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Editorial

Welcome from the Editors

Welcome to the fourteenth issue of Malaysian Construction Research Journal (MCRJ).

In this issue, we are pleased to include another six papers that cover wide range of
research area in construction industry. The editorial team would like to express our
sincere gratitude to all contributing authors and reviewers for their contributions,
FRQWLQXRXV VXSSRUW DQG FRPPHQWYVY W LV KRSH WK
from this edition of MCRJ. In this issue;

Zuhairi Abd. Hamid, et. al. presents the comparative review of four green
building rating tools found in Malaysia, namely GBI, PH JKR, Green PASS and
GreenRE. Comparisons were made across a number of sustainability issues and
suggestions on ways of merging both PH JKR and Green PASS were made. The study
not only provides a deep insight into the Malaysian green rating tools but to act as
guidance for both Malaysian authorities in establishing a standardised national green
building rating system.

Siti Akhtar Mahayuddin and Joy Jacqueline PereraVW X G\ WKH LGHQWLy¢
of generation and management of waste residential construction. Improper waste
management is due to the lack of understanding and little information known about
the quantity and characteristics of construction waste generated and its management. A
series of site audit has been carried out in several on-going housing projects as a basis
of the study. The total construction waste quantity was generated and the calculated
rate is proposed to be disseminated to all parties involved in construction. Several
recommendations are made in order to improve construction waste management.

AbdulLateef Ashola Olanrewaju, et.al. provides an overview of the
literature on issues of sustainability concerning the Nigerian built environment. They
investigate the understanding of the professionals in the Nigerian built environment
on sustainable construction. Six sustainable criteria were addressed to the respondents
to evaluate their frequency in the procurement of construction projects. The paper
concludes with a recommendation that construction practitioners should take leading
roles to apply sustainable criteria in the design, construction, and maintenance and
operations of construction projects to increase project performance and the well-being
of the users.

Mustafa Zakaria and Anwar Salem Omair Musaibah examine the
FRPSHWLWLYH SULRULWLHV FRPSHWLWLYH DGYDQWDJ



'‘XEDL 7KH GDWD DQDO\VLV LQGLFDWHG WKDW WKH ¢ UF
SULRULWLHY WKDW LQFOXGH AH[LELOLW\ FRVW TXDOI
the study showed that quality, cost and delivery are positively related to competitive
advantage. This paper adds support to the idea that there exist relationships between
FRPSHWLWLYH SULRULWLHY FRPSHWLWLYH DGYDQWDJ
Dubai.

Narayanan S.P. and Mathews MSSURSRVH WKH URR¢{QJ VKHHW
LQGXVWULDO VKHGY LQ F\FORQH SURQH DUHDV EDVHG
were subjected to simulated dynamic tests which simulate low-high-low load cycles
during a cyclone, ensuring that the frequency of load application does not coincide
ZLWK QDWXUDO IUHTXHQF\ RI URR¢{QJ VKHHW V\VWHP !
were tested. Suitable reduced spans were recommended for these zones based on
WKH WHVW UHVXOWY *HQHUDO JXLGHOLQHV WR EH IR
JDOYDQL]J]HG LURQ URR¢QJ VKHHW VA\VWHPV DUH DOVR .

In their second contributioarayanan S.P. and Mathews M.Spresent the
results of static uplift load tests on asbestos cement and galvanized iron corrugated
URR¢QJ VKHHW V\VWHPV XVHG LQ ,QGLD XVLQJ JUDYLW
FDUULHG RXW RQ URR¢QJ VKHHW V\VWHPV ZLWK GLIIH
obtained from the tests are used to evaluate the maximum permissible wind speeds.
The values are compared with design wind speeds for critical and interior regions of
WKH URRI IRU GLITHUHQW ZLQG J]RQHV 7KH VXLWDELOL
for a particular wind zone is then assessed.

Editorial Committee
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Abstract

The paper presents the comparative review of four green building rating tools found in Malaysia,
namely GBI, PH JKR, Green PASS, and GreenRE. The review process was done by comparing
these rating tools across a number of sustainability issues. With the insights drawn from the
comparative review, suggestions on ways of merging both PH JKR and Green PASS are made,
in orderto formulate a national green building rating system that may facilitate its implementation
in all government projects.The outcome of the study provides a deep insight into the Malaysian
green rating tools.It is able to function as a reference for the potential toolusers when choosing
among the existing rating tools, or to act as guidance for both the Jabatan Kerja Raya (Public
Works Department) and Construction Industry Development Board (CIDB) in establishing a
standardized national green building rating system.

Keywords: Green Building, Sustainability, Green Rating Tools, Merging, Malaysia

INTRODUCTION

As like many other countries around the world, construction industry functions as a key
economic driver in Malaysia, contributing to the country’s development agenda through
supporting social development and meeting the needs of basic infrastructure requirements in a
host of other economic sectors. The expansion of construction industry in Malaysia is largely
driven by domestic demand that boosted by the government through spending in national
infrastructure projects. For example, in thé" Malaysian Plan (LOMP), a total of RM230
billion was allocated for development fund,while an amount of RM20 billion is aimed for
facilitation fund. 60% of the development fund (or RM138 billion) will be spent on physical
GHYHORSPHQW WR EHQH¢{;W WKH FRQVWUXFWLRQ VHFWRU Gl
is open to the private sector.

While being position as an enabler of growth in other sectors, the construction industry is
DOVR UHVSRQVLEOH IRU D VLIJQL¢,FDQW DPRXQW RI UHVRXUF
growth and the increasing level of urbanization have led to the extensive development of
buildings and infrastructures. Since buildings and other structures are normally planned to
last for 50 to 100 years, the impact on climate change posed by these constructions should not
be overlooked.In fact, researches have shown that buildings (as well as built environment)
are one of the major C@mitters and contribute substantially to climate change due to their
high energy and water consumption, raw material employment, and the usage of land (Reed
and Wilkinson, 2008; Wilkinson et al., 2008; Reed et al., 2009). About 40% of the total world
energy consumption is initiated from built environment, while the property industry was found
to contribute to about 20% of C@missions via energy use, waste and water production

OXVWDIID $KPDG %DKDUXP 2Q0\ E\ HQFRXUDJLQJ WKH
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EXLOGLQJV RU WKURXJK LPSURYLQJ HQHUJ\ HI¢(¢FLHQF\ LQ
buildings to the surroundings can be mitigated, and issues related to climate change can then

be addressed. Thus, knowledge on trends of climatic development as well as the estimated
amount of CQcontributed by the buildings and constructions are crucial, as these may help

the engineers and other related professions in minimizing the negative environmental effects
(Jamilus, et.al, 2009).

It is under this circumstance that green building ratings were developed, to assist architects,

designers, builders, government bodies, building owners, developers, and other end users in

XQGHUVWDQGLQJ WKH LPSDFW RI HDFK GHVLJQ FKRLFH DQG

in 1990 (i.e. BREEAM), the adoption of green building ratings has proliferated around the

world. Many countries have introduced and areadvocating their own rating systems, with

measurable criteria covering the socio, economic, and environmental parameters of design

that can function as a positive tool in guidingthem towards sustainable developments.

Amongst the typical examples of these rating systems are BREEAM (Building Research

Establishment’s Environmental Assessment Method) in the United Kingdoms, LEED

(The Leadership in Energy and Environmental Design) in the United States, CASBEE
&RPSUHKHQVLYH $VVHVVPHQW 6\VWHP IRU %XLOGLQJ (QYL!

Green Star in Australia (Figure 1).

Vietnam
GBC
Poland Romania
GBC GBC
Green German BREEAM
Globe GBC Netherlands
Green Star LEED LEED Green RE
BREEAM LEED Australia Emirates Brazil Malaysia

1990 1996 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

HQE CASBEE LEED Green GBI PH JKR
India Star SA Malaysia Malaysia

Green PASS
Malaysia

(Source: Adapted from Reed et al., 2009)

Figure 1. Timeline of the development of rating tools in different countries

Background of the Study

As Malaysia heads towards higher level of urbanization, the country is expected to face
the accelerated demand on housing and the associated environmental impacts.Existing studies
indicated that Malaysia is experiencing an increase in construction waste material generation,
energy waste, decimation of water catchment, soil erosion, deforestation and landslides, and
GHVWUXFWLRQ Rl HQGDQJHUHG ARUD DQG IDXQD =DLQXOS$E
population during the past decades has inevitably generated intensive demands on houses. It is
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LQ WKH esttatedxzhaQ\Valaysid Bedd3 bXdial af B,890 634 hduisesbétieen years 1995 to 2020, with an
average of 1,790,820 units to be built for every 10 years (Chen, 2000). All these,eventually,may
causethe rise in energy costs and the threat to global warming.In order to realize the vision
set by the Construction Industry Master Plan (CIMP) (2006 — 2015), which is to incorporate
green technology into the country’s construction industry and to embark on the green building
practices, as well as to commit to the reduction of 40% of thee@@sion nationwide, it is
imperative to have an assessment method that can provide insights into the sustainability of a
building throughout the whole cycle of construction work.

D QG VR O X Wltirs@ensd, Mbalaysia @ds idevelvpéd itd e iy owrngvedn Rl aing Vating @ols,which are
Green Building Index (GBI) (2009), GREEN PASS (Green Performance Assessment System)
(2012), PH JKR%kim Penilaian Penarafan Hijau JKR2012), and GreenRE(Green Real
Estate) (2013). Each of these tools has demonstrated its capacity in showing the sustainability
level of a building. However, differences in nature and assessment characteristics have caused
complications for stakeholders in comparing the green performances of each building that
utilizing different rating tools.Moreover, each of these rating tools aimed to be applied in
different stages of construction works (i.e. design, construction, operation and maintenance)

QY L UR Q RaRdhuv® @ thehy doldi ReRwhole Qroe&sS &y cle, r&és@tidg the necessity of adopting different
assessment methodsto evaluate the same project at different stages.

The most typical example isobserved from the PH JKR and Green PASS, wherethey are
GHYHORSHG WR VSHFL{FDOO\ PHDVXUH WKH VXVWDLQDELOL
by both the JKRJabatan Kerja Raya Malaysjar Public Works Department and Construction
Industry Development Board (CIDB), respectively, but covering different stages that may
somehow confuse the rating tool users. Besides, some of their assessment areas with regard
to the construction phase are overlapping with each other. Users who are adopting these two
rating tools for the same project may need to decide which one to be used when evaluating the
green performance of the building during the construction phase. Apart from that, government
SURMHFWY KDYH EHHQ FRQWULEXWLQJ D VLIJQL,{FDQW SRUW
contractors. As shown in Figure 2, the value of government project accounted for an average
of 34% of the total project value from 2003 to 2012, and even achieved as high as 52% due to
the higher budgets allocated to the physical development. With this given amount, an average
of 95% of the total government project value is mainly awarded to the local contractors, as
compared to the foreign contractors where the percentage share was seldom more than 10%
(Table 1).

In realizing how profound the impact of government projects is on the whole construction
eco-system, coupled with the commitments shown by the governmentin embarking on the green
building practices, one can expect that more and more green initiatives will be implemented
by the government. These green initiatives are likely to be made compulsory by incorporating
them into various government programs and projects. As such, the formulation of a national
green rating system that aimed to be implemented in government projects throughout the
whole construction cycle, as to functions as the building sustainability evaluator, is deemed
necessary.

O$ELGLQ HW DO OHDQZKLOH LQFUHDVLQJ
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Figure 2. Value of project awarded by status of project, 2003 — 2012

Table 1. Value of government project awarded by status of contractor, 2003 — 2012

Year
Value of government project awarded to
2003 2004 2005 2006 2007
Local Contractor (RM million) 17,537.37 14,080.69 | 16,830.63 21,377.16 44,775.29
Foreign Contractor (RM million) 2,541.35 54.60 0 1,077.81 3,475.32
% of project value awarded to Local 87.3 99.6 100 95.2 92.8
Contractor

Value of government project awarded to Year

2008 2009 2010 2011 2012
Local Contractor (RM million) 33,964.26 31,937.37 19,154.69 20,656.86 13,881
Foreign Contractor (RM million) 4,851.83 1,313.99 316.22 1,610.74 169
‘é/ooc:]ftr;;rcc;j:rct value awarded to Local 875 96.0 08.4 92.8 08.8

(Data source: CIDB Construction Quarterly Statistical Bulletin; Own calculation)

The main objective of the study is to evaluate the characteristics of both PH JKR and
Green PASS, thereby suggesting ideas of merging them to formulate a national green building
rating systemthat may facilitate its implementation in all government projects. In order to
HQVXUH WKH RXWFRPH RI WKH VWXG\ LV RI EHQH{FLDO WR 2
only limited to PH JKR and Green PASS. The study begins with a comparative review on the
Malaysian green building rating tools, covering GBI, PH JKR, Green PASS, and GreenRE. It
then proceeds to the comparison of these rating tools across a number of sustainability issues.
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With the insights drawn from the comparative review, suggestions on ways of merging both
PH JKR and Green PASS are made.

METHODOLOGY

A combination of research technigues was adopted. Primary data was collected through
interviewsand focus group discussion, while secondary data was gathered from various
reliable sources, such as journal, conference papers, international magazines, online database,
government/business association publications, and the internet. Data collected through
interview and focus group discussion are mainly for the understanding of the characteristics
of each rating tool and to obtain feedbacks from the industry regarding ways of merging PH
JKR and Green PASS. Meanwhile, secondary research were done to understand the trends of
international green rating tool development as well as the sustainability issues normally used
in evaluating green rating tools. All these data are then integrated and analysed, to meet the
objective of the study.

Assessment Criteria for the Comparative Review

Inspired by the BRE (2004) study, the assessment criteria selected for the comparative
UHYLHZLQ WKLY VWXG\ DUH L GDWH RI GHYHORSPHQW LL
nature of assessment, (v) phase of assessment, (vi) mode of assessment, (vii) rating system,
and (viii) themes of coverage, whichcan be categorized into three broad areas: (i) development,

(ii) application, and (iii) measurement system (Figure 3). Apart from past literature review,

WKH VHOHFWLRQ RI WKHVH FULWHULD KDYH DOVR EHHQ GL
discussion organized by the Construction Research Institute of Malaysia (CREAM) and
Jabatan Kerja Raya

- Date of development
- Establisher DEVELOPMENT

- Certification process

- Nature of assessment
- Phase of assessment APPLICATION
- Mode of assessment

o
=
[T}

=
|

o

-
=
7}
=
vy
wy
@
vy
vy

=T

- Rating system

MEASUREMENT SYSTEM
- Themes of coverage

Figure 3. Assessment criteria

Assessment Checklist on Sustainability Coverage

To investigate the sustainability coverageof each Malaysian green building rating tool,
an assessment checklist that involved all the major sustainability themes was constructed, by
reviewing some selected international green rating tools, such asGreen Globes, LEED, Green
6WDU DQG 1$%(56 7KH MXVWL¢{FDWLRQ RI VHOHFWLQJ WKt



6 Zuhairi Abd. Hamid, et. al.

thatthey arenotable, widely adopted internationally, and have been used as reference during
the process of formulating the Malaysian own green rating tools. Besides, they are the only

few rating tools that really set a recognizable standard for sustainable development (Nguyen

and Altan, 2011).

Table 2 shows the major themes of sustainability addressed by each of the selected
international green rating tools, together with the associated priority ranking. These themes
DUH GHFLGHG E\ FRQVROLWDWLQJ VLPLODU FULWHULD WRJI
DQG DWPRVSKHUH ZDWHU HI(FLHQF\ DQG LQGRRU HQYLUR
the most common theme of sustainability that appeared in all the selected tools, followed by
the sustainable site management & planning, land use, and ecology, material & resources,
and waste & emission. Themes that rankedan@ 4' are both the project management and
innovation, and transport, respectively. Among these four rating tools, only Green Star covers
all the listed themes of sustainability.

Table 2. Major themes of sustainability by the selected international green rating tools

_ - Selected International Green Rating Tool
Major Themes of Sustainability Rank
Green Globes LEED | Green Star [NABERS
(QHUJ\ HI¢(FLHQF\ DQG DWPRVSKHYH

:DWHU HI¢FLHQF\ )

Indoor environmental quality (IEQ)

O
management

Sustainable site management & planning,
land use, and ecology

Material & resources

Waste & emission

Innovation

)
]
Project management 9
9
9

L W W

Transport

RESULTS AND DISCUSSIONS
Comparative Reviewon GBI, Green PASS, PH JKR, and GreenRE

A brief introduction on each Malaysian green building rating tool is given in this section.
The info on each of these tools were obtained either from the manual published by their
establishers, or through interview with the associated working groups that are responsible for
the formulation of these tools. The outcomes of the comparative review are summarized in
Table 3.
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GBI

Green Building Index (GBI) is formed under the initiative of Malaysian Institute of
Architect (PAM) and Association of Consulting Engineer Malaysia (ACEM), as to promote
sustainability in the built environment and raise awareness among the industry players about
environmentissues. GBI provides an opportunity for developers and building owners to design
and construct green, sustainable buildings that can provide energy savings, water savings,
a healthier indoor environment, better connectivity to public transport and the adoption of
recycling and greenery for their projects and reduce our impact on the environment.Building
ZLOO EH DZDUGHG *%, ODOD\VLD UDWLQJ VFRUH EDVHG RQ VL
LQGRRU HQYLURQPHQW TXDOLW\ VXVWDLQDEOH VLWH SODQ
and innovation.

Since its establishment, GBI keep expanding the types of building assessment. It is now
covering non-residential new construction, residential new construction, non-residential
existing building, industrial new construction, industrial existing building, non-residential
new construction, non-residential existing building, and township.

PH JKR

PH JKR orSkim Penilaian Penarafan Hijau JKR a green rating tool developed based
on the performance of the existing building towards sustainability with the consideration of
latest requirement by the government. JKRb@tan Kerja Raya Malaysjar Public Works
Department started to practice green initiative in projects implemented sinéévtagsian
Plan. PH JKR is introduced and applied by JKR for evaluating the sustainability level of
its construction projects. PH JKR focuses on the design stage and the assessment is based
on the a list of set criteria. It coversfour types of building, including non-residential new
building, non-residential existing building, non-residential without air conditioner, and the
health service building.

Green PASS

Green Performance Assessment System (Green PASS) in construction is developed and
managed by the Construction Industry Development Board of Malaysia (CIDB). The tool aims
to encourage a sustainable construction by focusing on the construction and operation stage
through the reduction of C@reen PASS estimates the carbon emission from construction
phase to operation throughout the building’s lifecycle for 50 years. Figure 5 shows an overview
on the structure of Green PASS.

An achievement of 100 % carbon reduction is designated carbon neutral, represented by
six diamonds. The carbon emission baseline is the calculation of the sum of embodied and
operational carbon conducted or projected in a Business As Usual (BAU) scenario. In any
given project, the percentage of carbon reduction is based on the difference between the CO
emission of the BAU scenario andthe CBEPLVVLRQ RI WKH QHZ UHWUR¢{WWH

The assessment of Building Construction begins from site possession until the issuance
RI FHUWL¢,{FDWH RI FRPSOHWLRQ DQG FRPSOLDQFH &&&



8 Zuhairi Abd. Hamid, et. al.

structural changes and with more than 50 % materials replacement will be considered major
construction therefore qualifying for applicability of the Green PASS building construction
award. The assessment of Building Operations will only be eligible upon meeting two
FRQGLWLRQV VSHFL{HG EHORZ

a) 5HFHLSW RI FHUWL{FDWH RI FRPSOHWLRQ DQG FRPSOI
building; and

b) 12 months of operations with a minimum of 70 % occupancy for newly completed
EXLOGLQJ DQG UHWUR¢{WWHG EXLOGLQJV

GreenRE

Green Real Estate (GreenRE) is launched by the Real Estate and Housing Developers’
Association (REHDA) in year 2013, with the aim of driving Malaysia’s real estate industry
towards a more sustainable and liveable built environment. The rating tool assesses a building’s
SHUIRUPDQFH LQ WHUPV RI HQHUJ\ HI¢FLHQF\ ZDWHU HI
indoor environmental quality, and carbon emissions of the development, commencing from
the conceptualization and design stage, construction and up to post completion. The tool is
currently aimed for high rise residential building and landed houses.

7KH DVVHVVPHQW FULWHULD DUH EURDGO\ FODVVL{HG L
Related Requirements and Other Green Requirements. The Energy Related Requirements
FRQVLVW RI (QHUJ\ (I¢FLHQF\ ZKHUH FUHGLWY DUH DOORFDW
practices and features used. A minimum of 30 credits is required from this group in order to be
HOLJLEOH IRU FHUWL{FDWLRQ 2WKHU *UHHQ 5HTXLUHPHQWYV
SURWHFWLRQ ,QGRRU (QYLURQPHQWDO 4XDOLW\ 2WKHU *L
'"HYHORSPHQW &UHGLWY DUH DOORFDWHG IRU WKH ZDWHU |
design practices, innovative green features used and carbon emission of development. A
PLQLPXP RI FUHGLWY DUH UHTXLUHG IURP WKLV JURXS IR

In general, four green building rating tools were developed in Malaysia since 2009; two of
them (i.e. GBI and GreenRE) were established by the professional associations, while another
WZR L H 3+ -.5 DQG *UHHQ 3%$66 DUH JRYHUQPHQW GULYHC
voluntary basis. These tools are attempting to optimize building performance while reducing
the associated environmental impact through the provision of measurement on the building’s
environment effect and a set of standards that allow for the building to be judged objectively.

At present, only GBI has achieved maturity as it continuously releasing various tools
IRU VSHFL¢{F EXLOGLQJ W\SHV DQG DSSOLFDWLRQV 7KH RW
DZDUHQHVYVY DPRQJ WKH XVHUV RU SXEOLF DV WKH\ ZHUH C
RI UH; QHPHQW EHIRUH UHOHDVHG WR WKH SXEOLF ([FHSW I
assessment is based on the real-time measurement of carbon emission, the rest of the rating
tools are based on the criteria checklist.In terms of application, GreenRE, PH JKR, and GBI
are aimed to be implemented during the design and construction stages. Only Green PASS
is designed to measure the environmental impact of building’s construction and operational
performance, as a reward scheme that based on the reduction of carbon emission.Throughout
the comparative review, one may observe that GreenRE, PH JKR, and GBI are tools for
assessment by evaluating performance against criteria, while Green PASS is considered as
a tool for measurement by identifying variables measuring sustainable development and
collecting relevant data.



Towards a National Green Building Rating System for MalaysiaQ

Table 3. Characteristics of Malaysian Green Rating Tools

Criteria GreenRE Green PASS PH JKR GBI

Date of 2013 2012 2012 2009
establishment

Developed by REHDA CIDB JKR PAM and ACEM
EHUWL¢FDWLRQ Voluntary Voluntary Voluntary Voluntary

process

Nature of Design based Performance based Design based Design based
assessment (No operation) (No design consideration) (No operation) (No operation)
Phase of Design & Construction & Operation Design & Design &
assessment Construction Construction Construction
Mode of - . L L . o .

Criteria checklist Based on CO, emission Criteria checklist | Criteria checklist
assessment 2

Score (by credits):

Diamond rating (100%

Star rating (by

Score (by points):

carbon neutral) — percentage):
%90 to 150 = GreenRE | percentage of CO, ¥ 86+ points =
Platinum reduction: T 40-49% =2 Platinum
985 to < 90 = star ¥ 76-85 points
GreenRE Gold $100% CO, reduction=6 | ¥ 50-69% =3 = Gold
%75 to < 85 = diamond star ¥ 66-75 points
GreenRE Silver $70-100% CO, reduction T 70-84% =4 = Silver
_ =5 diamond star ¥ 50-65 points
Rating system %é?et(e)n(RTzsgronze 150-_70% CO, reduction=| ¥ 85-100% = &HUWL ¢
4 diamond 5 star
130-50% CO, reduction =
3 diamond
130-5%0 CO, reduction =
3 diamond
110-30% CO, reduction =
2 diamond
11-10% CO, reduction =
1 diamond
% Energy Related f Building construction: | f Sustainable ¥ Energy
Requirements: 9 Site site HlI¢FLHQF
9 Material planning & ¥ Indoor
9 Energy 9 Energy management Environmental
HI¢FLHQF\ 9 Water f Energy Quality (IEQ)
9 Waste H1¢ FLHQHR\T Sustainable
¥ Indoor site planning
% Other green t  Building operation: environmental and
requirements: 9 Indoor quality (IEQ) management
environmental 1 Material & ¥ Material and
9 :DWHU HI¢FLHQF \quality (pre- resources resources
Themes of requisite) — 80% management | ¥ Water
coverage 9 Environmental satisfaction of F Water Hlg¢ F.L HQF
protection occupants H1¢ FLHQRHR\FInnovation
9 Energy ¥ Innovation
9 Indoor 9 Water
environmental
quality

9 Other green
features

9 Carbon emission
of development

HG
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Sustainability Coverage in GBI, Green PASS, PH JKR, and GreenRE

While the use of green rating tools is mainly for determining whether a development is
sustainable, or whether progress is being made towards sustainable development, different
tools have different emphasis on the issues of sustainability.When the four Malaysian rating
WRROV ZHUH FRPSDUHG DFURVYV D QXPEHU RI VXVWDLQDEL(
DOO WKHVH WRROV DUH ELDVHG WRZDUGV FULWHULD IRU F
management, and resources (Table 4). None of these tools coversissue related to project
management. Nevertheless, some of the project management elements may have been
incorporated into other assessment criteria. Being a newly launched rating tool targeted for
the design and construction phases, GreenRE is said to cover a wide range of sustainability
issues, where it requires the tool users to perform carbon emission calculation which is not
being considered by PH JKR and GBI.

Table 4. Different rating tools and their sustainability coverage

o Malaysian Green Rating Tool
Sustainability Coverage Rank
Green PASS PH JKR GBI GreenRE
(QHUJ\ HI¢FLHQF\ DQG DWPRVSKHUH

:DWHU HI{FLHQF\ 9

Indoor environmental quality (IEQ)
management

9

Sustainable site management &
planning, land use, and ecology

9
Material & resources

Innovation

Transport

Waste &emission

Project management 4

A further analysis on the weighting schemeof these rating tools provide their degree of
emphasis on each of these sustainability issues. Table 5shows the weighting distribution
of each rating tool on different sustainability issues. It should be noted that Green PASS
is not included in this table as it is based on real-time measurement of carbon emission.
By calculating the percentage distribution for each sustainability theme (Figure 4), one may
QG YDULDWLRQ LQ WKH VWDQGDUGY RI HDFK VFKHPH UHJI
building. For example, GreeRE allocates scores for transport and waste & emission, while
PH JKR and GBI do not. PH JKR and GBI, on the other hand, give higher scores on site
management than GreenRE. Also, both PH JKR and GBI allocate almost equivalent scores
IRU ,(4 ZKLOH *UHHQ5( IDOOV EHKLQG 1HYHUWKHOHVV RQH
rating tools. For example, the issue of energy has been given the most concern than any other
FULWHULD ZKLOH ZDWHU HI¢{¢FLHQF\ LV JLYHQ WKH PRUH RU
Such similarities aremainly due to the nature of the tools’ development, where these tools
ZHUH HVWDEOLVKHG WR SURPRWH VWDQGDUGY WKDW UHAH
conditions, and certain climatic zone.
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Table 5. Weighting distribution on major sustainability themes in PH JKR, GBI, and GreenRE
(for the assessment on non-residential building)

Sustainability Coverage PH JKR GBI GreenRE
S(L:J;toagi)r;able site management & planning, land use, and 20 16 10
(QHUJ\ HI¢FLHQF\ DQG DWPRVSKHU 37 35 83
:DWHU HI{FLHQF\ 10 16
Innovation 10 7
Material & resources 11 26
Indoor environmental quality (IEQ) management 22 21 6
Transport 4
Waste and emission 4
Total Score 100 103 156

(Note 1: Green PASS is not included as it is based on real-time measurement of carbon emission)
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(Note 1: Green PASS is not included as it is based on real-time measurement of carbon emission)
Figure 4. Degree of emphasis on major sustainability themes in PH JKR, GBI, and GreenRE
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RECOMMENDATIONS ON FORMULATING THE NATIONAL GREEN BUILDING
RATING SYSTEM

Although the comparative review on Malaysian green rating tools may provide a clear

picture on which sustainability themes to be covered when formulating the national green
EXLOGLQJ UDWLQJ VV\VWHP L H (QHUJ\ (I¢FLHQF\ :DWHU (
Material & Resources, Innovation, Transport, Waste & Emission, Project Management), there
are still other issues that required for deep consideration, particularly (i) the nature and mode
of the proposed rating system (i.e. criteria checklist, or measurement of carbon emission),

LL SKDVHV RI LPSOHPHQWDWLRQ L H GHVLJQ FRQVWUXF
process of the proposed rating system, as these issues, to some extent, may affect its role,
function and adoptability.

Nature and Mode of Green Rating System

As the proposed national green building rating system is aimed to be used in the future,
its establishment should take into consideration the trends of global rating tool evolution. As
pointed out by Wild (2011), the global trend of green rating tool development is approaching
towards calculating the total carbon and water footprint (Figure 5). Since the launching of
BREEAM in 1990, the focus of green rating toolshas moved from design to actual. It is
expected that the focus of green rating tools will shift from actual to performance in the
QHDU IXWXUH DQG ¢(¢QDOO\ HYROYH WR EHFRPH IXOO FDUE
formulation of the proposed national green building rating system should bein linewith this
evolution trend, in which more emphasis is necessary to be given on measuring the carbon
and water footprint that are accountable for the international audit measurement standards.

DESIGN 3 ACTUAL = PERFORMANCE e FOOTPRINT

—

Total Carbon and
Water Footprint

Design

International Audit
™ And Measurement

Performance Sterviarils

0\\;0 Focus

Carbon Accounting

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2012

Figure 5. Green Rating Tool Comparison Evaluation and Future (Wild, 2011)

Phases of Implementation

Figure 6 shows the phases of implementation of both PH JKR and Green PASS. PH
JKR focuses on design and construction phase, while Green PASS focuses on construction
and operational &maintenance phases. As a result, overlapping of assessment criteria was
found at the construction phase.lt is suggested that synchronization of assessment criteria has
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to be done between pH JKR and Green PASS.In this sense, criteria checklist-basedmethod
can be used in the design phase,while the actual performance measurement on carbon
emissioncan be implemented at the construction and operational &maintenance phases. In
terms of the sustainability coverage at each phase,it is as suggested in Figure 7. As such, the
proposednational green rating system will cover the overall construction work cycle, starting
from design to operational phases.

Rating Tool Design Construction I\(/jlgi?\rtztrllc;?\(i
PH JKR
Proposed national Design criteria Actual performance (carbon e 0
green building rating ) ,
system i J:
: \ :
Synchronize criteria

Figure 6. Synchronization path for PH JKR and Green PASS to develop national green building
rating system

Operation &
Mainenance

Planning Construction

Material &
Sustainable Material & resources
site Resources Transport
management Energy Project
& planning, efficiency management
land use, and Innovation Innovation
ecology IEQ Waste &

emission

Energy
efficiency
Water
efficiency
Waste &
emission
Transport

Figure 7. Proposed assessment criteria for the national green building rating system
at different phases
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&HUWL¢{FDWLRQ 3URFHVYV

$ VWUDWHILF FHUWL¢;FDWLRQ SURFHVY XSRQ JUHHQ EXLO

to ensure the successful implementation of the proposed national green rating system. The
VXJJHVWHG FHUWL,{FDWLRQ SURFHVY FDQ EH GLYLGHG LQW

PXOWLSOH FHUWL¢(FDWLRQ DOG LL FHUWL¢(FDWLRQ E\ ZI
%WRWK RI WKHVH FHUWL¢;{FDWLRQ RSWLRQV FRQVLGHU VLPLOTL
as well as the nature and mode of assessment (i.e. criteria checklist and actual measurement
of CO, HPLVVLRQ %9HVLGHYVY WKH SKDVHV RI LPSOHPHQWDWLI
options are also same with each other, where criteria checklist is applied in the design
phase, while actual measurement of ,@Oimplemented in the construction phase and the
operation & maintenance phase. The only difference between these options is how frequent
WKH FHUWL¢{FDWLRQ SURFHVY LV WR EH FRQGXFWHG

,Q WKH FDVH RI FHUWL¢{(FDWLRQ E\ VWDJHVY D VHSDUDW
GLITHUHQW SKDVH )RU H[DPSOH GXULQJ WKH GHVLJQ SKDV
DZDUGHG WR WKRVH ZKR FRPSOLHG DOO WKH VWDWHG GHVL
RI y*UHHQ 3HUIRUPDQFH &RQVWUXFWLRQT DQG p*UHHQ $V E»
to the eligible users, both during the construction phase and operation & maintenance phase,
UHVSHFWLYHO\ ,Q WKH FDVH RI FHUWL;{FDWLRQ E\ ZHLJKWL
the end of the assessment process. A user is only considered to be eligible after such user has
JROQH WKURXJK WKH ZKROH F\FOH E\ FRPSO\LQJ DOO WKH VS

Types of
Certification

Certification by Stages Certification by
(Multiple Certification, Weightages
(Single Certification)
|
[ | |
Design Phase Construction Operational &
- Checklist Phase Maintenance
- Actual measurement Phase
of CO, emission - Actual measurement
of CO, emission
I |
Design Construction Operational &
Phase Phase Maintenance
Phase
|
o Certification is based eCertification is based on eCertification is based on
on criteria checklist actual measurement of actual measurement of
without actual CO, emission CO, emission
measurement of CO,
emission oType of certification: eType of certification:
Green Performance Green As-built & actual
o Type of certification: Construction building
Green Design

Figure8. & HUWL¢{FDWLRQ LPSOHPHQWDWLRQ RI JUHHQ DVVHVVF
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CONCLUSIONS

In this paper, four Malaysian green building rating tools (i.e. GBI, PH JKR, Green PASS,
and GreenRE) were analysed with regard to their development, application, and measurement
system. The sustainability coverage of each tool is also assessed, and it is found that the
FRPPRQ WKHPHVY WR EH FRYHUHG LQ HYHU\ WRRO DUH (QHUJ
Management, Material & Resources, Innovation, Transport, and Waste & Emission. Despite
having the similar aim of approaching sustainability, there are differences in how these tools
pursue this aim. This is mainly due to the differences in how, where, and why these tools were
developed and applied.

Besides, the paper explores the ideas of merging both PH JKR and Green PASS as to
formulate a national green building rating system that may facilitate its implementation in
all government projects. Three main conditions are suggested to be incorporated into the
formulation of the proposed national green building rating system. First, the nature and mode
of the proposed rating system should be following the trends of global rating tool evolution,
where emphasis should be given on measuring the performance of the building through
calculating total carbon and water footprint.In addition, the proposednational green rating
system should cover the overall construction work cycle, starting from design to operational
phases. Criteria checklist-based assessment approach can be applied during the design phase,
while the actual measurement of C€nission can be implemented in both the construction
and operation & maintenance phases. Future research on synchronizing the overlapping of
assessment criteria in the construction phase should be carried out for sake of standardization.
7KH FHUWL¢(¢FDWLRQ SURFHVV RI WKH SURSRVHG QDWLRQDO
HLWKHU E\ PXOWLSOH FHUWL¢{FDWLRQ RU VLQJOH FHUWL¢F
VHSDUDWH FHUWL;FDWH ZLOO EH DZDUGHG LQ HDFK GLIIH!
RSHUDWLRQ PDLQWHQDQFH ZKLOH LQ WHUPV RI VLQJOH F
after the whole construction cycle is gone through.

The outcome of the study provides a deep insight into the Malaysian green rating tools. It
is able to function as a reference for the potential tool users when choosing among the existing
rating tools, or acting as guidance for bothJaleatan Kerja Ray@ublic Works Department)
and Construction Industry Development Board (CIDB) in establishing a standardized national
green building rating system.
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Abstract

&RQVWUXFWLRQ ZDVWH SUR¢{OH LV LPSRUWDQW WR DVVHVV WKH YLD
practices. However, little information known about the quantity and characteristics of

construction waste generated and its management. Lack of understanding, results in improper

waste management practiced. The generation and characterisation of construction waste has

WR EH LGHQWL{HG WRIJHWKHU ZLWK WKH FXUUHQW ZDVWH PDQDJHPH
of site audit has been carried out in several on-going housing projects in Ipoh, Malaysia.

7KH FDOFXODWLRQ RI WKH WRWDO FRQVWUXFWLRQ ZDVWH TXDQWLW\

a generation rate of 16.55 kg/m2. This rate should be disseminated to all parties involved in

construction with a view towards widespread use in future construction waste estimation. It

will be an incentive to the development of an integrated waste management system and the

implementation of good practices for managing construction waste. Recommendations are

made in order to improve construction waste management in Ipoh.

Keywords: Construction Waste, Waste Management, Residential Construction

INTRODUCTION

An increase in construction activities bring negative impacts to the environment through
the generation of waste, ecological imbalance, changes in living environment through the
generation of waste, sewage, reduction in environmental resources and energy usage (Yip
2000). Solid and chemical wastes are found to be the most common contamination source
from the construction site (Pun et al. 2001). Construction waste is generated during the
construction process such as during site clearance, material use, material damage, material
non-use, excess procurement and human error (Macozoma 2002). The composition and
guantity of construction waste generated depends on the construction methods and materials
used during construction activities (Formoso et al. 2002).

The generation of construction waste is predictable, based on the building design and
procurement of the building materials; thus it can be expected and hence controlled. However,
the avoidance of waste generation in construction site is unpredictable due to lack of readily
available data on construction waste from previous projects (Garas et al 2001). Furthermore,
construction company could not provide relevant and appropriate data because they are not
obliged to record and report the quantitative characteristics of waste generated at their sites
(Fatta et al. 2003). In addition, ineffective waste management practiced at construction site
increases the generation of construction waste.

A critical step to develop comprehensive waste management system is by categorization
DQG TXDQWL¢{FDWLRQ RI FRQVWUXFWLRQ ZDVWH *DYLODQ
FRQVWUXFWLRQ ZzDVWH QHHGY WR EH GRQH HDUO\ LQ WKH F
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determine the exact quantity generated as well as the exact composition of construction waste

DW FRQVWUXFWLRQ VLWHYV 7KH RFFXUUHQFHV RI A\ WLSSLC
the estimation of construction waste quantity (Kofoworola & Gheewala 2009). The natural
characteristic of construction waste which is highly variable in its compositions also brings
GLI¢FXOW\ LQ ZDVWH TXDQWLW\ HVWLPDWLRQ *DYLODQ %l

:LWKRXW WKH DELOLW\ WR VSHFL¢{FDOO\ LGHQWLI\ WKH FK
generated on construction sites, the site management would be unable to accurately track,
monitor and quantify the total amount of wastes generated. Hence, accurate waste measurement
would provide an effective method to evaluate the production system performance as it shows
WKH LPSURYHPHQW SRWHQWLDO DQG LGHQWL{FDWLRQ RI W
2002). Construction waste guantity acts as an indicator to benchmark the construction waste
management practices whether standard, good or best practices.

The construction waste can be estimated by the building area, building demolition works
and converting the construction and demolition waste quantitative data (Fatta el a. 2003).
Another method of estimation is through the use of a construction waste index (Poon et
al. 2001a). In Malaysia, the construction waste quantity are required for the planning and
provision of capacity, location and total facilities and equipment to achieve Solid Waste
National Strategic Plan target (MHLG 2005). Then, monitoring system and continuous
performance assessment could be implemented. However, very little information known
about the volume and characteristics of construction waste generated and its management at
local level. Therefore, a study has been conducted in one of the city in Malaysia to access the
current status of construction waste management. This study was based in Ipoh, the capital
city of the state of Perak in northern Malaysia. Ipoh covers an area of 387.63 square kilometres
with a population of 562,500 in 2005 (Town and Regional Planning Department (JPBD) Perak
1998). In comparison to the other areas in Perak, construction activities in Ipoh are higher
due to its function as the main administrative centre where the major industrial, commercial
and residential areas are concentrated. The study focused on estimating waste generation
at housing construction sites and identifying the current practices of waste management by
WKH ORFDO FRQWUDFWRUV 7KXV EHWWHU XQGHUVWDQGLQ
enhances the promotion of good practices of construction waste management.

RESEARCH METHODOLOGY

To meet the research objectives, a series of site audit has been conducted at nine fairly
similar private housing construction sites in Ipoh. All these sites were at superstructure stage,
comprised of terraced house, constructed with conventional reinforced concrete and brick
wall. Thus enable a standard observation and collection of data and uniform comparison
EHWZHHQ WKH VLWHV 7KH GLVWULEXWLRQ RI GDWD DUH Q
EXW GHSHQGY RQ WKH W\SHV RI KRXVH VSHFL{F SUDFWLFF
standard in disposal and storage of the waste sample (Franklin Associates 1998).

An audit form was used during the site audit which was developed based on a review of
literature, results of an earlier visit to several housing construction sites and interviews with
site managers and site supervisors in Ipoh to identify current waste management practices
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at construction sites. The form has four major sections, namely general information on
UHVSRQGHQWY KRXVLQJ SURMHFW SUR¢{OH FRQVWUXFWLRC(

The quantities of waste were estimated by the transportation records of waste disposed
off from the construction sites (Poon et al. 2004). The estimation of waste quantity was
calculated based on the waste transportation trip record, truck load and frequency of waste
disposal activities. All the data gathered from the site audit were computed in MS Excel for
the calculation of estimated quantity of construction waste generated at every site. Therefore,
the waste was estimated by using Equation 1 adopted from Poon et al. (2004). However, this
study estimates the waste quantity according to weight different from earlier study by Poon et
DO 7KLV LV FRQVLVWHQW ZLWK WKH ODQG¢OO FKDUJF
in National Strategic Plan for Solid Waste Management (MHLG 2005).

W=VxN Equation 1
where:
V = truck load (tonne)
N = total no of truck for waste disposal
W = total waste generated from the project (tonne)

The construction waste index was then calculated by using Equation 2, adopted from Poon
et al. (2004).

W
C= Equation 2
GFA
where:
V = truck load (tonne)
N = total no of truck for waste disposal
W = total waste generated from the project (torm&)x N
GFA = JURVV ARRU DUHD
C = waste index (i.e construction of EFMJURVYV ARRU DQiéhBe FHQHUDWHYV

waste)

Data on the ccurrent practices of waste management at housing sites in Ipoh were
analyzed using the Statistical Package for Social Sciences (SPSS) and Microsoft Excel.
Simple descriptive analysis such as frequency and mean had been calculated for all the
variables. Meanwhile, relative importance index had been calculated to identify the ranking
of statements regarding current practices of construction waste management at the audited
sites. To determine the relative ranking of factors, the scores were transformed to important
indices based on Equation 3 (Kometa et al. 1994; Tam et al. 2000; Tam 2008).
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RIl =
Equation 3
AN

Wherew is the weighting given to each factor by the respondent, ranging from 1 to 5 in
ZKLFK p § LV WKH OHDVW LPSRUVABQehigh@sGweig§t WhikiHHs PRV W LF
H T LQ W K\i¥the Wt Gumber of samples &R is the relative important index, (

RIl ) 1. The higher the index value means the higher is the ranking.

RESULTS AND DISCUSSION
&RQVWUXFWLRQ 6LWH 3UR¢OH

7TDEOH SUHVHQWY WKH SUR¢{OH RI WKH KRXVLQJ FRQVWI
Most of the housing projects’ duration is 24 months, with an average work progress of 59.4%
completed. The number of constructed houses at the nine sites varies from 18 units to 235

XQLWV ZLWK DQ DYHUDJH WRWDO JWRVV ARRU DUHD IRU RQH

Tablel. +RXVLQJ FRQVWUXFWLRQ VLWH SUR¢{OH LQ ,SRK

Project Work Total Total gross
Site Location duration roaress Project cost value constructed ARR g DUHD P

(month) prog house (unit)
TB1 | Jalan Gopeng 24 80% > MYR10 million 108 16524
TB2 | Pasir Puteh - 75% MYR5-10 million 100 16560
TB3 | Jalan Gopeng 24 60% MYR5-10 million 50 6750
TB4 | Gunung Rapat 24 70% MYRS5-10 million 84 11854.08
TB5 | Seri Rapat 18 30% MYR1-3 million 58 7308

MYR500,000-
o )

TB6 | Jelapang 24 55% MYR1 million 18 2494.8
TB7 | Chemor - 85% MYR1-3 million 33 4395.6
TB8 | Lahat 30 40% MYR1-3 million 235 17730
TB9 | Klebang 132* 40%* > MYR10 million * 24 3240

7KLV LQIRUPDWLRQ UHIHUV WR WKH ZKROH KRXVLQJ SURMHFW IRU 7% 7KH WRWD
under construction only.

Waste Generation at Housing Construction Sites

During the site audit, only seven sites were able to provide information on waste
transportation trip for the estimation of waste quantity as shown in Table 2. These estimations
were used to calculate the construction waste index in this study. Five of the seven sites
had disposed off their construction waste regularly. Meanwhile the other two sites, TB1 and
TB3 have provided their estimation for the composition and quantity of waste expected to
be disposed off from their projects. TB8 and TB9 were excluded from the estimation as they
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were unable to estimate the quantity of waste generated from their sites. In addition, TB9
divulged that all the construction waste generated at their site will be disposed off at the
allocated areas on the site itself.

Table 2. Estimated waste quantity at the project sites in Ipoh

TB1 TB2 TB3 TB4 TB5 TB6 TB7

Total waste transportation trip 0 4 0 10 10 6 30
Truck load (tonne) 10 3 1 10 10 10 10
Waste estimated quantity (tonne) 10* 12 1* 100 100 60 300

* Early estimation due to lack of construction waste disposal activities during site audit exercise

Figure 1 shows the different level of work progress among the construction sites and the
estimated quantity of waste generated at the sites. The TB7 site with a construction work
progress of 85% had disposed 300 tonnes of waste. But TB1 site with similar work progress
estimates to dispose 10 tonnes of waste. Therefore, the average quantity of waste generated
from the two sites is 83.3 tonnes with an average work progress of 65%. The variability in the
TXDQWLW\ RI FRQVWUXFWLRQ ZzDVWH JHQHUDWHG GHSHQGYV
work practices during construction activities.
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Figure 1. Estimated waste quantity according to construction work progress, among the audited sites.

Figure 2 shows the types and composition of construction waste at the selected project
sites in Ipoh. The major composition of construction waste generated at the studied site are
soil, aggregates and sand; with an average of 44.3%. This is followed by wood (12%) and
insulation material for ceiling (9.3%).
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Figure 2. Average composition of construction waste at the selected project sites in Ipoh

7KH HVWLPDWLRQ RI ZDVWH TXDQWLW\ IURP 7DEOH DQC
produce the generation rate for construction waste as shown in Table 3. The average
construction waste generation rate for the seven housing sites is 16.35Tkggrefore, the
HVWLPDWHG TXDQWLW\ RI ZDVWH IURP RQH XQL¥WIRI KRXVH 2
be 2418 kg.

Table 3 Construction waste generation rate at housing projects in Ipoh

Site ! ZZZI I(Dmoz) (‘L;J RV ‘Zﬁgn I ;ﬁﬁ‘g:liset)e gen(e:?;tisc::\ufettltzn(tvgif\t;m 2) wat':s?: Zt;l:\(;trlgtr; on
(B) (C=BIA) rate kg/m 2
TB1 16524 10 0.000605 0.60
TB2 16560 12 0.0007246 0.72
B3 6750 1 0.00015 0.15
TB4 11854.1 100 0.0084359 8.44
TB5 7308 100 0.0136836 13.68
TB6 2494.8 60 0.02405 24.05
TB7 4395.6 300 0.0682501 68.25
Average construction waste generation rate kg/m? 16.55

7KH JHQHUDWLRQ UDWH IRXQG IURP WKLV VWXG\ LV DO
(1995). They had performed an evaluation and estimation on three housing construction
sites in the United States of America. The waste generation rate from the study was 21.5 kg/
m? and the total estimated quantity for a typical residential unit with an area of 186 square
metres was 4000 kg. Meanwhile, the waste generation rate for different types of buildings
in the United States of America was found to be between 20 to 30 {gmg et al. 1997).
W LV GLI¢FXOW WR FRPSDUH GLUHFWO\ WKH ZDVWH JHQH!
the various techniques, work procedures and construction practices employed (Yahya and
Boussabaine 2006). For example, the generation of construction waste in Kuwait is higher
than the total international quantity due to the Gulf War and the lack of material management
in the construction industry (Kartam et al. 2004). The composition and quantity of construction
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waste generated on sites depend on the construction methods and materials used during
construction activities (Formoso et al. 2002). The difference in waste composition is also
caused by the different construction methods and technology used, workers’ skill and building
designs (Poon et al. 2001b). Hence, experience, information and technologies related to the
management of construction waste from various countries can be shared in order to overcome
the problems caused by the generation of construction waste.

7KH FRQVWUXFWLRQ ZDVWH JHQHUDWLRQ UDWH IRXQG |

contractors and housing developers in Ipoh to estimate the generation of waste for their future
housing projects. The index also indicates the benchmark of the waste management practices

at housing sites. Thus, the construction sector and local authorities can plan for an effective

waste management strategy early. However, the index from this study is not conclusive due to

small number of audited sites. The index will be subject to change once additional waste data

is available from other projects. Therefore more sites are needed for the waste audit to develop

a construction waste index that is more representative of the local construction industry.

Current Practices of Waste Management at Housing Construction Sites

7KH VLWH DXGLW KDV LGHQWL¢{HG WKH FXUUHQW SUDFV
construction sites in Ipoh. The practices include the waste management sources and facilities,
waste management hierarchy and disposal of waste from the construction sites.

Sources and Waste Management Facilities in Housing Construction Sites in Ipoh

The waste management sources and facilities at the audited sites include an action plan,
VSHFL¢{¢F ZRUNHU DQG ZDVWH UHFRUG DV VKRZQ LQ 7DEOH
facilities consist of equipment and location for collection and sorting of waste, condition of
waste collected and re-use and recycling facilities. It is found that 67% of the site audited
SURYLGH D ZDVWH UHGXFWLRQ DFWLRQ SODQ DQG DSSRLQW
also lack of waste record as only 22% of the construction sites record the generation of waste at
their sites. Most of the sites record the waste transportation trip by keeping the transportation
FKDUJHV UHFHLSW 2WKHU VLWHY NHHS WKH WLSSLQJ UHFH
shows that no formal recording activities applied for the management of waste.

7KH VLWH DXGLWV IRXQG WKDW RI WKH VLWHY DOORFI
But TB6 and TB9 also used that area for construction waste disposal. Mostly the allocated
area is still undeveloped. Sometimes the allocated area is used for temporary collection
EHIRUH ¢QDO GLVSRVDO WR WKH %YHUFKDP ODQG¢{OO 1RUPI
managed by the housing developer with their own transportation vehicle. During the site
audit, construction waste can be found everywhere near the working area. It is found that 56%
of the sites temporarily pile the construction waste scatteredly. Meanwhile 22% of the audited
VLWH SURYLGH ELQ IRU ZDVWH FROOHFWLRQ DQG RI WK
waste sorting activities. The other 22% of the audited sites provide bins for waste recycling
and re-using. Piles of unsorted waste at the audited sites lead to the mixed of different types of
FRQVWUXFWLRQ ZDVWH 7KXV PDNHV UHXVH DQG UHF\FOLQJ
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The large number of sub-contractors involved in construction works at one site makes
waste management activities complicated. For example, there are 11 sub-contractors involved
in one of the audited site for various trades such as aluminium works, ceiling works, tiling
ZRUNV DQG SDLQWLQJ ZRUNV 7KLV PDNHV WKH LGHQWL¢FDV
JHQHUDWHG IURP HDFK ZRUN WUDGH GLI¢FXOW 1RQHWKHO
developer are unable to identify the actual waste management practices by the sub-contractor.
However every sub-contractor is responsible to manage the construction waste generated from
their own work trade. Sub-contractor played an important role to reduce the generation of
waste on construction sites (Gavillan & Bernold 1994). For example, two different contractors
who do a same trade may produce different quantity of construction waste due to various
factors such as work skill, attitude and construction method used.

Table 4. Sources and waste management facilities in housing construction sites in Ipoh

No of construction Percentage of

Sources and facilities in construction sites sites construction sites
Yes No Yes No

Company have an action plan to reduce waste 6 3 67% 33%

7KH FRQVWUXFWLRQ VLWH DSSRLQW VSHFLDO VS L¢F NHU R PDQDJH
7K PO VSHFLLF ZRUNHUY

The construction site record the quantity of waste generated 2 7 22% 78%
3URYLVLRQ RI VSHFLDO ELQ IRU ZDVWH FROOHFWIRQ EHIUH (@O GLVSRVDO

BURYLVLRQ RI VSHFL,F DUHD IRU FRQVWUXFWLRQ3ZDVWH/%ROORBPWLRQ

Construction waste are collected randomly at the construction

VLWHV QR VSHFL¢(F DUHD SURYLGHG 5 4 56% 44%
BURYLVLRQ RI VSHFL¢{(F DUHD IRU ZDVWH VRUWLQJ6 33% 67%
All types of construction waste are mixed and collected together 6 3 67% 33%
The construction site provides bin for reusing and recycling of 5 7 2204 78%

material waste

Waste Management Hierarchy at Housing Sites

Table 5 shows the waste management hierarchy at the audited sites. The highest rank is
reuse on site with RIl of 0.582, followed by recycle on site at 0.473 RIl. Then disposal of
FRQVWUXFWLRQ ZzDVWH EHFRPH WKH WKLUG UDQN DQG OHDY
indicates low level of waste management practices at construction sites in Ipoh according to
the waste management hierarchy outlined in the Solid Waste National Strategic Plan.
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Table 5. Waste management hierarchy at housing construction sites in Ipoh

2w RII Ranking
Reuse on site 32 0.582 1
Recycle on site 26 0.473 2
Dispose 19 0.345 3
Leave on site 16 0.291 4
Reuse off site 15 0.273 5
Sell to third party (sell to others) 15 0.273 5
Recycle off site 14 0.254 7
Others 11 0.200 8
Give to others 10 0.182 9

The disposal activities for the site audit has been divided into dispose offsite and leave on
sites. Dispose offsite means that all the construction waste will be transported out from the site
IRU ¢6QDO GLVSRVDO ODMRULW\ RI WKH GLVSRVHG ZDVWH IF
soil from land levelling, sewerage, drain, underground pipe and piling works. Meanwhile,
leaving waste on sites involved burying waste or pile the waste scattered around the sites.
This site audit has estimate 1-30% of waste generated will be left on sites after the completion
of construction works. For example, wood will be left to rot at TB6 site. Wastes were buried
at TB7 and CCCa3 sites. Rocks and aggregates were dumped into the excavated hole at the
isolated area of the construction sites. This practice is preferable due to minimal cost involved
DQG LW LV GLI¢FXOW WR EH QRWLFHG

7KH ¢IWK ZDVWH PDQDJHPHQW DFWLYLW\ LV UHXVH RI ZD

brings the building material surplus from the completed housing project to another projects

which is still under construction. The last sixth and seventh rank of the waste management
activities is selling the waste to the other parties and recycling of waste. Steel found to be

the most collected waste and were sold to other parties. It is estimated that 1-30% of waste
generated will be recycled offsite. One of the contractor at the audited site admitted that
recycling are costly since it involved cleaning of concrete, mortar and nail from the wood

waste. The third party only accept cleaned wood waste to be used as burning material in
ceramic manufacturing. Therefore, the wood waste surface give constraint to the selling and
recycling of wood waste offsite.

7KH ¢QGLQJY UHYHDOV WKDW DQRWKHU OHDVW PHWKRG S
for about 1-30% of the wood waste generated. Burning of wood found to be the easiest and
cheapest way by the site management of TB6 and TB5. They admitted that they burn the wood
waste in small quantity by stages to avoid being spotted by the Department of Environment.
Packaging material was also openly burned at the construction site. Meanwhile, the least
waste management practiced on-site is giving away the construction waste to others especially
the building material surplus. This practice is unpopular among the contractors because it is
QRW SUR,{WDEOH
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Disposal of Construction Waste from the Housing Sites

The site audit found that the construction waste transportation trip record were poor among
the construction sites audited. Only 3 sites (37.5 %) of the sites keep transportation record of
the waste being transported out from their sites. Majority of the construction sites (62.5 %)
GR QRW KDYH D ¢[HG VFKHGXOH DQG ZLOO WUDQVSRUW WKF
project. The other two sites transport the waste every month. Only one site will transport the
waste after completion of work by trade.

Table 6 shows the selection method and rate of transportation cost for construction waste
disposal from the audited sites. Most construction sites (87.5%) rent a lorry for waste disposal
transportation. Meanwhile the average lorry rental charge per day is MYR 335.

Table 6. Selection of method and transportation cost rate for construction waste disposal
from housing construction site in Ipoh

No. and
Priority to construction site percentage
(%)

Method used TB1 TB2 B3 TB4 TB5 TB6 TB7 TB8
Rent a lorry 1 - 1 1 1 1 1 1 7 (87.5%)
Solid waste 3 ) ) ) ) ) 4 2 (25%)
contractor
Bundl_ng material 1 ) ) ) ) ) 3 2 (25%)
supplier
Own transport - 2 - - - 2 2 2 4 (50%)
Transportation Average
cost rate
Lorry rental charge MYR ) NA MYR MYR MYR MYR MYR RM 335
per day 450 300 350 260 250 400
Lorry rental charge MYR
per distance 300 RM 300

I1RWHV 7% XQDEOH WR SURYLGH ORUU\ UHQWDO FKDUJH UDWH GXH WR FRQ¢{GHQ!
developer

The physical condition of construction waste before being transported out from the housing
construction site in Ipoh is shown in Table 6. It is found that 50% are mixed waste from
various construction activities. Meanwhile 25% of waste collected are mixed but according
to the types of construction activities. And 25% of the audited site sort the construction waste
according to the types of building materials.
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Table 7. Construction waste physical condition collected before being transported out
from the housing construction site in Ipoh

Waste condition No of sites Percentage (%)
All construction waste are mixed (various material and construction 4 50
activities)
All construction waste are mixed (according to types of construction 2 25
activities)
Construction waste are sorted according to the types of building 2 o5

materials

The waste transported out from the housing site in Ipoh has been sent to several destinations
DV VKRZQ LQ 7DEOH 'LVSRVH DW WKH DOORFDWHG GXPSVL
¢cUVW UDQN ZLWK 5,, RI 7KLV LV IROORZHG E\ UHXVH R
method such as burning found to be the last ranked.

Table 8. Construction waste destination after being transported out from the
housing construction site in Ipoh

v RII Ranking
Dispose at the allocated dumpsite 26 0.473 1
Reuse 22 0.400 2
Dispose to other area (outside the allocated dumpsite) 18 0.327 3
Recycle 18 0.327 3
Sell 14 0.254 5
Other method — Burning (wood/bags) 9 0.164 6

Recommendations for Improvement of Current Waste Management Practices
at Housing Construction Sites in Ipoh.

7KLV VWXG\ KDV LGHQWL{HG WKH FXUUHQW VWDWXV RI F
housing construction sites in Ipoh focussing on the waste generation, waste management
VRXUFHY DQG IDFLOLWLHY ZDVWH PDQDJHPHQW KLHUDUFK\
show that local contractors need to improve their current construction waste management
practices. In order to achieve that, three recommendations are made.

7KH ¢ UVW UHFRPPHQGDWLRQ LV WR LQFUHDVH WKH OHYHO
management practices of the construction workers. The increment could enhance awareness
among the workers on the importance of good waste management practices. Provision of
regular talk on good practices of construction waste management would stimulate the workers
awareness.

Second recommendation is to increase the construction waste management facilities.
Information on the generation and characterization of construction waste found in this study
could be used to plan the provision of the facilities such as transportation and collection
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QHWZRUN DOORFDWLRQ RI VSHFL¢F DUHD IRU ZDVWH GLVS
¢O0O0LQJ DW WKH H[ PLQLQJ SRQG DQG VHW XS RI UHXVH DC
industry will have proper channel and support for better management of construction waste.

To improve the current practices, a suitable and local construction waste management
plan is needed. So the last last recommendation is to provide a waste management plan for
WKH ORFDO FRQVWUXFWLRQ FRPSDQ\ 7KH SURSRVHG SODQ
administration, guidelines for management plan, prevention and reduction, optimisation of
waste disposal and evaluation of good practices. So this plan acts as guidelines for good waste
management at sites. To succeed, it should be precise, simple and practical to be implemented
on site. Later, the plan could be used by the local authorities to monitor and control the
generation and management of construction waste.

CONCLUSION

7KLV VWXG\ KDV LGHQWL¢{HG WKH FXUUHQW VWDWXV RI F
housing construction sites in Ipoh in terms of the waste management sources and facilities,
waste management hierarchy and waste disposal practices. The present scenario shows
that waste management practiced in Ipoh are below the good practices standard. However,
the results obtained shall help improve current waste management practices in Ipoh by
providing useful information regarding construction waste characteristics and the potential
of construction waste generation rate as a reference for future projects to promote waste
minimisation. In conclusion, better understanding of construction waste characteristics helps
in proper planning and implementation of good waste management practices.
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Abstract

7KLV SDSHU KDV WKH GRXEOH REMHFWLYHV RI (¢UVW SURYLGLQJ DQ
issues of sustainability concerning the Nigerian built environment. The second objective is
to investigate the understanding of the professionals in the Nigerian built environment on
sustainable construction. This objective is sought through the administration and subsequent
analysis of survey questionnaires. Six sustainable criteria were addressed to the respondents
to evaluate their frequency in the procurement of construction projects. Out of the total of
the 120 distributed questionnaires administered to construction practitioners, a total of 83
responses were completed and useable. By means of inference based on these results,
the sampled practitioners have only a passive understanding of sustainable construction
practices. The paper concludes with a recommendation that construction practitioners should
take leading roles to apply sustainable criteria in the design, construction, and maintenance
and operations of construction projects to increase project performance and the well-being of
the users. Moreover, given the importance of the measures designed to promote sustainable
development, the government should make greater efforts to promote its application.

Keywords: Sustainability; Construction; Passive Procurement; Nigeria
INTRODUCTION

The construction industry is fundamental to the growth of a country irrespective of
whether the country is undeveloped, developing, or developed, due to the industry’s micro-
economic contribution to the Gross Domestic Product, Gross National Product, and Gross
Fixed Capital Formation. The outputs of the construction industry are capital or investment
JRRGV || WKH FRQVWUXFWLRQ LQGXVWU\ LV LQHI{FLHQW 'V
development. Therefore, a major factor that could impede the economic prosperity of a nation
is shortage in the necessary building and infrastructural facilities. However, the performance
of the industry is measured by critical success factors (CSF) or client / users value system, i.e.
the value system of client needs and wants.

The criteria within the client value system are cost of construction, project duration, safety,
aesthetic, function, and quality. In other words, the success or performance of projects is
measured based on the achievements of these criteria. However, it is now understood that for
projects to be successful, all the stakeholders (i.e. consultants, contractors, suppliers, clients)
PXVW EH VDWLV{;HG DQG WKDW WKLV VDWLVIDFWLRQ FDQCQC
stakeholders. Although, CSF is used to measure project performance, the need to include
sustainability criteria has also became a fundamental requirement.

Today’s clients and users are more knowledgeable and are conscious of the impact of their
investments on the environment. The rise in energy cost is also making the sustainability issue
a client/user requirement. Clients now procure buildings with the full understanding of the
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building’s sustainability requirements. As such, given the rise in interest in sustainability, this
research examines sustainability procurement indicators.

It is often maintained that sustainable design and construction cost more compared to
conventional design and construction. However, this is hot entirely true. The capital cost may be
more, but not the operational cost. This is apart from the environmental, social, and community
EHQH¢; WV 7KHUH DUH PDQ\ GH¢{QLWLRQV IRU VXVWDLQDEOH
different connotations under different considerations. As a result, it is very unlikely that a
FRPPRQ GH¢{QLWLRQ ZLOO EH DJUHHG XSRQ HYHQ DPRQJ WK
issues. Therefore, one method of considering sustainability issues in the built environment
sector is to consider the way projects are procured. In other words, it is to look at the elements
that are considered at the design and construction phases of the projects. Governments are
now launching various strategies and initiatives necessary to achieve economic growth that
at the same time enhance social and environmental standards. Government effort to achieve
transition to the sustainable economy risk being curtailed, unless the process and practices
involved in the procurement and operation of a construction project are adequately geared
towards this direction.

Interests in sustainable development have heightened in the construction industry, which
has a unique role to play in reducing the impact on environmental and resource degradation.
Sustainability criteria need assimilation into the management of building/construction projects
at the design and construction phases to reduce the building’s impact in its use phase. To
determine how sustainability considerations are integrated into the construction industry in
Nigeria, primary data are collected through surveys with construction experts in Nigeria. The
paper commences with an introduction in section 1 followed by a description of construction
clients in section 2. The meaning of procurement of construction projects is explained in
section 3, sustainability or sustainable development is considered in section 4, while in section
5, sustainable procurement is contextualised by bringing together sustainability indicators in
RUGHU WR SURYLGH DSSURSULDWH LQGXVWU\ VSHFL¢F PHD
Nigerian government to promote sustainability are examined in section 6. The outline of the
research method is presented in section 7, and section 8 reports the data analysis. Section
SUHVHQWY WKH UHVXOWYV RI WKH VXUYH\ DQG RIIHUV D G
conclusion of the study.

CONSTRUCTION CLIENTS

Construction clients set the need for the projects and while some of the clients are
experienced, others are not (Marsh, 2003). The recent past has seen some large construction
clients demand carbon-offsetting projects with overall levels of business delivery. Clients are
now realising that investing a little more to offset the carbon emission from their investment
is necessary to provides value for money invested.

Clients are becoming more demanding and sophisticated compared to how they used to
be in terms of how they measure the performance of their projects. The kinds of buildings that
today’s clients require are increasingly complex and sophisticated both in terms of volume
and quality. The client wants a project that will be completed on schedule and within their
budget, yet with highest standards of quality. They also want the building they can readily
operate and maintain and to be cited at their choice of location. It is no longer a simple case
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of considering the capital cost of the project but the all-involving cost of acquiring the facility
as well as that for maintaining and operating the facility on completion (Olanrewaju and
Khairuddin, 2007b).

Clients that have continuous projects in their portfolios and that have procured projects
regularly are more experienced and sometime have even prepared their projects’ briefs in-
house (Olanrewaju and Khairuddin, 2006a). This is because such clients are better informed
on what they actually want (Ashworth and Hogg, 2002) as well as on how the construction
industry operates. However, the majority of the industry’s clients are the one off, namely those
that build only once in their lifetime. Such clients do not know what they actually want and
do not have adequate knowledge of the construction industry (Marsh, 2003). Usually, such
FOLHQWYV KDYH FRQALFWLQJ UHTXLUHPHQWY ZKLFK QHHG \
time for the projects to be completed on time, within budget, with high quality and to meet
other criteria within the client value system.

PROCUREMENT

(YHQ ZLWKLQ WKH FRQVWUXFWLRQ LQGXVWU\ SURFXUHEF
WKLY SDSHU SURFXUHPHQW LV GH¢{¢QHG DV WKH HQWLUH S
(Khairuddin, 2002 and Ashworth and Hogg, 2002). This process could pertain to new works
or for maintenance, refurbishment, conversion, or extension. Procurement is not a pure
science; it is more technology or engineering management rather than natural science or hard
engineering. The skills required of a procurement expert cover history, politics, economics,
management, business, psychology, engineering, technology, administration, sociology as
well as science.

A few decades, ago, there were just few types of procurement methods available to the
clients that had interest in acquiring construction projects can be procured for to choose from,
either for procuring a new facility or for maintenance, rehabilitation or reconstruction or as the
FDVH PD\ EH 7KH YDULRXV W\SHV RI SURFXUHPHQW VWUDWEL
is willing and able to bear certain levels of risk measured in terms of cost, quality, and time and
other criteria within the client value system. The selected procurement strategy must ensure
WKDW ULVN LV WUDQVIHUUHG WR WKH EHVW SDUWLHV WKD'
W\A\SHV RI ULVN LQFOXGH (¢QDQFLDO WLPH TXDOLW\ IXQFW
and/or performance risk. Risk in any project is expected; this is uniitertainty Therefore,
LW VKRXOG EH HI(FLHQWO\ PDQDJHG ey se;i0sinplp Gbdee® H SD U W\
responsibilities and duties

3HUU\ FODVVL{HG SURFXUHPHQW LQWR WZR PDLQ W\!
FRQVWUXFWLRQ DQG 3GHVLJQ FRPELQHG ZLWK FRQVWUXFW
type that should be added is design combined with construction, operation and maintenance.
7KLV ZLOO UHSUHVHQW D VRUW RI SULYDWH ¢(¢QDQFH LQLWL
Perhaps, Perry did not include the design combined with construction, operation, and
PDLQWHQDQFH LQ KLV FODVVL¢FDWLRQ EHFDXVH 3), DW Ol
DSSHDUHG RQ WKH FRQVWUXFWLRQ VFHQH DURXQG % D
like the lump sum contract, construction management, and management contracting fall to
the design separate from the construction (CheemgJl,2001), while design and construct,
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package deal, and turnkey falls under the design combined with construction. Hence, the
3), DQG LWV YDULRXV IRUPV FDQ EH FODVVL¢{¢HG XQGHU W
operation, and maintenance.

Selecting the wrong procurement strategy could lead to poor projects delivery in terms
of cost and time overrun, poor quality and inability to consider the sustainability issue in
the project (Love, et al., 1998 and Taylor, 2000). In other words, among the various types
of procurement options available to a client towards achieving best value, only one of the
procurement strategies is suitable for a particular set of client requirements. For instance, some
procurement strategies place greater emphasis on a criterion or on some particular criteria
within the client value system. As an illustration, the traditional strategy is most suitable
for a project where time is not of essential priority. Under this strategy, tenders are usually
selected on the basis of the lowest tender price. The type of procurement selected for a project
FRXOG GH¢QH WKH H[WHQW WR ZKLFK RI WKH &6) FDQ EH FR
sustainability issues are considered in the project.

SUSTAINABILITY

Sustainability means different things to different people. It is an ambiguous term that is
FXUUHQWO\ LQ YRJXH +RZHYHU LW LV D uSRVLWLYH YRJXH
WKH HI¢FLHQW EDODQFH EHWZHHQ QDWXUH DQG WKH EXLOW
impact of man’s activities on the environment in meeting the needs of the present generation
ZLWKRXW LQALFWLQJ KDUP RQ WKH IXWXUH JHQHUDWLRQ
KHDOWK\ KXPDQ LQAXHQFHG H[LVWHQFH RU SURFHVV V\PEI
capturing stability with natural variance over generations” (Christensen, 2005).

The fundamental goals of sustainability drives include the ability to reduce carbon dioxide
emissions by at least 60% from its current level by 2050 (Killip, 2006), reduction of waste,
DQG HI(FLHQW HQHUJ\ XWLOL]DWLRQ ([FHSWLRQDOO\ ODUJ}H
through systemic building management. Building construction and operation are also claimed
to account for close to half of the water used globally. The building sector makes use of
one-third of the world’s resources, and is responsible for about 40% of GHGs emissions and
makes use of about 15% of the world’s water. Furthermore, about 40% of the world’s solid
waste is generated through building construction and operation.

A building’s envelope is also argued to contain about 5 times more pollutants than the air
outdoors. A substantial part of a building is composed of concrete. However, cement is the
most active component of concrete, thus, in order to reduce carbon dioxide-emissions, there
is a need for radical change in cement production techniques and application. Buildings are
responsible for about one-third of the energy use and one-half of the electricity use in the
majority of industrialised countries (Kaluarachctti, al. 8).

Sustainable is a principle, philosophy, and mind-set. The term means different things to
different people, however the word is often used interchangeably with words including green,
and eco-friendly. In another respect, the word sustaingdeV EHHQ SUH¢{[HG ZLWK Q>
words like, economy, tourism, building, banking, education, technology, and information. It
is common today to hear or see expressions like sustainable economy, sustainable tourism,
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sustainable construction, sustainable construction contract, sustainable education, and
sustainable technology. However, irrespective of the words or terms used, the fundamental intent

is the same. Sustainability is a blend of energy optimisation, durability, waste minimisation,

social impacts, good indoor environment, pollution control, life cycle-cost, user-friendliness,

user comfort, and satisfaction. Strictly speaking, the sustainable concept is about tackling
change in the world’s climate. Climate change is caused as a result of changes in temperature.
Meaning to say, the temperatures close or around the Earth’'s surface are warmer of cooler

than normal. On the other hand, the major force behind the change in temperature is due to
KXPDQ DFWLYLWLHV :LWK VSHFL¢{¢F UHIHUHQFH WR EXLOGL:
involves resources such as energy, water, and raw materials. It also generates wastes and emits
potentially harmful atmospheric emissions. All these are contributing to the climatic changes

directly and indirectly. From the conceptualisation phase of a building to its disposal phase, it
impacts greatly on the environment. For instance, cement, which is a major building material,
FRQWULEXWHY VLIQL,{FDQWO\ WR FDUERQ GLR[LGH HPLVVLR

SUSTAINABLE CONSTRUCTION PROCUREMENT CRITERIA

JURP WKH GH{¢QLWLRQV SUH¢{[LQJ VXVWDLQDEOH WR WK
FKDQJHYVY WKH VFRSH RI WKH WKHRU\ DQG SUDFWLFH RI FRQ
means construction procurement can no longer be taken as a standalone term because of the
HISDQVLRQ LQ WKH UHTXLUHPHQWY WKDW WKH FRQVWUXFW
clients, users, communities and the environment. In other words, sustainable construction
procurementis the process, practices, and procedures of acquiring projects that deliver projects
WKDW DUH EHQH{FLDO WR WKH FOLHQWV XVHUV FRPPXQLW

7KLY GH{;QLWLRQ PHDQV WKDW WKH VFRSH RI FRQVWUXFV
maximising user satisfaction and productivity but should also consider the environmental,
social, and economic value system of other stakeholders. This is necessary in order to supply
and operate the requirements of the sustainable building and infrastructure, which is the
building and infrastructure that strives to preserve the economic, ecological, spiritual, social,
and cultural requirements for societal well-being, and at the same time preserves the natural
environment for future use.

7TUDGLWLRQDOO\ FRQVWUXFWLRQ SURFXUHPHQW IRFXVH'
WULDQJOH" RU 3LURQ WULDQJOH" H[SUHVVHG LQ WHUPV RI
much of the processes and procedures involved in the procurement of projects have great
impact on social and environmental spectrum / issues, it is only logical and imperative to
include the social and environmental spectra into the procurement practices, process and
procedures.

Therefore, construction stakeholders should be cognizant of the social and environmental
FRQVHTXHQFHV RI WKHLU DFWLRQV DQG UHDFWLRQV 7KHU'L
the current construction procurement theory and practices did not link procurement with the
sustainability criteria. The requirements that projects must meet remain traditional. Although,
some procurement strategies like PFI have opportunities to include sustainability, yet because
that is not the major purpose of these strategies, the practical considerations of the sustainability
FULWHULD DUH RIWHQ FRQVWUDLQHG ,Q WKLV SDSHU 3V
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LQWURGXFHG DQG GH¢{QHG LQ WHUPV RI KRZ LW LV PHDVX
stakeholders to determine whether their project’s procurement process is sustainable or not

are presented to respondents. These are used to measure practitioner understanding on the
DSSOLFDWLRQ RI WKH VXVWDLQDEOH GHYHORSPHQW FULWH
sustainability criteria in construction procurement is lacking, however, good practice is to

be observed. The members of the design and construction teams should be experts that are
sustainability conscious.

Indicators of Sustainable Construction

Terms including eco-construction, liveability construction, green construction, natural
FRQVWUXFWLRQ VXVWDLQDEOH FRQVWUXFWLRQ DQG HQHL
sustainable construction and they are sometimes used interchangeably. Paraphrasing the
GH¢;QLWLRQ IRU VXVWDLQDEOH GHYHORSPHQW VXVWDLQDE
construction that meets the needs of the present without compromising the ability of future
JHQHUDWLRQV WR PHHW WKHLU QHHGV" 7KH ADZ ZLWK WKH
DV RSSRVHG WR EHLQJ VFLHQWL¢F ,W LV DQ HOXVLYH GH¢ Q
WKDW SXUSRVH VXVWDLQDEOH FRQVWUXFWLRQ LV GH¢QHG
capital outlay, the operational performance and cost and not harmful to the environment and
FRPPXQLWLHYVY ,Q JHQHUDO WKLV GH{QLWLRQ DOORZV RSS|
in sustainable construction.

Therefore, procurement strategies that contribute to attain these objectives should have
some measurable indicators. Building construction and operation involves resources such
as energy, water, and raw materials. It also generates wastes and emits potentially harmful
atmospheric emissions. All these are contributing to the climatic changes directly and
indirectly. From the conceptualisation phase of a building to its disposal phase, it impacts
greatly on the environment and stakeholders (including users, neighbours, members of
the design and construction teams and passersby). This section describes the indicators of
sustainable construction procurement, namely the elements that need to be included in the
procurement of a construction before it is termed as sustainable construction procurement?

The criteria for sustainable construction are not a simple wish list. While there are
no conclusive lists on what are the basic elements that form sustainable construction, the
following elements are often cited (Cartledge, 2006): economic issue, social/community,
environmental issue, energy cost, maintenance cost, and reducing main water consumption.
An issue like waste management is not included because appropriate feedback would not be
REWDLQHG OHDVXULQJ WKH LQGLFDWRUV LV EHQH¢FLDO W
DQG LGHQWL{HVY RSSRUWXQLWLHV IRU LPSURYHPHQWY RU W
Certainly, if you do not know how you are doing, there is no way you can know whether you
are doing well or not. Therefore, there is the need to measure how well you are doing. To know
how you are doing, you need to have indicators to help compare targets with achievements,
which will serve as the basis for benchmarking.
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In making decisions on the selection of the indicators to include, thoughts were given to:

1. Why sustain?

2. What to sustain?
3. Where to sustain?
4. How to sustain?

The issues of why construct, what to construct, where to construct, and how to construct
are well established. However, why sustain the construction, what to sustain, where to sustain,
and how to sustain remain questions of ingoing debate. Understanding why, what, where, and
how to sustain accentuate and trigger the elements of sustainable procurement of construction.

OVERVIEW OF EFFORTS OF NIGERIAN GOVERNMENT ON SUSTAINABILITY
OF ITS BUILT ENVIRONMENT

Nigeria, with its sizeable population that is also increasing, will have an enormous
impact on global (and regional) resources. Agenda 21 recognises the construction industry
as an essential means for attaining advancement towards sustainable development which
will promote the implementation of all parts and stages of the agenda. The impact of the
construction industry is multifaceted, from the time the project is conceptualised to when it is
demolished it continuously affects (negatively) the environment. With the many challenges
involved in realising sustainable development in Nigeria today, well-articulated construction
procurement requires the inclusion of sustainable issues into policies, strategies, processes
and implementation on procurement of constructed facilities. There is a clear understanding
that sustainable development extends to more than environmental issues. Therefore, what
is required is for clear links to be made between construction procurement processes and
procedures that facilitate the attainment of sustainable development.

Nigeria is making concerted efforts toward inculcating sustainability into all spheres of
activities. The draft objectives and strategies for Nigeria’s Agenda 21 has highlighted how this
could be achieved (http://www.nesrea.org/images/NIGERIAS%20AGENDA%2021 .pdf).
According to the draft, the cardinal objectives of \ Nigeria’s Agenda 21 comprise of four
programmes, namely:

1. To integrate environment into development planning at all levels of government and
the private sector;

2. To commence a transition to sustainable development;

3. To address sectoral priorities, plans, policies and strategies for the major sectors of
the economy; and

4. To simultaneously foster regional and global partnership
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In addition, the National Policy on Environment on the Nesrea (Nigeria National
Environmental Standards and Regulation) will ensure that (http://www.nesrea.org/
environmentalpolicies.php):

1. Environmental concerns are integrated into major economic decision- making
process;

2. Environmental remediation costs are built into major development projects; and

3. Economic instruments are employed in the management of natural resources;
environmentally friendly technologies are applied.

This policy also requires that environmental impact assessment must be administered
SULRU WR WKH FRPPHQFHPHQW RI DQ\ PDMRU SURMHFWYV
remains unclear.

While there is much literature on how Nigeria could attain sustainable development
status, particularly in the areas of housing development and education (Jiboye, 2011), there
remains a general paucity of literature focusing on the construction industry. Furthermore,
information and knowledge on experience of practitioners or their understanding of sustainable
construction is grossly inadequate. Therefore, the current paper investigates the procurement of
sustainable construction in the Nigerian built environment. However, the practical implication
and implementation of environment policies and strategies are rather elusive. The government
in particular is not doing enough and quite a number of shortcomings exist in the various
environmental policies that are in need of serious investigation.

OUTLINE OF THE RESEARCH METHOD

The methodology of the study combines a literature review and survey questionnaire. In
order to achieve the aim of this study, six indicators were used to measure the extent to which
construction projects in Nigeria are procured to meet the sustainability issues. The respondents
were selected based on convenient sampling. Convenient sampling is applicable if the
appropriate response/feedbacks can only be administered on available respondents (Sekaran
2004). A total of 120 questionnaires were distributed to the construction practitioners. The
administration and collation of data commenced in December 2011 and ended in January 2012
(for a period of six weeks). While most of the questionnaires were administered by hand, others
were administered through e-mail. Respondents were asked based on their current experience,

+

WR WLFN WKH H[WHQW RI FRQVLGHULQJ WKH VL[ IDFWRUYV

extremely often, 3 denotes often and 1 denotes not often at all. 2 and 4 are located in between.
We hypothesised that all these factors could predict / explain sustainable procurement. The
extent of consideration is determined by the Average Relative Index (ARI) (Equation 1). The
average relative is based on the cumulative weighting of the initial frequency score of each
construct (i.e. factors, criteria, itengd,al)
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ARI = =0 ,(0< ARI <1) (Equation 1)

Where a, is the index of a group; constant expressing the weight given to the group;
is the frequency of responses 1, 2,3,4,5 are the frequencies of the response corresponding

toa, la, 2a, 3a, 4a 5Srespectively. For interpretation, the lowest possible
score is 0 (zero) while highest possible score is 1 (one). Therefore, the indicator with the score
closest to 1 (one) is the highest mean score and the most considered indicator.

DATA ANALYSIS, RESULT AND DISCUSSION

7TDEOHV DQG DQG )LIXUH SUHVHQW WKH UHVSRQGHQ\
SUR¢{OHV LV WKDW WKH UHVSRQGHQWY DUH FDSDEOH RI SU
knowledge on the Nigerian built environment.

Table 1. Distribution of respondents’ professional background

Background Frequency Percentage
Quantity surveying 34 41.0
Engineering 8 9.6
Architecture 21 25.3
Estate management 11 13.3
Town planning 4 4.8
Other 5 6.0
Total 83 100.0
Other Managing directo
Manage 11% 11%

4%

Contract managt

Partne
18%

12%

Principal partne
11%
Project manage

17%
Superviso °

16%

Figure 1. Distribution of respondents’ position
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Table 2. Distribution of respondents’ industrial experience

Experience (year) Frequency Percentage
1RW PRUH WKDQ ¢(YH \HDUV 22 26.5
Five years to less than ten years 23 27.7
7THQ \HDUV WR OHVV WKDQ ¢(IWHHQ Y9DUV 30.1
Fifteen years to less than 20 years 6 7.2
20 years and above 7 8.4
Total 83 100.0

Prior to presenting respondents with the procurement factors, they were asked certain control
guestions. Tables 3 through to 7 and Figures 2 to 5 contain and display the information.

Table 3. Distribution of respondent’s empirical knowledge on sustainable construction

Knowledge on sustainable construction Percentage
Very low extent 3.7
Low extent 9.8
Moderate extent 50.0
High extent 28.0
Very high extent 8.5
Total 100.0

Very high extent [ 4.8
High extent 31.3
[=2
8
2 |
Q
IS
§ Moderate extent e e e e 5458
@
N 1
(/) § - - - |
Low extent |rroor e rrnr o) 14.5
Very low extent ﬁ&ﬁ
0 5 10 15 20 25 30 35 40 45 5(
Extent of knowledg

Figure 2. Distribution on w whether respondent has empirical knowledge on sustainable procurement
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Table 4. Distribution on to know if respondent is aware of any completed sustainable projects

in Nigeria
Sustainable building Percentage
Yes 36.7
No 32.9
Not certain 30.4
Total 100.0

Table 5. Distribution to know if government provides incentives of clients of sustainable buildings

Clients of sustainable buildings Percentage
Yes, to a larger extent 4.9
Yes, to a small extent 451
No 25.6
Not sure 24.4
Total 100.0

53

Size (Percentage)
W
o

0

Very low Low High Very high
Level

Figure 2. Distribution to know how active are the design teams in promoting sustainable design
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Figure 3. Distribution to know how active are the construction teams in promoting construction
projects

Table 6. Distribution to know clients’ demand for sustainable projects

Level Percentage
Yes, to a larger extent 16.3
Yes, to a small extent 52.5
No 12.5
Not sure 18.8
Total 100.0

DISCUSSION OF SUSTAINABLE CONSTRUCTION PROCUREMENT
INDICATORS

In this section, the measurements of the indicators that render the procurement of
construction project sustainable are examined. Six factors were addressed to respondents to
tick the rate at which they have considered the indicators in the projects they were involved
in the last ten years. The results of the analysis are contained in Table 7. As can be observed
in the Table, the consideration of each of the indicators ranges from 60% to 70% except for
water consumption, which is below 60% (actual measure was 59%). The consideration of
maintenance indicator has the highest ranking while the least is taking water consumption
ZKHQ RSHUDWLQJ WKH EXLOGLQJ 6SHFL¢{¢FDOO\ PRVW RI WK
of social / community (38), environmental (34) and water consumption (39). In terms of
considering energy cost and maintenance cost, most of the respondents measured them as
very often.
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Table 7. Sustainable construction procurement indicators

No. Indicator 1 2 3 4 5 Index
1 Social /community 1 6 38 32 5 0.6829
2 Environmental 0 11 34 32 6 0.6795
3 Economic 1 6 40 31 5 0.6795
4 (QHUJ\ FRVW Hl¢ FILHQFU5 24 37 6 0.6771
5 Maintenance 0 16 20 40 7 0.6916
6 Water consumption 5 20 39 14 5 0.5855

W LV LQWHUHVWLQJ WR ¢QG WKDW WKH PDLQWHQDQFH
experts in Nigeria. This is not surprising though, because buildings are subjected to strenuous
climatic and environmental factors. Different building materials and components react
differently to weather. Therefore, to minimize the maintenance expenditure, there must be
a proper selection of materials and components, as well as alternative designs for different
atmospheric conditions and geographical locations (Somerville and McCosh, 2006).

While increase intemperature and humidity is increasing the rate of decay and deterioration,
ARRGLQJ LV DOVR PDNLQJ WKH EXLOGLQJV XQUHOLDEOH
exposed to different weather conditions for long periods of time. For this reason it is important
to determine the effects of sunlight, heat, humidity and climatic changes in the properties of
the materials, colour, and gloss. There is a need to understand these properties in the evaluation
of the building performance. For instance, determining the colour of materials is important
not only for aesthetic reasons, but also because any change in outlook or appearance may be
a sign of pre-decay alterations (Costal.,2010).

Projects are often conceived, designed, constructed, and operated with little to no
consideration of the consequences they have on local communities. Projects do not exist in
isolation of its environment; they are situated among people. It thereby becomes imperative
that the needs of those living in the community must be taken into consideration when the
need to construct exists.

The outcome of the results in terms of considering water consumption is relatively low.
Interestingly, it is the least considered indicator among the design and construction teams.
This is not encouraging considering the cost of water consumption. Building construction and
operation make use of a substantial part of the world’s water. There is a continued realisation
that buildings should be equipped with rainwater harvesting systems. In addition grey water
(wastewater generated from domestic activities) can be used for gardening.

L v

(QHUJ\ HI¢FLHQF\ LV DQ LQGLFDWRU FRQVLGHUHG E\ WKH
WR FRQVLGHU HQHUJ\ HI¢FLHQF\ LQ 1LJHULD (QHUJ\ FRVW

energy generation in Nigeria is very low particularly when weighed against its population.
The construction design should, among other things, take into account the sun’s movement in

RUGHU WR WDNH DGYDQWDJH RI QDWXUDO OLJKWLQJ OHWDC
VKRXOG EH XVHG (QHUJ\ HI¢FLHQW HTXLSPHQW DQG SODQW

should be installed in the buildings. Clients of existing buildings should be encouraged to
install such equipment.
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From the survey, the government is not doing much to promote the consideration of
sustainability issues in buildings. The government needs to provide tax incentives to building
owners / users. It could also provide sales tax exemption to clients for purchasing energy,
HI¢FLHQW HTXLSPHQW DQG SODQWV *RYHUQPHQW QHHGV V
the construction industry. New publicly owned buildings should be designed to meet green
standards. These are veritable boosts by the government to promote green construction.

Designers in Nigeria should observe a green building rating system for sustainable
buildings. There is a need for the introduction of a green building index (GBI), that will be
used to measure greenhouse gaseous emissions from the building (especially the corporate
and governments buildings). This is necessary as it helps in making decisions on what to do
in order to make the buildings sustainably compliant. It will also help in awarding incentives
to green-minded clients / users.

([LVWLQJ EXLOGLQJVY VKRXOG EH UHWUR{;WWHG WR UHG>
KRZ WKLV FDQ EH DFKLHYHG DUH XVLQJ HQHUJ\ HI{(FLHQW L
DLU FRQGLWLRQHUYV )OXRUHVFHQW EXOEV DUH GXUDEOH
DQG JHQHUDWH OHVV KHDW 7KH QHHG WR UHWUR¢{W H[LVW
standard is \ critical because approximately 5% of buildings are added annually. In other
words, existing buildings constitute more than 90% of total building. Therefore, materials and
components should be re-use

CONCLUSION AND RECOMMENDATIONS

7KH FRQWHQW RI WKLY SDSHU FRQVWLWXWHY DQ LQLWLDO
FRQVWUXFWLRQ SURFXUHPHQW LQ WKH FRQVWUXFWLRQ LQC
performing an action without concerted thought or without system, in which case, the outputs
of the actions are not well known in advance. As such, the performance of the outcome
cannot be measured. By extension, a situation where the design / construction team are not
consciously considering sustainability in the projects will not produce the expected results.
Also, where the considerations of the sustainability criteria are not well integrated into the
SURFXUHPHQW SURFHVY WKH\ ZLOO QRW SURGXFH WKH GHVL
RI VXVWDLQDELOLW\ ZHUH LGHQWL¢{¢HG DQG UHYLHZHG LQ DQ
procurements. The survey included six sustainable drivers. The original research question
for this study revolved around whether construction procurement in Nigeria complies with
the sustainability agenda. While sustainable indicators are many, six major indicators were
used for this paper. As observed through the review section, sustainability drivers are now
EHJLQQLQJ WR VWDQGDUGLVH LQWR D GH¢QLWH VSHFWUXP
all members of the construction team need to be proactive and innovative and work together
for a common interest.

Sustainable procurement standards of practice are also required to make certain that
the sustainability issues are well considered and to measure the performance process and
procedure. As a strategic recommendation, it is recommended that a research project should
be conducted into how quantity-surveyors in Nigeria casulséainable construction experts
EHFDXVH RI WKH VLJQL,{FDQW UROHV WKH\ SOD\ LQ FRQVW
SURMHFWY &OLHQWYV ZLOO GH¢ QLW kR mahByQ WKW R1 ®@UL IV YWHHIQY W
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XVHG IRU PHDVXULQJ WKH GHJUHHV RI pVXVWDLQDELOLW\T
on sustainable procurement strategy, a mechanism is required to actively consider issues
including waste, eco-system, the local community, aesthetic degradation, embodied energy,

health risks, transport, pollution, and labour. The limitation of the research was that only a
UHODWLYHO\ VPDOO VDPSOH ZDV WDNHQ 7KLV WKHUHE\ OLI
the Nigerian construction industry.

ACKNOWLEDGEMENT

The authors acknowledged the good gesture of all the experts that provide their time and
other resources for completing the questionnaires for this study. We would like to thank the
anonymous commentators and experts that assisted in improving this paper.

REFERENCES

$VKZRUWK $ DQG +RJJ . :LOOLVYTVY 3UDFWLFH DQG 3UF
Surveyors. 11th edition. Blackwell Science Limited, Oxford

Cartlidge, D. (2004) Procurement for built assets, Elsevier Butterworth — Heinemann,
Oxford

Cheung, S. I, Lam, T. I. and Leung, M.Y. (2001) An analytical hierarchy process based
procurement selection methatburnal Construction Management and Economics
19:4, pp.427 — 437

Christensen, A J. (2005) Dictionary of landscape architecture and construction, USA:
McGraw Hill Companies, Inc.

&RVWD 5 3DLYD % 5RGULJXH] 2 'H 5RMDV 0 , 6 DQG)
Rl WKH &RORXU %HKDYLRXU RI ((WHUQDO (QYHORSH ODWH
CIB 2010 World Congress Proceedingslited by Peter Barrett, Dilanthi Amaratunga,
Richard Haigh, Kaushal Keraminiyage and Chaminda Pathirage. The Lowry, Salford
4XD\V 8QLWHG .LQJGRP 0D\

Jiboye, A. D (2011), Achieving Sustainable Housing Development in Nigeria: A Critical
Challenge to Governance. International Journal of Humanities and Social Science
Vol. 1 No. 9121-127

Kaluarachchi, Y., Jones, K., James, P., Jentsch, M., Bahaj, A., Clements, D. and Gann D.
(2005) Building facades: sustainability, maintenance and refurbishmdnid¢eedings
of the Institution of Civil Engineerks8, June 2005 Issue E53 pp. 89 — 95

Khairuddin, A.R. (2002) Construction procurement in Malaysia: Processes and Systems,
Constraints and Strategies. International Islamic University Malaysia, Malaysia

Killip, G. (2006) The housing maintenance and sustainability deloelpceedings of the
Annual Research Conference of The Royal Institution of Chartered Surneyodon

Love, P. E. D., Skitmore, M. and Earl, G. (1998) Selecting a suitable procurement methods
for a building projectJournal of construction management and economié=,
pp221-233, Routledge , UK

Marsh, C. (2003). Building services procuremefigdition. London: Spon Press

Olanrewaju, A. A., and Khairuddin, A. (2006). Value Management: New Direction for the
1LJHULDQ 4XDQWLW\ 6 XRuordediRdd uf QBantitytSurveying National
Convention Organized in conjunction with the International Construction Week. 4 — 5
September 2006. ISBN: 983 — 41749 -2 -6, Held at University Science Malaysia (USM)



46 AbdulLateef Ashola Olanrewaju, et. al.

Olanrewaju, A. A., and Khairuddin, A. (2007). Determining whether Value Management
is practiced in the Nigerian Construction Industry,Rroceeding of Quantity
Surveying International Conventiod6,& -RLQWO\ RUJDQL]JHG E\ 9LVLW O
, QWHUQDWLRQDO ,VODPLF 8QLYHUVLW\ ODOD\VLD %RDUG
Institution of Surveyors Malaysia; JKR and CIDB. Held on 4-5th September 2007,
Kuala Lumpur.
Perry, J. G. (1985) The development of contract strategies for construction projects. PhD.
thesis, University of Manchester, cited in Cheung, S. ., Lam, T. I. and Leung, M.Y.
(2001) An analytical hierarchy process based procurement selection niethod|
Construction Management and Economit$:4, pp427 - 437
Sekaran, U. (2004) Research methods for business: A skill building approach John Wiley &
Sons, Inc. & Edition.
6RPPHUYLOOH - DQG OR&RVK - 3'HIHFWV LQ KRPHV L
new UK housesJournal of Structural Surveyol. 24 No. 1 pp.6-21
Taylor, M (2000) Avoiding claims in building design: risk management in practice, 1st
Edition, Oxford: Blackwell Science Limited The Europa World Year Book (2009)
Nigeria: Introductory Survey. B@Edition. Volume 2. Countries: Kazakhstan-Zimbabwe.
pp 3446-3471



Malaysian Construction Research Journddl. 14No. 1|2014 47

THE RELATIONSHIP BETWEEN COMPETITIVE
PRIORITIES AND PERFORMANCE: ASTUDY ON

THE TACTICAL APPROACH USED BY THE REAL
ESTATE FIRMS IN DUBAI TO ACHIEVE COMPETITIVE
ADVANTAGE

Mustafa Zakaria and Anwar Salem Omair Musaibah
College of Business, Universiti Utara Malaysia, 06010 UUM Sintok, Kedah Darul Aman

Abstract

$Q HVVHQWLDO HOHPHQW IRU ¢UPV WR DFKLHYH VXSHULRULW\ RYHU
make good use of its operations. In fact the literature on manufacturing strategy suggests the

importance of operational strategy which is considered as the missing link in the formulation of

corporate strategy. A review of the manufacturing strategy literature also indicates that much

of the works on competitive priorities is focused on the manufacturing sector. Despite the

central role of the real estate sector in a given economy, there is a distinct lack of research

that is focused in the area. In Dubai there is not only a marked lack of study, there is also

a need for studies which are focused on the competitive priorities, competitive advantage

DQG SHUIRUPDQFH RI WKH UHDO HVWDWH ¢(UPV 7KLV VWXG\ DWWHPSYV
by examining competitive priorities, competitive advantage and performance of real estate

JUPV LQ 'XEDL 7KH GDWD IRU WKH VWXG\ ZDV FROOHFWHG E\ XVLQJ V\
PDQDJHUV ZKR ZRUNHG LQ VL[ UHDO HVWDWH (UPV LQ 'XEDL 7KH UHVX
FROOHFWHG LQ VWXG\ LQGLFDWHG WKDW WKH (¢UPV LQ WKH VWXG\ HF
LQFOXGH AH[LELOLW\ FRVW TXDOLW\ DQG GHOLYHU\ ,Q DGGLWLRQ
quality, cost and delivery are positively related to competitive advantage. Finally this study adds

support to the idea that there exist relationships between competitive priorities, competitive

DGYDQWDJH DQG SHUIRUPDQFH RI UHDO HVWDWH (UPV LQ 'XEDL

Keywords: Competitive Priorities; Competitive Advantage, Performance; Real Estate Firms
INTRODUCTION

$Q HVVHQWLDO HOHPHQW IRU ¢UPV WR DFKLHYH VXSHULR
to make good use of its operations function. Effective operational function will be valuable
LQ SURYLGLQJ VXSSRUW IRU D ¢UP WR IRUPXODWH LWV EX
with effective operations will be able to achieve competitive superiority over its competitors.
:LWK HIITHFWLYH RSHUDWLRQDO FDSDELOLW\ D ¢UP ZLOO QF
competitive superiority over its competitors but also improved its performance as well. To
DFKLHYH WKLY HQG D ¢UP QHHGY WR LPSURYH RQ LWV RSHU

$¢UPTV RSHUDWLRQDO HIITHFWLYHQHVY GRHVY QRW WDNH S
and focus on achieving its operational effectiveness. The literature on manufacturing indicates
that effective operations can be achieved with the use of proper operation strategy. Much
of the works on the formulation of operational strategy can be found in the manufacturing
strategy literature.

In fact Skinner (1969; 1974) noted the paramount importance of operational strategy,
as it is the missing link in the formulation of corporate strategy. The literature suggests that
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operational effectiveness can be achieved with a thoroughly planned operational strategy. The
DELOLW\ RI D ¢UP WR GHYLVH D SURSHU RSHUDWLRQDO VWL
of its manufacturing capabilities or what is now known as competitive priorities with its
competitive requirement, (Tarigan, 2005; Mady, 2008; Chi, Kilduff and Gargeya, 2009).

A review of the manufacturing strategy literature indicates that much of the works on
competitive priorities is focused on the manufacturing sector particularly in the developed
economies. Even though the study on competitive priorities is focused on the manufacturing
sector in developed economies, there are a number of scholars who suggest that the study
on competitive priorities should not be limited only to the manufacturing sector. Studies on
competitive priorities should be extended to other areas as well. For instance, Phusavat and
Kanchana (2007) suggest that the approach used in the manufacturing industry be applied in
WKH VHUYLFH VHFWRUV ZKLFK HQFRPSDVV WUDQVSRUWDWLF
also real estate.

As far as the real estate sector is concern it has always been an important sector of
a nation’s economy. In general, strategy scholars and practitioners note that in a growing
economy with its increase in individual disposable income, there will be a corresponding
demand for real estate investment. More so the demand for real estate is likely to swell for an
economy that is experiencing transition say from manufacturing to a more service oriented
economy. Despite the central role of the real estate sector in a given economy, there is a
distinct lack of research that is focused in the area. Though there is a marked increase in the
research in real estate, studies which are focused on competitiveness, business strategy, the
HYROXWLRQ RI UHDO HVWDWH PDUNHW DQG SHUIRUPDQFH F
et. al., 2002; McLaurin and Chinta, 2005; et. al., 2007).

While there are numerous studies that are carried out in the real estate sector in developed
countries there is a marked lack of research among companies engaging in the real estate in
the less developed countries, particularly in those countries in the Middle East. Particularly
lacking in focus is the study on real estate companies in Dubai. The literature indicates that
in Dubai there is not only a marked lack of study, there is also a need for a study which
is focused on the competitive priorities, competitive advantage and performance of the real
HVWDWH (UPV LQ WKH (PLUDWH 7KLV SDSHU LV DQ DWWHPS
RI FRPSHWLWLYH SULRULWLHYVY FRPSHWLWLYH DGYDQWDJH
in the real estate sector in Dubai.

LITERATURE REVIEW

,Q JHQHUDO ¢UPV SDUWLFXODUO\ WKRVH ZKLFK DUH LQY
a lot of challenges in the present business environment. The challenges may stemmed from
global competition, product and service innovation and also restructuring of economies. These
challenges pose real and apparent threat to their business operations, and in most extreme case
WHQG WR ZLSH RXW D ¢UPYfV RSHUDWLRQV ,Q WKH IDFH RI
focus on the operational elements in order to achieve competitive advantage. The studies by
Singer, et. al. (2007) and Park and Glascock, (2010) indicate that with a superior planning of
UHDO HVWDWH HOHPHQWYV ¢(¢UPV ZLOO EH DEOH WR DFKLHYH
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*DLQLQJ FRPSHWLWLYH DGYDQWDJH LQ WKH UHDO HVWDW
capability to come up with product or service offerings to its customers. However as authors
(Roulac, 2001; Roulac et al., 2005; Park & Glasscock, 2010) pointed out mere capability to
develop products and services is not enough. The above authors suggest that the extent of
service or product offerings would also depend on the operational capability.

The need for greater operational capability hence competitive advantage is even greater
DPRQJ UHDO HVWDWH ¢UPV LQ 'XEDL ,Q WKH FDVH RI WKH U
KDG MXVW H[SHULHQFHG D UHDO HVWDWH EXEEOH LQ , Q
in the prices of its real estate. Prices dipped to somewhat less than 50 percent for lesser quality
real estates while the prices showed some resilience particularly high quality real estate in
attractive location. Renaud (2010) considered the real estate crisis of 2008 as one of the worst
global economic crises in 70 years that ever to hit the Middle East area.

In spite of the crisis, a number of scholars such as Renaud (2010) and Balasubramanian
(2010) indicate that Dubai can still maintain its positions as one of the economic centers
of the Middle East. As for its real estate sector, strategy scholars and practitioners concur
that it would never come close to the kind of exuberant growth it enjoyed in the prior years
to 2008, nevertheless as a growth center it would be able to maintain and even generate
further businesses. This is so as Dubai is still considered as the gateway to the Middle East.
Additionally it is also regarded as the trade and transport hub for the Middle East.

As the level of economic activity improved in Dubai so too would the demand for real
estate. However, the Dubai real estate sector needs to avoid future economic onslaught. One
of the ways to survive future crisis is through proper planning. The studies by Roulac et al.
(2005), Singer et al. (2007), and Park and Glascock (2010) and indicate that with superior
SODQQELQJ RI UHDO HVWDWH HOHPHQWYVY ¢(UPV ZLOO EH DEO

Competitive Priorities

The early manufacturing strategy literature indicates that most scholars such as Hayes and
Wheelwright (1984), Buffa (1984), and Skinner (1985) tended to view competitive priorities
DV PHDQV IRU D ¢UP WR FRPSHWH DQG GHWHUPLQH WKH W
WR WKLV FRPSHWLWLYH SULRULWLHYV DUH \HW DQRWKHU LC
functional capability.

Competitive priorities are also viewed as manufacturing capacities. Along this line,
authors such as Fine and Hax (1985) regard competitive priorities as manufacturing capacities
which is made up of a combination of various operational functions used to support business
strategy. In similar tone, Swamidass and Newell (1987), refer to competitive priorities as the
dimensionality or content of manufacturing strategy. Likewise, Adam and Swamidass (1989),
Vickery, et. al. (1993), and Ward, et. al.,(1996), refer to competitive priorities as elements of
the production function.

In a somewhat greater focus given to the market needs, Krajewski and Ritzman (1993)
GH¢{¢QH FRPSHWLWLYH SULRULWLHY DV WKH GLPHQVLRQV ZKL
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LQ RUGHU WR VXSSRUW WKH GHPDQGV RI WKH PDUNHWYV WKL
(1990) and Takala (2002) and Phusavat and Kanchana (2008) refer to competitive priorities
QRW RQO\ VXEMHFW WR WKH UHTXLUHPHQW RI WKH PDUNHW
its future competitiveness. Thus competitive priorities form the basis in which operational
VWUDWHI\ LV IRFXVHG RQ DQG DOVR WKH IXWXUH GLUHFWLF

$OWKRXIJIK WKHUH DUH VHYHUDO GLIIHUHQW YLHZV DQG G
of the conceptual and empirical studies concur that competitive priorities comprise four basic
GLPHQVLRQV FRVW TXDOLW\ GHOLYHU\ DQG AH[LELOLW\
Boyer, 1998; Danagyach and Deshmukh, 2001; Boyer and Lewis, 2002). The literature suggest
WKDW WKH DERYH IRXU GLPHQVLRQV IRUP WKH FRQWHQW F
years scholars have added other dimensions to the four existing ones including dependability,
service and innovativeness.

,Q DGGLWLRQ ¢(QGLQJV RI SUHYLRXYVY DOVR VXJJHVW WKL
with competitive advantage. According to these studies, competitive priorities such as cost,
TXDOLW\ GHOLYHU\ GHSHQGDELOLW\ AH[LELOLW\ VHUYLFH
UHODWLRQVKLSY ZLWK EXVLQHVY HQYLURQPHQW DV ZHOO D
al., 2009; Sarmiento et al., 2008; Askar and Mortagy, 2007; Zhang, et. al.,2002; Dangayach
and Deshmukh, 2001; Bolden, et. al., 1997; Cox, 1989; and Zelenovich, 1982).

Competitive Advantage

Competitive advantage is an important concept in strategic management, (Lin, 2003;
Porter and Kramer, 2006; Liao and Hu, 2007; Barney, 2007). The literature suggests that the
importance and focus on competitive advantage can be attributed especially with the work of
Porter (1980). Porter (1985 and 1988) suggests that competitive advantage is a way in which
D ¢UP FDQ PHDVXUH LWV VXFFHVV DJDLQVW FRPSHWLWRUV
through the use of low cost competitive strategy or differentiation competitive strategy. The
XVH RI ORZ FRVW FRPSHWLWLYH VWUDWHJI\ DOORZV D (UP
it is able to provide product or service offerings at an acceptable quality and competitive
prices, and in the process enjoying higher return. On the other hand the use of differentiation
FRPSHWLWLYH VWUDWHJ\ DOORZV D (UP WR DFKLHYH FRPSH
superior value product or service offerings at premium prices.

According to Barney (1986), (1991) and (2001) and Peteraf and Bergen (2003), the
DELOLW\ RI D ¢UP WR DFKLHYH FRPSHWLWLYH DGYDQWDJH (
DQG FDSDELOLWLHV WKDW D ¢UP SRVVHVVHV 7KH DWWULE
HQKDQFH FRPSHWLWLYH DGYDQWDJH DPRQJ RWKHUV DUH G
is the rate in which a particular resource become obsolete. Strategy which hinges on resource
and capabilities with the above attributes when properly applied would lead to competitive
advantage, (Porter and Kramer, 2006; Powell, 2003; Arend 2003).

$ ¢UP ZRXOG EH DEOH WR DFKLHYH FRPSHWLWLYH DGYI
FRPSHWLWLYH SULRULWLHYV 7KLV GHSHQGV RQ WKH DELOLW
SULRULWLHV 7KH FRPSHWLWLYH SULRULWLHY LGHQWL{HG Z
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business environment, customer needs, competitor actions, as well as internal resources. The
FRUUHFW FKRLFH RI FRPSHWLWLYH SULRULWLHYV FDQ HQKD
(Connell, 2010; Mady, 2008; Murray, Gao,et. al., 2011).

Competitive Advantage and Performance

The literature seems to suggest that competitive advantage and performance are two
different constructs, though both are used interchangbly. A number of authors such as Newbert
(2008), Powell (2003), and Ma (2000) suggest that the two constructs are conceptually different.

In addition a number of empirical studies too seem to support the notion that competitive
advantage and performance are two different constructs including those by Newbert (2008);
Ray, et. al., (2004); Schroeder, et. al.,(2002).

Not only that the two constructs are conceptually and empirically different, studies suggest
WKDW WKHUH DUH VLJQL{FDQW UHODWLRQVKLSY EHWZHHQ
(Barney, 1986; Conner, 1991; Mills, et. al., 2003; Peteraf & Bergen, 2003). Accordingly, the
SUHVHQFH RI FRPSHWLWLYH DGYDQWDJH LQ D ¢UP FDQ OHI
Further according to Newbert (2008), capabilities and resources would only indirectly affect
SHUIRUPDQFH WKXV IRU D ¢(¢UP ZRXOG UHTXLUH WR JHQHL
improvement in performance.

JRU WKH SUHVHQW DQDO\VLVY D ¢(UP ZKLFK LV DEOH WR
priorities would be able to generate competitive advantage. The competitive advantage can be
in the form of competitiveness in several forms such as competitiveness in terms of market
VKDUH SUR{;WDELOLW\ (QDQFLDO UHWXUQ WHFKQRORJLF
Performance in the present study would include average sales and sales growth. A number
RI VWXGLHY QRWHG WKDW VLIJQL;FDQW UHODWLRQVKLS EHYV
performance, (Wang & Lo, 2003; Neely, 2005; Falshaw, et. al., 2006).

RESEARCH METHODOLOGY
Sampling and Data Collection

The real estate companies registered with the Dubai Financial Market's web site were
selected as the sampling frame of the study. The web site is located at http://www.dm.ae/
total number of 66 real estate companies registered with the web site. The companies were
selected as they are involved in the constructions and development of real estates in Dubai.
Originally, out of the 66 real estate companies contacted, nine companies agreed to participate
in the study. However, six out of the nine companies actually participated in the study,
representing a response rate of 67 percent. This response can be considered encouraging as
PRUH WKDQ ¢IW\ SHUFHQW RI WKH FRPSDQLHV WKDW DJUHH
the study. On the other hand however the six companies represented only about nine percent
of the total sampling frame. Nevertheless the views from the management personnel of the six
companies that participated in the study provided some insights into the competitive approach
of their respective companies. The six companies were represented by 30 management
personnel who provided the responses. The management personnel include; director, vice-
SUHVLGHQW RI RSHUDWLRQV SURGXFWLRQ PDQDJHU PDUN'
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Survey Instrument

The study used structured questionnaire to obtain data from the respondents. The
TXHVWLRQQDLUH FRQVLVWHG RI WKUHH SDUWYV 7KH ¢UVW
guestions on the background of the real estate companies and two questions on the background
of the respondents. The background information sought from the companies include:
headquarter, area of operation, legal form, age, construction activities, paid up capital, and
number of employees. The background information of the respondents included questions on
years of experience in the real estate sector and job title.

The second part of the questionnaire covered items on competitive priority, which
FRQVLVWHG RI IRXU GLPHQVLRQV TXDOLW\ FRVW AH[LELOL
in the second part. The third part of the questionnaire comprised 14 items on competitive
advantage. The competitive advantage items; level of competitiveness in terms of market
VKDUH SUR{WDELOLW\ (QDQFLDO UHWXUQ WHFKQRORJLFI
of products and services, after sales services, managers’ educational background, customer
loyalty, supplier loyalty, location of establishment, employees’ commitment and loyalty,
location of real estate, and competitive pricing. The fourth part of the questionnaire consisted
RI WZR LWHPV RQ WKH SHUIRUPDQFH RI WKH ¢¢UPV ZKLFK ZF
years.

Both the competitive priority items and the competitive advantage items were measured
on a scale from strongly disagree (1) to strongly agree (5). The respondents are expected
to give their responses based on the scale ranging from strongly disagree (1) to strongly
DJUHH 7TKH TXHVWLRQQDLUH ZDV WHVWHG IRU LWV UHOL
measures of competitive priorities and competitive advantage ranged from 0.717 to 0.867. The
Cronbach’s alpha scores recorded which were greater than 0.7 can be considered acceptable
for social research, (Hair, et. al., 2003). The scores which were greater than 0.7 represented
good reliability which suggested that the survey instruments were internally consistent in
measuring the variables, competitive priorities and competitive advantage.

THE RESULTS
Background of the Real Estate Companies

Table 1 presents the information on the location of the companies, area of operations,
WKHLU DJH DQG OHJDO HQWLW\ RI WKH VL[ ¢UPV WKDW SDU
the headquarters of the six real estate companies are located in Dubai. These companies also
had operations in countries inside as well as outside the Middle East. As for the age of the
FRPSDQ\ RQH ¢UP KDG EHHQ RSHUDWLQJ IRU OHVV WKDQ W|
20 years, and the remaining two companies had been operating for more than 30 years. The
FRPSDQLHY DUH LQFRUSRUDWHG DV SXEOLF ¢UPV FRPSDQ
owned.
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Table 1. Location of companies, Area of operation, Firm age, and Legal entity

Characteristics of the Sample Firms Frequency

Headquarter in Dubai 6

$UHD RI RSHUDWLRQV RI (UP
Dubai

Other Middle East countries

Other countries outside Middle East

OO

$JH RI1 (UP \HDUV
Less than 10 years

11-20 years

21-30 years

More than 30 years

NO W

/HIDO HQWLW\ RI WKH ¢UP
Public limited
Government Owned 1

The information on the business activities of the real estate companies, their number of
employees, and their paid-up capital are presented in Table 2. Among the business activities
of the companies include; development of residential houses, shopping complex and hotels.
All six companies are involved in the development of residential properties and hotels, while
two of the companies are involved only in the development of shopping complex. In terms of
the number of employees, two companies employed less than 1000 employees, another two
companies employed between 1000 to 2000 employees and remaining two employed 4000-
5000 employees, and more than 5000 employees. Two companies had paid-up capital of less
than USD 500 million. Another two companies reported having paid-up of between USD 500
million and USD 1000 million. One company had paid-up capital of between USD 1,000
million and USD 1,500 million, and the remaining company had paid-up capital of more than
USD 1,500 million.

Table 2. Business activities, number of employees, and paid-up capital

Business Activities: Frequency
Residential houses 6
Shopping complex 2
Hotels 6
Others 6

1XPEHU RI HPSOR\HHV RI WKH ¢UP
Less than 1000

1001-2000 2
2001-3000

3001-4000 -
4001-5000
More than 5000

N

=

Paid-up Capital

Less than 500 Million
501 M-1000 Million
1001 M -1500 Million
More than 1500 Million

P EFEP NN
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In terms of the number of employees, two companies employed less than 1000 employees,
while another two companies employed 1000 -2000 employees. Two other companies each
employed from 4001 to 5000 employees, and more than 5000 employees.

The paid-up capitals of the companies are recorded in the US Dollar. Two companies
recorded paid-up capital less than USD 500 million and another two companies recorded
paid-up capital between USD 500 million and USD 1000 million. One company with paid-up
capital between USD 1000 million and USD 1500 million, while another company with paid-
up capital of more than USD 1500 million.

The 30 respondents in the study include, company directors, vice- president, marketing
PDQDJHU RSHUDWLRQ PDQDJHU DQG ¢QDQFLDO PDQDJHU 7
ranged from less than 10 years to more 20 years in the real estate business.

Mean and Standard Deviation Scores of Competitive Priorities

7KH FRPSHWLWLYH SULRULWLHYV FRQVLVW RI TXDOLW\
and standard deviation (SD) scores of these four competitive priorities are presented in the
following Tables 3 and 4. Table 3 indicates the mean and standard deviation scores of quality,
cost and delivery. Following this, Table 4 presents the mean and standard deviation scores
RI AH[LELOLW\ 7KH PHDQ VFRUH UDQJHG IURP D ORZ RI
items, namely low defect rates and durability, to a high of high of 2.7000 for cost dimension
LWHP UHGXFH PDWHULDO FRVW $V IRU WKH AH[LELOLW\ GLF
2.8333 for the item increase capacity and capability easily when needed and the lowest mean
score of 2.4000 for item, varying total production volume economically.

Table 3. Mean and Standard Deviation (SD) Scores of Quality, Cost and Delivery

Quality Mean SD
1. Meeting customer requirement 2.5667 72793
&RQIRUPDQFH WR VSHFL{FDWLRQV 2.5333 .50742
3. Reliability 2.3667 .66868
4. High performance 2.3667 .61495
5. Effective after-sales service 2.3667 .71840
6. Low defect rates 2.3333 .66089
7. Durability 2.3333 .54667
Cost
1. Reduce materials cost 2.7000 .46609
2. Apply economy of scale 2.6667 71116
3. Reduce the per unit real estate cost 2.5667 .62606
4. Reduce construction time 2.5000 .68229
5. Reduce stock costs 2.4667 .62881
6. Decrease labor cost 2.4667 .73030
Delivery
1. Increase reliability of delivery 2.6333 .71840
2. Provide fast delivery 2.6333 .76489
3. Deliver customers’ orders on time 2.5667 .62606
4. Introduce new product quickly 2.5667 .56832
5. Increase rate of delivery 2.5000 .90019
6. Shorten delivery time 2.4333 .56832
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Table 4. Mean and Standard Deviation (SD) Scores of Flexibility

Flexibility Mean Std. Deviation

1. Increasing capacity and capability easily when needed 2.8333 .53067

2. Maintaining performance standards when producing a wide variety of products 2.8000 76112

3. Detectlr_wg th,e cha_n_ges in mark_e_tplace, customer demands, needs and 27667 72793
competitors’ activities and position

4. The workforce can perform a broad range of Firm tasks economically and 27333 78492

effectively

2SHUDWLQJ SUR,WDELOLW\ DW GLIITHUHQW SURGXEWM3IZRQ Y ROMNP HV

6. Producing different combinations of products economically and effectively given

certain capacity 2.7000 59596
7. Changing the number of units easily 2.5667 .62606
8. Changing the quantities of products quickly 2.5667 .56832
9. Introducing new products ate quickly in a short time 2.5333 .62881
10. Zﬁgigg;gg:ﬁggtame changes in real estate life cycle imposed by the market 25333 68145
11. Building proactive strategies to deal with changes in the market 2.5000 62972
12. Reacting quickly to competitor’s actions 2.5000 .50855
13. Doing construction time quickly 2.4667 .62881
14. Different real estate products without major changeover 2.4333 .62606
15. Varying total production volume economically 2.4000 .49827

Mean and Standard Deviation Scores of Competitive Advantage

The competitive advantage variable consists of 14 indicators for the level of
competitiveness. The mean and standard deviation scores of competitive advantage are
SUHVHQWHG LQ WKH IROORZLQJ 7DEOH
employees’ commitment and loyalty, competitive pricing and market share. The three items
with the lowest mean score are employees’ professional know how, quality of products-

services, and location of real estate.

7TKH ¢UVW WKUHH

Table 5. Mean and Standard Deviation (SD) Scores of Competitive Advantage

Competitive Advantage Mean Std. Deviation
1. Employees’ commitment and loyalty 2.8667 .68145
2. Competitive pricing 2.8333 .74664
3. Market share 2.8000 .84690
4. After sales services 2.8000 71438
5. Customer loyalty 2.8000 .61026
6. Supplier loyalty 2.8000 .55086
7. Technological provision 2.7667 .67891
8. Financial management 2.7667 .56832
9. Location of establishment 2.7667 .56832
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BUR¢{WDELOLW\ 2.7333 .69149
11. Firm’s reputation 2.7333 .58329
12. Employees’ professional know-how 2.6667 .60648
13. Quality of products -services 2.6333 .55605
14. Location of real estate 2.4667 57135

The average mean, minimum, and maximum score for each of the competitive priorities
dimension and competitive advantage are shown in the following Table 6. In descending
order, starting with the dimension with the highest mean score to the lowest mean score, the
UDQNLQJ RI WKH GLPHQVLRQVY DUH FRPSHWLWLYH DGYDQWL

Table 6. Average Mean, Minimum, and Maximum Scores of Competitive Priorities
and Competitive Advantage

Item Minimum Maximum Mean

Competitive Advantage 2.29 3.43 2.7452
Flexibility 2.27 3.73 2.6044
Cost 1.83 3.67 2.5611
Delivery 1.67 3.67 2.5556
Quality 1.29 3.29 2.4095

Correlations between Competitive Priorities and Competitive Advantage

The competitive priority variable comprise four dimensions; quality, cost, delivery, and
AH[LELOLW\ ZKLOH WKH FRPSHWLWLYH DGYDQWDJH YDULDEO
relationships are noted for the correlation between quality, cost, and delivery dimensions and
FRPSHWLWLYH DGYDQWDJH 7KH VWDWLVWLFDOO\ VLIQL¢FD
of competitive priorities (quality, cost, and delivery) and competitive advantage variable are
presented in Tables 7, 8 and 9.

Table 7 shows the correlation between the quality dimension and competitive advantage
LWHPVY 7KH TXDOLW\ LWHP +LJK SHUIRUPDQFH UHFRUGHG VL
advantage item, Technological provision at the .05 level

Table 7. Correlation between Competitive Priority (Quality) and Competitive Advantage

Quality Competitive Advantage R Sig. level
High performance Technological provision 377(%) .05

The correlations between the cost dimension and competitive advantage are shown in
7TDEOH $V VKRZQ WKHUH DUH WHQ VLJQL,{FDQW FRUUHODYV
FRPSHWLWLYH DGYDQWDJH LWHPV 7KH WHQ FRUUHODWLRQ
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Table 8. Correlations between Competitive Priorities (Cost) and Competitive Advantage

Cost Competitive advantage R Sig. level
Reduce stock costs Employees professional know how A22(%) 0.05
Reduce the per unit real estate cost BUR¢{WDELOLW\ .361(*) 0.05
Reduce materials cost After sales services .435(*) 0.05
Reduce materials cost Supplier loyalty .430(%) 0.05
Decrease labour cost Employees’ commitment and loyalty AT6(%) 0.01
Decrease labour cost Customer loyalty .371(%) 0.05
Apply economy of scale BUR¢{WDELOLW\ 514(**) 0.01
Apply economy of scale Financial management A483(**) 0.01
Apply economy of scale Employees’ commitment and loyalty ATA(R) 0.01
Apply economy of scale Competitive pricing A11(%) 0.05

Table 9 shows the correlation between the delivery dimension and the competitive
advantage variable. The correlation analysis between the delivery dimension and competitive
DGYDQWDJH UHVXOWHG LQ VL[ VLIQL,FDQW UHODWLRQVKLS

Table 9. Correlation between Competitive Priority (Delivery) and Competitive Advantage

Delivery Competitive advantage R Sig. level
Increase rate of delivery Employees’ commitment and loyalty .506(**) 0.01
Increase rate of delivery Firm's reputation .394(%) 0.05
Provide fast delivery Location of real estate AB4 () 0.01
Introduce new product quickly Competitive pricing ATA(%) 0.01
Introduce new product quickly BUR{;WDELOLW\ .398(%) 0.05
Introduce new product quickly Market share .387(%) 0.05

In addition to the above results, it is noted that the correlation analysis that was carried
RXW EHWZHHQ WKH AH[LELOLW\ GLPHQVLRQ DQG FRPSHWLW|
result. Nevertheless the result is in the expected direction.

Correlations between Competitive Advantage and Performance

The correlations between competitive advantage and performance are shown in Table 10
and Table 11. Table 10 showed the correlation between three competitive advantage items;
HPSOR\HHVY SURIHVVLRQDO NQRZ KRZ ¢(UPTfV UHSXWDWLRC
performance measure, sales growth. The correlation analysis between the three competitive
DGYDQWDJH LWHPV DQG VDOHV JURZWK UHFRUGHG VLJQL¢F

Table 10. Competitive Advantage and Performance (Sales Growth)

Competitive Advantage: Performance R Sig. level
Employees’ professional know-how. Sales Growth 422" .020
Firm’s reputation Sales Growth 413 .023
Location of real estate Sales Growth .320 .084

The results of the correlation analysis between competitive advantage and the
performance measure, assets growth and average assets are shown in Table 11. The results of
WKH FRUUHODWLRQ DQDO\WVLY LQGLFDWH VLJQL,{FDQW UHOL
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LWHPY HPSOR\HHVY SURIHVVLRQDO NQRZ KRZ DQG UPYV UL

OHYHO 7KH UHVXOWV RI WKH FRUUHODWLRQ DQDO\VLV D(
WKH FRPSHWLWLYH DGYDQWDJH LWHPY HPSOR\HHVY FRPPL'
location of real estate, and average assets at .04, .002, and .01 levels respectively.

Table 11. Competitive Advantage and Performance (Growth and Average Assets)

Competitive Advantage: Performance R Sig. level
Firm’s reputation Average Assets 551" .002
Location of real estate Average Assets 461" .010
Employees’ professional know-how. Assets Growth 459" .011
Firm’s reputation Assets Growth 4117 .024
Employees’ commitment and loyalty. Average Assets .381" .038

DISCUSSION AND CONCLUSION

This study is an attempt to examine the relationships between competitive priorities,
FRPSHWLWLYH DGYDQWDJH DQG SHUIRUPDQFH DPRQJ UHDO
WKH VWXG\ VXJIJHVW WKDW UHDO HVWDWH (UPV LQ 'XEDL H
operational strategy or sometimes known as tactical strategy. The competitive dimensions
HPSOR\HG E\ WKH ¢UPV DUH TXDOLW\ FRVW GHOLYHU\ DQG
DPRQJ WKH FRPSHWLWLYH SULRULWLHY ORUH VSHFL¢FDOO\
SHUVRQQHO RI WKH UHDO HVWDWH ¢¢UPV VWUHVVHG PRUH R
HPSKDVLV RQ FRVW GHOLYHU\ DQG TXDOLW\ 7KH ¢(¢QGLQJV
WKDW FRVW GHOLYHU\ TXDOLW\ DQG AH[LELOLW\ DUH WKH
(Krajewski and Ritzman, 1993; Reeves and Bednar, 1994; Upton, 1994; Li, 2002; Kumar and
Kumar, 2004; Phusavat and Kanchana, 2007; Lee and Zhou, 2008).

Second, in line with the proposition advocated by strategic management authors such
as (Wheelright, 1984; Helms, 1996; Conner, 2003; Kim and Oh, 2004; Ma, 2004; Kazan,
et. al, 2006; Phusavat and Kanchana, 2007), the results of the study show that there is a
relationship between competitive priorities and competitive advantage. In this study quality,
FRVW DQG GHOLYHU\ DUH DVVRFLDWHG ZLWK FRPSHWLWLY
7KH VWDWLVWLFDOO\ VLIQL,FDQW UHODWLRQVKLSV EHWZH
delivery, and competitive advantage further add support to the notion that there is a link
between competitive priorities and competitive advantage.

Third, ithad been widely discussed in the strategic management literature on the relationship
EHWZHHQ FRPSHWLWLYH DGYDQWDJH DQG SHUIRUPDQFH D ¢
ZRXOG HQMR\ JUHDWHU SHUIRUPDQFH 7KH UHVXOWYV RI WKL
FRUUHODWLRQV EHWZHHQ FRPSHWLWLYH DGYDQWDJH LWHP
ORUH VSHFL,FDOO\ FRPSHWLWLYH DGYDQWDJH LWHPV VXFEk
cUPTV UHSXWDWLRQ DQG ORFDWLRQ RI UHDO HVWDWH DUH
VDOHV )XUWKHU FRPSHWLWLYH DGYDQWDJH LWHPV HPS(
UHSXWDWLRQ DQG HPSOR\HHVY FRPPLWPHQW DQG OR\DOW\
estate are related to the performance measures assets growth and average assets respectively.
7KH UHVXOWYV Rl WKH FRUUHODWLRQ DQDO\VLV VXJIJHVW WKI
FRPSHWLWLYH DGYDQWDJH DQG SHUIRUPDQFH 7KHVH ¢QG
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empirical studies, (Barney, 1986; Conner, 1991; Peteraf & Bergen, 2003; Mills et al., 2003;
Wang & Lo, 2003; Neely, 2005; Falshaw et al., 2006; Newbert, 2008).

At the general level, the applications of competitive priorities are not limited to
¢UPV LQ WKH PDQXIDFWXULQJ VHFWRU RQO\ &RPSHWLWLYH
GHOLYHU\ DQG TXDOLW\ DUH DOVR SUDFWLFHG E\ UHDO HVYV
SULRULWLHY DUH FORVHO\ UHODWHG WR FRPSHWLWLYH DGY
its competitive priorities can enhance its competitive position. Finally there is a link between
FRPSHWLWLYH DGYDQWDJH DQG SHUIRUPDQFH 5HDO HVWDYV
position may also enjoy greater performance.
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Abstract

5RR¢QJ VKHHWYV RI LQGXVWULDO VKHGY KDYH EHHQ REVHUYHG WR ID
conditions as in a cyclone. The ultimate loads from full scale static uplift load tests on asbestos

FHPHQW DQG JDOYDQL]JHG LURQ FRUUXJDWHG URR¢{¢QJ VKHHW V\VWHP\
span/purlin spacing of 1.4 m used in India using gravity load method were used to arrive at

VXLWDEOH FRQQHFWLRQV IRU GLITHUHQW ZLQG J]RQHV 6LQFH VXLWDEC
for AC single span (case 1) and for Asbestos Cement (AC) and Corrugated Galvanized Iron

(CGl) single and double span (case 2), static tests were done reduced spans and suitable

VSDQV ZHUH LGHQWL{HG )DWLJXH LV D PDMRU IDFWRU FRQWULEXWLQ
F\FORQH SURQH (DVWHUQ FRDVWDO J]RQH 7KH URR¢{QJ VA\VWHPV VHOHF
subjected to simulated dynamic tests which simulate low-high-low load cycles during a cyclone,

ensuring that the frequency of load application does not coincide with natural frequency of

URR¢{QJ VKHHW VA\VWHP I IDLOXUH RFFXUV VPDOOHU VSDQV DUH WH
VSDQ URR¢{¢QJ VKHHWY WKH WZR SRLQW ORDG V\VWHPV DQG PLGVSDQ
used. Based on the tests, suitable reduced spans are recommended for these zones. General

JXLGHOLQHV WR EH IROORZHG ZKLOH ¢[LQJ $& DQG &*, URR¢{QJ VKHHW

Keywords: $& &*, 5RR¢{¢QJ 6KHHW &\FORQH 3URQH $UHDV '"\QDPLF 7HVWLC
Spectrum

INTRODUCTION

Wind damage studies have shown that in addition to other factors fatigue is a major
IDFWRU FRQWULEXWLQJ WR IDLOXUH RI URR¢{QJ VKHHWYV DQC(
FROQQHFWLRQV RI PHWDO URR¢QJ FRXOG XQGHUJR IDWLJXH 1
1977). Morgan and Beck (1977) also showed experimentally that failure can occur at 15% of
WKH XOWLPDWH VWDWLF ORDG RYHU D VLIJQL¢FDQW QXPEHU

LITERATURE REVIEW

Cyclones cause severe damage to low-rise buildings: namely houses, schools, industrial,
commercial and farm buildings. Roof claddings suffer most, leading to accelerated damage
to the whole buildings and its contents. The Andhra cyclone (May 1990) caused extensive
damage to industrial buildings in and around Vijayawada in India. Somayaji and Kalyanaraman

KDYH QRWHG WKDW $& URR¢{QJ VKHHWY ZHUH SXOOHG

connected to the purlins using simple J-bolts. They noted that while the structural system has
withstood the cyclonic wind very well, the cladding has not performed well. They felt that
proper evaluation of wind pressures at the eaves and ridges, and the development of proper
design and detailing rules at these locations are necessary. Lakshmanan (1995) has noted
WKDW GXULQJ WKH .DYDOL F\FORQH WKH - EROWYV IDLC
nature of wind pressures on the roof.
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7KH GLIIHUHQW W\SHV RI URR¢{QJ PDWHULDOV XVHG LQ L
are discussed by Narayanan and Mathews (2003). Detailed information on static uplift tests,
XOWLPDWH ORDGVY GHAHFWLRQV DQDO\VLV RI IDLOXUH SDV
Support Bolts, Effect of Using Different Types of Purlins are reported by Narayanan and
Mathews (1996; 2003) and Narayanan (1999). Figure 1 and Figure 2 show the standard way
RI VWDFNLQJ $VEHVWRYV &HPHQW URR¢{QJ VKHHW DQG &*, VK

Figurel. $& 5RR¢QJ VKHHW VWDFNHGFigure 2. &*, URR¢{QJ VKHHW

IS 875 Part 3 1987 recommends the basic wind speed for the six wind zones in India.
JRU F\FORQH SURQH (DVWHUQ FRDVWDO JRQH D PRGL¢{HG
recommended (Lakshmanan and Shanmughasundaram, 1996). The former constitutes the
case 1 and later constitutes the case 2 (Table 1).

Areas on the roof of the industrial shed named as critical areas are locations of high
suction like the edges, ridges and along the eaves whereas general/interior area are locations
RI ORZ VXFWLRQ +LJKHU ORFDO SUHVVXUH FRHI¢FLHQWYV DI

&*, DQG $& URR¢QJ VKHHW V\VWHP ZLWK VXLWDEOH FRQ
were determined on the basis of static design load condition using the results of static uplift
WHVWV 5RR¢{QJ VKHHW V\VWHPV IRU &*, URR¢{QJ VKHHW DQ
GLITHUHQW ZLQG ]JRQHV LQ FDVH LV VXPPDUL]HG LQ 7DEOH
IRU GLITHUHQW ZLQG JRQHV LQ FDVH DUH VXPPDUL]JHG LQ °
sheet system is indicated by the thickness of the sheet used with the number of bolts per purlin

within brackets.

For CGI sheets considering IS 875 Part 3 1987 suitable connections are available for a
span of 1.4 m for wind zone 1 (for both single and double spans) and wind zone 2 (both single
DQG GRXEOH VSDQV +RZHYHU LI WKH PRGL¢{HG EDVLF ZLQ(
IRU D VSDQ RI P QR VXLWDEOH &*, URR¢{QJ VKHHW V\VW
VLQJOH DQG GRXEOH VSDQV 7KXV LW LV QHFHVVDU\ WR D
sheets are to be used in wind zone 2.



5RR¢QJ 6KHHWYV 6\WWHPV IRU ,QGXVWULDOGHKHGY LQ &\F

on Dynamic Testing

Table 1. Basic wind speeds and Design wind speeds (m/s)

N ORGL¢{HG EDVLF ZLQG De&igrHyad Design wind
Basic wind speed

b (S 875) (Lakshmanan and speed speed
Shanmughasundaram, 1996 Case 1 Case 2

6 33 33 33 33

5 39 39 39 39

4 44 44 44 44

3 a7 47 a7 47

2 50 65 50 65

1 55 55 55 55

Table 2. Connections for CGI and AC roof sheet of span 1.4m for different wind zones — case 1

&*, URR¢{QJ VKHHW $& URR¢{QJ VKHHW
Wind zone
Single span Double span Single span Double span
1 0.6 (5,6) 0.6 (4,5, 6)
2 0.6(3,4) 0.6 (3) - 3type B
3 0.6(3) 0.6 (3,4,5,6) - 3type B
4 0.5(3,4,5,6) 0.6 (3,4,5,6) 3type B 4
5 0.4(6) 0.5(3,4,5,6) 4 4
6 0.4(3,4,5) 0.4(3,4,5,6) 3type A 3type A

Table 3. Connections for CGI and AC roof sheet of span 1.4m for different wind zones — case 2

&*, URR¢QJ VKHHW $& URR¢{QJ VKHHW
Wind zone
Single span Double span Single span Double span
1 0.6 (3,4,5,6) 0.6(3,4,5,6)
2
3 0.6 (3,4,5,6) 0.6(3,4,5,6) - 3type B
4 0.5(3,4,5,6) 0.6(3,4,5,6) 3type B 4
5 0.5 (3,4,5,6) 0.5 (3,4,5,6) 0.6(3,4,5,6) 4
0.4(6) 0.4(3,4,5,6)
6 0.4(3,4,5,6) 0.4(3,4,5,6) 3type A 3type A

When the design wind speed of 50 m/s is used, for AC sheets spanning over 1.4 m, no
suitable connection is available for zone 1 for both single and double span. No suitable single
VSDQ $& URR¢QJ VKHHW V\VWHPYVY DUH DOVR DYDLODEOH IRU
VSHHG IRU ZLQG ]JRQH LV XVHG QR VXLWDEOH URR¢QJ VKF
DQG GRXEOH VSDQ IRU ]JRQHV DQG $QG HYHQ IRU ]JRQH V
suitable connections are not available for a span of 1.4 m. Thus it is necessary to go in for a
reduced span for these cases.

Spans for AC Sheets in Zone 2

Results show the need for the use of reduced span for both AC and CGlI sheets in zones

DQG 7TDEOH

VKRZV WKH WHVW UHVXOWYV RQ $& URR¢QJ

spans (1.4m, 1.2m, 1.0m and 0.8m). The maximum permissible wind speeds corresponding to
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ultimate loads are shown in row 4. Comparing with IS 875 Part 3 1987 design wind speeds,
VXLWDEOH VSDQV DUH LGHQWL¢{¢HG IRU HDFK ZLQG JRQH ,I
VSDQ RI P LV UHTXLUHG IRU JRQH DQG IRU VLQJOH VSD
used for zone 2, a span of 1.0 m may be required for critical areas whereas for zone 1, span of

P ZLOO EH VXI¢FLHQW

Table 4. Ultimate load (N) and maximum permissible wind speeds for different spans for AC sheets
with 3 bolts per purlin (type B) and wind zone in which the span length is safe
6SDQ RI WKH URR¢{QJ VKHHW P

1.4 1.2 1.0 0.8
Ultimate load (N) 6160 8766 10465 11998
Maximum permissible wind speed (m/s) 44.8 57.7 69.09 82.7
IS 875 part 3 1987 4 1 1 1
ORGL{HG EDVLF ZLQG VSHHG XVHG LQ JRIQH 1 2 2

Reduced Spans for CGI Sheets in Zone 2

7TDEOH VKRZV WKH SHUPLVVLEOH ORDG SHU VTXDUH PHW
span 1.4m, 1.2m and 1.0m and 5 bolts per purlin connection. The maximum permissible
wind speed for each case is calculated assuming category 2 terrain and large openings in the
building (column 3, Table 5).Comparing with Table 1, the wind zone in which a particular
VSDQ RI URR¢{QJ VKHHW FDQ EH XVHG LV GHWHUPLQHG FRO

Table 5. Ultimate load (N) perm? IR U PP &*, URR¢{;QJ VKHHW ZLWK EROWYV SHU SXL
for different spans and suitable wind zone in which it could be used
Span (m) UltirP’\:il/tr(?1 Iz())ad Maximungp;:;irgw(irsns/ist;le wind Case 1 Case 2
1.4 921 60.45 1 1
1.2 1254 70.53 1 2
1.0 1806 84.65 1 2

7KXV WKH URR¢{QJ VKHHW V\VWHP ZLWK FRQQHFWLRQV V
evaluated for general area of the roof as well as critical areas of the roof. The results are
summarized in Table 6.

Table6. 8 RQQHFWLRQV VXLWDEOH IRU ZLQG ]JRQH IRU $& DQG &*, U

Wind zone Material Thickness Span Span Number of bolts per
(mm) (m) purlin
Single 1.3 5
CGl 0.6
General area Double 1.3 5
of roof Single 1.4 3type B
AC 6.0 9 yp
Double 14 3type B
Single 1.2 5
CGl 0.6
Critical areas Double 1.2 5
of the roof Single 1.0 3type B
AC 6.0 9 yp

Double 1.0 3type B
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7KH URR¢{QJ VKHHW V\VWHPV LQ JRQH XQGHUJR IDWLJXE
have to be tested further under dynamic loads that simulate the low-high-low load cycles
GXULQJ D F\FORQH ODKHQGUDQ SURSRVHG D VLPS
applied as a low-high-low sequence (Table 7), developed at the culmination of more than two
decades of research in Australia. Earlier researchers proposed fatigue loading sequences using
different approaches which were of the same order like the Darwin Area Building Manual Test
(DABM test) sequence, Melbourne loading sequence (Melbourne, 1977), Beck and Steven’s
VHTXHQFH %HFN DQG 6WHYHQ 75 DQG PRGL¢{HG 7
(1993b) analyzed wind pressure traces on the roof of a model of industrial building for many
wind directions obtained from wind tunnel tests using rainfall counting method to obtain
fatigue load matrices for each hour of design cyclone. The Random block load test method
with 64 blocks of loading was complicated and did not simulate the low high low nature of
loading during cyclone. Considering the worst fatigue life curve from different roof cladding
PDWHULDOV WKH ORDG VHTXHQFH ZDV VLPSOL¢{¢HG LQWR I}
)DWLJXH /RDGLQJ VSHFWUXP LV HDV\ WR DSSO\ DQG zZDV DS
of the roof slope.

Table7. 6LPSOL¢{¢HG )DWLJXH /RDGLQJ 6SHFWUXP ODKHQGUDQ

Load Range Cycles (c/s)
0-0.45Pu 9000
0—-0.6Pu 1250
0-0.75Pu 130

0 —0.90Pu 20
0-1.0Pu 3

P, is the ultimate design wind load

,Q WKH FXUUHQW UHVHDUFK WKUHH VDPSOHV IRU HDFK FC
tested, hence a sample factor of 1.0 as per recommendations of AS/NZS 1170-2:2011 can be
used.

OHWKRGV RI 7THVWLQJ 5RR¢QJ 6KHHW 6\VWHPV
Different Systems and Choice for this Research

7KH PHWKRG UHFRPPHQGHG E\ ,6 LV QRW VXLWDEO
VKHHW LQ XSOLIW EXW PD\ EH VXI¢FLHQW IRU TXDOLW\ FRQ
in BS 5950 Part 6 1995 is adequate for static uplift tests and has been used in present work.
The load can be applied either as a uniform load or as a line load. Uniform load can be applied
using Vacuum Chamber method (ASTM E 1592-95), Airbag or gravity load method. Line
loads are applied using timber or steel beams (rectangular to the span) with timber packing to
simulate distributed loading. For dynamic testing the line load system is chosen due to ease
RI DSSOLFDWLRQ )RU WHVWLQJ VLQJOH VSDQ URR¢{QJ VKHH
7KH ODWWHU KDV EHHQ FKRVHQ )RU WHVWLQJ VSDQ URR(
load, 4-point load; midspan load and simulated central support methods are available. The
midspan method was chosen. The midspan load system has been used by earlier researchers
(Mahendran, 1990a; Xu and Reardon, 1992). The equivalent span of the model (Le) is so
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chosen that the ratio of support moment to the reaction is the same in the model and the
prototype. The equivalent span in the model should satisfy the following condition.

L. 0.733,where Lp is the span of the prototype.

Research Objectives
The objectives of the investigation are:

a 'HWHUPLQH WKH QDWXUDO IUHTXHQF\ RI &*, DQG $& U
theoretical values.

b) '"HWHUPLQH WKH IDWLJXH ZLQG ORDGLQJ VSHFWUXP
sheets used in cyclone prone areas.

) ,GHQWLI\ VXLWDEOH & RRERQROY \& W HWRRRQJ EDVHG RQ

dynamic tests for cyclone prone Eastern coastal Zone of India.

METHODOLOGY AND EXPERIMENTAL SET UP
'"HWHUPLQDWLRQ RI 1IDWXUDO )UHTXHQF\ RI 5RR¢QJ 6KHHW ¢

7KH QDWXUDO IUHTXHQF\ Rl WKH URR¢QJ VKHHW V\VWHP
XQGHU XQLIRUPO\ GLVWULEXWHG ORDG 7KH ORDG GHAHFWI
LQ >@ 7KH DYHUDJH FHQWUDO GHAHFWLRQ FRUUHVSRQGL

URR¢QJ VKHHW LV GHWHUPLQHG 7KH QDWXUDO IUHTXHQF\
equation 1.:

1 |g
f”_2:z A 1)

pd DFFHOHUDWLRQ GXH WR JIUDYU MWQ AH[SGI \GHAGH EW LIRRQ VL Q
7KH H[SHULPHQWDO YDOXHV RI QDWXUDO IUHTXHQFLHV R

ZLWK WKHRUHWLFDO HYDOXDWLRQV IRU HQG FRQGLWLRQV

frequency is determined to ensure that during dynamic testing the natural frequency does not

coincide with the frequency of load application.

Dynamic Test Program

6XLWDELOLW\ RI /LQH /RDGV 6\VWHP IRU "\QDPLF 7HVWV RQ '

7KH ORDG GHAHFWLRQ FXUYHV DQG WKH IDLOXUH ORDGYV
systems are determined and compared with the corresponding values for the uniform load
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case. The suitability of the line load system for simulating the same load effect as the uniform
load case is assessed. Several tests were conducted to arrive at a suitable loading system.

SBUHOLPLQDU\ "\QDPLF 7HVWV RQ $& 5RR¢QJ 6KHHWYV 6\VWHP

7KH IDLOXUH RI PHWDO URR¢{QJ VKHHWY GXH WR IDWLJXH
WHVWY KDV EHHQ HVWDEOLVKHG 7KRXJK $& VKHHWYV IDLO G
and load levels at which these occur has not been established experimentally. These tests
ZHUH XQGHUWDNHQ WR YHULI\ ZKHWKHU AXFWXDWLQJ ORDG
systems at lower load levels than the ultimate loads and to understand the nature of failure.
7KH WZR SRLQW ORDGLQJ V\VWHP ZDV DGRSWHG IRU WKHVH
¢UVW LQFUHDVHG WR WKH GHVLJQ XOWLPDWH ORDG DQG WK
failure of sheet occurred. The test was repeated with different maximum loads.

'"\QDPLF 7THVWLQJ RI 5RR¢{(QJ 6KHHW 6\VWHPV XVLQJ 6LPXODW

Starting with the span found suitable under static loading, the span is progressively
UHGXFHG WLOO WKH URR¢{QJ VKHHW V\VWHP GRHV QRW IDL
URR¢QJ VKHHW V\VWHP SDVVHV WKUHH FRQVHFXWLYH WHYV
URR¢QJ VKHHW V\VWHPV IRU ERWK FULWLFDO DORQJ WKH U
areas on the roof. The test program is summarizéehite 8.

Table8. 7THVW SURJUDPPH IRU G\QDPLF WHVWLQJ RI URR¢{QJ VKH
"LITHUHQW URR¢QJ VIVWHPY SODQQHG IRU WHVWLQ

Location on the roof

5RR¢ QJ VKHIHigle span (m) Double span (m)
N AC 1.0,0.8 1.0,0.8,0.7
Critical area of the roof
CaGl 1.2,1.0,0.8 1.2,1.0,0.8,0.7
AC 1.4,1.2 14,12
General / Interior area of the roof
CGlI 13,11 13,11

7THVW 6HW 8S IRU "\QDPLF 7THVWV RQ 5RR¢{,QJ 6KHHWYV

7KH WHVW VHW XS IRU WKH G\QDPLF WHVW LV WKH VDPH D

is supported on purlins, and loaded simulating uplift loading. Rubber pads cut to the shape
of the corrugation is placed correctly at the position. Wooden beams are placed above the
pads, to keep them rigid. The wooden beam is centred and leveled accurately. Rigid packing
is placed between the wooden beam and the loading jack so that the set up is not disturbed
during the test. The dynamic load is applied at a frequency of 2 to 3.5 Hz. This frequency is
DGRSWHG VLQFH URR¢QJ KDV EHHQ REVHUYHG WR YLEUDWH
DQG %HFN 7KH QDWXUDO IUHTXHQFLHV RI WKH URR¢ Q.
frequency of the load application. The two point load system (shown in Figure 3) is adopted

IRU WHVWLQJ WKH VLQJOH VSDQ URR¢QJ VKHHW V\VWHP VL
shear force at mid span and support as in the uniform load case. The midspan load method

VKRZQ LQ )LIJXUH LV DGRSWHG IRU WHVWLQJ WKH WZR V&
same BM and SF at the middle support as in the uniform load case.
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Figure 3. Two point Loading
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Figure 4. Midspan load method

The ultimate wind speeds used to determine the ultimate design wind load is given in
TaEOH 8VLQJ WKH XOWLPDWH GHVLJQ ORDG WKH ORDGLQ.
sheet of 1m span located in critical area of the roof of the industrial shed is evaluated and
shown in Table 10. Although the loading is indicated as low — high loading sequence, it should
be applied as low-high-low load sequence as showure 5. The loading spectrum to be
DSSOLHG RQ $& URR¢QJ VKHHW RI P VSDQ ORFDWHG LQ JHQ
sheet in critical area (Table 12) and general area (Table 13) was similarly calculated.

Table 9. Ultimate wind speeds for Wind zone 2

Basic wind speeds Ultimate Wind speeds
(m/s) (m/s)
IS 875 Part 3 1987 50 61.24
ORGL¢HG EDVLF ZLQG VSHHG 65 79.61

Table 10. Load spectrum to be applied on AC sheet of 1m span located in the critical area
of the roof for a building in wind zone 2
Load Range (N)

Number of cycles

Range Single span Double span
9000 0—0.45Pu 0-4168.5 0-8337.0
1250 0-0.6 Pu 0 -5557.9 0-11115.8
130 0-0.75Pu 0-6947.5 0-13895.0
20 0-0.9Pu 0-8336.9 0-16673.8

3 0-1.0Pu 0-9263.0 0-18526.0
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Table 11. Load spectrum to be applied on AC sheet of 1m span located in the interior area
of the roof for a building in wind zone 2

Load Range (N)

Number of cycles

Range Single span Double span
9000 0-0.45 Pu 0-2858.0 0-5716.0
1250 0-0.6 Pu 0-3800.0 0-7620.0
130 0-0.75Pu 0-47625 0-9525.0
20 0-0.9Pu 0-5715.0 0-11430.0
3 0-1.0Pu 0-6350.0 0-12700.0

Table 12. Load spectrum to be applied on CGI sheet of 1m span located in the critical area
of the roof for a building in wind zone 2

Load Range (N)

Number of cycles

Range Single span Double span
9000 0-0.45Pu 0-4313.0 0-8626.0
1250 0-0.6 Pu 0-5750 0 - 11500.0
130 0-0.75Pu 0-7188 0—14376.0
20 0-0.9Pu 0-8625 0-17250.0
3 0-1.0Pu 0-9584 0-19168.0

Table 13. Load spectrum to be applied on CGI sheet of 1m span located in the interior
area of the roof for a building in wind zone 2

Load Range (N)

Number of cycles

Range Single span Double span
9000 0-0.45 Pu 0-2162.0 0-4320.0
1250 0-0.6 Pu 0-2883.0 0-5766.5
130 0-0.75 Pu 0-3604.0 0-7208.1
20 0-0.9Pu 0-3844.0 0-7688.7

3 0-1.0Pu 0—-4805.0 0-9610.9
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Figure5. 7KH VLPSOL¢HG OlRDGLQJ VHTXHQFH DSSOLHG DV D ORZ KLJI

Calibration of Loading Jack

Before commencement of tests, the loading jack was calibrated. The loading jack was
FDOLEUDWHG DJDLQVW D N1 ORDG FHOO IRU WHVWYVY RQ VI
ORDGY UHTXLUHG IRU FDXVLQJ IDLOXUH LQ VLQJOH VSDQ UF
IRU WKH N1 ORDG LV VKRZQ LQ ¢JXUH 7KH ORDGLQJ MD

N1 ORDG FHOOV IRU XVH LQ WHVWLQJ WZR VSDQ URR¢{QJ V

Test Procedure and Load Application

7KH URR¢QJ VKHHW VA\VWHP LV FDUHIXOO\ ¢[HG DQG WKH C
applied in each range is determined (Tables 10-13). Using the calibration chart, the divisions’
equivalent to the load range is marked in the control panel of the loading machine. The fatigue
load sequence is applied as a low high low sequence. The behaviour of the setup is closely
monitored so that any unstable condition is prevented.
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Figure 6. Calibration chart for the loading jack using 10kN load cell

RESULTS AND DISCUSSIONS
I1DWXUDO )UHTXHQF\ RI 9LEUDWLRQ RI 5RR¢QJ 6KHHWYV

7KH YDOXHV RI QDWXUDO IUHTXHQF\ DUH WDEXODWHG IR
DQG WKH &*, URR¢{¢QJ VKHHW V\VWHPV 7DEOH JRU $& DQ
experimentally determined values of the natural frequency are less than the values of natural
IUHTXHQF\ IRU WKHRUHWLFDO VLPSO\ VXSSRUWHG DQG ¢}
tested for wind uplift is supported on only a few numbers of bolts (depending on the type of
FROQQHFWLRQ XVHG DQG KHQFH HQG ¢([LW\ RI WKH VKHHW L
theoretical simply supported end condition. This explains the lower natural frequency of the
URR¢QJ VKHHW V\VWHPV XQGHU XSOLIW ORDGYV

Table 14. &RPSDULVRQ RI H{SHULPHQWDOO\ GHWHUPLQHG QDWXUDO IUHT X
systems with theoretical values

Type of connection used Natural frequency (c/s)
2A 17.83
2B 26.63
Number_ of bolts used for 3A 31.83
connection
3B 35.49
4 38.48
Simply supported 39.10

Theoretical end condition )
Fixed 87.44
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Table 15. &RPSDULVRQ RI H[SHULPHQWDOO\ GHWHUPLQHG QDWXUDO IUHTX
systems with theoretical values
1DWXUDO IUHTXHQFLHV Rl URR¢{QJ VKHHWTKeovelcH Palle HWHUPLQHG

Thickness experimentally (c/s) (cls)
of CGI sheet Number of bolts used per connection Simply
(mm) supported Fixed ends
3 4 5 6 ends
0.4 11.46 13.87 18.50 21.07 21.9 50.2
0.5 18.85 18.98 21.91 22.19 23.46 52.46
0.6 20.0 21.6 22.37 23.60 24.68 55.21

'"\QDPLF 7THVWYV RQ URR¢{QJ VKHHWYV
Suitability of Line Loads System for Dynamic Tests

7THVWV ZHUH FRQGXFWHG RQ $& URR¢QJ VKHHWYV ZL\
load and line loads. The failure load for uniform distributed loading using sand and
bricks was 6426.8N and for the two-point loading was 6575.8N with a difference
of only 6.07% Table 16). Figure 7 indicates a difference of approximately 13% for
GHAHFWLRQ DW 1 EHWZHHQ WKH XQLIRUP ORDG DQG
GLIIHUHQFH LQ GHAHFWLRQ EHWZHHQ WKH WZR FDVHYV
the theory and experiment is very small. Thus the two point load system simulates
very closely the uniform load system for the single span and can be adopted for the
IDWLIJXH WHVWV IRU WKH VLQJOH VSDQ URR¢{QJ V\VWHF
adopted due to the ease of load application in the laboratory.

JRU WHVWLQJ WKH GRXEOH VSDQ URR¢{QJ V\VWHP WK
due to ease of load application even though the four point load method gave closer
failure loadsTD E O H 7KH HLJKW SRLQW ORDG ZDV QRW FRQ
for load application in dynamic tests.

6000

5000

4000

3000

Load (N)

2000

1000

Figure 7. Comparison of /RD G
XQLIRUP X
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Table 16. Failure loads for AC sheets with 3 bolts per purlin connection (type B) for UDL
and line load systems

Span Method of loading Failure loads (N)

uDL 6426.8

Single span 2 point load method 6575.8
Four point load method Not done
uDL 8378.0
Midspan load method 8700.0

Double span Four point load method 8619.0
8 point load system Not done
Simulated Central support test Not done

SUHOLPLQDU\ 7THVWV RQ $& 5RR¢{QJ 6KHHWYV

Table 17 indicates the number of cycles to failure for different maximum loads. The results
indicate that there is a reduction in the failure loads when repeated cycles of load are applied.
It is also noted that cracks originate at points of concentrated loads or bolt connections and
these cracks extend under repeated loads.

Table 17. Number of cycles to failure

Maximum load applied Number of cycles to failure
Static Breaking Load Pu 1
0.95Pu 7
0.90Pu 78

Dynamic Tests Results

7TDEOH VKRZV WKH UHVXOWY RI WKH G\QDPLF WHVWYV
chosen on the basis of static tests for cyclone prone East coast of India are shown in column 4.
7TDEOH DOVR VKRZV WKH VSDQ RI WKH URR¢{QJ VKHHW V\VW
tests in column 5.

Table 18. 5HVXOWV RI G\QDPLF WHVWV RQ $& DQG &*, URR¢QJ V\VW

Span found suitable Span found suitable
Material Location on the roof Type of span based on static uplift based on dynamic
tests (m) tests (m)
. Single 1.0 0.8
Critical area
Double 0.8 0.7
AC sheet -
) Single 14 1.2
Interior area
Double 14 1.2
- Single 1.2 0.8
Critical area
Double 0.8 0.7
CGl sheet -
Single 1.3 1.1

Interior area
Double 1.3 1.1




76 Narayanan S.P,, et. al.

$& 5RR¢QJ 6KHHW

7KH $& URR¢{QJ VKHHW V\VWHPV IRU F\FORQH SURQH JRQH
IRXQG XQVXLWDEOH ZKHQ VXEMHFWHG WR G\QDPLF WHVWYV
static load case. The failure started by formation of cracks at the bolt points, which spread
along the corrugation leading to failure. The failures occurred with large sound and were
EULWWOH LQ QDWXUH 5RR¢QJ VKHHW VA\VWHP ZLWK % FRQC
for single span. For two-span case, the failure occurred at the central support by cracking
along the line of bolts.

&*, SRR¢QJ 6KHHW

In single span CGI sheet, buckling failures are observed at midspan. Yielding of the sheet
DW EROW SRLQWYV LV DOVR REVHUYHG ,Q GRXEOH VSDQ &*
support. In few cases, the bolts at the centre-support punched through the sheet at failure.

General Guidelines

Based on the observations made during the tests, some general guidelines to be followed
ZKLOH ¢([LQJ $& DQG &*, URR¢QJ VKHHW V\VWHPVY DUH DOVR

1. 2YHU WLIKWHQLQJ RI EROWYV ZKLOH ¢[LQJ 7KLV SURGXF
of the bolt and causes the failure to occur at low dynamic loads

2. ,QVXI¢FLHQW FOHDUDQFH IRU WKH EROW LQ WKH EROW
sheet due to rubbing action caused by cyclic motion during cyclones

3. Use of poor quality washers
4. All purlins should be in one plane

5. 7TKH KROHV IRU ¢([LQJ $& VKHHW VKRXOG EH GULOOHG QF

,W ZDV REVHUYHG GXULQJ WKH G\QDPLF WHVWV WKDW LQ
J-bolts to angle purlins, no bolt failures by opening up of the hook were observed. Hence it
is felt that angle purlins and corresponding J- bolts are better suited in cyclone prone areas
compared to channel and pipe purlins and corresponding bolts. It is also observed that metal
washers conforming to 1S 8869-1978 performed well during the dynamic tests.
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CONCLUSIONS

7KH UHVXOWYV RI G\QDPLF XSORDG WHVWYV RQ URR¢{QJ VKFL
FRDVWDO JRQH RI ,QGLD LGHQWL¢{¢HG RQ EDVLV RI VWDWLF
loading spectrum recommended by Mahendran (1997) were used for the dynamic load tests.
The conclusions based on the study are given below.

1. 7TKH QDWXUDO IUHTXHQFLHV Rl $& URR¢{QJ VKHHW UDQJt
&*, URR¢{¢QJ VKHHW UDQJHG IURP + +]

2. The maximum allowable spans in cyclone prone zone for single span and double span
AC and CGI sheets for both interior and critical areas of the roof have been determined
on the basis of dynamic tests

3. General guidelines regarding choice of purlins, bolts, washers are provided based on
the observations made during the dynamic tests.
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Abstract

5RR¢QJ VKHHWYV RI LQGXVWULDO VKHGV KDYH EHHQ REVHUYHG WR ID
conditions as in a cyclone. This paper presents the results of static uplift load tests on asbestos

FHPHQW DQG JDOYDQL]JHG LURQ FRUUXJDWHG URR¢{QJ VKHHW V\VWHPV
PHWKRG S$ERXW IXOO VFDOH WHVWYV ZHUH FDUULHG RXW RQ URRY(
connections for span/purlin spacing of 1.4 m. The ultimate loads obtained from the tests are

used to evaluate the maximum permissible wind speeds. The values are compared with design

wind speeds for critical and interior regions of the roof for different wind zones. The suitability

Rl D SDUWLFXODU URR¢{QJ VKHHW VA\VWHP IRU D SDAIbASIOBXODU ZLQG ][R
Cement URR¢{QJ VKHHW V\VWHP IRU ERWK FDVHV DV SHU ,6 3DUW

wind speed for zone 2) no suitable connections are available for standard span of 1.4 for zone

1 (both single span and double span). For zone 2 and 3 no suitable connections are available

for single span case. For Corrugated Galvanised Iron U R R gl@ét of 0.6 mm thickness and

standard span of 1.4 m suitable connections are available for wind zones 1 and 2. No suitable
FRQQHFWLRQVY DUH DYDLODEOH LI PRGL¢{¢HG EDVLF ZLQG VSHHGV DUH |
VSDQV DQG FRQQHFWLRQV KDYH EHHQ LGHQWL{HG IRU WKHVH FDVHV V

Keywords: $& 5RR¢QJ 6KHHW &*, 5RR¢QJ 6KHHW 8OWLPDWH /RDG 'HVLJIQ

INTRODUCTION

The most common roof claddings used in industrial sheds are Asbestos Cement (AC)
DQG &RUUXJDWHG *DOYDQL]JHG ,URQ &*, URR¢QJ VKHHWYV
assessment of the Chennai cyclone (November, 1994) highlighted the damages suffered by

WKH LQGXVWULDO VKHGYVY OLNH EUHDNLQJ RI URR¢QJ VKH
and eaves); (2) deformation of bolts that hold down the sheets; and (3) bolt shearing through
URR¢QJ VKHHWY 1DUD\DQDQ DQG ODWKHZV 7TKH URR ¢

well under normal conditions of load where dead load and live load are the deciding factors.
However, their performance under cyclonic wind loads has been disastrous. The predominant

failure mode under such conditions is uplift. Narayanan and Mathews (2003) has reported on

WKH EHKDYLRXU RI URR¢{QJ VKHHW V\VWHPV XQGHU XSOLIW
RQ WKH VXLWDELOLW\ RI D SDUWLFXODU URR¢{QJ VKHHW V\V
undertaken in this research paper.

LITERATURE REVIEW
7KH GLITHUHQW W\SHV RI URR¢QJ PDWHULDOV XVHG LQ LQ

discussed here. Different static test methods recommended by codes of practice and reported
in literature are also summarized.
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Roof Cladding Materials and Roof Cladding Connections

JLIXUH VKRZV D SRUWLRQ RI WKH URRI JLYLQJ GHWDLC
sheets to the purlins as recommended by IS 3007-1964 , MDSS (1964) and CPWD (1967).
$W HDFK HQG RI WKH URR¢{QJ VKHHW WZR EROWYV KDYH EHF
and this is called two bolts per purlin connection (2A). The detail of connection at A shows a
KDOIl FRUUXJDWLRQ RYHUODS RI $& URR¢{QJ VKHHW 7KH RWHK
DIHQFLHY DUH VXPPDUL]JHG LQ )LJXUH 5RR¢QJ VKHHW ZLW
(type A) per purlin connection have only half corrugation overlap. The covered width of the
VKHHW HIIHFWLYH ZLGWK RI VKHHW DIWHU FRQVLGHULQJ W
these connections are suitable only in areas where heavy rains with driving winds do not
RFFXU 5RR¢QJ VKHHWYVY ZLWK EROWV W\SH % DQG EROW
one and half corrugation overlap. The covered width is 0.876m. They are suitable for areas
where heavy rains with driving winds occur.

. Ridge G,lnut
-r— \’}” T Metalwasher itumen washer
15m [ A 1A® /Bmmbo('r
| HRRIL 4{1!.‘1 |
-x;l‘“l;——‘.h "_" ] Purlin !lT H
15m |11 f ‘ 14m ; ;
"l_ju i i : _J_ Detail of connection at.A
._4.“__‘_..;..‘.._.4__,.._ &
et prl el [TTT Purlin
T T T
(iR
::;g:.‘ Wi o
- ‘th | ' : | : edge strip
AL
Br'l:' 'iJ"‘;u'J Ll
Eaves
Corrugated sheets laid from left toright Cross section along- BB

Two bolts per purlin connection ( Type-A)
Figurel. '"HWDLOV RI FRQQHFWLQJ WKH $& URR¢{QJ VKHHWY WR SXUOLQV 1
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&RQ¢IXUDWLRQV IRU ¢[LQJ URR¢QJ VKHHW No\whbbHsper purlin
2A
2B

$& URR¢{QJ VKHHW

system 3A
3B
4
3
4
*» URR¢QJ VKHHW
systems
5
ANANAANAANAANAA 6

Figure 2. &RQQHFWLRQV XVHG IRU ¢[LQJ $& DQG &*, URR¢QJ VKHHWYV 1DUD\

JLIXUH VKRZV WKH FURVV VHFWLRQ RI $& URR¢{QJ VKHHW
width of 1.05 m, effective cover width of 1.01m, depth of corrugation of 48 mm and lengths of
DQG P ,6 UHDI¢{UPHG JLIXUH V K
RlI &*, URR¢QJ VKHHW ZKLFK KDV D SLWFK RI PP HIIHFWLY
corrugation of 18 mm and length limited only by transportable size.

’\/‘\/%L‘kﬂ—mm{ﬂ\/\m/\\f\_
& 5Ly >

Figure3 &URVV VHFWLRQ RI $& URR¢QJ VKHHW ,6

| A =] |

Figure4 &URVV VHFWLRQ RI &*, URR¢{QJ VKHHW PP FRYHU ZLGWK ZLWK
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7KHUH LV QR SURYLVLRQ LQ WKH ,QGLDQ 6WDQGDUGYV IRU
recommendations for connections by various organizations and the standards of various
countries are given in Figure 2 (AISC 325, 2011; MDSS, 1964; CPWD, 1967; British Steel
Producers Conference, 2012; AS 1562 — 1992). The standard distance over which the AC and
&*, URR¢{QJ VKHHW LV VXSSRUWHG WKH SXUOLQ WR SXUOLQ
normally 18 7KH URR¢{QJ VKHHWY DUH QRUPDOO\ FRQQHFWHG XV
and nuts, made watertight by the use of bituminous felt washers. While the standard thickness
of AC sheets is 6 mm, the CGI sheets are available in different gauges, the commonly used
thicknesses being 24 gauge, 26 gauge and 28 gauge (0.60 mm, 0.50 mm and 0.40 mm,
respectively).

Different sizes of washers are available (Figure 5a and Table 1). While MW-1 to MW-5 are
FRQLFDO ZDVKHUV 0: LV D ADW ZDVKHU $PRQJ WKH ZDVKH
OHVV WKDQ WKH PLQLPXP VSHFL¢{HG E\ ,6 ZKLFK LV
0: KDG WKLFNQHVY JUHDWHU WKDQ WKH VSHFL¢{HG PLQLP>
WKURXJKRXW WKH WHVW SURJUDPPH 7KH ADW ZDVKHU KDG

VSHFL{¢HY D WKLFNQHVV RI PP

Table 1. Dimensions of metal washers

. Outer diameter Inner diameter Height Thickness
Type of washer  Notation used
(mm) (mm) (mm) (mm)
MW-1 22.90 8.50 3.60 0.40
MW-2 24.94 8.32 7.64 0.80
Conical washer MW-3 30.40 8.10 8.60 1.00
MW-4 34.60 8.14 9.20 1.20
MW-5 38.00 8.24 9.50 0.66

Flat washer MW-6 26.00 8.38 - 1.50
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Flat washer Conical Washer
(@) Metallic washer (b)Bitumen washer

Hook bolt L-bolt Pipe bolt U-bolt
(c)Types of bolts used in India

Figure 5. Accessories for Connections (Narayanan and Mathews, 2003)

Though different types of bolts (J or hook-bolts, L and U-bolts) are recommended for use

by IS 730-1978, the U-bolt is not generally used (Figure 5c¢). They have also not been used in

WKLV UHVHDUFK SURJUDPPH ,6 3bUuw VSHFL¢{HV WK

from low or medium carbon steels. The chemical composition of the material of the bolt

ZDV GHWHUPLQHG XVLQJ YDFXXP HPLVVLRQ VSHFWURPHWU\
VSHFL{HVY WKDW WKH ¢[LQJ EROWV IRU $& VKHHWYV VK

British Steel Producers Conference (2012) also recommends the use of 8 mm bolts for CGl

VKHHW URR¢{QJ +RZHYHU RQO\ PP GLDPHWHU EROWY DUF

the tests. Narayanan and Seavhai (2013), Seavhai and Narayanan (2013a;2013b) have reported

VWXGLHVY RQ VXLWDELOLW\ RI PHWDO URR¢{QJ VKHHWYV LQ OI

ultimate strength based on static tests available in producers technical brochures.

Performance of Roof Claddings during Cyclones

The performance of existing buildings when exposed to strong winds is the indicator of
success or failure of design and construction practice. Low rise buildings suffered severely
during high wind events due to the comparatively less engineering input into their design. The
wind forces act on structural weaknesses. If the weakness can be eliminated, the damages will
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OHVVHQ &RQQRU HW DO 'DPDJH WR URR¢{QJ KDV GHFUF
due to the research and development work in Australia after cyclone Tracy (Mahendran, 1995).

Sheet metal panels of 0.55mm and higher gauges performed well in bending when supported

over a span of 1.5m or less. Performance of sheet metal panels thinner than 26 gauges was

poor. Generally fasteners (No 14 hex head US sheet metal screws) were adequate. Failures
occurred by tearing of sheet metal around the holes. The size of washers and thinner sheet

metal can be linked to the primary causes of the tearing at the fasteners (Minor et al, 1972).

The annual average cost of damage caused by cyclones in India is estimated at USD 0.05
ELOOLRQ ZKLFK DW WLPHV H[FHHG ELOOLRQ 3RVW GLVDV
al, 1996) after Kavali cyclone in 1989 have noted heavy damage of houses with pitched roof
FRYHUHG ZLWK $& RU &*, VKHHW URR¢{QJ 7KH IDLOXUH ZDV (
cladding, and due to poor strength of connections.

Research Objectives
The aspects studied during the investigation were:

a) 7TKH EHQGLQJ FDSDFLW\ RI WKH URR¢{QJ VKHHW V\VWHP
b) The maximum permissible wind speed corresponding to ultimate loads.

c) The design wind speeds based on basic wind speed for different wind zones.

d) Suitable connections for different wind zones for standard span of 1.4 m.

e) Where suitable connections for different wind zones for standard span of 1.4 m are
QRW DYDLODEOH LGHQWL¢FDWLRQ RI UHGXFHG VSDQV

METHODOLOGY
6WDWLF 8SOLIW 7THVWV RQ 5RR¢QJ 6KHHW 6\VWHPYV

7KH SURYLVLRQV RI ,6 LV LQDGHTXDWH IRU WHVYV
5950 (Part 6)-1995, EC1993-1-3:1996 and CP 143 Part 10 contain provisions for uplift test on
URR¢QJ VKHHWYV *UDYLW\ ORDGLQJ PD\ EH XVHG WR VLPXOL
WKLY PHWKRG WKH URR¢{QJ DVVHPEO\ LV VHW XSVLGH GRZC
work, with a provision of supporting three purlins at a spacing of 1.4 m (Figure 6).
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Figure6. 6 WDWLF XSOLIW ORDG WHVWV RQ URR¢QJ VKHHWYV

7KH SXUOLQV DUH ULJLGO\ ¢[HG WR WKH VXSSRUWYV 7KH
cUVW (OOHG XQLIRUPO\ ZLWK VDQG RI NQRZQ ZHLJKW DQ
This simulates uniform uplift loading which can be evaluated without any approximation.
7KH GHAHFWLRQV DW WKH FHQWUH RI WKH VSDQ KDYH EHF}
GHAHFWRPHWHU KDYLQJ DQ DFFXUDF\ RI PP 7ZR W\SHV R
PDGH QDPHO\ FHQWUDO GHAHFWLRQV DQG WKH WUDQVYHU
DW PLGVSDQ DQG DW VXSSRUWV 7KH WHVWV KDYH EHHQ FD
WKH FRQQHFWLRQV JLYHQ LQ )LJXUH DQG IRU GLIITHUHQW '\

The failure criteria are taken as any one of the following:

i. Local failure and pull-through of the bolt.
ii. Failure by bending or dimpling of crests.
iii. Tearing of the sheet at the edges.

iv. Failure of bolts and washers.
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ORUH GHWDLOV RQ WKH GHAHFWLRQV DQDO\VLV RI IDLOX!
Centre Support Bolts, Effect of Using Different Types of Purlins are reported in Narayanan
and Mathews (2003) and Narayanan (1999).
RESULTS, ANALYSIS AND DISCUSSION
Ultimate Loads
7KH XSOLIW FDSDFLWLHV GHWHUPLQHG IURP WHVWV RQ {

thickness and types of connections for standard span of 1.4 m are given in Table 2. Each load
value in the table is the average of three test results.

Table 2. Failure loads (N/m?) for a purlin spacing of 1.4 m

Roof  Thickness o LIIHUHQW EROW FRQQHFWLRQV IRU URR:QJ
of sheet
sheet span 2A 2B 3A 3B 4 5 6
AC 6 Single  1816.0 24250 34625  5341.8  4838.0 * *
Double 14947 2110.0 34920  6878.0  5859.7 * *
CcGl 28 gauge Single * * 3662.0 * 3931.0 40552  4745.0
(0.4 mm)
Double * * 4684.5 * 6119.0  5937.0  5565.0
26 gauge g e * * 5480.5 * 5504.0  5588.7  5559.0
(0.5mm)
Double * * 5633.1 * 5204.8  4509.3  4821.2
24 gauge . . . .
©.63mm  Single 6716.5 72350 92100 ND
Double * * 7165.7 * 88205  7696.4  7799.9

I1RWH GHQRWHV WKDW WKH WHVW FRQ¢JXUDWLRQ LV QRW DSSOLFDEOH

Maximum Design Windspeeds for Critical Areas and Interior Areas on Roof

The maximum permissible wind speeds are calculated as follows:

Designload = Ultimateload/1.5 D

'"HVLIQ ZLQG SUHVVXUH 'HVLJIJQ ORDG DUHD RI VKHHW [ SL

OD[LPXP SHUPLVVLEOH ZLQG VSHHG ¥ 'HVLJQ ZLQG SUHVVX

, 6 3bUuw KDV JLYHQ WKH H[WHUQDO SUHVVXUH FF
used in areas of high suction as well as for interior areas of the roof. The maximum value
RI ORFDO FRHI{(FLHQWYV LV IRU URRI VORSH OHVV WKDQ

ratio of the building) is %2. The calculations have been done for different permeabilities of

WKH EXLOGLQJ 7KH YDOXH RI LQWHUQDO SUHVVXUH FRHI¢
loads on the roof for different permeabilities of the building are showalile 3. Tables 4

DQG LQGLFDWH WKH PD[LPXP SHUPLVVLEOH ZLQG VSHHGYV
different bolt connections calculated as above.



5RR¢QJ 6KHHWYV 6\VWHPV IRU ,QGXVWULDO 8KHGV IRU 'LI
on Static Load Testing

Table3. ,QWHUQDO DLU SUHVVXUH FRHI(FLHQWYV

Internal pressure
FRHI¢FLHQWYV

:KHUH FODGGLQJ SHUPLWYV WKH ARZ RI DLU ZLWK RSHQ+IO(3JV QRW PRUH WKDQ
wall area but where there are no large openings -

No  Condition

Medium openings between 5 to 20% +0.5
Large openings, larger than 20% of the wall area +0.7
One side open +0.8

Design Windspeeds

IS 875 Part 3 1987 provides the basic wind speeds for the six wind zones in India (column
2 of Table §. Basic wind speed is the wind speed at 10 m height above the mean ground level,
and is based on peak gust velocity averaged over a short time interval of about 3 seconds in an
open terrain. They have been worked out for a 50 year return period. The design wind speeds
is calculated based on equation 4.

Vz k1k2k3vb (4)

Wherek LV WKH ULVN FRHI¢FLHQW DVVXPHG DV ,=IRU JHQH
terrain, height and structure size factor (here a class A structure for terrain category 2 has been
assumed), and, ks the topography factor (assumed as 1.0).

Using the basic wind speedsTiable 6 and assuming the values gkkand k as 1.0, the
design wind speeds are calculated (column 3 asfd4D E O H 1RWH WKDW IRU J]RQH
basic wind speed of 65 m/s has been recommended (Lakshmanan and Shanmughasundaram,
1996). This gives two cases; case 1 : design wind speeds based on IS 875 part 3 1987 provisions
DQG FDVH GHVLJQ ZLQG VSHHGY EDVHG RQ WKH QHZO\ UH
of 65 m/s for wind zone 2.

SUITABLE ROOFING SHEET SYSTEMS FOR DIFFERENT WIND ZONES

The maximum permissible wind speeds calculated from ultimate loads in Tables 4 and 5
is compared with the design wind speeds for critical locations on the roof for different wind
JRQHV LQ 7DEOH DQG WKH VXLWDELOLW\ RI D SDUWLFXODL
zone is decided. This is done for all cellsSTables 4 and 5. Tables 7 and 8 indicate the wind
JRQH IRU ZKLFK GLITHUHQW URR¢QJ VKHHW V\VWHP DUH VXL
structure (case 1), where the basic wind speed is taken as 50 m/s.

When the basic wind speed for zone 2 is taken as 65 m/s the corresponding design wind
speed is indicated in column 4D E O H 7KH VXLWDELOLW\ RI URR¢QJ VKH
connections for different wind zones, when design wind speed of 65 m/s is assumed is given
in Tables 9 and 10.
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Table4. OD[LPXP GHVLJQ ZLQG VSHHGV IRU FULWLFDO DUHDV RI WKH URRI EDVHG RQ VWDWLF WHVW

Permeability of building S‘ZJ
Sheet Low permeability Medium permeability High permeability Large opening %
Thickness S
mm) _AC _ Cal AC  CGI AC  cal AC  CGI D
6 04 05 0.6 6 0.4 0.5 0.6 6 0.4 0.5 0.6 6 0.4 05 0.6 o
2 302 - - } 284 - - ] 273 - - - 26.8 - - - @
3 418 430 526 582 392 403 493 546 377 388 475 526 37.1 381 466 516 o
'\[')‘;:’;33:;5 4 494 445 527 604 464 418 494 567 446 402 47.6 546 43.8 395 467 53.6 '
5 349 453 530 682 328 424 498 639 316 408 479 616 31.0 401 471 604
6 519 489 530 - 48.7 459  49.7 - 469 442 478 - 46.0 434 470 -
Table5. OD[LPXP GHVLJQ ZLQG VSHHGV IRU FULWLFDO DUHDV RI WKH URRI EDVHG RQ VWDWLF WH\
Permeability of building
Thi:?(?lztss Low permeability Medium permeability High permeability Large opening
mm)y _AC_CGl AC  CGlI AC CGl AC  CGl
6 04 0.5 0.6 6 04 05 06 6 04 05 06 6 04 0.5 0.6
2 214 - - - 257 - - - 248 - - - 243 - - -
3 420 486 533 602 393 456 500 564 379 439 481 543 372 431 472 53.5
'\:;;ro;sgi';s 4 544 556 51.7 667 51.0 521 485 626 49.1 502 467 602 482 493 458 59.1
5 326 547 477 623 306 513 447 585 295 494 430 563 289 485 423 55.2
6 589 530 493 627 55.3  49.7 463 589 532 479 445 566 522 470 437 55.6




Table 6. Basic wind speeds and Design wind speeds

Zone Basic wind speed Design wind speed - Case 1 Design wind speed - Case 2
6 33 33 33
5 39 39 39
4 44 44 44
3 47 47 47
2 50 & 65 50 65
1 55 55 55

Table7. :LQG JRQHV LQ ZKLFK HDFK URR¢{QJ V\VWHP FDQ EH XVHG + FDVH 6LQ H VSDQ
Permeability of the building
5R R ¢ Q Thick (mm) low medium high large
No of bolts No of bolts No of bolts No of bolts
AC 2A 2B 3A 3B 4 2A 2B 3A 3B 4 2A 2B 3A 3B 4 2A 2B 3A 3B 4
6 6 5 2 3 5 3 4 6 4 4 6 4 5
No of bolts No of bolts No of bolts No of bolts
3 4 5 6 3 4 5 6 3 4 5 6 3 4 5 6
Gl 0.4 5 4 4 3 5 5 5 4 6 5 5 4
0.5 2 2 2 2 3 3 3 3 3 3 3 3 4 4 3 3
0.6 1 1 1 1 2 1 1 1 2 2 1 1 2 2 1 1

Blank cell indicates that the connection is not suitable for any wind zone

(6)]
(o))
[6)]
Bunsal peo oneIS UO
7. NY1 AOHBB 0OATNMAXDO NIl AdHMA\9 AMHnggo?aas



Table8. :LQG JRQHV LQ ZKLFK HDFK URR¢QJ V\VWHP FDQ EH XVHG * FDVH

Permeability of the building

51(:(); Thick (mm)  low medium high large
No of bolts No of bolts No of bolts No of bolts
AC 2A 2B 3A 3B 4 2A 2B 3A 3B 2A 2B 3A 3B 2A 2B 3A 3B 4
6 5 1 2 5 1 6 2 6 2 3
No of bolts No of bolts No of bolts No of bolts
3 4 5 6 3 4 5 6 3 4 5 6 3 4 5 6
Gl 0.4 3 1 2 2 4 2 2 3 5 2 3 3 5 3 3 3
0.5 2 2 3 3 2 3 4 4 3 4 5 4 3 4 5 4
0.6 1 1 1 1 1 1 1 1 2 1 1 1 2 1 1 1
Blank cell indicates that the connection is not suitable for any wind zone
Table9. :LQG JRQHV LQ ZKLFK HDFK URR¢{QJ V\VWHP FDQ EH XVHG + FDVH
Permeability of the building
S'T](;gt Thick(mm)  low medium high large
No of bolts No of bolts No of bolts No of bolts
AC 2A 2B 3A 3B 4 2A 2B 3A 3B 2A 2B 3A 3B 2A 2B 3A 3B 4
6 6 5 3 3 5 3 6 4 6 4 5
No of bolts No of bolts No of bolts No of bolts
3 4 5 6 3 4 5 6 3 4 5 6 3 4 5 6
Gl 0.4 5 4 4 3 5 5 5 4 6 5 5 4 6 5 5 5
0.5 3 3 3 3 3 3 3 3 3 3 3 3 4 4 3 3
0.6 1 1 2 2 3 1 1 1 3 3 1 1 3 3 1 1

Blank cell indicates that the connection is not suitable for any wind zone

'REEOH VSD

‘Te 19 “d'S ueuefereN ()

6LQJOH VSDQ

Q



Table10. :LQG JRQHV LQ ZKLFK HDFK URR¢QJ V\VWHP FDQ EH XVHG = FDVH 'RXEOH VSD(

Permeability of the building

;%c;ft Thick(mm) low medium high large
No of bolts No of bolts No of bolts No of bolts
AC 2A 2B 3A 3B 4 2A 2B 3A 3B 4 2A 2B 3A 3B 4 2A 2B 3A 3B 4
6 5 1 3 5 1 3 6 3 3 6 3 3
No of bolts No of bolts No of bolts No of bolts
3 4 5 6 3 4 5 6 3 4 5 6 3 4 5 6
Gl 0.4 3 1 3 3 4 3 3 3 5 3 3 3 5 3 3 3
0.5 3 3 3 3 3 3 4 4 3 4 3 4 3 4 5 5
0.6 1 2 1 1 1 1 1 1 3 1 1 1 1 1 1 1

Blank cell indicates that the connection is not suitable for any wind zone

Bunsal peo oneIS UO
7. NY1 ADHIEB 0OATNMAXDO NIl AdHMA\9 AMHHM9 cO?44dS
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5RR¢QJ VKHHW V\VWHPV VXLWDEOH IRU &*, URR¢{QJ VKHH)
ZLQG J]RQHV LQ FDVH LV VXPPDUL]J]HG LQ 7DEOH 7KH URI
wind zones in case 2 are summarized in Table 1 Z.DrEE OHV DQG WKH URR¢ Q
system is indicated by the thickness of the sheet used with the number of bolts per purlin
within brackets.

Table 11. Connections for CGl and AC roof sheet of span 1.4m for different wind zones — case 1

Wind zone *»23 URR¢QJ VKHHW $& URR¢{;QJ VKHHW
Single span Double span Single span Double span

1 0.6 (5,6) 0.6 (4,5, 6)

2 0.6(3,4) 0.6 (3) - 3type B

3 0.6(3) 0.6 (3,4,5,6) - 3type B

4 0.5(3,4,5,6) 0.6 (3,4,5,6) 3type B 4

5 0.4(6) 0.5(3,4,5,6) 4 4

6 0.4(3,4,5) 0.4(3,4,5,6) 3type A 3type A

Table 12. Connections for CGl and AC roof sheet of span 1.4m for different wind zones — case 2

) &*, URR¢QJ VKHHW $& URR¢{QJ VKHHW
Wind zone
Single span Double span Single span Double span
1 0.6 (3,4,5,6) 0.6(3,4,5,6)
2 - -
3 0.6 (3,4,5,6) 0.6(3,4,5,6) - 3type B
4 0.5 (3,4,5,6) 0.6(3,4,5,6) 3type B 4
; ospas0  usEasa :
6 0.4(3,4,5,6) 0.4(3,4,5,6) 3type A 3type A

&*, URR¢{QJ VKHHW

From Table 11, it is seen that for wind zone 1 (55 m/s wind speed), single span 0.6 mm
WKLFN &*, URR¢{QJ VKHHW VSDQQLQJ RYHU P ZLWK ERO
FRQQHFWLRQ DUH ERWK VXLWDEOH )RU ]JRQH URR¢QJ VKI
FRQQHFWLRQ LV IRXQG WR EH VXLWDEOH )RU WZR %= VSDQ
ZLWK DQRG EROWYV SHU SXUOLQ FRQQHFWLRQ LV IRXQG \
3 bolts per purlin connection is suitable for zone 2.

7TDEOH JLYHV URR¢QJ VKHHW V\VWHP ZLWK VXLWDEOH F

VSHHG LV XVHG IRU JRQH PV ,W LV VHHQ WKDW IRU ER!
for span of 1.4 m, no connection is suitable for zone 2. For zone 1, for both single and two
VSDQ URR¢QJ PP WKLFN VKHHW ZLWK RU EROWYV St

$& URR¢QJ VKHHW

7TDEOH LQGLFDWHY WKH URR¢{QJ VKHHW V\VWHP ZLWK VX
for a span of 1.4 m c/c for single and double span for the basic wind speeds indicated in IS
SDUW IRU GLITHUHQW ZLQG JRQHV )RU JRQH QR UR
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VXLWDEOH IRU ERWK VLQJOH VSDQ DQG WZR VSDQ FDVHV )F
VKHHW VA\VWHP LV IRXQG WR EH VXLWDEOH )RU DOO RWKHL
FROQHFWLRQVY DUH LQGLFDWHG LQ WKH WDEOH 7DEOH J
V\VWHPV LI WKH PRGL¢{HG EDVLF ZLQG VSHHG LV XVHG IRU ]I
ERWK VLQJOH DQG GRXEOH VSDQ QR $& URR¢{QJ VKHHW V\V\
span case also, no connection is found to be suitable. For all other wind zones, the suitable
connections are indicated in the table.

Thus for CGI sheets considering IS 875 Part 3 1987 suitable connections are available
for a span of 1.4 m for wind zone 1 (for both single and double spans) and wind zone 2 (both
VLQJOH DQG GRXEOH VSDQV +RZHYHU LI WKH PRGL¢HG ED\
]JRQH IRU D VSDQ RI P QR VXLWDEOH *, URR¢{QJ VKHHW
ERWK VLQJOH DQG GRXEOH VSDQV 7KXV LW LV QHFHVVDU\
sheets are to be used in wind zone 2.

When the design wind speed of 50 m/s is used, for AC sheets spanning over 1.4 m, no
suitable connection is available for zone 1 for both single and double span. No suitable single
VSDQ $& URR¢QJ VKHHW V\VWHP LV DOVR DYDLODEOH IRU ]F
VSHHG IRU ZLQG ]JRQH LV XVHG QR VXLWDEOH URR¢QJ VKF
DQG GRXEOH VSDQ IRU ]JRQHV DQG $QG HYHQ IRU ]JRQH V
suitable connections are not available for a span of 1.4 m. Thus it is necessary to go in for a
UHGXFHG VSDQ RI URR¢QJ VKHHW IRU WKHVH FDVHYV

SUITABILITY OF REDUCED SPANS FOR WIND ZONES 1 AND 2
Reduced spans for AC sheets in zone 2

Results show the need for the use of reduced span for both AC and CGlI sheets in zones

DQG 7TDEOH VKRZV WKH WHVW UHVXOWYV RQ $& URR¢QJ
spans (1.4m, 1.2m, 1.0m and 0.8m). The maximum permissible wind speeds corresponding to
ultimate loads are shown in row 4. Comparing with IS 875 Part 3 1987 design wind speeds,
VXLWDEOH VSDQV DUH LGHQWL¢{¢HG IRU HDFK ZLQG JRQH ,I

VSDQ RI P PD\EH UHTXLUHG IRU ]JRQH DQG IRU VLQJOH
speed is used for zone 2, a span of 1.0 m may be required for critical areas whereas for zone
VSDQ RI P ZLOO EH VXI¢FLHQW

Table 13. Ultimate load (N) and maximum permissible wind speeds for different spans for AC sheets
with 3 bolts per purlin (type B) and wind zone in which the span length is safe

6SDQ RI WKH URR¢QJ VKHHW P

1.4 1.2 1.0 0.8
Ultimate load (N) 6160 8766 10465 11998
Maximum permissible wind speed (m/s) 44.8 57.7 69.09 82.7
IS 875 Part 3 1987 4 1 1 1

ORGL¢{(HG EDVLF ZLQG VSHHG XVHG LQ JRAQH 1 2 2




94 Narayanan S.P,, et. al.

Reduced spans for CGI sheets in zone 2

Table 14 shows the permissible load per square meter of 921 N PP &*, URR¢{QJ
sheet with span 1.4m and 5 bolts per purlin connection. The permissible load per square meter
for 1.2m and 1.0 m span are calculated using

Where W is the known load per square m for spaanid W, is the calculated maximum
permissible load per tfor span J.

The maximum permissible wind speed for each case is calculated assuming category?2
terrain and large openings in the building (column 3, Table 14).Comparing with Table 6, the
ZLQG JRQH LQ ZKLFK D SDUWLFXODU VSDQ RI URR¢QJ VKHH\
and 5).

Table 14. Ultimate load (N) perm? IR U PP &*, URR¢QJ VKHHW ZLWK EROWY SHU SX
for different spans and suitable wind zone in which it could be used
S(;;?)n Ultir?l\?/trfq I2§)ad Maximum permi(i:}g;e wind speed Case 1 Case 2
1.4 921 60.45 1 1
1.2 1254 70.53 1
1.0 1806 84.65 1

JXUWKHU WKH URR¢{QJ VKHHW VA\VWHP ZLWK FRQQHFWLRQ"
2) were evaluated for general or interior area of the roof as well as critical areas of the roof
(Table 15). It is seen that for general area, CGI sheets of 0.6mm with 5 bolts per purlin and 1.3
m span is required. For critical areas, a span of 1.2m is required. It is seen that for general area,
$& VKHHWYV RI PP ZLWK W\SH % FRQQHFWLRQV D VSDQ RI
areas, a span of 1.0m is required.

Table 15. &RQQHFWLRQV VXLWDEOH IRU ZLQG JRQH IRU $& DQG &*, U

Area on roof Material Thickness Span Span Number of polts
Mm per purlin
Single 1.3 5
CGl 0.6
General area Double 13 5
of roof Single 1.4 3type B
AC 6.0 9 P
Double 14 3type B
Single 1.2 5
CGlI 0.6
Critical areas Double 12 5
of the roof Single 1.0 3type B
AC 6.0 g P

Double 1.0 3type B




5RR¢QJ 6KHHWYV 6\VWHPV IRU ,QGXVWULDO KHGV IRU 'LI
on Static Load Testing

CONCLUSIONS

7KH UHVXOWYV RI VWDWLF XSORDG WHVWV RQ URR¢QJ VKH
WKH VDPH ZzDV XVHG WR LGHQWLI\ VXLWDEOH URR¢{QJ VKHHMW
The conclusions based on the study are given below.

1. Connections have been recommended for different wind zones considering that a
UHGXFWLRQ LQ WKH QXPEHU RI WKH FRQQHFWLRQV SHU
in cost.

2. )RU $& URR¢{QJ VKHHWYV IRU ERWK FDVHV DV SHU ,6
basic wind speed for zone 2), no suitable connections are available for zone 1(single
span and double span). For zone 2 and 3 no suitable connections are available for
single span case. For case -1 (wind speed as per IS 875 Part 3 1987), a span of 1.2 m
LV VXI¢FLHQW IRU JRQH VLQJOH VSDQ DQG GRXEOH V¢
PRGL{HG SURYLVLRQV FDVH $ VSDQ RI P LV QHHGI
of 1.2m is required.

3. 5RR¢{(QJ VKHHW V\VWHPV ZLWK VXLWDEOH FRQQHFWLRQ
R PP WKLFNQHVV IRU VSDQ RI PIRU ZLQG JRQHV D
basic wind speed of 65m/s is used for zone 2, it is necessary adopt a shorter span of
1.2m (for both single span and double span).

4. 5RR¢QJ VKHHW V\VWHPVY DUH UHFRPPHQGHG IRU GLIIHU
RI UHVXOWYV RI VWDWLF ORDG WHVWV +RZHYHU GXULQ
VXEMHFWHG WR G\QDPLF ORDGV 7KXV G\QDPLF SURSH
and its performance under simulated cyclonic wind loads have to be studied.
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