and realize its conclusive function.



Chapter 3

Effective prevention at
pre-construction stage

3.1 Introduction

Environmental issues in construction typically include soil and ground con-
tamination, water pollution, C&D waste, noise and vibration, dust, hazardous
emissions and odours, demolition of wildlife and natural features, and archae-
ological destruction (Coventry and Woolveridge 1999). Since the early 1970s,
there have been numerous studies related to environmental issues in construc-
tion. Some examples include the study on air pollution (Henderson 1970), noise
pollution (U.S.EPA 1971, 1973), water pollution (McCullough and Nicklen
1971), and solid-waste pollution (Spivey 1974a,b) generated from construction
sites. On the other hand, although the expression ‘EM in construction’ was
first coined in the U.S. National Environmental Policy Act of 1969 (Warren
1973), the embryonic concept of EM in construction was not formulated until
the late 1970s, when the role of environmental inspector was introduced in
the design and construction phases of projects. The environmental inspector,
who plays the role of environmental monitor (Dodds and Sternberger 1992),
is a specialist whose academic background or experience results in consider-
able understanding of environmental impacts and applicable control measures,
and acts as an advisor to construction engineers on all matters of EM (Spivey
1974a,b; Henningson 1978). Moreover, enthusiasm for establishing an EMS in
a construction company increased quickly following two main important EM
standards, BS 7750 (enacted in 1992) and the ISO 14001 EMS (enacted in
1996). The EM standards are regarded as guidance to the construction indus-
try, from passive and one-sided CM on contamination reduction to active and
all-round EM.

Pollution and hazards caused by construction projects have become a serious
social problem all over the world. The sources of pollution and hazards from
construction sites include dust, harmful gases, noises, blazing lights, solid and
liquid wastes, ground movements, messy sites, fallen items, etc. These kinds of
pollution and hazards can not only annoy residents nearby, but also affect the
health and well-being of people in the entire city and area. For example, in big
cities in developing countries, such as Shanghai and Beijing in mainland China,
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air quality has been deteriorating due to extensive and rapid urban redevelopment
activities since the 1980s.

To tackle the serious environmental problems partly caused by construc-
tion pollution and hazards, environmental laws and regulations are increasingly
enacted in different forms in different countries. For example, the Chinese gov-
ernment has issued a number of laws and regulations on environmental protection
since the early 1980s. These laws and regulations include Oceanic Environ-
ment Act (enacted in 1982), Water Pollution Protection Act (enacted in 1984),
Air Pollution Protection Act (enacted in 1987), and Noise Pollution Protection
Act (enacted in 1989). Especially for the construction industry, the Chinese
Ministry of Construction enacted the first Construction Law in 1998, which
explicitly includes the liabilities and responsibilities of contractors in prevent-
ing and reducing the emission of pollutants to the natural environment; and the
State Council of China enacted the Managerial Ordinance on Environmental
Protection of Construction Project in the same year (SC of China 1998), which
stipulates that all new construction projects must apply for environmental impact
approval following an approval procedure of EIA report/form or EI form before
construction. However, investigations by the authors of this book on many con-
flicts over construction pollution and hazards between construction practice and
governmental regulations reveal that contractors need more effective, efficient,
and economical EM tools to help them to obey all environmental laws and
regulations.

As there are potential requirements of effective, efficient, and economical
EM tools in the construction industry, this chapter aims to provide a systematic
approach to dealing with environmental pollution potential generated in con-
struction projects at pre-construction stage. The systematic approach comprises
the CPI method to evaluate and reduce pollution and hazard levels of
construction processes and construction projects, and the env.Plan method
to quantitatively evaluate environmental-consciousness of proposed construc-
tion plans and thereby select the prime environment-friendly construction
plan. This systematic approach allows for both qualitative analysis and con-
trol and quantitative assessments through measuring the CPI, and thus the
selection of the prime environmental-conscious construction plan through
env.Plan decision-making model. The authors believe that the qualitative
assessment and control method is useful because it can provide construc-
tion project managers with essential knowledge of how to limit environ-
mental pollution to its minimum at pre-construction stage. However, the
systematic approach presented here is a necessary complement to EM in
construction, as it can be adopted to quantitatively measure the degree
of pollution and hazards generated in any particular construction pro-
cesses and construction projects, then to re-arrange and revise construction
plans and schedules in order to reduce the level of pollution and haz-
ards, and thereafter to support decision-making on environmental-conscious
construction.
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3.2 CPI method

3.2.1 Qualitative analysis of construction pollution

The sources of pollution and hazards generated from construction activities can
be divided into seven major types: dust, harmful gases, noise, solid and liquid
wastes, fallen objects, ground movements, and others. In order to reduce and
prevent these, it is necessary to identify first the construction operations that
generate pollution and hazards. In Table 3.1, construction activities that generate
pollution and hazards, and corresponding methods for prevention are listed. The
contents in Table 3.1 are presented based on an extensive investigation on many
construction cases, as well as numerous discussions with many project managers.

Qualitative methods to prevent pollution and hazards are divided into the
following four categories:

1 Technology: This category recommends a range of advanced construction
technologies which can reduce the amount of dust, harmful gases, noise,
solid and liquid wastes, fallen objects, ground movements, and others. For
example, replacing the impact hammer pile driver with the hydraulic piling
machine can significantly reduce the level of noise generated by the piling
operation.

2  Management: This category recommends the use of modern CM methods
which may help reduce the amount of dust, noise, solid and liquid wastes,
fallen objects, and others.

3 Planning: This category emphasizes revising and re-arranging construction
schedules to reduce the aggregation of pollution and hazards. This category
has effect on dust, noise, solid and liquid wastes, fallen objects, ground
movements, and others.

4  Building material: Better building material can also help reduce pollution and
hazards. This category has effect on harmful gases, fallen objects, ground
movements, and others.

These four categories of preventive methods and their effects are also summa-
rized in Table 3.2 (Chen, Li and Wong 2000).

The authors believe that it is possible to effectively control and reduce the
amount of pollution and hazards in some respects by adopting these preventive
methods. However, one limitation of the qualitative methods is their incapability
towards quantifying and adjusting pollution and hazards of a construction proce-
dure initiatively. In order to further quantitatively analyse the level of pollution
and hazards, the next section describes a method to quantify and re-distribute
pollution and hazards, generated from construction processes and construction
projects, below legal limits.



Table 3.1 Causes of pollution and hazards and preventive methods

Type

Causes

Methods to prevent

Dust

Harmful gases

Noise

Demolition, rock blast

Excavation, rock drilling

Open-air rock power and soil
Open-air site and structure
Bulk material transportation

Bulk material
unloading

loading and

Open-air material
Transportation equipment
Concrete and mortar making

Construction
driver
Construction
Construction
welder
Construction
equipment
Construction

machine — pile

machine — crane
machine — electric

machine — transport

machine — scraper

Organic solvent
Electric welding

Cutting
Demolition

Construction
driver

Construction
Construction

Construction
machinery
Construction
machine

Construction
equipment
Construction

machine — pile

machine — Crane
machine — rock drill

machine — mixing

machine — cutting

machine — transport

machine — scraper

Static crushing/chemical
breaking/water jet

Static crushing/chemical
breaking/wet excavation/wet
drilling

Covering/wet construction
Wet keeping/site clearing/mask
Awning/concrete goods/washing
transporting equipment
Concrete goods/packing and
awning/wet keeping
Awning/storehouse

Cleaning

Concrete goods

Hydraulic piling equipment

Electric machine

Bolt connection/pressure
connection

Night shift

Electric machine
Poison-free solvent

Bolt connection/pressure
connection

Laser cutting

Static crushing/chemical
breaking
Hydraulic pile equipment

Electric machine

Static crushing/chemical
breaking

Concrete goods/prefabricated
component

Laser cutting machine/
prefabrication/soundproof
room/wall

Night shift (based on the
location of construction site)
Night shift (based on the
location of construction site)




Table 3.1 (Continued)

Type Causes Methods to prevent
Ground Demolition Static crushing/chemical
movements breaking

Pile driving Static pressing-in pile

Forced ramming Static compacting/limited using
Wastes Solid-state waste — building Prefabricated component/

Fallen objects

Others

material waste

Solid-state waste — building
material package

Liquid waste — mud/building
material waste

Liquid waste — machinery oil
Solid-state waste — building
material waste

Solid-state waste — building
material package

Liquid waste — mud/Building
material waste

Liquid waste — construction water
Construction tools — scaffold and
board

Construction tools — model plate

Construction tools — building
material
Construction tools — sling/others

Urban transportation — road
encroachment
Civic safety — demolition

Civic safety — automobile
transportation

Civic safety — tower crane

Civic safety — construction elevator
Civic safety — foundation/earth dam
Urban landscape — structure
exposed

Urban landscape — night lighting
Urban landscape — electric-arc light

Urban landscape — mud/waste
water

Urban landscape — civic facility
destruction

recovery
Recovery

Recovery

Material saving

Material optimum seeking/
technology improving
Recovery

Technology improving/recovery

Recovery
Safety control/reliable tools

Technology improving/safety
control
Technology improving/recovery

Safety control

Enclosing wall/night shift/
underground construction
Static crushing/chemical
breaking

Overloading forbidden/speed
limiting

Safety control

Safety control

Safety control

Masking

Using projection lamp
Bolt connection/pressure
connection/prefabricated
component

Drainage organization

Technology improving/plan
preconception
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Table 3.2 Countermeasures for construction pollution and their effects

Category Pollution and hazards
Dust  Harmful —Noise  Ground Wastes  Fallen Others
gases movements objects

Technology v v v v v v v
Management v X v X v v v
Planning v X v X o X v
Material X v X o X X o
Notes

v' — More effective; O — Partial effective; x — Ineffective.
3.2.2 Construction pollution measurement

3.2.2.1 Pollution control in construction projects

Pollution control in construction projects can be defined as the control of all
human activities that have either a significant or small negative impact on both
natural and social environments during the entire construction process. It is an
essential part of the implementation of EM in any individual construction project
(Griffith etal. 2000). Construction pollution has been given great attention in
the industry since the 1970s, not only in academic research but also in pro-
fessional practice. From ASCE (www.asce.org), ICE (www.ice.org.uk), and EI
(www.ei.org) online databases, the authors found that noise pollution inconstruc-
tion was first identified in a professional research in the early 1970s (U.S.EPA
1971), followed by air pollution (Jones 1973) solid-waste pollution (Skoyles
and Hussey 1974; Spivey 1974a,b), and so forth. The concept of EM during
construction was put forward in the late 1970s, and the role of environmental
inspector, represented by a CM engineer, was introduced in the design and con-
struction phases of projects. From then on, researches, worldwide, focused on the
quantitative measurement and effective control approaches to reducing pollution
and hazards, such as life-cycle costing; efficient energy consumption; reduc-
tion, re-use, and recycle of C&D material/debris; degradation and abatement
of construction noise and dust; EIA, etc. Even so, there was little enthusiasm
to establish an EMS in a commercial construction company until two main
important standards, BS 7750 (1992) and the ISO 14001 EMS (1996), were
promulgated. As the EMS is an organization’s formal structure that implements
EM (Griffith eral. 2000), approaches to construction pollution control are useful
and effective in all environment-friendly practices in construction projects.

3.2.2.2 Construction pollution index

In many cases, conflicts between construction practice and governmental regula-
tions arose regarding the permissible level of polluting emission, especially if the
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construction sites are in densely polluted areas. For example, the Noise Pollution
Protection Act (NPPA 1993) in China specifies that the level of noise should not
exceed 75 dB(A), above which site operations will be suspended by legal actions.
Inaconstruction site, the level of pollution emission from individual operations may
not exceed the legal limits specified under the regulations; however, the aggregated
level of pollution from multiple sources may exceed the limit. To prevent this and
to ensure that the level of polluting emission does not exceed the legal limits dur-
ing construction, a two-step quantitative method, as described in this section, can
be followed. First, the method can predict the distribution of polluting-emission
levels throughout a project’s duration. Second, if it detects that the level of pollution
exceeds the limit at a certain point of time, then on-site activities are re-scheduled
so that the level of pollution can be re-distributed.

As a construction project generally spans over a year or even longer, the
method of quantitative analysis should involve continuous monitoring and assess-
ment for the entire project duration. CPI in measured as shown in Equation 3.1.

CPI =Y CPI, =Yk x D, (3.1)

i=1 i=1

where CPI is the construction pollution index of an urban construction project,
CPI, is the CPI of a specific construction operation i, A, is the pollution and hazard
magnitude per unit of time generated by a specific construction operation i, D, is
the duration of the construction operation i that generates pollution and hazards #;,
and n is the number of construction operations that generate pollution and hazards.

In Equation 3.1, parameter #, is a relative variable, and its value is in the range
of [0, 1]. If h; = 1, it means that the pollution and hazards can cause fatal damage
or catastrophes to people and properties nearby. For example, if a construction
operation generates some noise and the sound level at the receiving end exceeds
the “threshold of pain”, which is 140 dB(A) (McMullan 1998), then the value of
h, for this specific construction operation is 1. If 4, = 0, then it indicates that no
pollution and hazards are detectable from a construction operation.

The initial value of each h; depends on experience and expert opinions and
can be taken as the average of scores from experts. However, this calculation
method cannot give an accurate value to each h; because the average may not
be a real value of the h; or provide a most appropriate value to each h;. To
overcome this drawback in Equation 3.1, and to extend this quantitative pollution
measurement approach from construction pollution indication to general P3 in
construction and demolition projects, the authors developed an alternative index,
i.e. stochastic process pollution index (SPPI) based on Equation 3.1. And it can
be measured by Equations 3.2 and 3.3.

n n

SPPI =) SPPI, =Y h;x D, (3.2)
i=1 i=1

B h[(optimistic) + 4 % hl(mosllikely) + hgpessimislic)

hy =
6

(3.3)
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where SPPI is the stochastic process pollution index of a project, SPPI, is the
SPPI of a specific process i, h; is the expected hazard magnitude per unit of time
generated by a specific process i, 1™ is the optimistic hazard magnitude
per unit of time generated by a specific process i, A" is the most likely
hazard magnitude per unit of time generated by a specific process i, AP js
the pessimistic hazard magnitude per unit of time generated by a specific process
i, D; is the duration of the specific process i that generates pollution and/or
hazard h;, n is the number of processes that generate pollution and hazards.

Equations 3.2 and 3.3 provide an innovative way to define h;. The SPPI
assumes a beta probability distribution for the &, estimates. Regarding each h,,
each expert will provide a set of values — j %P8 p(mostikely) o g py{pessimistic) _
from which the expected h; is calculated by their weighted average. Compar-
ing with the programme evaluation and review technique (PERT) adopted in
project scheduling, the approximate treatment gives a more reasonable result for
each h,.

It is then possible to identify values of A; for all types of pollution and hazards
generated by commonly used construction operations. For example, according to
the information on sound emission from piling machines, as well as the types of
piles, the authors derive the values of /; for some piling operations (Table 3.3).

Data such as those regarding the emissions of noise, harmful gases, and wastes
are normally available in the product specifications of construction machinery
and equipment, or can be conveniently measured. These data can then be con-
verted to h; value by normalizing them into the range of [0, 1]. In case there is
no data available for such conversion, ; values have to be decided based on the
user’s experience and expert opinions.

It is also very useful to create a CPI bar chart. The CPI bar chart is very similar
to the ordinary bar charts used in construction scheduling, except that the thick-
ness of the bars in the histogram represents the %; value for the corresponding
construction operation. By integrating the concept of CPI method into Microsoft
Project®, which is a commonly used tool in construction project management,
the authors think it is possible to develop a system to neatly combine EM with
project management, as shown in Figure 3.1.

Table 3.3 Values of h; for some piling operations

Number  Piling operations h; value (per day)
| Prefabricated concrete piles using drop-hammer driver 0.5
2 Sheet steel piles using drop-hammer driver 0.6
3 Prefabricated concrete piles using hydraulic piling driver 0.2
4 Sheet steel piles using hydraulic piling driver 0.3
5 Bored piling 0.1
6 Sheet steel piles using drop-hammer driver 0.7
7 Prefabricated concrete piles using static pressing-in driver 0.2
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In Figure 3.1, the A, values are listed next to the task name of their correspond-
ing construction operations. As the height of the bar represents the h; value,
the area of the bar represents the CPI value of the corresponding construction
operation. For example, the sample construction project (refer to Figure 3.1)
involves a piling operation which includes the following activities and durations
(measured in number of days):

e Driving prefabricated concrete piles using drop-hammer driver, and duration
is 31 days.

e Driving sheet steel piles using hydraulic piling driver, and duration is
57 days.

Then, according to Equation 3.1, the value of CPI for the piling operation is
0.5%x3140.3 x57 =32.6, and the overall CPI value for the project is 747.2. The
value of CPI reflects the accumulated amount of pollution and hazards generated
by a construction project within its project duration. That is the aggregation of
the thickness of histograms, as indicated at the bottom of the bar chart (see
Figure 3.1), represents the distribution of the CPI value along the whole project
duration. This distribution is particularly useful for project managers to identify
the periods when the project will generate the highest amount of pollution
and hazards. Therefore, preventive methods such as those listed in Table 3.1
can be applied to reduce the amount of pollution and hazards during those
periods.

Careful study of the sample project revealed that during November—December
1998 the project generated the highest pollution and hazard level according to
the distribution diagram of Figure 3.1, and the root of the pollution is the large
amount of on-site mixing of concrete and masonry work during that period.
The project manager foresaw the problem, and decided to reduce the amount of
on-site mixing of concrete in those months by using 25% ready-mixed concrete.
As a result, the amount of noise generated from on-site concrete mixing was
reduced. The h; value decreased in November—December 1998 from 3.3 to 2.5,
a 25% reduction in the value of h; It also indicates that the total amount of
pollution and hazards is consequently reduced.

Figure 3.2 illustrates another example of a construction project comprising 20
activities. The &, value of each activity is presented in Table 3.4 and indicated
at the right side of the bars in Figure 3.2. For example, the h; value for “RC
Formwork” is calculated to be 0.5. Moreover, the y-axis in Figure 3.3 represents
the accumulated h; value and the x-axis is for the project duration. Thus, the
shaded area is the total CPI value. It is suggested that the maximum permissible
level of h; is 0.8 at any point of time during construction. It is necessary to
note that the definition of maximum level of A; value is based on the average
allowable pollution and hazard level. The value of maximum #; can be adjusted
to reflect the level of pollution and hazard control: the lower the maximum #;
value, the tighter the control on pollution and hazards, and vice versa.
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| Task Hame | Duration | Priority |Pm¢un“m‘t

(1| Demchtion éd 0

(2|  Site Preparation 6d L] 1
3| CastIn-Place RC File w0d 0 2
4| Excavation & Support System wd 0 3
(8| Foundation Baseglate 6d [] 4
% | RC Formwark 424 0 H
7| Steel Formwark Wd 0 6
*| Roof works éd 0 7
(3| Water supply & sewerage works 30d [} 7
18] Power supply system Md [] 7
1] Lighting system 204 L[] 7
12| Air Conditicning wd 0 7
13| Computer & communication network wd 0 7
14 Floor fnish & polishing s0d 0 8
18] laternal wal nish w0d 0 14
18| External wall finish 0d 0 3
17| Internal pastition wall wd 0 9.10,11,12,13
18| Ceiling work 404 1000 15
18] e improvements 6d [] 1%
2| Landscapmg work 6d ] 19

Figure 3.2 Initial schedule of a construction project.

Table 3.4 h; values of some construction operations

Task name h; Value (per day)
Demolition 0.7
Site preparation 0.7
Cast-in-place RC Pile 0.5
Excavation and support system 0.7
Foundation baseplate 0.3
RC framework 0.5
Steel framework 0.2
Roof works 0.5

Water supply and sewerage works 0
Power supply system 0
Lighting system 0
Air conditioning 0.
Computer and communication network 0

0

0

Floor finish and polishing

Internal wall finish

External wall finish 0.2
Internal partition wall 0.1
Ceiling work 0.2
Site improvements 0.2
Landscaping work 0.1

It is also necessary to note the CPI histogram is produced by linearly
accumulating h; values. This may cause inaccuracies as some pollution mea-
surements such as noise levels cannot be linearly added up. The authors are
examining, at the time of writing, the effect of nonlinearity and are aiming to
develop a revised method to accumulate /4; values so that accurate histograms
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can be produced. However, it can be seen from Figure 3.2 that during the period
December 1996 to March 1997 of the project duration, the level of A; values will
exceed the maximum value, indicating that during this period, the accumulated
level of pollution will exceed the limit. Therefore, it is necessary to re-arrange
the project schedule so that the level of pollution can be reduced below the
limit.

3.2.3 A pseudo-resource approach for CPI levelling

Resource levelling can smooth daily resource demands, and it is an effective
tool for construction project scheduling when construction resource conflicts or
shortages occur. This section presents a method to combine pollution and hazard
control with traditional construction resource levelling at project scheduling
stage. The h; values are treated as a pseudo resource, and the maximum £, value
is treated as the limit of the pseudo resource. This pseudo resource together with
other types of resources can be levelled by using the traditional construction
resource levelling methods (Pilcher 1992).

In the experimental project schedule, which is described in Figures 3.2 and
3.3, the authors found that if they set h; as a kind of pseudo resource, then
construction pollution and hazards can be levelled following resource levelling.
Although there would be different construction pollution emissions depending on
the different daily resources demanded in a schedule, it is still possible to adjust
the level of construction pollution with the help of A;. As h; is a measurement
relative to all other real resources such as materials and workers in a schedule,
it can be integrated with resource optimization.

In the sample project considered, there are six kinds of construction resources —
workers, materials, machines, instruments, and power (denoted as R, R,, R5, Ry,
and R;); and pollution and hazards from construction are treated as a pseudo
resource, which is denoted as R,. These resources are listed in Table 3.5. For the
purpose of convenience in calculation, the values of the resources are adjusted
so that there will be no very large or small figures.

In order to test the pseudo-resource approach, the authors chose Microsoft
Project® as a tool for scheduling and resource levelling. The project schedules

Table 3.5 Resources in initial construction schedule

Resource name Mark Max units available Adjustment

Workers R, 1900 Workers no. x 10
Materials R, 2200 Materials cost x 0.0l
Machines R; 2100 Machines cost x 0.01
Instruments R4 3100 Instruments cost x 0.01
Power R 3400 Power cost x 0.01

h; Ry 80 CPIl x 100
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Task Hame Duration | Priority iwm EM ”J-.L"" :
1| Demalition © 6d 100 | ]
2| Site Preparation 6d 100 1
3| Cast-In-Place RC Pile 0d 100 2
4| Escavation & Support System wd 100 3
5| Foundation Baseplate 6d 100 4
€| RC Formwork 42d 100 5
7| Steel Formwork 30d 100 []
(® | Roof works 6d 100 7
3| Water supply & sewerage works iod 100 7
10| Power supply system 04 100 7
M| Lighting system 0d 100 7
12| Air Condéioning wd 100 7
1| Computer & communication network 30d 100 7
#4|  Floor finish & polishing s0d 100 8
15| Internal wall finish 30d 100 14
16| External wall finish 04 100 8
7| Internal pastition wall 0d 100 510111213
| Ceiling work 40d 900 15
19| Site improvements 6d 100 18
20|  Landscaping work 6d 100 19

Figure 3.4 Microsoft Project®-levelled project schedule.

levelled by Microsoft Project® and the corresponding histogram of %, values
are illustrated in Figures 3.4 and 3.5, respectively. From Figures 3.4 and 3.5,
we find that the construction pollution level spreads out under the line of the
maximum permissible level of 4; (maximum h; = 0.8) when the other five
resources (refer to Table 3.5) are also levelled down to their individual resource
limits. Therefore, the pseudo-resource approach for reducing construction pol-
lution and hazard level is feasible at project scheduling stage. However, the
total construction period is stretched by 22 days in Figure 3.4 after resource
levelling. It is about 8% longer than the original schedule in Figure 3.2. Sim-
ilar results were obtained from additional experimental schedules, which are
not presented in this book. The experimental research therefore revealed that
the pseudo-resource approach can assist project managers to keep construction
pollution and hazard level below a legal range while making little difference to
their normal schedules. The results from the experiment also indicated that it
is necessary to find an optimum method to arrive at a shorter schedule for the
proposed construction project with every resource levelled, including the pseudo
resource.

3.2.4 CPI levelling using GA

A comparative analysis of resource-levelling and resource-allocation capabilities
of project management software packages indicates that heuristic methods have a
better performance than Microsoft Project® and Primavera Project Planner (Farid
and Manoharan 1996). In recent years, research on construction schedule has
improved the theory of resource levelling and allocation with heuristic techniques
(Reeves 1993) considerably. For example, an artificial neural network (ANN) is
used to minimize project duration and cost by using a mathematical model based
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on precedence relationships, multiple crew-strategies, and time—cost trade-off
(Adeli and Karim 2001; Senouci and Adeli 2001), and GA is used to search
for a near-optimum solution to the problem of resource allocation and levelling
integrated with time—cost trade-off model, resource-limited/constrained model,
and resource levelling model (Chan etal. 1996; Chua etal. 1996; Li and Love
1997; Li, Cao, and Love, 1999; Hegazy 1999; Leu and Yang 1999; Leu etal.
1999). To integrate various heuristic methods into resource levelling, the methods
used by Harris (1978) and Hegazy (1999), which minimize both daily fluctuations
in resource use and the resource utilization period, have been adapted. According
to Hegazy (1999), the moment of fluctuations in daily resource use can be
calculated using Equation 3.4.

R 2
M, = ZIRP,- (3.4)
=

And the moment for measuring the resource utilization period is calculated using
Equation 3.5.

M} = Z (j—k)RP, (3.5)

j=k

These two moment calculations can be used in minimizing either resource fluc-
tuations or the duration of resource use, or both. As concurrent optimization
of resource levelling and pollution and hazard control is a nonlinear searching
problem, GA is suitable to solve it.

3.2.4.1 Gene formation

In a number of commercial resource levelling software packages, the user
is allowed to set priority levels to tasks. Priority is an indication of a
task’s importance and availability for levelling (that is, resolving resource
conflicts or over-allocations by delaying or splitting certain tasks). The task
priority setting controls levelling, which allows users to control the order
in which software systems such as Microsoft Project® can delay tasks with
over-allocated resources. Tasks with the lowest priority are delayed or split
first, and tasks with a higher priority are not levelled before other tasks
sharing the over-allocated resources. A previous comparison of heuristic
and optimum solutions in resource-constrained project scheduling shows
activity priority to be a key factor of a heuristic rule. The heuristic rule
which bases activity priority on activity slack produced an optimal schedule
span most and exhibited the lowest average increase above optimum of the
heuristic rules examined (Davis and Patterson 1975). A heuristic fuzzy expert
system has also proved that priority ranking can obtain an optimum result
in construction resource scheduling (Chang eral. 1990). Thus, to apply GA
to solve the multiple-resources levelling problem, it is essential to have a
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1 2 3 4 5 & 7 8 9 7
L2 TP [ 2 [P T P [ Ps [ P [ P [P [ . | 7 |
Notes

1. Pis the prierity of active j, 0<F; <8.
£y =0, activity priority is highest;
£y =1, activity priority is higher;
F;=2, activity priority is very high,
£ =3, activity priority is high,

F; =4, activity priority 15 medium;
F; =5, activity priority is low,;
P =6, activity priority is very low,
By =7, activity priority is lower,
F; =8, activity priority is lowest
2. The priority values are in accordance with the priority grades of actives in Microsoft Project®

Figure 3.6 Gene formation (Hegazy 1999).

gene structure that facilitates the operations of GA. Bearing this in mind,
the following gene format used by Syswerda and Palmucci (1991), Grobler
etal. (1995), Boggess and Abdul (1997), and Hegazy (1999) has been
adopted:

In Figure 3.6, a string has j genes, and each box represents a gene. The
number inside the box is the priority setting for a particular task labelled by the
number above the box. A string is a particular combination of priority settings
that determines a specific schedule. The fitness of the string is evaluated by the
following function (Hegazy 1999),

)/ (M + Myio)] (3.6)

yji

wy(D;/Dy) + Z [w;{(M)l}ji + M
j=1

where MR is the moment of fluctuations of daily resource use as defined in
(3.4); Mfﬁ is the moment of fluctuations of resource use in a specific schedule
determined by string i in day j; My, is the initial value of MY in day j; My
is the moment of resource utilization period, as defined in (3.5); M;‘ﬁ is the
moment of resource utilization period of a schedule determined by a string i
in day j; M;‘jo is the initial value of M;z in day j; D; is the new project dura-
tion of the schedule determined by string i; D, is the initial project duration
determined by any resource allocation heuristic rule; w, is the weight in min-
imizing project duration; w}‘ is the weight in levelling every resource in day
J;1 is the generation number of genes; j is the representative day during a
project’s total working days, and # is the number of working days in a project’s
duration.

By selecting different weights, the fitness function (3.6) enables the user to
conduct different heuristics-based resource levelling including reducing resource

fluctuations, minimizing the duration of resource use, or both.
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3.2.4.2 Experimental results

This section presents experimental results obtained by using GA to combine
pollution control and resource allocation into the task of resource levelling. The
schedule used in the experiment is that of a construction project in Shanghai, in
which there are 20 activities for general control, and the initial schedule of the
activities and their associated level of polluting emission (/; value) are shown in
Figure 3.2. From the histogram of %; values, which is illustrated in Figure 3.3,
it can be seen that the accumulated level of polluting emission exceeds the
permissible limit.

In the experiment, the initial population size is set at 100. Also, to minimize
both resource fluctuations and duration, the weightings in the fitness function
(3.6) are given an equal weighting of 1. The resultant schedule and the associated
histogram of h; values are illustrated in Figures 3.7 and 3.8.

Comparing the GA-levelled schedule with the Microsoft Project®-levelled
schedule, it can be seen that the priorities of resource use in the GA lev-
elled schedule are set at different values (Figure 3.7); whereas priorities in the
Microsoft Project®-levelled schedule (Figure 3.4) do not have any changes from
the original schedule (Figure 3.2). In addition, the duration of the GA-levelled
schedule is 298 days, which is shorter than the duration of the schedule lev-
elled by Microsoft Project® (302 days). Moreover, two additional experiments
conducted by the authors also support these facts. From the experiments, the
authors conclude that the GA can adjust the task priorities for the re-distribution
of resources to meet resources constraints and make the schedule shorter; more-
over, the GA enhances the levelling function of Microsoft Project©, as it enables
the user to identify the optimal settings of task priorities in resource levelling
automatically.

Task Hame Duration | Priarity |mm-.u-
(1| Demoliton 6d 100
(2| Site Preparation 6d 100 1
(3| Cast-In-Place RC Pie d 100 2
(4| Excavation & Support System 0d 100 3
(5| Foundation Baseplate 6d 100 4
(% | RC Formwurk 42d 100 §
7| Steel Formwork 30d 100 6
3| Roof works 6d 100 7
3| Water supply & sewerage works 30d 100 7
18| Power supply system 30d 100 7
M| Lighting system 0d 100 7
12|  Air Conditioning 30d 100 7
13| Computer & communication netwark 30d 100 7
14| Floor finish & polishing s0d 100 8
E Internal wall finish nd 100 14
1 External wall finish 204 100 8
7| Internal partition wall 0d 100 9,10,11,12,13
18| Ceiling work 40d 900 15
| Site improvements 6d 100 13
M| Landscaping work 6d 100 19

Figure 3.7 GA-optimized construction schedule.
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3.3 Env.Plan method

3.3.1 Introduction

Although the CPI method has demonstrated its effectiveness and usefulness in
indicating, reducing, or mitigating pollution and hazard level during construc-
tion planning stage (Chen eral. 2000; Li eral. 2002), the problem of how to
select the best construction plan based on levelling the magnitude of quantified
adverse environmental impacts of construction operations is still a research task.
Moreover, the major premise of CPI’s application in construction plan evalua-
tion is that each construction activity’s CPI can be linearly aggregated, and this
hypothesis cannot directly reflect the complicated nonlinear causal relationship
among construction activities that have environmental impact. In this section,
the authors introduce the use of ANP to develop a decision support model named
env.Plan. This method aims to integrate important considerations of construction
planning, which includes time, cost, quality, and safety, with the evaluation of
the impact of various environmental factors, so that the most suitable plan can
be obtained.

A construction plan is normally evaluated through fixed criteria such as cost,
time, quality, safety, and so on during the planning period. Since effective plan-
ning has considerable influence on the successful completion of a construction
project, both construction managers and researchers are aware of tools used to
prepare and evaluate a construction plan. The analytic hierarchy process (AHP),
which is known as a powerful and flexible decision-making process to help
people set priorities and make the best decision when both qualitative and quan-
titative aspects of a decision need to be considered, has been utilized in various
areas of construction research and practice since the late 1970s (Zeeger and
Rizenbergs 1979), including construction planning (Dey eral. 1996). In this
regard, the AHP method is recommended by construction researchers as a useful
multicriteria assessment tool for its stronger mathematical foundation, its ability
to gauge consistency of judgements, and its flexibility in the choice of ranges at
the subcriteria level (Khasnabis et al. 2002).

However, a notable weakness of AHP is that it cannot deal with intercon-
nections between decision factors in the same level, because an AHP model is
structured in a hierarchy in which no horizontal links are allowed. In fact, this
weakness can be overcome by using a senior multicriteria analytical technique
known as ANP. The ANP is more powerful in modelling complex decision
environments than the AHP because it can be used to model very sophisti-
cated decisions involving a variety of interactions and dependencies (Meade and
Sarkis 1999; Saaty 1999). These advantages are embodied in several examples
of applications of the ANP (Srisoepardani 1996). For example, Saaty (1996)
recommended the ANP to be used in cases where the most thorough and system-
atic analysis of influences needs to be made. In addition, the ANP method has
been successfully applied to the strategic evaluations of environmental practices
and programmes in both manufacturing and business to help analyse various
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project-, technological- or business-decision alternatives, and it also has been
proved to be useful for modelling dynamic strategies and systemic influences on
managerial decisions related to the EM (Meade and Sarkis 1999). As a result,
the ANP is selected.

3.3.2 Environmental indicators

In order to find suitable environmental indicators to evaluate a construction plan,
the authors conducted an extensive literature review according to a classifica-
tion of environmental indicators. The literature review on environmental issues
in construction was conducted in several dominant databases. These are the
Civil Engineering Database (CEDB) of the American Society of Civil Engineers
(ASCE), the Compendex® database of the Engineering Index (EI), the Engi-
neering News-Record (ENR) executive search engine (enr.com) and magazines
of the McGraw-Hill Companies, the Construction Plus (CN+) search engine
(www.cnplus.co.uk) of the Emap Construction Network, and the advanced search
engine of the U.S. Environmental Protection Agency (U.S.EPA) (www.epa.gov).
In addition to these five dominant databases, a commonly used search engine,
Google (www.google.com), was also employed to search for online literature.
The search results contained thousands of articles and reports related to environ-
mental impacts and EM in construction practice.

A summary of literature retrieved is listed in Table 3.6. This included 367 ref-
erences in the ASCE’s CEDB and 908 references in the EI’'s Compendex®, which
are relevant to environment-friendly technology, management, and material.

Environmental indicators here refer to factors in a construction project that can
adversely or favourably impact on the natural environment and can directly influ-
ence construction planning. Based on this, environmental factors can be grouped
into adverse environmental factors (denoted as EA factors) and favourable envi-
ronmental factors (denoted as EF factors). The third category of indicators is
those that may lead to adverse or favourable environmental impact depending on
the specific environmental conditions in which a construction project is executed.
This category of environmental indicators is named as uncertain environmental
indicators, or EU factors.

Following the classification described above, a procedure for identifying envi-
ronmental indicators is illustrated in Figure 3.9. It indicates that the environmen-
tal indicators were identified based on an extensive literature review of databases
and online materials. The environmental indicators are interrelated with technol-
ogy, resource, time, cost, management, society, and the natural environment in
which a construction project is executed.

Environmental indicators for construction planning are identified and sorted
by their environmental impacts (EI,) in Table 3.7. The value of environmental
impacts for each environmental indicator i(EI,) is calculated using Equation 3.7,
which is a sum of eight generally recognized but most serious environmental
hazards caused by the indicator. These eight hazards include soil and ground
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Table 3.6 A statistical classification of referred articles on environmental issues

Research highlight Reference and Reference amount (as of 31/12/2002)
starting point
ASCE’s CEDB Els
(since 1972) Compendex®
(since 1970)
Technology 94 358
Environment-friendly Taylor etal. 1976 36 65
innovative
technology
Pollution prevention 58 293
and minimization
Air pollution Henderson 1970 - -
Noise pollution U.S.EPA 1971 - -
Water pollution McCullough and - -
Nicklen 1971
Waste pollution Spivey 1974a,b - -
Management 213 367
Environmental Spivey 1974a,b 12 41
survey
Environmental/Quality Dohrenwend I 28
management
system
Environmental/Quality Dohrenwend 7 18
management 1973
approach
Information Kawal 1971 183 280
technology
Material 60 183
Eco-friendly Emery 1974 35 93
regenerated
construction
material
Waste re-use and Spivey 1974a,b 25 90
recycling
Notes

| ASCFE’s CEDB is available online via http://www.pubs.asce.org/cedbsrch.html;
2 EI's Compendex® is available online via http://www.engineeringvillage2.org/.

contamination, ground and underground water pollution, C&D waste, noise and
vibration, dust, hazardous emissions and odours, impacts on wildlife and natural
features, and archaeological impacts (Chen, Li and Wong 2000).

8
EL=YEL;, (j=12,...,8) (3.7)

j=1
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& | Academic & professional databases Controllable Practical information resources 4
CE Database, ASCE @ VE. o ENR. MeGraw-Hill
Engineering Village 2. Elsevier incontrollable N+, EMAP
Others factors EPA Web, U8, EPA
i3 13
Academic publications Professional reports
Construction technology @ Generic search engines o Construction technology
Construction material & equipment (zoogle.com) Construction material & equipment
Construction E Construction E
2 ] 2
e Envi tal performance mdicators &
Technology Resource | Time Clost hManag Society Nature
Technology Electricity | Duration Construction | EMS Distwbance Temperature
Constructability | Fuel Transportation | Control QNS Health Windstorm
Automation Water Delay Computerization | Safety Ramfall
Material Cooperativity Landfill Flood
Packaging Layout Responsibility | Emthquake
Skills CPI Traffic Landslip

Figure 3.9 The framework for identifying environmental indicators.

where EI, is the total environmental impact caused by environmental indicator i,
and EIL ; is individual environmental impact caused by eight possible hazards
including soil and ground contamination (j = 1), ground and underground water
pollution (j =2), C&D waste (j = 3), noise and vibration (j =4), dust (j =
5), hazardous emissions and odours (j = 6), impacts on wildlife and natural
features (j=7), and archaeological impacts (j = 8) caused by the environmental
indicator i. Its value is defined to be one of the three choices {—1, 0, +1}; where
—1 represents that the environmental indicator will intensify the level of hazards,
0 represents that the effect of the environmental indicator is uncertain, and +1
represents that the indicator can reduce the level of hazards.

The assumed value of environmental impact of each environmental indica-
tor (EI) is then used to reclassify the environmental indicators which have
been identified from the literature review so that the new classification can be
more flexible to all kinds of construction projects. The environmental indicators,
with their original classification, and corresponding values of EI, ; are listed in
Table 3.7. According to the results of environmental impacts listed in Table 3.7,
all environmental indicators are finally classified into EA Factors (EI; < 0), EF
Factors (EI; > 0), and EU Factors (EIL; = 0) (refer to Table 3.8). These reclassi-
fied environmental indicators are to be used for constructing an ANP model for
evaluating environmental impact of a construction plan.

In addition to the classification of these environmental indicators and their
El, values, Table 3.8 also provides corresponding values of experimental plan
alternatives Plan A, Plan B and Plan C, based on a construction background in
Shanghai, China.

3.3.3 ANP model and approach

As defined by Saaty (1996/1999), the ANP is a general theory of relative
measurement used to derive composite priority ratio scales from individual
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Table 3.8 Environmental indicators and corresponding values of plan alternatives for the

ANP model
Classification ~ Environmental indicators Unit El;  Plan alternatives
Plan  Plan  Plan
A B C
| EA Factors |.I Fuel consumption Mijoule —8 36k 45k 4%
amount (FCA)
1.2 Construction duration day —8 500 560 450
(COD)
1.3 Construction cost M$ -8 30 31 29
(COQ)
1.4 Public health and safety % -6 10 20 25
risk (PHS)
1.5 Transportation time hour —5 40k 4.5k 4.8k
(TRT)
1.6 Earthquake affection % -5 0.01 001 0.0l
risk (EAR)
1.7 Electricity consumption ~ kWh —4 30k 45k 50k
amount (ECA)
1.8 Water consumption ton —4 3.1k 38k 4.lk
amount (WCA)
1.9 Woaste generating rate % -4 12 3.0 35
(WGR)
1.10 Public traffic disruptions  day -4 39 60 70
(PTD)
I.I'l Cargo transportation ton-mile —4 450k 500k 550k
burden (CTB)
I.12 Construction delay risk  hour -3 150 200 220
(CDR)
I.13 Temperature affection % -3 100 89 8.7
risk (TAR)
I.14 Storm affection risk % -3 20 1.8 1.8
(SAR)
2 EU Factors 2.1 Constructability (COB) % 0 100 100 100
2.2 Generative material use % 0 20 10 8
ratio (GMU)
2.3 1SO 9001 QMS % 0 100 100 100
adoption (QMS)
3 EF Factors 3.1 Cleaner technologies/ % +8 80 50 40
Automation ratio (CTA)
3.2 Computerizations % +8 80 80 80
(PCA)
3.3 Environmental control M$ +8 08 0.5 0.5
cost (ECC)
3.4 ISO 14001 EMS % +8 0 0 0

adoption (EMS)
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3.5 Cooperativity/Unionization % +8 100 80 60

risk (COP)

3.6 Site layout suitability % +8 80 60 50
(SLS)

3.7  Waste disposal price M$ +8 010 025 0.29
(WDP)

3.8 Legal and responsibility % +8 0.10 023 032
risk (LRR)

3.9 Health and safety risk % +4 0.10 021 0.28

to staff (HSR)
3.10 Wastewater treatment/ % +3 90 50 40
re-use ratio (WTR)

3.1l Material durability % +3 100 80 80
(MAD)

3.12 Cargo packaging % +3 100 50 0
recycling ratio (CPR)

3.13 Waste re-use and % +2 90 30 35

recycling ratio (WRR)

3.14 Required skills on staff % +2 80 60 60
(RSS)

3.15 Material serviceability % +1 100 80 80
(MAS)

Notes

| El; value equals to 3EI;; (refer to Table 3.7);

2 EA Factors means environmental-adverse factors, EF Factors means environmental-friendly factors,
and EU Factors means environmental-uncertainty factors;

3 The corresponding value of plan alternatives is calculated based on relative information and data
in each construction plan alternative and no formulas and details have been provided for these
calculations in this chapter.

ratio scales that represent relative measurements of the influence of elements
that interact with respect to control criteria. The ANP is a coupling of two
parts: one is a control hierarchy or network of criteria and subcriteria that con-
trol the interactions (interdependencies and feedback), another is a network of
influences among the nodes and clusters. Moreover, the control hierarchy is
a hierarchy of criteria and subcriteria for which priorities are derived in the
usual way with respect to the goal of the system being considered. The crite-
ria are used to compare the components of a system, and the subcriteria are
used to compare the elements of a component. Steps of the ANP analysis for
the environmental-conscious construction planning are laid out from Step A to
Step D:

3.3.3.1 Step A: ANP model construction

This step aims to construct an ANP model for evaluation based on determining
the control hierarchies such as benefits, costs, opportunities, and risk, as well
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as the corresponding criterion for comparing the components (clusters) of the
system and sub-criteria for comparing the elements of the system, together with
a determination of the clusters with their elements for each control criterion or
subcriterion.

The env.Plan model is outlined in Figure 3.10. The decision environment con-
sists of external environment and internal environment. In the exterior env.Plan
environment, the downward arrow indicates the process of transferring data
required by the ANP, the upward arrow indicates the process of feedback with
evaluation results from the ANP, and the feedback process (loop) between the
external environment and the internal environment indicates a circulating pipe
for environmental priority evaluation of alternative construction plans. In the
internal env.Plan environment, connections among four clusters and 35 nodes
are modelled by two-way and looped arrows to describe the existing interde-
pendencies. The four clusters are Plan Alternatives (C,), EA Factors (C,), EU
Factors (C;), and EF Factors (C,). In correspondence with the four clusters,
there are 35 nodes including 3 nodes in C; (N,,.5), 14 nodes in C, (N,;_;4),
3 nodes in C; (N3,.5) and 15 nodes in C, (N,;.,5). Figure 3.10 illustrates the

Task The Best Environment-Friendly
Congtruction Plan
& I
5 Actors | Planners/Managers |
g 1t
o M | Phase | Planning Stages |
S it
g
g S ~
= EU Fact
4 Plan alternatives actors
bS] COB
= Plan | Plan | Plan
5 A | B c |7 | _GMU
= QMS
s Cluster 1
= Cluster 3
s B
é o~ EA Factors EF Factors
3 FCA | COD | COC CTA | PCA | ECC
] PHS | TRT | EAR EMS | COP | SLS
= ECA | WCA | WGR |«—| WDP | LRR | HSR
PTD | CTB | CDR WTR | MAD | CPR
TAR | SAR WRR | RSS | MAS
Cluster 2 Cluster 4

Figure 3.10 The env.Plan ANP environment.



Effective prevention 55

env.Plan model implemented using an ANP with all interior clusters and nodes,
and exterior related participators.

Concerning the interdependencies between any two clusters and any two
nodes, the env.Plan model structured here is a simple ANP model containing
feedback and self-loops among the clusters but with no control structure because
there is an implicit control criterion with respect to which all judgements (paired
comparisons) are made in this model: environmental impact. For example, when
comparing the cluster EA Factors (C,) to cluster EF Factors (C,), the latter
is obviously more important for reducing negative environmental impacts, and
similarly when the node comparisons are made (see Step B), relative importance
of the nodes can be decided in the same way. Table 3.7 provides a list of 32 envi-
ronmental indicators used in constructing the ANP model and the corresponding
references from which the indicator is retrieved.

3.3.3.2 Step B: Paired comparisons

This step aims to perform pairwise comparisons among the clusters, as well as
pairwise comparisons between nodes, as they are interdependent. On completing
the pairwise comparisons, the relative importance weight (denoted as a;;) of
interdependence is determined by using a scale of pairwise judgement, where the
relative importance weight is valued from 1 to 9 (Saaty 1996). The fundamental
scale of pairwise judgement is given in Table 3.9. The weight of interdependence
is determined by a human decision-maker who is abreast with professional
experience and knowledge in the application area. In this study, it is determined
subjectively as the objective of this study is mainly to demonstrate the usefulness
of the ANP model in evaluating the potential environmental impact due to the
execution of a construction plan.

Weights for all interdependencies for a particular construction plan are then
aggregated into a series of submatrices. For example, if the cluster of plan alter-
natives includes Plans A, B, and C, and each of the plans is connected to nodes in

Table 3.9 Pairwise judgements of indicator i

Pairwise judgement | 2 3 4 5 6 7 8 9
Indicator i Plan A X X v X X X X X X
Plan B X X X X v X X X X
Plan C X x x x X X v X x
Indicator |; Indicator |; b ¢ b ¢ X X v X X b ¢ b ¢
Notes

I The symbol x denotes item under selection for pairwise judgement, and the symbol v' denotes
selected pairwise judgement.

2 Scale of pairwise judgement: | equal, 2 equally to moderately dominant, 3 moderately dominant,
4 moderately to strongly dominant, 5 strongly dominant, 6 strongly to very strongly dominant,
7 very strongly dominant, 8 very strongly to extremely dominant, 9 extremely dominant.
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Table 3.10 Formulation of supermatrix and its submatrix for env.Plan

Supermatrix Submatrix

Wi Wi Wi Wy 7 |U A ‘IJ

W. W. W. W.
W= 21 2 23 24 Wy |‘J Wy |IJ

Wi Wi Wi, Wy, W e e

)=

Wo Wy Wi Wy Wi |IJ W |‘J
Cluster: C, (o} G (o
Node: N ., Ny . N; . Ny . Wiy, g o Wi, 1
Notes
I'is the index number of rows; and | is the index number of columns; both | and J
correspond to the number of cluster and their nodes (I,J € (1,2,...,35)),N, is

the total number of nodes in cluster I, n is the total number of columns in cluster
I. Thus a 35 x 35 supermatrix is formed.

the cluster of EF Factors, pairwise judgements of the cluster will result in relative
weights of importance between each plan alternative and each EF Factor. The aggre-
gation of the weights thus forms a 3 x 14 submatrix located at “W,,” in Table 3.10.
It is necessary to note that pairwise comparisons are necessary to all connections
(clusters and nodes) in the ANP model to identify the level of interdependencies
which are fundamental in the ANP procedure. The series of submatrices are then
aggregated into a supermatrix which is denoted as supermatrix A in this study, and
it will be used to derive the initial supermatrix in the later calculation in Step C.

Table 3.9 gives a general form for pairwise judgement among environmental
indicators and construction plan alternatives, which is adopted in this study. For
example, for the environmental indicator 1.1 Fuel consumption amount (FCA)
(EA Factor 1), the pairwise judgements are as given in Table 3.9, as the fuel
consumption in Plan A is the least among the three plan alternatives, whilst
the fuel consumption in Plan C is the highest; in addition to this judgement
in property, quantitative pairwise judgements are also made in order to define
plan alternatives’ priorities. After finishing a series of pairwise judgements, from
environmental indicator i to environmental indicator n, the calculation of the
ANP can thus be conducted following the Step C to the Step D. Besides the
pairwise judgement between an environmental indicator and a construction plan,
the developed env.Plan model contains all other pairwise judgements between
each of the environmental indicators (indicator /; and indicator /; in Table 3.9)
and this essential initialization is set up based on the quantitative attribute of
each plan alternative which has been given in Table 3.8.

3.3.3.3 Step C: Supermatrix calculation

This step aims to form a synthesized supermatrix to allow for the resolution of
the effects of the interdependencies that exist between the elements (nodes and
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clusters) of the ANP model. The supermatrix of the env.Plan model is a two-
dimensional partitioned matrix consisting of 16 submatrices (refer to Table 3.10).

In order to obtain useful information for construction plan selection, the calcu-
lation of the supermatrix is to be done following three substeps which transform
an initial supermatrix to a weighted supermatrix, and then to a synthesized
supermatrix.

At first, an initial supermatrix of the ANP model is created. The initial super-
matrix consists of local priority vectors obtained from the pairwise comparisons
among clusters and nodes. A local priority vector is an array of weight priorities
containing a single column (denoted as w™ = (w;, wy, ..., w;, ..., w,)), whose
components (denoted as w;) are derived from a judgement comparison matrix A
and deduced by Equation 3.8 (Saaty 2001).

w; |1,J = —= - (3.8)

where w; | 1.s 1s the weighted/derived priority of node i at row / and column
J; a;; is a matrix value assigned to the interdependence relationship of node i
to node j. The initial supermatrix is constructed by substituting the submatrices
into the supermatrix as indicated in Table 3.10. A detail of the initial supermatrix
is given in Table 3.11.

After the formation of the initial supermatrix, it is transformed into a weighted
supermatrix. This process involves multiplying every node in a cluster of the initial
supermatrix by the weight of the cluster, which has been established by pairwise
comparison among the four clusters. In the weighted supermatrix, each column is
stochastic, i.e. sum of the column amounts to 1 (Saaty 2001) (refer to Table 3.12).

The last substep is to compose a limiting supermatrix, which is to raise the
weighted supermatrix to powers until it converges/stabilizes, i.e. when all the
columns in the supermatrix have the same values. Saaty (1996) indicated that
as long as the weighted supermatrix is stochastic, a meaningful limiting result
can be obtained for prediction. A limiting supermatrix can be arrived at by
taking repeatedly the power of the matrix, i.e. the original weighted supermatrix,
its square, its cube, etc., until the limit is attained (converges), in which case
all the numbers in each row will become identical. Calculus-type algorithm is
employed in the software environment of Super Decisions, designed by Bill
Adams and the Creative Decision Foundation, to facilitate the formation of the
limiting supermatrix, and the calculation result is listed in Table 3.12.

The formulations of supermatrices and submatrices used in the env.Plan model
are illustrated in Table 3.11, and calculation results of the initial supermatrix,
the weighted supermatrix, and the limiting supermatrix are given in Tables 3.11
and 3.12. As the limiting supermatrix is set up, the next step is to select a proper
plan alternative using results from the limiting supermatrix.
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3.3.3.4 Step D: Selection

This step aims to select the best construction plan based on the computation
results of the limiting supermatrix of the ANP model. Main results of the ANP
model computations are the overall priorities of construction plans obtained
by synthesizing the priorities of individual construction plans against different
environmental indicators. The selection of the best construction plan, which has
the highest environmental priority, can be done using a limiting priority weight,
which is defined in Equation 3.9.

‘/Vi = wCPlansi/wCPlan = wCPlanvi/(wCPlnnvl +ot wCPlnn»”) (39)

where W, is the synthesized priority weight of plan alternative i(i=1,...,n)
(n is the total number of plan alternatives, n=3 in this study), and w¢, ; is
the limited weight of plan alternative i in the limiting supermatrix. Because
the we, ; is transformed from pairwise judgements conducted in Step B, it
is reasonable to regard it as the priority of the plan alternative i and thus to
be used in Equation 3.9. According to the computation results in the limit-
ing supermatrix in Table 3.12, w¢, ;= (0.11231,0.04149,0.03543), so W, =
(0.59351, 0.21926, 0.18723); as a result, the best environmental-conscious con-
struction plan is Plan A.

In addition to the complicated env.Plan model developed in Figure 3.10,
another ANP model, called simplified env.Plan model for alternative construc-
tion plan selection, was developed with 15 nodes selected from the total 35
nodes of the complicated env.Plan model in Figure 3.10. In order to decrease the
number of elements in a supermatrix of the simplified env.Plan model, similar
subcomponents of EF Factors are combined, including a combination of sub-
components 3.1 and 3.2 for environment-friendly construction and management
technology (Technology) and a combination of subcomponents 3.3 and 3.4 for
environmental control cost (ECC). Finally, the nodes for the simplified env.Plan
model include FCA, COD, and COC in EA Factors cluster; COB, GMU, and
QMS in the EU Factors cluster; CTA +PCA, ECC+EMS, COP, SLS, WDP,
and LRR in the EF Factors cluster; and Plan A, Plan B, and Plan C in the Plan
Alternatives cluster. The rule for selecting nodes for the EA Factors cluster and
the EF Factors cluster of the simplified env.Plan model is whether the absolute
value of EI is 8. In other words, all factors with a EI value of —8 go to EA
cluster, and all factors with a EI of 48 go to EF cluster; all other factors are
therefore ignored for the simplified env.Plan model. According to the compu-
tation results in the synthesized supermatrix for the simplified env.Plan model,
we, = 1(0.110243,0.036108, 0.042977), so W, = (0.58229, 0.19072, 0.22700),
so Plan A is also selected.

Interestingly, both complicated env.Plan model and simplified env.Plan model
led to the same conclusion that Plan A is the best environmental-conscious
construction plan. Besides the selected plan, it is also noticed that priority queues
of these plan alternatives are also equivalent (refer to Table 3.13). Considering
the load of performing pairwise comparisons on the clusters and nodes would be
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Table 3.13 A comparison between the two env.Plan models using priority weight

ANP model No. of nodes  Synthesized priority weight W, Selected plan

Plan A Plan B Plan C

Simplified model 15 0.58229  0.19072  0.22700  Plan A
Complicated model 35 0.59351 0.21926 0.18723  Plan A

multiplied many times in a complicated env.Plan model, the simplified env.Plan
model appears to be more practicable and efficient.

According to the attributes of plan alternatives listed in Table 3.8, the compar-
ison results using W, also imply that the most preferable plan for environmental-
conscious construction is the plan that regulates the construction practice with least
consumption on fuel and water, a lowest ratio of wastage, and a maximum ratio
of recycle and re-use on materials and packaging, etc. This indicates the env.Plan
method can provide a quite reasonable comparison result for environmental-
conscious construction and thus can be applied into construction practice.

3.3.4 Recommendations

In summary, in order to apply the env.Plan model in practice, the following steps
are recommended:

1. selection of an ANP model between the simplified env.Plan model and the
complicated env.Plan model,

2. original assessment of plan alternatives based on all environmental indica-
tors, using Table 3.8;

3. pairwise comparisons among all environmental indicators using Table 3.9;

4. supermatrix calculation following the three substeps to transform an initial
supermatrix to a limiting supermatrix with reference to Tables 3.11 and 3.12;

5. calculation of limiting priority weight of each plan alternative using limiting
supermatrix and decision-making on plan alternatives using Table 3.13;

6. if none of the plan alternatives meets environmental requirements, adjust-
ments to the plans are needed and re-evaluation of the plans by repeating
the procedure from step 2.

3.4 An ANP model for demolition planning'

3.4.1 Background

Demolition is an activity to disassemble and destroy a building or parts of a build-
ing for reconstruction or renovation. In general, the demolition procedure can be

1 A collaborative research with Professor Chimay Anumba and Dr Arham Abdullah.
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divided into four main stages (BSI 2000; Abdullah and Anumba 2002a,b): ten-
dering stage, pre-demolition stage, actual demolition stage, and post-demolition
stage. Because demolition is regarded as a reversed process of construction
(Miller 1999) demolition contractors usually use similar management methods in
their projects. For example, demolition planning, just like construction planning,
is also conducted at the tendering stage. Moreover, the technical aspects consid-
ered in construction planning, such as techniques, resources, duration, and site
layout (Hendrickson and Au 2000), are involved in demolition planning also.

In order to select the best demolition plan for a demolition project, Kasai
(1998) suggested that there are 8 criteria including structural form of the building,
location of the building, permitted level of nuisance, scope of demolition, use
of building, safety, and demolition period, etc. On the other hand, Abdullah and
Anumba (2002a,b) developed an AHP model with six criteria: structure charac-
teristics, site conditions, demolition cost, past experience, time, and re-use and
recycling. And their case studies indicated that the AHP model could effectively
help demolition contractors to select appropriate techniques for their demolition
projects. Moreover, both of the two research works concluded that the decision-
makers of demolition planning have to keep in mind that health and safety are
the main con