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Editorial

Welcome from the Editors

Welcome to the eighteenth (18th) issue of Malaysian Construction Research Journal 
(MCRJ). We are pleased to announce that MCRJ will be published three volume 
per year, starting from 2016. We would like to express our sincere gratitude to our 
reviewers, contributing authors, and readers for their continuous support to MCRJ. 
We look forward to publish more high quality research papers in the coming volumes.   

The 18th MCRJ features ten (10) interesting papers covering wide range of research 
area: five (5) quantitative analysis research papers; four (4) review papers, and one 
(1) technical paper. It is hoped that the readers will find informative articles from this 
edition of MCRJ. 

In this issue:

Foo Chee Hung, et. al., assess the readiness of Malaysian contractors towards 
trade liberalization through the respondents’ level of awareness of FTAs, ability of 
local competition, and intention to export overseas. Besides, the relative advantage or 
disadvantage of the Malaysian construction industry in the global market is evaluated 
through the calculation of the Balassa’s Revealed Comparative Advantage Index 
(RCA).

Nor Asma Hafizah Hadzaman, et. al., investigate the processes of Building 
Information Modeling Execution Plan (BEP) and the strategies to implement BIM 
in mega construction projects. The results of the research provide an insight into the 
Malaysia construction projects and will provide a valuable guideline in managing 
BIM for Mega construction projects.

Through questionnaire survey, Anuar Alias and Azlan Shah Ali identify five 
dimensions of issues surrounding highland development, and two main control 
mechanisms. The associative test revealed that there were significant relationships 
between control mechanisms and the challenges of highland development, which 
indicates the effectiveness of these mechanisms in addressing current problems.

Hamimah Adnan, et. al., conduct a partnering research that focused on small-
sized contractors, in order to ascertain the partnering concept, as well as to identify the 
problems and effects as perceived by the small-sized contractors from the Malaysian’s 
perspective. 



vi

Mastura Jaafar, et. al., measure the satisfaction level of professional women 
in work-life balance in order to examine the obstacles faced by women professional 
quantity surveyors in the Malaysian construction industry. 

Through literature review and modified Delphi questionnaire, Mohd Fairullazi 
Ayob and Khairuddin Abdul Rashid attempt to identify the most appropriate 
methodology for investigating the quality of cost data inputs in Life Cycle Cost (LCC) 
analysis for building works in the Malaysian construction industry.

Mohd Zamri Ramli and Azlan Adnan review back the problems and design 
of the bridge under seismic effect in Malaysia. They found that bridge inspection 
identifies the current conditions and the problems in the bridge but seismic vulnerability 
identifies the expected potential of seismic hazards of a bridge due to lateral seismic 
forces. Since the effects of the Sumatran earthquakes toward Malaysian bridges are 
still questionable, modifications to the current code of practice are necessary, as well 
as the inclusion of a proper site-inspection and post-earthquake inspection.

Khairuddin Abdul Rashid and Samer Shahedza Khairuddin review the 
evolution of the Malaysian systems of registration of contractors and the newly 
introduced One Registration System for Contractors (1RoC). The review mainly 
focuses on the registration system working process, the migration from previous dual 
system of registration to the 1RoC, and the benefits of the 1RoC to the contracting 
services and the construction industry of Malaysia.    

Through conducting content analysis of past studies, Samer Shahedza 
Khairuddin, et. al., attempt to provide a better understand on the competency levels 
of QSs in relation to Private Finance Initiative (PFI) services.

Mohamad Nazli Md Jamil and Norazura Muhamad Bunnori investigate the 
reuse of sewage sludge ashes (SSA) as a natural admixture to the cement mortar 
in varying incinerated temperature. Several tests were performed to measure the 
physical and chemical properties of the cement mortar. It is revealed that the optimum 
incinerated temperature for SSA is at 900oC as it had preferable flow value, high in 
compressive strength, low in water absorption, and low in heavy metal concentration.

Editorial Committee
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Abstract
Malaysia is committed under various trade and economic agreements. In line with the ASEAN 
Framework Agreement of Services (AFAS), the country’s construction sector is earmarked 
for full liberalization in 2015. While the introduction of liberalization policies may increase the 
productivity and create a healthy competition between the leading domestic and international 
construction industry, unpleasant speculation is rising among local contractors as they felt 
that domestic players may not be able to stand a chance for their business survival. As such, 
the present study was conducted: (i) to evaluate the level of readiness of local contractors 
towards liberalization, and (ii) to identify challenges and opportunities of liberalization on local 
contractors. The findings reveal that the respondents’ readiness towards trade liberalization 
can be categorized with respect to the level of awareness of FTAs, ability of local competition, 
and intention to export overseas. Most of the respondents (62.3%) were found not aware 
of the FTAs, but with the opinion that local contractors are able to compete in local market 
when the market is opening up, and having no plan to export their services within the next 
three years. Such confidence was mainly built upon the advantage local contractors enjoy in 
domestic market due to their knowledge of the domestic market and superiority in relationship 
with government and firms. Low awareness of FTAs and inspiration among respondents to 
venture into international market are mainly due to the lack of connection and information 
about overseas markets, particularly the requirements and acceptance of local workmanship 
quality, as well as lack of international exposure are the main constraints contributed to the low 
motivation of venturing out of their comfort zone.

Keywords: Construction; Contractors; Liberalization; Malaysia, Readiness.

INTRODUCTION

Liberalization refers to the relaxation of laws or rules by a government. In the arena of 
international trade, liberalization means the removal or reduction of restrictions on the free 
exchange of goods between nations. Malaysia is considered as a great beneficiary of trade 
liberalization as it is offered the opportunities to access to a large international market ever 
since various trade and economic agreements were concluded, signed, and implemented by 
the country. International trade is an important contributor to Malaysia’s economic growth 
with exports contribution amounting to 97% of its GDP (EPU, 2012). Many Malaysian 
companies from various sectors (i.e. oil and gas services sector, education, aviation, health, 
and other professional services) have successfully ventured into global markets. The financial 
sector, for example, has evolved into a new level of performance through liberalization, with 
many key achievements such as the consolidation and rationalization of the banking industry, 
diversification of the financial sector with a deep and liquid debt securities market, and the 
strengthening of corporate governance and risk management practices, as compared to its 
previous performance which used to be characterized as having a fragmented banking system 
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and poorly developed bond market (Bank Negara Malaysia, 2012). The success of the market-
oriented growth strategies has led the country to direct its trade policy towards creating a more 
liberalized and fair global trading environment.

However, as like many other developing countries, liberalizing the construction sector 
is still a challenging issue for Malaysia to deal with. Considering its position and role in 
the development process, the construction industry’s competitiveness has become a deep 
concern of most developing countries. For centuries, the construction industry has played 
a key role in the socio-economic development of all countries, ranging from providing 
infrastructure support to factors of production for other economy sectors (Maznah et al., 
2006). It is especially so in the case of developing countries as construction industry is 
responsible for the provision of infrastructure, road, bridges, water, sewerage, electricity, 
telecommunications, and shelter (Gubago, 2000). A review of the world construction market 
shows that international contracting organizations, which mainly consist of contractors 
from the major industrialized countries, are occupying an increasingly dominant role in the 
international construction markets. Although some developing countries have been exporting 
construction services successfully and have attained a certain competitive advantage, they still 
have extremely limited success in penetrating the markets of developed countries. Factors that 
seriously affect the competitiveness of developing countries as well as their access to the world 
construction markets are such as the rapidly changing economic environment, privatization of 
public utilities, internationalization of production, diminishing financial assistance from the 
government, weak domestic banking systems etc. (UNCTAD, 2000). Besides, construction 
markets are particularly unpredictable, making planning to penetrate foreign market more 
difficult. Firms attempting to export services must conform to numerous regulations, 
including the use of land, building regulations, technical requirements, building permits 
and inspection, registration of proprietors, contractors and professionals, regulations of fees 
and remunerations, environmental regulations, and even fiscal policy measures (UNCTAD, 
2000). Despite the increasing competition and the growing technical sophistication of the 
world construction process, there still exist several reasons for construction companies to 
expand their business into international market. Among these reasons are such as the stagnant 
domestic markets, spreading risk through diversification into new markets, competitive use of 
resources, and taking advantage of the opportunities offered by the global economy (Maznah 
et al., 2006). Similarly, Ahmad and Kitchen (2008) and Ragayah (1999) have also pointed 
out that the major reasons for a company to expand internationally are to find new markets 
for growth, overcome import restrictions, and barriers of the host country, diversify risks, and 
seek and obtain cheaper resources abroad.

Being position as a growth enabler in other sectors, the Malaysian construction industry is 
generally perceived as under achieving, with low profitability, does not invest enough capital 
in training, research and development, and lack of competitiveness against international top 
industry leaders. It has also been said not to spread good practices and lack of the adoption 
of information and communications technology (ICT). The introduction of liberalization 
policies is seen as a shift towards attracting more inward investment and foreign companies 
into the country, as to heighten the image, productivity, and efficiency of the construction 
industry. Under the ASEAN Framework Agreement of Services (AFAS), a targeted timeline 
for liberalizing the construction sector is set, where 51% and 75% of the equity liberalization 
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were expected to achieve in 2008 and 2015, respectively (MITI, 2011). Although such move 
deems to further stimulate the growth of the country’s construction industry, arguements arise 
that opening up the market to international competition would place the country’s construction 
industry in a lucrative target that might benefit the strong players but jeopardise the growth 
potential of the domestic market. To ensure liberalization meets its initial objectives while 
minimizing any undesirable outcomes, it is necessary to identify the domestic preparedness 
to the international competition. The present study, thus, strives (i) to evaluate the level of 
readiness of local contractors towards trade liberalization; and (ii) to identify challenges and 
opportunities brought by liberalization to the local contractors.

STUDY BACKGROUND

The Status of Malaysian Construction Market

Historical statistics show that the Malaysian construction market is competitive with local 
companies taking the lead. Foreign contractors only account for a small portion of the market. 
For example, in 2012, the share of project value awarded to foreign contractors was 9.3%, as 
compared to 90.7% awarded to the local contractors, with projects totalling RM112.5 billion 
(Figure 1). This is because of the equity conditions applied to foreign players based on different 
trade agreements and other operational barriers to entry, such as access to business and project 
financing, lack of track record in the successful past completion of local projects, availability 
of manpower, etc. Besides, Malaysian contractors have gained high reputation in general 
construction works (i.e. building, road, highways, bridges etc.) due to their experiences and 
active involvement in the domestic mega projects (Mustaffa et al., 2012). International tenders 
will only be invited for projects that are of high value, more complexes, technology-driven, 
and require application of project management skills of international standard (i.e. projects 
for oil refineries, power plants etc.) which local expertise and capability are not available.

A closer look at the breakdown of projects (based on value range) may find that foreign 
contractors normally involve in projects valued RM500 million and above. In fact, projects 
with value range exceeding RM500 million to RM1, 000 million consists of about 15% of the 
total awarded project to foreign players, while projects with value range exceeding RM1, 000 
million accounts for nearly 51% (Figure 2). This is in contrast to the local contractors, where 
they mostly involve in projects valued from RM0.5 million to RM300 million. Approximately 
31% of the projects undertaken by local contractors came from those with value range 
exceeding RM10 million to RM50 million. Projects with value range exceeding RM50 
million to RM100 million and RM100 million to RM300 million contribute about 14.4% 
and 17.6%, respectively (Figure 3). Among the foreign contractors that involved in local 
construction work, East Asia (i.e. Japan (24%), China (19%), and Korea (18%)) have been 
covering a significant portion of work awarded, followed by Germany (10%), Switzerland 
(7%), and India (5%) (Figure 4). Hong Kong and Taiwan are the other two East Asia countries 
that contribute about 2% each to the total foreign involvement in local construction work. 
Among the ASEAN countries, Singapore (4%) and Thailand (1%) are actively involving in 
the Malaysian construction work.
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(Data source: CIDB Construction Quarterly Statistical Bulletin; Own calculation)
Figure 1. Percentage of project value awarded to local and foreign contractors

(Data source: CIDB Construction Quarterly Statistical Bulletin; Own calculation)
 Figure 2. Share percentage of construction project with different value range undertaken by 

foreign contractor, 2003 – 2012
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 (Data source: CIDB Construction Quarterly Statistical Bulletin; Own calculation)
 Figure 3. Share percentage of construction project with different value range undertaken by 

local contractor, 2003 – 2012

(Data source: Unpublished data from CIDB IT Department)
 Figure 4. The involvement of foreign contractors in local construction work based on value of 

project awarded, 2007 – 2012
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The Status of Malaysian Contractors in International Market

In terms of business expansion, the Malaysian contractors have a regional focus with 
ASEAN countries being the main market. The local contractors also make their presence in 
Middle East, South Asia, and Africa (Figure 5). Some of them even involved with projects 
in countries like Bosnia, China, Mongolia, Papua New Guinea and Hong Kong. The types 
of construction project awarded to Malaysian companies cover a wide range, with highway, 
building, power plant, residential, and mixed development being the top five overseas projects 
that contribute to more than RM65,000 million (Table 1).

(Data source: CIDB International Project Database)
Figure 5. Percentage of projects undertaken by Malaysian contractor in various regions

as of March 2013

Table 1. Summary of overseas project by category as of March 2013
Category Total Project Project Value (RM million)

Highway 77 17,433.20

Building (Institution, recreation/sport, auto-
mation system, commercials) 139 13,400.88

Power plant 16 12,807.87

Residential 55 11,745.24

Mixed development 22 10,256.40

Water treatment system 45 4,969.58

Airport 27 3,726.42

Structural frame 81 3,321.45

Jetty/pot 11 3,051.21

Railway 9 2,873.30

Oil 7 gas 43 2,808.43

Mechanical & electrical 68 2,149.92

Road 33 595.35

Power transmission 23 454.24

Bridge 7 341.51

Telecommunication 2 134.78

Tunnel 6 123.21
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Heavy engineering 10 119.35

Geotechnical 7 69.72

Landscape 1 69.72

Flood/disaster 2 9.80
(Data source: CIDB International Project Database)

Up to March 2013, there have been 115 companies venturing into overseas market (CIDB 
International Project Database), providing services to 50 countries, as compared to year 2010, 
where 109 Malaysian companies involved in overseas projects originated from 49 countries 
(Musttafa et al., 2012). However, a declining participation of local contractors in the global 
market is observed. A total of 59 projects were undertaken by Malaysian contractors in 2006 
and the number has declined to only 5 projects in 2012 (Table 2). On a positive note, the 
declining trend does not indicate a lack of competencies on the part of domestic firms, but 
rather a softening that has been experienced by major markets around the world. While many 
trade liberalization efforts have been taken over the years, the construction services sector 
has not shown big improvement in terms of the participation in global market. Based on 
a simple analysis of the focus of Free Trade Agreements (FTAs), most trade liberalization 
initiatives have not involved the sector’s major export markets – apart from countries in the 
ASEAN region. Major markets, such as the Middle East, have not been part of any trade 
liberalization efforts, while liberalization efforts with India only began in 2011. In addition, 
Malaysian construction companies have been performing well in these markets even without 
trade liberalization efforts, as demonstrated by the capture of RM13.736 billion in projects 
from the Middle East in 2007 (EPU, 2012).

Table 2. Number of projects undertaken by Malaysian Contractors in the global market, 2006 – 2012
Country/Region 2006 2007 2008 2009 2010 2011 2012

ASEAN 13 20 7 2 12 2 -

India 9 8 1 2 3 2 -

Middle East 25 29 24 29 4 1 5

Africa 2 - 3 - - - -

Others 10 17 20 5 5 4 -

Total 59 74 55 38 24 9 5

(Source: Adapted from CIDB Construction Quarterly Statistical Bulletin)

METHODOLOGY

A combination of research techniques is used to achieve the study objectives. Macro Scale 
Analysis was performed by calculating the Revealed Comparative Advantage Index (RCA), 
while Micro Scale Analysis was accomplished through informal interviews with respective 
industry players, focus group discussion, and questionnaire survey. The collected data were 
then integrated and analysed to draw conclusions.

Macro Scale Analysis

The relative advantage/disadvantage of the Malaysian construction industry in the 
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global market is assessed through Balassa’s Revealed Comparative Advantage Index (RCA). 
According to Balassa (1965), the comparative advantage of a nation can be revealed from 
the nation’s trade performance, by comparing the relative shares of a country’s exports of 
a particular commodity/service to the world exports. In general, trade benefits countries 
that specialized in the production of goods and services with the lowest opportunity costs. 
A country is said to have the comparative advantage in the production of a good/service if 
that country is able to produce the said product/service at a cost (opportunity cost) lower 
than others. Empirically, RCA is expressed as in Equation 1. The numerator represents the 
percentage share of a given service sector in national exports, while the denominator represents 
the percentage share of a given service sector in world exports. A country’s comparative 
advantage is revealed if RCA > 1, which means the exports share of country i in commodity 
j is higher than the share of commodity j in the world total exports. A country is said to have 
a weak comparative advantage when the calculated RCA is between 1 and 2, while a country 
has a strong comparative advantage when the RCA is between 2 and 3. By having a RCA 
above 3, a country is said to have a very strong comparative advantage.

Equation 1. Revealed Comparative Advantage Index (RCA) 

RCA   = 

  = 

Interpreting a country’s comparative advantage depends on which measures to be used. 
Although the standard measure of RCA totals sector i over all trade exports (merchandise 
and services), there are other RCA measures which the differences lay in the summation of 
the different sectors. One of the measures totals sector i over all service exports (excluding 
the merchandise), while the other one totals sector i over gross domestic product (GDP) 
of the given country. For example, China, a big export country, may report a comparative 
advantage in construction sector when RCA that totals construction sector over all service 
exports (excluding merchandise). However, due to the size of China’s merchandise trade, 
the respective comparative advantage is diminished when service exports are weighted by 
total trade (merchandise and services). In the present study, two types of RCA measure were 
presented: (1) the one weighted by total trade (merchandise and services); and (2) the one 
weighted by overall service exports (excluding the merchandise). With reference to these two 
types of RCA, the present study allows for a more nuanced understanding of the role that 
construction services export play in the country’s economy.

For the calculation of RCA index, data of world services exports for a period of 12 years 
(2000 – 2012) were collected from the United Nations Conference on Trade and Development 
(UNCTAD) database for all 11 categories. Table 3 lists the countries for which RCA are 
calculated. To note, only upper-middle income (with GNI per capita between $4,086 and 
$12,615) and high income countries (with GNI per capita $12,616 or more) are included in 
the calculation, while the low income (with GNI per capita $1,035 or less) and lower middle 
income countries (with GNI per capita between $1,036 and $4,085) are excluded, as to avoid 
any confusion happens to the RCA ranking due to the inclusion of countries with relatively 

xij

xwj

xi

xw
percentage share of exports of commodity j from country i

percentage share of exports of commodity j from the world
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lower services export in general (i.e. Laos, Myanmar). Besides, low income countries do not 
often possess completed set of data across all eleven services sectors, which in turn may lead 
to a higher ranking in those sectors for which data are available.

Micro Scale Analysis

A structured questionnaire was designed to study the perception of local contractors 
towards trade liberalization. The level of readiness was assessed from the perspectives of (i) 
Awareness – understanding on the concept of liberalization (in terms of Free Trade Agreements 
(FTA)), (ii) Competition – ability to compete with foreign contractors in local market, and (iii) 
Intention – planning to export construction services. The first part of the questionnaire covers 
the contractors’ profile, such as services provided by the company, year of establishment, 
number of employee etc. The second part asked about the contractors’ awareness of FTAs and 
the utilization of FTAs in exporting services to overseas. The third part consists of questions on 
preparedness with regard to the competition from foreign players, benefits and challenges that 
the contractors perceived with respect to the trade and liberalization in construction industry. 
In the fourth part, the respondents were asked whether they are exporting their services to 
overseas, intention to provide services to other countries in the next three years, and their 
agreement/disagreement on statements regarding the benefits and challenges of going abroad. 
The response formats include both open and close-end. The close-end questions were either 
in multiple choices or in ranking scale (a 5-point Likert scale).

Among the seven classes of contractor (Table 3), only G5, G6, and G7 contractors were 
covered in the survey, with a total population of 10,867 (Figure 6). G1 to G4 contractors 
were omitted because they normally do not export their services to overseas. Besides, they 
mainly involve in projects with value ranges from RM0.5 million to RM5 million, which 
are seldom undertaken by the foreign contractors. G5 to G7 contractors, on the other hand, 
are the major player for projects with value ranges from RM5 million and above, and they 
are likely to be affected following the trade liberalization in the construction industry. In 
order to achieve 90% confidence levels and maintain 3% margins of sampling errors, 
which is the accepted confidence interval and sampling error in research surveys, 400 local 
contractors were surveyed. The survey data were analysed using the Statistical Packages for 
Social Sciences (SPSS). Among the statistical tests to be applied in this study are: frequency 
analysis, crosstab analysis, Kruskal Wallis test, Mann Whitney U, and Spearman correlation. 
The Relative Importance Index (RII) (Equation 2) was used to rank statements with 5-point 
Likert scale, while the average index analysis (Equation 3) was applied to obtain the average 
level of competitiveness among surveyed respondents (Table 4).

Table 3. Status of contractor under CIDB registration grade
Grade Limit for tender

G1 Not exceeding RM200,000

G2 Not exceeding RM500,000

G3 Not exceeding RM1 million

G4 Not exceeding RM3 million

G5 Not exceeding RM5 million

G6 Not exceeding RM10 million

G7 No limit
(Source: Construction Industry Development Board Malaysia (CIDB))
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(Data source: CIDB Construction Quarterly Statistical Bulletin)
Figure 6. Total number of registered contractors as of 31st December 2012

Equation 2. Relative importance index (RII)

RII= 
∑w

        An 
Where:

w = Weight given to each factors by the respondent

A = The highest weight in this study, which is 5

n = The total number of sample

RII = The relative important index, 0<RII<1

Equation 3. Average index analysis

Average Index = ∑ (1x1+2x2+3x3+4x4+5x5 )                           
_____________________

                                                              N
Where:

x1 = Number of respondents for Not Important/Strongly Disagree

x2 = Number of respondents for Less Important Disagree

x3 = Number of respondents for Average/Fair

x4 = Number of respondents for Important/Agree

x5 = Number of respondents for Very Important/Strongly Agree

Table 4. Average Index interpretation table
Average Index Level of competitiveness

0.00 ≤ Average Index < 1.50 Low

1.50 ≤ Average Index < 2.50 Medium-low

2.50 ≤ Average Index < 3.50 Medium

3.50 ≤ Average Index < 4.50 Medium-high

4.50 ≤ Average Index ≤ 5.00 High
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RESULTS

Comparative Advantage of the Malaysian Construction Sector

A snapshot of the 2011 country rankings of construction service exporters is provided, 
instead of 2012, since most countries reported data for that year. Both Table 5 and Table 6 
report the RCA ranking of upper-middle income to high income countries for construction 
industry in 2011, where the construction services were weighted against total exports 
(merchandise and services) and against all services exports (excluding merchandise), 
respectively. Some countries are excluded in the ranking because not all countries involve 
in construction services export. A completed set of RCA figures, from year 2000 to 2012, 
are available in appendix.  When ranking was done based on total trade (merchandise and 
services), Malaysia was placed at 39th (Table 5), while a higher place was achieved (27th) 
when only services exports were considered (Table 6). Such ranking pattern is common for 
countries that actively involved in mass merchandise export because countries with relatively 
large resource or merchandise export may lose ground in the RCA ranking (weighted by total 
trade) as their services exports are relatively lesser than goods exports. A typical example can 
be observed through the RCA rankings of China and Russia, where both these countries have 
shown tremendous improvement when the calculation of RCA is excluding the goods exports.

In general, RCA ranking provides an indication of the relative importance of construction 
services export for the entire economy of a country. Based on the two RCA rankings, Malaysia’s 
construction services export is ahead of other ASEAN countries (Table 7). Coincidently, these 
countries are also the major market for Malaysian contractors. On the other hand, the country’s 
construction industry is still lagged behind as compared to those from the East Asia countries, 
particularly Japan, China, and Korea, as players from these countries have been penetrating 
local market successfully through involving in projects with a wide range of value.

Table 5. Countries’ RCA (weighted by total trade) ranking for construction industry, 2011

Rank Country RCA Rank Country RCA

1 Korea, Republic of 5.079 36 Belarus 1.068

2 Montenegro 4.953 37 French Polynesia 1.046

3 Lebanon 4.214 38 Luxembourg 0.929

4 Greece 4.076 39 Malaysia 0.904

5 Albania 3.919 40 Netherlands 0.851

6 Finland 3.866 41 Sweden 0.743

7 Serbia 3.602 42 Lithuania 0.742

8 Tunisia 3.425 43 United Kingdom 0.741

9 Estonia 3.225 44 Slovakia 0.719

10 Faeroe Islands 2.887 45 Austria 0.707

11 Curaçao 2.816 46 Hungary 0.705

12 Sint Maarten (Dutch part) 2.760 47 Azerbaijan 0.614

13 Japan 2.541 48 Bulgaria 0.481
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Rank Country RCA Rank Country RCA

14 France 2.530 49 Singapore 0.459

15 Bosnia and Herzegovina 2.476 50 Saint Kitts and Nevis 0.451

16 New Caledonia 2.464 51 Denmark 0.392

17 Israel 2.236 52 Thailand 0.358

18 Spain 2.036 53 Algeria 0.351

19 Portugal 1.984 54 United States 0.317

20 Iceland 1.859 55 Norway 0.285

21 Mauritius 1.803 56 Botswana 0.251

22 Bermuda 1.767 57 China, Taiwan Province of 0.213

23 China 1.526 58 Canada 0.172

24 Poland 1.507 59 South Africa 0.114

25 Turkey 1.475 60 Argentina 0.095

26 Germany 1.462 61 Kazakhstan 0.095

27 Croatia 1.445 62 China, Hong Kong SAR 0.058

28 Belgium 1.422 63 Trinidad and Tobago 0.058

29 Romania 1.365 64 Australia 0.051

30 Slovenia 1.307 65 Aruba 0.050

31 Russian Federation 1.173 66 Italy 0.037

32 Latvia 1.146 67 New Zealand 0.017

33 Czech Republic 1.144 68 Panama 0.016

34 Cyprus 1.100 69 Brazil 0.013

35 TFYR of Macedonia 1.075

(Data source: UNCTAD; Own calculations)

Table 6. Countries’ RCA (weighted by overall service exports) ranking for construction industry, 2011

Rank Country RCA Rank Country RCA

1 Korea, Republic of 6.362 36 Netherland 0.767

2 China 3.268 37 Latvia 0.767

3 Faeroe Islands 3.237 38 Botswana 0.652

4 Russian Federation 3.125 39 Sint Maarten (Dutch part) 0.608

5 Japan 2.948 40 Mauritius 0.591

6 Tunisia 2.934 41 Singapore 0.556

7 Bosnia and Herzegovina 2.745 42 Croatia 0.544

8 Finland 2.531 43 Austria 0.490

9 Estonia 2.388 44 Sweden 0.476

10 Serbia 2.357 45 Norway 0.471
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Rank Country RCA Rank Country RCA

11 New Caledonia 1.910 46 Bulgaria 0.417

12 Germany 1.811 47 Thailand 0.416

13 Romania 1.781 48 Kazakhstan 0.378

14 Poland 1.680 49 United Kingdom 0.353

15 Belarus 1.675 50 Bermuda 0.344

16 France 1.660 51 China, Taiwan Province of 0.297

17 Slovakia 1.626 52 Cyprus 0.244

18 Azerbaijan 1.616 53 French Polynesia 0.236

19 Montenegro 1.495 54 Luxembourg 0.214

20 Israel 1.464 55 Canada 0.211

21 Czech Republic 1.449 56 Denmark 0.201

22 Algeria 1.389 57 United States 0.199

23 Albania 1.363 58 South Africa 0.172

24 Slovenia 1.276 59 Argentina 0.117

25 Greece 1.260 60 Saint Kitts and Nevis 0.114

26 Turkey 1.250 61 Iceland 0.097

27 Malaysia 1.204 62 Australia 0.058

28 Spain 1.171 63 China, Hong Kong SAR 0.047

29 Portugal 1.166 64 Italy 0.042

30 Belgium 1.153 65 Trinidad and Tobago 0.040

31 Lebanon 1.061 66 Aruba 0.039

32 TFYR of Macedonia 1.026 67 Brazil 0.019

33 Curaçao 0.955 68 New Zealand 0.015

34 Lithuania 0.916 69 Panama 0.010

35 Hungary 0.794

(Data source: UNCTAD; Own calculations)

Table 7: RCA ranking for construction industry among ASEAN countries and several selected
East Asia countries, 2011

Rank Country
RCA 

(weighted by 
total trade)

Rank Country

RCA
(weighted 
by overall 
service 
exports)

1 Korea, Republic of 5.079 1 Korea, Republic of 6.362

2 Japan 2.541 2 China 3.268

3 China 1.526 3 Japan 2.948

4 Malaysia 0.904 4 Malaysia 1.204
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Rank Country
RCA 

(weighted by 
total trade)

Rank Country

RCA
(weighted 
by overall 
service 
exports)

5 Lao People’s Dem. Rep. 0.881 5 Indonesia 1.043

6 Indonesia 0.504 6 Lao People’s Dem. Rep. 0.856

7 Singapore 0.459 7 Singapore 0.556

8 Thailand 0.358 8 Thailand 0.416

9 Cambodia 0.220 9 China, Taiwan Province of 0.297

10 China, Taiwan Province of 0.213 10 Cambodia 0.148

11 Philippines 0.151 11 Philippines 0.102

12 China, Hong Kong SAR 0.058 12 China, Hong Kong SAR 0.047

 (Data source: UNCTAD; Own calculations)

Contractors’ Perception Towards Trade Liberalization

Among the survey respondents, 99.3% (or 397 companies) were Malaysian owned 
companies and 0.7% (or 3 companies) was joint venture with other Malaysian company. 
Most of the companies have less than 50 employees, with a revenue less than RM5 million. 
This implies that most of them are small and medium size enterprises (SME). Only 2% (or 
9 companies) were currently exporting their construction services with market covering 
Singapore, China, India, Myanmar, Indonesia, Vietnam, Thailand, Pakistan, Australia, Korea 
and Japan.

The level of awareness of FTAs among respondents was rather low. Only 19.5% (or 
78 respondents) were aware of FTAs that Malaysia has signed with other countries. Low 
awareness of FTAs was also observed among those who plan to export their services, in which 
50 out of 83 respondents are not aware. The results show no significant differences among 
G5, G6, and G7 contractors but relatively more G7 contractors were aware of FTAs. Besides, 
there is no significant correlation between awareness of FTAs and having a membership of 
any industry/business associations/professional bodies. Such result indicates that Malaysian 
government agency still plays an important role in raising the awareness of FTAs as well 
as conveying message related to the impact of liberalization. Majority of the respondents 
reckoned the access to better technology or best practices from other countries as the most 
important benefit to be gained from liberalization (Table 8). Other benefits of liberalization 
that seem to be important to the respondents are such as the opportunity to expand business 
activities in other countries, and the improvement of local contractors’ competitiveness in 
international market. The respondents viewed increasing competition for consumers in the 
local market from foreign companies as the most important consequence of liberalization 
(Table 9). They also concerned about increasing cost of operations for their companies as a 
result of liberalization.
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Table 8. Ranking of main benefits to local contractors as a result of liberalization

Benefits RII Rank
Access to better technology 0.736 1
Business expansion 0.734 2
Improve the competitiveness of local contractors 0.731 3
Growth in revenues from services export overseas 0.724 4
Improvement of local construction industry 0.721 5
Address the issue of skills shortages 0.705 6

Table 9. Ranking of liberalization effects due to the opening of domestic construction industry
Challenges RII Rank
Increasing competition for local consumers 0.7455 1
Increasing cost of operations for local companies 0.7160 2
Increasing mobility of local skilled human capital 0.7155 3
Increasing competition for local skilled human capital 0.7055 4

By conducting the average index analysis, the respondents’ perceived competitiveness 
level was found to be 3.65 (with maximum 5 point), which can be interpreted as medium-
high level. Respondents were basically optimism in having the ability to compete with foreign 
players in the local market. In terms of the kinds of assistance needed by the local contractors 
to stay competitive against foreign players, majority of the respondents perceived that financial 
assistance in the form of public procurement was the most necessity (Table 10). Among the 
possible challenges that may be faced by local contractors in the process of liberalization are 
such as the limited financial resources, out-dated technologies, heavy reliance on government 
projects and foreign workers (Table 11).

Table 10. Assistance needed by the local contractors in order to be competitive against foreign players
Assistance RII Rank
Financial assistance (i.e. public procurements) 0.7660 1
Continued domestic protection through regulations 0.7535 2
Advice/guidance from professional bodies/industry associations 0.7365 3

Table 11. Existing limitations among local contractors which may affect their competitiveness in the 
process of liberalization

Limitations RII Rank
Limited financial resources 0.7710 1
Out-dated technology 0.7535 2
Heavy reliance on government projects 0.7535 2
Heavy reliance on foreign workers 0.7520 3
Lack of investment in R&D 0.7450 4
Low productivity 0.7410 5
Increasing cost of operation 0.7395 6
Lack of market information 0.7365 7
Lack of guidance and advice from experts 0.7285 8
Lack of skilled workers 0.7245 9
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Throughout the survey, as high as 79% (or 313) of the respondents (mostly consisted 
of G5 contractors) are lack of intention to venture into overseas markets. For those who are 
planning to export their services, East and South East Asia, South Asia and Middle East are the 
three most preferred destinations. Among the barriers that holding back the local contractors 
for venturing into overseas market, lack of connection for market entry, lack of international 
experience and lack of information about overseas markets were perceived as the main 
obstacles for local contractors to explore and expand their businesses overseas (Table 12).

Table 12. Barriers to entry the international market
Limitations RII Rank
Lack of connection for market entry 0.7795 1
Lack of international experience 0.7720 2
Lack of information about overseas markets 0.7715 3
Lack of financial resources 0.7670 4
Lack of government support to explore new markets 0.7635 5
Lack of clear policy direction 0.7605 6
Lack of state-of art equipment 0.7575 7
Lack of investment in R&D 0.7475 8
Lack of quality products and services 0.7415 9
Lack of expertise 0.7390 10

In general, the respondents’ readiness towards trade liberalization can be categorized 
based on the level of awareness of FTAs, ability of local competition, and intention to export 
overseas. Most of the respondents (62.3%) fell into the No-Yes-No group, which they are not 
aware of the FTAs, but with the opinion that local contractors are able to compete in local 
market when the market is opening up, and having no plan to export their services within the 
next three years (Table 13).

Table 13. Categorization of respondents based on the level of readiness

No
Yes

Plan to export within the next 3 years
Total

Not Aware of FTA
Ability to compete in 

local market

No 23
(5.8%)

2
(0.5%) 25

Yes 246
(62.3%)

48
(12.2%) 294

Total 269 50 319

Aware of FTA

Ability to compete in 
local market

No 1
(0.3%)

2
(0.5%) 3

Yes 42
(10.6%)

31
(7.8%) 73

Total 43 33 76

Grand Total 312 83 395
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DISCUSSIONS

According to the Malaysia’s most recent SME Annual Report, over 99% of all Malaysian 
companies were SMEs, while almost 87% of Malaysia’s SMEs were service sector enterprises. 
SMEs are also at the core of the Malaysian construction industry, accounting for 90% of 
companies undertaking construction work (EPU, 2012). Following the increasing trend of 
globalization, these companies are inevitably facing the need to internationalize further, either 
to outgrow their domestic market or to face the growing foreign competition within their 
home market. In the domestic market, local construction companies are not ‘under siege’ 
structurally as it was thought. Instead, local contractors were more competitive given that 
a level of playing field was established in the domestic market, such as familiarity with the 
geography and supply chain. Besides, foreign contractors are normally perceived to involve in 
projects which local expertise is not available or required skills and technologies that are not 
affordable by the local players. Either as a norm in actual practice or subject to compulsory 
subcontracting to local subcontractors under the condition of FTAs, foreign players who are 
awarded project will outsource most portions of the work to local players, in order to cut 
cost and to maximize their profit of margin. Hence, local players are confident with their 
business survival as they perceived to compete with foreign players in different stages. More 
importantly, the public procurement and government expenditure in Malaysia is still high, 
covering the purchase of goods, payment for all kinds of services, and spending on a variety 
of projects, ranging from the building of schools and roads to billion-dollar mega-dams and 
industrial complexes. Although the government spending on construction projects has been 
declining in recent years, its role in maintaining the flow of national development projects 
(i.e. construction and maintenance of public infrastructure) and the sustainability of local 
construction companies is undeniable.

However, highly reliance on the domestic market has rendered local contractors’ attempt 
to venture into foreign market. According to the EPU (2012), as high as 67.7% of the 
construction and related services companies were receiving less than 10% of their revenue by 
exporting services. In moving ahead with trade liberalization, it is crucial for the local players 
to get prepared their involvement in the global market. If “readiness” is to be assessed from 
the state of competitiveness performance of a construction company in penetrating global 
market, one may find that most of the local players are indicated to have low readiness level, 
especially those small and medium sized firms. These firms are not intending to enter the 
global market services because of the unsolved problems such as uncertainties of the market 
and the lack of resources. To be familiarized with the foreign culture is always a major risk 
for a company that venturing foreign market. It is also the main reason that many local players 
have been hold back as they are unable to deal with many issues such as the legal issues, 
land acquisition etc. In addition, it is rare for SMEs to possess formal risks management and 
mitigation (i.e. political risk, economic risk, technology risk, social risk) as compared to those 
large companies. Large firms may have the capacity to internationalize with an appetite for 
risk, but SMEs tend to struggle with internationalization as they do not have the balance sheet, 
the financial strength, or the time to seek overseas work.

Moreover, not all firms are ready for all the markets. The competition is always stiff 
in bidding for overseas projects as Malaysian construction comapnies needed to compete 



18 Foo Chee Hung, et. al.

with the well-established Japanese, Korean, United States, and European players. Only firms 
that offer services which are of high specification and demand to certain markets can make 
their business sustainable in those particular markets, because these firms will have: (i) better 
knowledge and information of foreign governments’ policy of those countries that they enter; 
and (ii) better clientele in the market. For example, following the softening of the Middle 
East market, only those Malaysian construction companies that specialized in steel works can 
continue their good performance while most of the general works contractors are experiencing 
difficulty in that particular market. As such, one may conclude that most of the Malaysian 
construction companies possess low capacity of market penetration with regard to markets 
that demand for high specification and technology (i.e. Europe, East Asia). In contrast, they 
are quite ready for those markets that require large scale of general infrastructure development 
(i.e. ASEAN).

CONCLUSION

The present study evaluates the level of readiness of local contractors towards liberalization, 
and identifies challenges and opportunities of liberalization on local contractors. The findings 
reveal that the respondents’ readiness towards trade liberalization can be categorized with 
respect to the level of awareness of FTAs, ability of local competition, and intention to export 
overseas. Most of the respondents (62.3%) were found not aware of the FTAs, but with the 
opinion that local contractors are able to compete in local market when the market is opening 
up, and having no plan to export their services within the next three years. Such confidence 
was mainly built upon the advantage local contractors enjoy in domestic market due to their 
knowledge of the domestic market and superiority in relationship with government and firms. 
Low awareness of FTAs and inspiration among respondents to venture into international 
market are mainly due to the lack of connection and information about overseas markets, 
particularly the requirements and acceptance of local workmanship quality, as well as lack of 
international exposure are the main constraints contributed to the low motivation of venturing 
out of their comfort zone.

Since not all firms are ready for all markets, a gradual liberalization measure may likely 
to inject some elements of competition and prepare suppliers to the domestic market. The 
commitments undertaken by Malaysia under the GATs and AFAS would eventually lead to 
a greater presence of foreign services providers in the country. This is envisaged as creating 
stiffer competition to local providers, but the extent of such competition would depend, in part, 
on the type, quality and price competitiveness of services offered by the foreign providers, 
as well as the preparedness of local contractors through capacity building and improving 
the method of construction. The construction industry needs to polish their skills to a higher 
level so that the opportunity to work with foreign companies can be improved. Similarly, the 
company’s facilities and infrastructure including human resources platform must be prepared 
so that the transfer of technology through foreign investment and companies into the country 
will not be delayed or stalled.

At present, no detailed and specific condition is mentioned in the procurement with regard 
to the ways of foreign technology to be transferred, to what extent it should be conducted, 
how this technology is to be sustained in the future, and how it can be of useful in enhancing 
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the capabilities of local construction industry. Enhancement to the procurement process can 
be made by structuring the award that emphasizes the requirement of using Malaysian sub-
contractors and products (i.e. building and construction materials, heavy equipment and 
machineries, etc.), the responsibility of foreign contractors in building up local contractors/
sub-contractors’ specialization in niche areas. Besides, there is a need to put in place regular 
monitoring/audit to ensure that the planned knowledge sharing program is on-track and the 
expected technology transfer is met.
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Abstract
Building Information Modelling (BIM) is defined as a parametric modelling of a building containing 
a precise and relevant data needed to support the project phase activities. The Building 
Information Modelling Execution Plan (BEP) however emerges as an important business and 
managerial concern for BIM projects. BEP is an effective document to describe on how to 
implement BIM for a particular project across project phase involving the flow of work and data 
input that need to comply by users. Nevertheless, in Malaysia the lacks of details, ambiguity, 
fragmentations, and poor knowledge in executing BIM technology have obstructed the building 
performance. Although the potential benefits of BIM are well documented, the implementation 
process procedure is still unsystematic and requires a standardised plan complete with 
expert hands-on to execute BIM in Mega construction projects. Hence, the objectives of this 
paper are: to investigate the processes of BEP, to identify the information exchange among 
stakeholders, and to establish strategies to implement BIM in Mega construction projects. 
The research engaged semi-structured interviews with four respondents from the public and 
private organisations. Data from the interviews were analysed by using content analysis 
techniques. The BEP processes have revealed four (4) important elements. These are: BIM 
goals, BIM Use, responsible parties and decision making. The four (4) information exchanges 
gathered from BEP processes are: responsible parties, level of development, collaboration, 
and modelling requirements. Finally, six (6) strategies to implement BIM are: training program, 
software and hardware, government involvement, and understanding of the full potentials of 
BIM, participation in standard development and co-ordination workshop. The results of the 
research provide an insight into the Malaysia construction projects and will provide a valuable 
guideline in managing BIM for Mega construction projects.

Keywords: Building Information Modelling (BIM; BIM Execution Plan (BEP); mega projects; 
stakeholders

INTRODUCTION

In Malaysia, the deployment of computer-based technology in construction, particularly 
Building Information Modelling (BIM), is described by many researchers and practitioners as 
a new IT tool that could serve as a solution to a number of inefficiencies in the construction 
environment (Muafi et al., 2012; Ismail et al., 2013).  The reasons are to capture and 
store information systematically, and to prevent loss of process continuity during project 
implementations, especially for Mega construction projects (JBIM, 2007). One of the Malaysian 
government agenda in the 12 National Key Economic Areas (NKEAs) is to enhance the 
business growth in the Architectural, Engineering and Construction (AEC) industry. Through 
the agenda, the AEC organisations have aggressively embraced new technology in order to 
remain competitive in the current market (Alshawi et al., 2010). Hence, BIM applications 
have grown tremendously, from a tool to design in three dimensions, used for model analysis, 
clash detection, product selection, and whole project conceptualization (Weygant, 2011). It 
is a system developed in a parametric modelling with a precise data needed to support the 
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project and business requirements.

Despite the industries awareness on the potential of BIM which has existed for over 
20 years, Malaysia had started to focus on the benefits of adopting BIM in construction to 
increase the efficiency of construction projects since 2007.  Nevertheless, Malaysia is still 
crawling on pre-BIM stage and BIM initiatives are currently uncoordinated (Public Works 
Department, 2013). Among others, beginning April 2013, the Public Works Department 
(PWD) of Malaysia has initiated the industry engagement of BIM Roadmap 2011-2016. The 
PWD BIM Roadmap focuses on the areas of governance, people, process and technology. 
The PWD and Construction Industry Development Board (CIDB) are also in progress in 
developing BIM requirements, execution plan and BIM standard. The PWD BIM policies 
(i.e., BIM Roadmap and BIM Rolled out) are set out to take place by mid-2014 which will 
begin to enforce the use of BIM for all Government projects that exceeds RM10 million of 
the total projects cost.

BIM AND BEP EXECUTION PLAN

Building Information Modelling (BIM) is a comprehensive concept of processes and tools 
(i.e., software) which integrate all projects required data and information occurs during project 
life cycle (Shourangiz et al., 2011). In line with Hooper and Ekholm (2010) BIM amongst 
other things, seeks to streamline processes, present construction information in an accessible 
and common way, minimise the possibility of missing or clashing information and ensure 
optimised project coordination. According to them, BIM could be defined as parametric 
modelling to support the project life cycle through the relevant data and information shared 
among stakeholders to improve the final project outcomes (cost, time and quality). The idea 
corroborates with Lutra (2010) which indicated that using BIM technology makes it possible 
to construct an accurate virtual 3D and parametric model of a building containing precise 
geometry and relevant data to support construction, fabrication, and procurement activities 
necessary for the building processes.

Building Information Modelling Execution Plan (BEP) however, emerges as an important 
business and managerial concern for BIM projects. BEP is perceived as solution procedures 
to implement BIM platform to enhance project delivery in construction. BEP is an effective 
document to describe how to implement BIM for a particular project across project phases 
involving the flow of work and data input that need to comply by users (McAdam, 2010). 
The development of BEP could facilitates industry players with BIM processes, interplay 
between the conceptual clarity of the processes and its relative messiness in practice, creates 
legal and organisational challenges. Thus, BIM is a tool to manage the BEP process, and BEP 
merely manage the process and roadmap, while the software (i.e., Revit, Bentley, Graphisoft 
ArchiCAD, Tekla Structure, and Naviswork) are simply a set of toolkits to deliver the 
information among project stakeholders. According to Christian (2012), the purpose of BEP 
is to ensure the upstream information fit for downstream use and that information is delivered 
in the most efficient and productive manner to reduce waste, rework, claims and litigation.

Basically two important steps in the BEP processes are: the design of BIM project execution 
process and developing information exchange. BIM project execution process includes the 
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tasks supported by BIM along with information exchange. It covers the elements of BIM 
goals, BIM use, responsible parties, BIM use information exchange (IE), BIM overview 
map, and detailed BIM use (Hooper and Ekholm, 2010; Rohena, 2011; PSU, 2011; Singapore 
BIM Guide, 2012). According to Hooper and Ekholm (2010) this allows team members 
to understand on how their work processes interact with the processes performed by other 
team members. The first level of BEP process is to develop BIM overview map to show the 
relationship of BIM Uses employed for the project. The overview map is divided into 2 parts, 
Level 1 and Level 2. Level 1 contains high level information exchanges that occur throughout 
project lifecycle. Level 2 is the detailed BIM Use Process Map, which is developed after 
the high Level 1 is performed for each responsible party. According to Hooper and Ekholm 
(2010) detailed BIM Use process maps are created to define the sequence of various processes 
to be performed. These maps will identify the responsible parties for each process, reference 
information content, and the information exchanges to be shared with other processes. 

It is important for team members (author and receiver to understand clearly and 
precisely the information content (i.e., information exchange worksheet, responsible parties, 
output & input, level of development, model element breakdown and collaboration for each 
exchange). Information is the integral part in BIM (Hooper and Ekholm, 2010; PSU, 2011; 
Singapore BIM Guide, 2012; and Princeton University, 2012). There are many information 
exchanges that can be shared among project stakeholders once the project starts and information 
to be updated from time to time in the information exchange table (worksheet). Each line item 
in an information exchange worksheet should indicate authorized parties to be responsible for 
authoring the information. This worksheet is to aid the project team to state the information 
required for BIM Use. The purpose is to record information delivery expectations against a 
pre-determine model element breakdown through the schematic design, design development 
and construction documents stages for each BIM use (Hooper and Ekholm, 2010).

PROBLEM STATEMENT

In Malaysia, despite many latest technology that has been adopted in the development 
of construction projects, many Mega construction projects (i.e. projects which cost more 
than 10 million) are now becoming much more complex and difficult to manage (Williams, 
2002; Alshawi and Ingirige, 2003; Chan et al., 2004; and Othman, 2011). Design mistakes, 
incompatible drawings, lack of details, inefficient construction methods, specification 
ambiguity and errors are repeatedly occurred which deterred the building performance on the 
long run. The implementation of BIM with insufficient and unsystematic formal data causes 
failure to the construction projects.

As such Building Information Modelling Execution Plan (BEP) is a procedure to 
implement BIM across project phases involving a systematic flow of work and data input by 
users. BIM is an information-rich, model-centric process that provides an integrated solution 
to transform project delivery and add value across the project life cycle. Despite the industry’s 
awareness of the potential of BIM, construction organisations are yet to utilise it aggressively. 
According to Khosrowshahi and Arayici (2012) the UK construction sector is also facing 
slow progressive changes in the BIM implementation.  The probable reasons could be the 
difficulty to implement BIM and understanding the BEP processes precisely, adoption could 
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incur higher additional project cost, require a comprehensive training, and majority of the 
designers are still familiar in using AutoCAD in their design services instead of BIM and BEP.

Furthermore, fragmentation among project teams in the AEC industry could affect the 
performance of construction projects (Ibrahim, 2006; Motsa et al., 2008; Othman, 2011). The 
involvements of multitude of participants in the design environments contribute to inaccurate 
information transfer, poor design information, and wrong delivery solutions which make the 
industry a highly fragmented business. These issues are attributed to the fact that the industry 
is made up of separate parties from diverse professions that operate by their own rules, lack 
of collaboration, and complications in the information exchange. In order to address these 
issues, several strategies are needed by the industry. Since, the expert in BIM is lacking, the 
BEP processes is perceived to be harder to execute. The lack of comprehensive hands-on 
training program to users to execute BIM by using respective software in the market, lack of 
government support, and fail to understand the full potentials of BIM are respective issues 
to be addressed thoroughly by both industry and academia. Hence, the objectives of this 
paper are: to investigate the processes of BEP, to identify the information exchange among 
stakeholders, and to establish strategies to implement BIM in construction

METHODOLOGY

The study starts with the literature search which reviews the processes of BEP, information 
exchange and strategies to implement BIM in construction. Further research has been carried 
out through a primary data collection. The methodology used for this research is based on 
purely qualitative research techniques. According to Merriam (2002) the qualitative research 
paradigm demands an in depth understanding of a phenomenon, an individual or a situation. 
In this paradigm, the qualitative researcher is not interested in people’s surface opinion such 
as in survey research, on in cause and effect as in experimental research; rather the researcher 
wants to know how people do things and what meaning they give to their lives (Omar, 2012). 
Samples were randomly selected from the listing provided by BIM committee (the public and 
private organisations) that had experienced of using BIM and BEP for their Mega projects. 
Semi-structured interviews were conducted among four respondents from the public (3 
respondents) and private sectors (1 respondents) for the primary data collection. The face-
to-face interviews were designed to gather preliminary data on BEP in BIM construction 
projects. The interviews were recorded and transcribed verbatim for content analysis.

Limitations

Firstly, the numbers of selected interviews session were restricted to four companies due to 
the short period of study (3 months of MSc program) and in Malaysia at present; implementing 
BIM in construction projects is still at infant stage by many public and private organisations. 
Initially six organisations were identified. Nevertheless, two of the private organisations failed 
to participate for some technical reasons (not ready to reveal information) and anonymity 
problems. Secondly, very little information of literature search was captured from Malaysian 
researchers on BIM. Instead, most of the secondary data for the study of BIM and BEP 
processes were gathered from developed countries such as United States of America and 
Singapore. These limitations are not considered to be severe, since the rapid communication 
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processes of modern and new technology ensure that most trends are international. Thirdly, 
the respondents of the respective organisations are not willing to disclose detailed information 
on how the organisations executing BIM for their projects. Hence respective data on the BIM 
Execution Plan; detailed projects information; level of BIM (LOD 100-LOD 500) are difficult 
to measure and reported.

DATA COLLECTION AND FINDINGS

Table 1 shows the profile of respondents and years of experience in construction industry 
as well as in BIM. Twelve questioned were asked during the interviews within a-one month 
period. Majority of them has more than 10 years’ working experience in the industry and an 
average of 6 years in BIM (since 2007) indicating that it is reasonable to infer that respondents 
have a wide-ranging knowledge in BIM and the data is relevant and reliable.

Table 1. Profile of respondents and their experience
Respondent Designations Background Experience 

(industry)
Experience 

(BIM)
Public Organisations

Respondent  1 Senior Manager Building 20 years 6 years

Respondent  2 Principal Assistant Director Civil Engineering 27 years 7 years

Respondent  3 Assistant Vice President Architect 8 years 6 years

Respondent  4 Fail to participate

Private Organisations

Respondent  5 Head of Development Architect 18 years 5 years

Respondent  6 Fail to participate

Process in BIM Project Execution Plan (BEP)

Table 2 shows the results on the processes of BEP conducted to four respondents. 100 
percent (100%) of the respondents agreed that the three main elements in BEP are: BIM goals, 
BIM use and responsible parties that involved in the BIM projects as highlighted consecutively. 
The identification of BIM Goals and Uses covers as the first and second important elements of 
BEP procedures. These goals could be based on project performance and include items such 
as reducing the schedule duration, achieving higher field of productivity, increasing quality, 
reducing cost of change orders, or obtaining important operational data for the facility. 
Once the team has defined measurable BIM goals (from project and company perspectives), 
specific BIM uses of the project can be identified. According to PSU (2011) a BIM Use is a 
unique task or procedure for a project from the integration of BIM into the BEP processes. 
Several examples of BIM Uses include design authoring, 4D modelling, cost estimating, 
space management and record modelling. As mentioned by the Respondent 5“a BIM Use is 
a detail works that need to commit by the team members. In the BEP, it will detail out what 
are the programs under each stage. For instance, the detail uses of BIM are in the form of 
visualization and programming at the project design stage”. 
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Table 2. Process in BIM Execution Plan (BEP)
VARIABLES RESULTS FROM INTERVIEWS

Processes in the BIM Project Execution 
Plan (BEP)

Public Organisations Private Organisations
Res. 1 Res. 2 Res. 3 Res. 4

BIM Goals √ √ √ √

BIM Use √ √ x √

Responsible Parties √ √ √ √

BIM Use Information Exchange(IE) x √ x x

Level 1: BIM Overview Map x √ x x

Level 2: Detailed BIM Use x √ x x

Decision making √ √ x √

The third important element is responsible parties. Despite each player sees its own 
opportunities, most of them recognize that value can be gained by improving the ability of 
team members to share data and integrated (McGraw Hill, 2009). The above statement is 
supported by the Respondent 1 who indicated that “it is important to identify the responsible 
parties in the early stage of the projects. Each party will perform the task based on the 
requirements from the BEP guide line. Parties in the project could be architect, mechanical 
and electrical consultants, quantity surveying, planner and others. Therefore, each discipline 
is to be involved”.

However, with the exception of PWD, the other three elements (BIM use information 
exchange, Level 1: BIM overview map and Level 2: detailed BIM use) were not regarded 
as important by the interviewees although these elements are listed as important elements 
of BEP process in the BEP literature review (PSU, 2011 and Singapore BIM Guide, 2012). 
The probable reasons could be the three elements are rarely used in the adoption of BIM and 
difficult to develop by some of the organisations in Malaysia. At the end of the interview 
session, decision making has been mentioned repeatedly by the respondents. Although 
decision making is not appeared in the literature search, the variable is taken as an important 
element to be included in the BIM Project Execution Plan (BEP).

Information Exchanges among Stakeholders in BIM

Table 3 shows the results on information exchanges among stakeholders. According to 
Howell and Batcheler (2005) it is imperative for team members (i.e., the author and receiver 
information exchanges transaction) to understand the information content as defined in 
the worksheet or table. All of the respondents unanimously admitted that the key factors 
in information exchange are: responsible parties, level of development and collaboration 
procedures. Surprisingly, once again the factor of ‘responsible parties’ emerged in this category 
which is repetitive in nature. The unexpected result could be due to the misunderstanding 
of the term ‘stakeholders’ by respondents. Another reason could be due to the criticality of 
responsible parties in the BIM projects that make respondents associated it with the information 
exchange and collaboration factors. Thus, to most respondents regarded the ‘responsible 
parties’ and ‘collaboration’ to have similar meaning.
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Table 3. Information exchange among stakeholders
VARIABLES RESULTS FROM INTERVIEW

Information Exchanges among Stake-
holders in BIM Projects

Public Organisations Private Organisations
Res. 1 Res. 2 Res. 3 Res. 4

Information Exchange Worksheet x √ x x

Responsible Parties √ √ √ √

Output & Input x √ x x

Level of Development √ √ √ √

Model Element Breakdown x √ x x

Collaboration √ √ x √

  Modelling requirements √ √ x √

As mentioned by McGraw Hill (2009) when using BIM across an entire project, each 
form has an opportunity to realize its own distinct benefits and organisations may see the 
correct and systematic data input could create a significant value. The above statement is 
supported by Respondent 5 stated that “different stages of project will involve different 
parties, representing the respective disciplines in each project stage. The respective parties 
will perform the task for the data input systematically and deliver the information required in 
BIM that will be shared among the team’s members”.

The Level of development (LOD) comprises of five levels; from LOD 100 to LOD 500. 
Each level will presents each description for each project life cycle. According to Porwal & 
Hewage (2013) the levels of details range from the lowest level (LOD 100) of conceptual 
approximation to the highest level of representational precision (LOD 500).  Nevertheless, the 
concept of LOD various among countries and could be up to LOD 700 to certain developed 
countries such as Hong Kong and USA. As what claimed by respondents, the LOD definitions 
is different for every organisations. The Respondent 5 claimed that “the level of development 
indicated the maturity for BIM progress. Each level of development is divided into conceptual, 
schematic, building plan which is from LOD 100 up to LOD 500”.

In addition, collaboration among team players is high when ‘information’ of the projects 
is certainly understood by each member, in particular design changes. Design changes are 
usually occurred from the modification within or outside the original scope of work and 
require re-design and revision to the contract documents (Shourangiz et al., 2011). Most of 
these changes happen during the construction phase and they are the roots of cost and time 
overruns disputes and relationship deterioration. The Respondent 2 claimed that “the first 
thing that needs to achieve is the collaboration and understanding the concept of BIM itself. 
In Malaysia, BIM is considered as new and not all people can adopt the concept in the right 
manner. Hence, to make it realize, we must develop a dedicated team to support and help 
each other’s, this how collaboration comes in. The information exchange among teams could 
happen when they realize how important to deliver a successful project outcomes (i.e., cost, 
time and quality)”by using BIM through the correct BEP processes”.

The other three elements (information exchange worksheet, output & input and model 
element breakdown) were not regarded as important by the interviewees although these 
elements are listed as important information to information exchanges among stakeholders.  
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According to PSU (2011) there are many information exchanges that can be shared among 
the stakeholder once the project started. The additional data includes IE worksheet; output 
and input; and model element breakdown. Among others, the Respondent 2 organisation 
is the solely organisation in Malaysia that has comprehensively incorporating all the three 
listed variables compared to others. This implies that the government of Malaysia is serious 
in implementing BIM and BEP in the Mega government projects through Respondent 2 
organisation. Once again, a new variable emerged known as ‘modelling requirements’ during 
the interview session. The modelling requirements (i.e., 3D, 4D or even 5D also right to ‘nD’) 
should be established at the initial stage of BEP development to make sure all parties involved 
are able to follow it accordingly.

Strategies to Implement BIM in Construction 

Table 4 indicates strategies to implement BIM in construction projects. Initially, 
six strategies have been identified in the literature. These are: education process, training 
programs, software and hardware, government involvement, understanding the potentials, and 
project management. Among others, training program is regarded as the utmost critical factor 
by most respondents to implement BIM Execution Plan. The results supported the opinions of 
Ibrahim and Okeil (2011) which stated that the BIM and BEP training programs (depending 
on selected software used) should be provided to all participants, the team members who 
would model and draft digitally, designers and project managers who oversee the process 
and review the drawings. The statement also in line with the opinion of the Respondent 1 
indicated that “there is ample BIM software in the market such as Revit, Bentley, Graphisoft 
ArchiCAD, Tekla Structure, Naviswork and etc.  Hence, the vendors must struggle hard to 
train users to use BIM software comprehensively through hands-training classes until they 
are conversant with the tool in order to make it effectively”.

Table 4. Strategies to implement BIM in Construction Projects
VARIABLES RESULTS FROM INTERVIEW

Strategies to implement BIM in Con-
struction Projects

Public Organisations Private Organisations
Res. 1 Res. 2 Res. 3 Res. 4

Education Processes (Circular) x √ √ x

Training Program √ √ √ √

Software & Hardware x √ √ √

Government Involvement √ √ √ √

Understanding the potentials √ √ √ √

Project Management x x √ x

Participation in standard development √ √ x √

Coordination workshop √ √ x √

Furthermore, many organisations are reluctant to use BIM due to higher cost in purchasing 
respective software and conducting a comprehensive training program for employees.  Instead, 
some organisations tend to appoint BIM consultant to do the design and BIM model for the 
particular project as to fulfil the client needs. These costs of paying consultants are driven by 
nature of project, market forces and contract arrangement (e.g. warranties, maintenance and 
structured technical support). The above statement is supported by Respondent 3 which stated 
that “the software is too costly to our organisation. To a certain extent, since the price of the 
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software is too high, there are no initiatives in using BIM for our projects unless enforced 
by project client or government”.  In this regard, the government involvement is seen as a 
pushing factor in the implementation of BIM for Mega construction projects in Malaysia.  The 
Respondent 3 further emphasised that “if Malaysia is truly serious to implement BIM in the 
Mega construction projects; the initiative should come from the top level of decision makers 
as the push factor to derive the initiatives”.

In addition, it is important for the CAD manager to explain the full potential of BIM 
technology and how BIM based CAD connects to other applications and analysis tools, 
instead of relying on the automatic drawing generation (Graphisoft, 2003). Public and private 
organisations are called to guide in-house employees towards the benefit of BIM for the 
projects in the long run. As pointed out by the Respondent 5“our Organisation’s/Company’s 
objective regarding BIM is to deliver the project in an effective manner, within the cost, time 
and quality. Thus, adopting BIM now for our new Mega projects is inevitable so that technical 
project data are captured and stored throughout project phases systematically. Despite the 
difficulties in executing BIM at the beginning of project phase, the benefits of it could be seen 
in the long run for business potentials and agility”.

Surprisingly ‘education processes’ and ‘project management’ were not regarded as 
significant by the interviewees in BIM Execution Plan. This is contradicted to the opinion 
of Ibrahim (2007) stating that it is important to differentiate between the benefits gained 
professionally in BIM and the education processes.  Through BIM, knowledge is acquired 
in digestible doses that could be applied for future projects in which the monetary quantum 
could be substantial, in particular for a multi-million projects (Lee, 2013) and benefits of BIM 
would accrue over the lifetime of building. Once again, two additional variables emerged 
‘standard development’ and ‘coordination workshop’ from the interviews. These variables are 
taken as additional strategies in the BIM Execution Plan Procedure.

CONCLUSION

This paper examines the current views on identifying the processes of BEP, information 
exchanges among stakeholders and strategies to implement BIM in the AEC industry.  The 
BEP processes have revealed four (4) important elements. These are: BIM goals, BIM Use, 
responsible parties and additional variable of ‘decision making’. The four (4) information 
exchanges, gathered from BEP processes are: responsible parties, level of development, 
collaboration, and ‘modelling requirements’. In the end, the findings revealed six (6) 
strategies to implement BIM in construction projects. These are: training program, software 
and hardware, government involvement, and understanding of the full potentials of BIM in 
construction. Two additional variables added into the strategies are: participation in standard 
development and co-ordination workshop. These possible strategies are suggested to address 
the issues of uncoordinated on BIM Uses in construction projects.

Undoubtedly, the findings from the literature is inclined to the work experienced by the 
Respondent 2 organisation showing that all the three categories of variables gathered (i.e., 
BEP processes, Information Exchange, and strategies to implement BIM) are closely related 
to the work practised by them. Respondent 2 organisation acts as a fore-front government 
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organisation that had initiated the industry engagement of Malaysia BIM Roadmap 2011-
2016 at national level, thus the initiatives are to be praised. In conclusion, all respondents 
unanimously asserted that in order to become competitive and to be in line with the international 
construction players, adopting BIM technology in construction is inevitable for the Malaysian 
construction industry. Continuous supports from Government of Malaysia in implementing 
BIM in construction through the push factors (i.e., organisational regulations and policies) are 
required to be materialised for the future development of Mega construction projects. As such, 
CIDB of Malaysia, through collaboration with academia from various institutions of higher 
learning has also trying hard to support the use of BIM for construction projects in the form of 
conducting seminars, BIM workshops frequently to various categories of contractors. CIDB 
has started to form a National BIM Steering Committee, producing BIM guidelines and in 
the process of developing a National BIM Roadmap 2014 – 2020 for Malaysian construction 
industry.

The research presented in this paper is part of a Master program dissertation at the Faculty 
of Architecture, Planning and Surveying (FSPU), UiTM. The results of the research provide 
an insight into the Malaysia construction projects and will provide a valuable guideline in 
implementing BIM and BEP processes for Mega construction projects.
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Abstract
Development in highland areas carries a high risk of erosion and an increased risk of landslides 
both during and after construction. Since 1990, more than 13 cases of highland development 
incidents in the Klang Valley have been reported in newspapers, of which a few involved 
deaths of people. Hence, this paper discusses the issues and challenges of land development 
in highland and steep slope areas. The study also shows the effect of control mechanisms 
on the challenges identified in highland development. The quantitative survey adopted in this 
study was based on a framework developed from literature reviews. 200 questionnaires were 
distributed to relevant government agencies and developers. Of those, 157 found to be useful 
for data analysis. SPSS version 18.0 was used as the main tool for the data analyses. From the 
study, five dimensions of issues surrounding highland development were identified: planning, 
environmental, economic, social, and land development. Two main control mechanisms were 
also identified, namely the One Stop Centre (OSC) and the sustainable development approach. 
The associative test revealed that there were two significant relationships between control 
mechanisms and the challenges of highland development, which indicates the effectiveness of 
these mechanisms in addressing current problems.

Keywords:  Development, Highland, Steep Slope

INTRODUCTION

Development in highlands or hillsides carries a risk of soil erosion and landslides during 
and after the construction process. This may result in natural water quality and wildlife being 
affected as a result of sedimentation and pollution. While there are guidelines for controlling 
pollution and preventing the collapse of construction in highlands, improvements of these 
parameters are necessary for the safety of the public and the environment.

Landslides can occur on slopes and soft hillsides. In addition, landslides are said to be 
the second most dangerous natural disaster after flooding, which can affect infrastructure 
facilities as well as the surrounding population (Ibrahim and Fakhru’l-Razi, 2006).

In Malaysia, some areas have been identified as vulnerable to the occurrence of landslides, 
such as Hulu Kelang, Cameron Highlands and Genting Highlands. Among the landslide 
tragedies that have occurred is the collapse of the Highland Towers in Hulu Kelang, in 
December 1993. Local newspapers also reported that there were some tragedies surrounding 
another collapse occurring in the Klang Valley. More than 13 cases have occurred since 1990, 
mostly taking place in Hulu Kelang and some involving the loss of human lives. The rest 
occurred in the vicinity of Cheras, Puchong and Bukit Tunku.

Although some preventive efforts have been taken by responsible government agencies, 
problems and tragedies still happen. More attention should be given to ongoing developments 
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in the highlands to avoid these tragedies from recurring. There is a significant gap in the 
scientific literature on challenges in highland development regarding measures to overcome 
these challenges (Othman, et al., 2014). Most prior studies have only investigated property 
development from the perspective of challenges, without discussing solutions (Abu-Samah, 
2007). Therefore, this paper discusses challenges in highland development as well as possible 
mechanisms to help overcome them. The study also explores the significant relationships 
between the challenges and control mechanisms.

LITERATURE REVIEW: DEVELOPMENT IN HIGHLANDS

Highland Development Scenario in the Klang Valley

High demand for residential developments and infrastructure facilities has resulted 
in many new areas being explored. These include highland areas that have a challenging 
terrain, particularly in the areas around and near Kuala Lumpur. The demand for highland 
locations that provide interesting panoramic views has increased sharply (Huat and Ali, 
2012). Geographical setting is also a factor that affects highland and hill slope development 
in Malaysia. It is reported that geo disasters in Malaysia started in 1919 and have since then 
caused loss of life and properties, as well as negative effects on the economy.

Concern over the adverse effects of highland and hill slope development increased 
significantly during the Highland Towers, Bukit Antarabangsa collapse on 11 December 
1993. The geo disasters continued and increased in frequency between 2004 and 2009. The 
New Straits Times reported on 12 June 2006 that some areas in Hulu Klang, specifically, 
about 80%of the area – are comprised of ‘schist rock’, which is considered to be the weakest 
ground and not suitable for any development. The study carried out two years ago by experts 
also showed that the Hulu Klang area was at risk for landslides (Othman, et al. 2014). The 
geological aspect seems to be currently neglected in development planning. The fact of the 
matter is that the geological setting is one of the most important aspects that need to be 
taken into account when examining any development. However, awareness of geological and 
geographical settings that change in reaction to climate changes and natural disasters is still 
lacking in the decision making process.

Nevertheless, the state of Selangor has responded to geo disasters by implementing some 
stringent measures. On 2nd April 2008, the government of Selangor banned developments of 
highland and hill slope areas categorised under Class 3 (more than 25-to-35 degrees) and Class 
4 (35 degrees and above). The action was taken to prevent more disasters from happening. 
Banning development is a good solution to overcome disasters (Hutchison, 2009) because 
it minimizes the clearing of natural vegetation on high hill areas. However, this indirectly 
affects property development and economic growth as a whole. Nonetheless, this type of 
measure has been proven to be successful in some developed countries such as Hong Kong 
and Taiwan (Gue and Tan, 2003).

Issues in Development of Highlands

According to a census carried out by the Selangor Branch of the Real Estate and Housing 
Developers’ Association Malaysia (REHDA), there are an estimated 1,800 hectares of 
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hillside land in Selangor valued at about RM1.4 billion. According to the Chief Minister of 
Selangor, many developers have urged the government to reconsider the ban of Class 3 and 4 
developments and have appealed to review earlier guidelines (The Star, 2009).

There are fifteen hillside housing estates in Selangor that have been identified as being at 
risk of landslides. These areas will now come under continuous monitoring by local authorities. 
47% of Selangor’s topography consists of highlands. Development of highland and hill slope 
areas started in the middle of the 1980’s and grew rapidly from the early 1990’s up till the 
present. The State of Selangor Planning and Development Direction has indicated that land 
use distribution of Selangor should comprise of 39.7% for developing areas, 30% for forests, 
30% for agriculture, and 21% for water bodies. This has limited areas for development and 
created pressure and demand for land space, which has resulted in violations on highlands and 
hill slopes as the best option to cater for the demand.

As a result of this, disasters frequently happen in highland and steep slope areas, especially 
landslides. Ng (2009) added that hill slope development today is not any safer than it was a 
long time ago. Zakaria (2003) further expressed concerns about the development proposals of 
very steep and high cut slopes that do not include comprehensive studies on site assessment. 
The importance of looking at upstream and downstream development as well to obtain a 
comprehensive understanding of the situation has also been emphasized (Chan, 2009). Gue 
and Tan (2003a) additionally found that many of the landslides were caused by design and 
construction errors. This includes lack of obtaining soil parameters, misunderstanding of 
fundamental soil mechanics, and dumping of loose fill down slopes to form a filled platform 
or filled slope. More often than not, there were errors in the construction method such as 
forming cut slopes by excavating slopes from the bottom up instead of the correct practice of 
cutting from the top downwards. This poor practice contributes to the risk of landslides.

Rapid development coupled with economic growth can result in uneven developments, 
which ignore the importance of the environment. Chan (2009) indicates that forest clearance 
due to human activities such as logging, farming, clearing or other environment related 
activities has significantly changed hydrological constraints, particularly the meteorological 
conditions, which are highly erosive. In response to the safeguarding of natural environments 
including hill slopes, The National Physical Plan states that environmentally sensitive areas 
should be conserved and integrated into the planning and management of land use and natural 
resources. The Town & Country Planning Act Section 52A additionally states that the National 
Physical Planning Council can provide advice on applications submitted for developments 
that upset hilltops, hill gradients, and other areas marked as ecologically fragile. There is also 
a clear directive by the National Physical Planning Council regarding hilltops, hill slopes, and 
highlands in general.

Kwan (2009) pointed out that there must be proper policy, legislation and regulations 
governing hill slope development to make it sustainable. The concern is that the holistic approach 
needs a strong political will and competent professionals in the property development industry. 
Previously, there were other factors that needed to be considered in implementing the holistic 
approach, such as the importance of looking at upstream and downstream comprehensively 
during development. Ng (2009) further suggested that government agencies should consider 
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implementing some actions in order to sustain property development in highland and steep 
slope areas. For instance, relevant authorities need to carry out research on categorising 
existing hillsides across the country as well as on identifying permitted development to avoid 
incidents of erosion and landslides. Authorities also need to inform the public of findings 
related to highlands, and to set up a special division monitoring legislation, regulations and 
policies on hill slope development, maintenance, implementation, and enforcement of rules. 
In addition, all relevant parties should be subject to heavy penalties including imprisonment 
as this involves the safety of human life (Ng, 2009).

Challenges in Property Development of Hill Land

Planning Aspects

Planning is considered an important device used to manage land development, such 
as planning control. This refers to Part IV of the Town and Country Planning Act (TCPA), 
1976 planning guidelines, which state, “no person, other than the local authorities, shall 
commence, undertake, or carry out any development unless planning permission in respect 
of the development has been granted”. The laws, procedures and guidelines pertaining to 
the planning and development process in Malaysia are quite extensive. There are fifty over 
guidelines, policies and regulations that may be initiated and that pose constraints on decisions 
when undertaking a property development project. Of those, the most relevant and crucial 
laws to comply with include the National Land Code (NLC), 1965 (NLC, 2008), the Town 
and Country Planning Act, 1976 (Act 172), the Government Act, 1976 (Act 171), the Uniform 
Building By Law, 1984 (UBBL), the Street, Drainage and Building Act, 1974 (Act 133), and 
the Environmental Quality Act, 1984.

Alias et al. (2014) remarked that some of the issues pertaining to planning laws are:
a)  Difficulties in complying with planning standards
b)  Not complying with planning guidelines
c)  Not complying with guidelines for layout and building designs
d)  Lack of monitoring debris in drains on slope
e)  Lack of monitoring damaged drains

It is notable that these problems are always reported by the public to respective local 
authorities in the context of developments on hilly slopes.

Environmental Aspects

Previous studies in this field reported that building and development activities contribute 
up to 50% of CO2 emissions, 50% of all material requirements, 40% of energy consumption, 
16% use of water, 40%of solid waste disposal and 71% of electricity consumption (Atkinson, 
2007; Newell and Manaf, 2008). In addition, the development of these activities could 
potentially affect environmental pollution, for example, landslides that cause loss of life 
(Nik-Ahmad and Ahmed-Asraf, 2013). Hence, it is vital to have tools to control the effect of 
development related activities on the environment.

Sections 69 and 70 of the Local Government Act 1976 provide provisions for fines and 
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penalties for the pollution of water resources such as rivers, drainage channels, and public 
waterways. They also impose preventive and controlled measures to prevent pollution. 
Furthermore, the licensing authority that may be obtained under this Act can also be used to 
control pollution. Additionally, the Town and Country Planning Act 1976 was enacted for the 
control and surveillance of town and country planning activities in the local authority area. 
The Act requires development activities carried out in a local authority area to comply with 
the local plan and to be checked and reviewed by the State Planning Committee. This Act 
provides for the submission of reports on the development, which is equivalent to conducting 
an Environmental Impact Assessment (EIA) report. The reports are useful because they allow 
authorities to incorporate environmental concerns into the planning process. This is especially 
important when an activity is not included as a prescribed activity under the Environmental 
Quality Order 1995. The Act also empowers local planning authorities to cancel or modify the 
planning permission granted under this Act or any other laws of local government.

Moreover, the Street, Drainage and Building Act 1974, Act 133 (1974) empowers the 
local authorities to construct, maintain and repair drains and water resources. Section 25 of 
this Act also specifies for the control of any trade wastes that flow into the river or sea.

The Land Conservation Act 1960, Act 385 (Revised 1989) specifies for the conservation 
of hill land, the protection of soil from erosion, and for the protection of land with rivers 
flowing to the foreshore and eventually to the sea. The measures stated in the Act should be 
implemented to prevent passage of soil or sediment to rivers, canals, or drains. This includes 
preserving the biodiversity of the development area by retaining environmental conservation, 
retaining cultural heritage characteristics, preserving soil structure, and the issuance of an EIA 
to be used in the land development process.

Social Aspects

Social changes can occur as a result of development intruding into social life. Aggression 
takes place in the form of implementation of specific development projects, exposure to other 
cultures, and changes in technology, etc. Social change resulting from intrusions into public 
life can also be beneficial, but usually the invasion has a negative effect. Although in the long 
run there may be a possible positive impact on the social well-being of the community, it 
typically has an unwanted short-term effect (Abd-Rahman, 2009).

Abd-Rahman (2009) explained that a Social Impact Assessment (SIA) is the process of 
analysing, anticipating, evaluating and managing unwanted effects of human intervention on 
the environment. This usually involves policies, plans, programs, projects, social activities 
and a process of social change in order to create a more sustainable environment. SIA also 
functions as an umbrella or comprehensive framework that analyses human impact from 
various perspectives, such as aesthetics, archeology, economic, and fiscal. The report also 
conveys important information to the stakeholders before starting a development, including 
feedback from the public, especially those who stay nearby development areas.

Economic Aspects

Increased property development would contribute to better growth for the local and 
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national economy. Leong (2013) reported that property development contributes almost 44% 
of 58 billion of new investment in first the half of 2012. This indicates that investment in a 
real estate rather attractive and offers great opportunity especially for developers’ organisation 
to growth. Property developer always looking for potential lands to be developed especially 
those located in strategic places such as Klang Valley.

However, development of highlands could affect natural resources in the area. New 
developments should preserve natural elements as much as possible and consider sustainable 
green concepts in construction and building design. Design and development of buildings 
with “green” characteristics are becoming more obvious; appraisers will increasingly be 
called to consider the elements of green or sustainability in their evaluations. The assessment 
must be based on evidence of the enhanced market value related to these elements (Pitts 
and Jackson, 2008). Unfortunately, the development of highlands is currently conducted to 
maximize developer profit rather than to sustain natural resources, which could contribute to 
a better environment.

Sustainability Aspects (Environmental, Social and Economic)

In general, the environmental degradations caused by development activities can be 
categorized into water pollution, toxics, climate change, species extinction, deforestation, 
land degradation, the lack of fish, the reduction of resources that cannot be renewed, the 
thinning of the ozone and acid rain (Alias et al., 2014). Malaysia is a good example of a 
country that faces serious problems related to pollution of the water industry. The water 
produced for industrial and domestic use is often returned polluted to surface water systems 
after use, which can damage a source of water for other uses. This trend has continued in 
sustainable forest exploitation, except that the rationale has shifted to meet the modernization 
and development of the country concerned. This rapid economic growth has been influenced 
by industrial exports and by the extraction of natural resources (Ambali, 2011).

The changing of eco-systems due to land development activities can influence the balance 
in nature, which will result in an adverse impact to natural systems and human society (Chan, 
1998). Production of cement, for instance, involves the explosion of limestone in a quarry, 
resulting in the release of dust into the air and water around it. This has a negative impact on 
wildlife health, deforestation, land degradation, soil contamination, and landslides, and may 
cause loss of human life as well as damage properties and infrastructures (Ambali, 2011). 
The extent of negative impact caused by the development of highlands on the eco system and 
environment is still inconclusive and needs further investigation.

Mechanisms to Control Development in Highlands

Using a One Stop Centre (OSC) for Planning Applications

Before the implementation of the OSC, all applications for new or existing developments 
were made separately to the respective responsible agencies. Thus, the period required was 
longer because the applications were usually reviewed at different times. Only after the 
approval of the layout plan, building plans were submitted for approval with the rest of the 
drawings for tracing purposes. In order to overcome this problem, the government established 
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the OSC to ensure that the approval process of development proposals would be carried out 
more efficiently and effectively. At present, the OSC is in place in most local authorities. It is 
an independent body that acts as a coordinator for the application process of plan production 
at the level of local authorities. Prior to the acquisition of development areas, developers must 
get the plan approved in order for physical work to be carried out on site and for advertising 
permission to be obtained from relevant authorities. The government has also taken initiatives 
to increase the effectiveness of development system implementation and monitoring by 
introducing the use of the certificate of completion and compliance (CCC).

All planning approvals are subject to the planning permission process referred to under 
Part IV, the Planning Act 1976 (Act 172) and the city. In general, local authorities will initially 
only offer conditional approval. The party submitting it has to make amendments to comply 
with the letter of conditional approval issued by the various technical departments. Therefore, 
it is suggested that more coordination in the development approval process be achieved 
especially when involving approval for highland development projects.

Sustainable Property Development Indicators

Indicators in sustainable property development are used to identify, measure and assess 
sustainable development progress in a particular area. In 2007, indicators were identified 
as being able to determine and evaluate goals. A sustainable development indicator reflects 
the interconnection between three main aspects, which are the environment, economy, and 
society. Indicators are also necessary to measure sustainable development in order to foresee 
and handle future sustainability (Siwar etal., 2008). There are three models related to property 
development, which are Local Agenda 21, the Malaysian Quality of Life Index (MQLI), and 
the Urban Sustainable Indicators.

Local Agenda 21

Agenda 21 is an action plan prepared by the United Nations with regards to sustainable 
development. At the moment it is a non-binding document and can be implemented 
voluntarily. Ngah et al. (2011) highlighted that Agenda 21 was the first comprehensive action 
plan that addressed sustainable development indicators. This plan is also useful for measuring 
the social, environmental and economic condition of a nation. Moreover, this indicator is 
capable of monitoring and forecasting any proposed development to achieve the objective of 
sustainability for a particular area.

The Malaysian Quality of life Index (MQLI)

MQLI can be used to assess the degree of well-being and equality of life in specific 
circumstances. Milbrath (1978) mentioned that quality of life is defined as happiness, well-
being, or satisfaction. The Malaysian government has strived to provide guidelines and policies 
for rapid economic growth to bring about a better quality of life for its people(Omar, 2009). 
The Malaysian Economic Planning Unit (EPU) explains that MQLI 2002 defines quality of 
life as involving personal advancement, freedom to pursue knowledge, and a healthy lifestyle, 
while at the same time not ignoring the aspirations of the nation. The Economic Planning 
Unit (EPU) is located within the Prime Minister’s Department and is a central government 
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agency whose primary responsibility is national development planning and coordination in 
Malaysia. Preparation of the MQLI coincided with the call in Chapter 35 of Agenda 21, 
which mentioned that “countries with the assistance of international organizations develop, 
apply and institute the necessary tools for sustainable development including developing 
quality-of-life indicators covering, for example, health, education, social welfare, state of the 
environment, and the economy” (Siwar etal., 2008).

METHODOLOGY

The study adopted a quantitative technique in which questionnaire surveys were used to 
collect data. A total of 200 questionnaires were distributed to 12 local authorities, the Public 
Works Department, the Department of Town and Regional Planning, the Department of 
Mineral and Geoscience, and developers. 157 replied questionnaires were found to be useful 
in forming a database for analysis. The detailed research framework is shown in Figure 1.

Research Framework

Identification of Issues in Highland Development

↓
Literature Review:

Identification of Challenges and Potential Measures to Overcome

↓
Data Collection: Questionnaire survey of 200 respondents (79 % response rate)

↓
Data Analysis: Descriptive and Correlation test

↓
Conclusion and Recommendations

Figure 1. Research Framework

This study applied non-random judgment/purposive sampling. This was because the 
primary consideration in purposive sampling is the judgment of the researcher regarding who 
can provide the best information to fulfil the objectives of the research. The questionnaire was 
divided into five main parts, which were: (1) the respondent’s background, (2) development 
issues of highlands, (3) control mechanisms for highland development, (4) approaches 
for sustainable development of highlands, and (5) suggestions regarding development 
of highlands. Generally, the measurements used in the questionnaire (except mentioned 
otherwise) were based on five-point Likert scales that use either interval or ordinal categories 
(Sekaran, 2000). The scale used in this study falls under the ordinal category, where a scale 
for neutral exists in the scale lines.

Data was mainly analysed and elaborated on using descriptive analysis. The data analyses 
were carried out using SPSS version 18.0 software. Statistical tests such as measures of central 
tendency and correlation tests were utilized. Moreover, a correlation analysis explained the 
strength and direction of the relationship between two variables indicated via the correlation 
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coefficient (Ali and Rahmat, 2009). In this paper, a correlation test was employed between the 
variables of hill slope development challenges and control mechanisms. This was to explore 
the possible significant relationships between 2 groups of construct variables, i.e., challenges 
and control mechanisms, as shown in Figure 2.

Challenges Control Mechanisms

i. Planning

ii. Environmental i. Implementation of OSC

iii. Social

iv. Economic ii. Sustainable Development Ap-
proach

v. Land Development

Figure 2. Potential Relationship between Challenges and Control Mechanism Variables

RESULTS AND DISCUSSION

Before further analyses were carried out, a reliability test was employed to check data 
validity. The reliability test showed an overall Cronbach’s Alpha coefficient score of 0.860. 
Since the score was more than 0.7, all variables indicated internal consistency and high 
reliability (Nunally, 1998).

Descriptive Results

Table 1 shows the response rates for the questionnaire survey. The results showed that 
72% of the respondents were from the government sector, while the remaining 28% were 
private sector employees. As expected, government professionals dominated the sample, as 
they are the ones primarily involved in monitoring highland developments. Furthermore, the 
questionnaires were researcher-administered, which contributed to a good response rate and 
quality feedback from the participants.

Table 1. The Respondents’ Rates
Characteristic Category Frequency (N) Percentage (%)

Organization Private 44 28

Government 113 72

Total 157 100

Table 2. Demographic Profile of the Respondents
Item Frequency (N) Percentage (%)

Job Title Town Planner 48 30.6

Project Manager 2 1.3

Engineer 33 21

Architect 5 3.2

Others 69 43.9

Total 157 100

Working Experience Less than 5 years 85 54.1

5-10 years 45 28.7
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Item Frequency (N) Percentage (%)

10-15 years 12 7.6

More than 15 years 15 9.6

Total 157 100

Related Experience in land 
development process Involved in planning permission 41 26.1

Involved in development evaluation 27 17.2

Involved in development application 
decision making 12 7.6

Involved in development control 54 34.4

Involved in development design and 
mitigation 23 14.6

Total 157 100

Table 2 shows the demographic profiles of the respondents in this study. The results show 
that 56.1% of the respondents were construction related professionals, i.e., town planners, 
project managers, engineers, and architects. The other 43.9% came from other disciplines 
and included administrators, assistant architects, assistant engineers, geologists, property 
consultants and technical officers. The majority of respondents (54.1%) had less than 5 years of 
working experience in the field of highland development, while only 28.7% had 5-10 years of 
relevant experience. Most of the respondents (34.4%) were involved in development control, 
while 26.1% were involved in planning permission. 17.2% were involved in development 
evaluation and 14.6% were responsible for development design and mitigation.

Development Challenges of Highland Areas

Planning Aspects

Five planning issues with regards to highland development were listed for respondents to 
evaluate. Table 3 shows most respondents agreed that overcoming planning issues involved 
compliance of planning guidelines as well as compliance with guidelines for layout and 
building design, as the means for these variables were 4.20 and 4.14 respectively. This 
supports the findings of Alias et al. (2014), who reported a similar situation in their study. 
The respondents also classified complying with planning standards and monitoring debris 
in drains on slopes as potentially reducing the problem of development in highlands. Where 
it becomes necessary to develop on high lands, adhering strictly to planning guidelines is 
crucial both for safety of the development and its inhabitants and preserving the environment. 
According to Othman, Alias, Ali & Muhamad (2014) development activities in hill land areas 
must stringently adhere to planning frameworks and requires constant managing mechanisms, 
noting further that safety, environmental preservation and sustainability are the important 
aspects that must be considered.
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Table 3. Planning Related Issues

Variable - Planning Issues N Mean Std. Deviation

a) Comply with planning standards 157 3.90 .883

b) Comply with planning guidelines 157 4.20 .796

c) Comply with guidelines for layout and building design 157 4.14 .804

d) Monitoring debris in drains on slopes 157 3.84 .693

e) Monitoring damaged drains 157 3.79 .801

Environmental Aspects

Table 4 shows the descriptive statistics of the respondents’ opinion regarding 
environmental aspects of highland development. As shown in Table 4, the mean values of all 
variables ranged from 3.66 to 4.08. Soil structure achieved the highest score, which indicates 
the respondents agreed that the best way to control environmental problems in highlands is by 
retaining the soil structure. This supports the argument by Maintain (2007) that development 
activities affect the environment. Meanwhile, usage of the Environmental Impact Assessment 
(EIA) report in addressing environmental problems ranked second (mean=3.98), indicating 
the need to reduce negative environmental impact caused by land development. Meanwhile, 
the variable given the least importance in preserving the environment was retaining cultural 
heritage characteristics, with a mean score of 3.66. According to Hutchinson (2009), 
exercising a ban on development activities in hill land areas is a good solution to curbing 
environmental concerns. Although arguments that this indirectly affects economic growth by 
the lack of property development activities is countered by successful implementation of bans 
on development activities in hill land areas in countries such as Taiwan and Hong Kong (Gue 
and Tan, 2003). Taken together, these result simply that professionals consider environmental 
aspects to be of primary concern in the development of highlands.

Table 4. Environmental Related Issues
Variable – Environmental issues N Mean Std. Deviation

a) Preserve the biodiversity of that area 157 3.76 .796

b) By retaining environmental conservation 157 3.68 .768

c) Retaining cultural heritage characteristics 157 3.66 .860

d) By retaining soil structure 157 4.08 .694

e) Environmental impact assessment (EIA) usage in land development 
process 157 3.98 .738

Social Aspects

The results shown in Table 5 reveal the opinion of the respondents regarding social aspects 
of highland development. The mean values for social issues ranged from 3.69 to 3.97, which 
indicate that social issues also need to be considered in the development of highland areas. 
The highest mean value indicated was 3.97, for the variable of cooperation with the public, 
especially with those who stay nearby development areas. Meanwhile, information to the 
stakeholders and the use of SIA reports in determining the social impact of the development 
were considered the least important solutions to the problem. These results contrast sharply 
with the views of Abd-Rahman (2009), who emphasized the importance of SIA in any proposed 
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new development, noting that taking into consideration the social impacts of developments on 
people living especially within the vicinity of development areas by conducting a detailed SIA is 
crucial. Human impacts from perspectives such as economic, fiscal, aesthetics, and archeology are 
aspects necessary to be resolved by an SIA.

Table 5. Social Related Issues
Variable – Social issues N Mean Std. Deviation

a) SIA usage in land development process 157 3.69 .940

b) Information to the stakeholders is the main thing before starting a 
development 157 3.73 .788

c) Cooperation with the public is important especially people that stay 
nearby the development areas 157 3.97 .751

Economic Aspects

Table 6 shows the results of the respondents’ opinion regarding economic aspects of highland 
development. The mean values of the variables ranged from 3.13 to 3.29.The scores were 
considerably less than the scores for the planning, environmental, and social aspects. The highest 
mean score was 3.59, which indicates the respondents agreed that development of highlands 
(especially residential buildings) are aimed more at profit rather than at preserving natural resources 
(which only achieved a mean of 2.80). This result implies that developments in highlands could 
have minimal impact on natural resources, provided all parties adhere to regulations and policies 
endorsed by the government. The respondents also supported the development of highlands, which 
they perceived could contribute to the growth of national economy. It becomes a problem, however, 
where developments are purely economically driven. While property development contributed 
almost half of new investment revenues in the earlier part of 2012 (Leong, 2013), it should be 
noted that purely economically driven property developments result in severe adverse effects on 
the environment. With the rise in buildings with “green” characteristics, Pitts and Jackson (2008) 
noted that such elements must provide evidence of enhanced market value. The implication is that 
where green-building features does not result directly or indirectly in economic value, retaining 
them through new developments becomes difficult.

Table 6. Economic Related Issues
Variable – Economic issues N Mean Std. Deviation

a) Home ownership of highland areas just focuses on high income 
earners 157 3.59 .956

b) Development of highlands are more profitable than usual develop-
ment 157 3.50 .897

c) Development of highlands could contribute to a good impact on the 
national economy 157 3.52 .901

d) Development of highlands preserves the natural resources 157 2.80 .790

Land Development Issues

The respondents were asked to provide their opinions on nine specific issues regarding land 
development in highlands. The results are shown in Table 7. The mean values ranged from 3.55 
to 4.07. The highest mean was the landslide issue, which recorded a 4.07 mean score, while silt 
(sediment) in runoff from construction sites, logging and land clearing sites was the lowest with a 
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3.53 mean score. This implies that the respondents agreed landslides are the primary issue in 
relation to land development in highlands. The results also indicate the government needs to 
be more stringent regarding landslide protection when dealing with development in highlands. 
This is important because landslides do not only affect the development itself, but also the 
safety of people and other infrastructures near the development.

Table7. Land Development Related Issues
Variable – Land development issues N Mean Std. Deviation

a) Urban sprawl encroached towards environmentally sensitive areas 157 3.55 .763

b) Silt (sediment) in runoff from construction sites, logging and land 
clearing sites 157 3.53 .820

c) Deforestation 157 3.73 .931

d) Land degradation 157 3.74 .786

e) Soil contamination 157 3.68 .871

f) Tree and bush debris from development activities 157 3.95 .668

g) Broken water lines and other underground utilities in the building 
areas 157 3.75 .713

h) Landslides 157 4.07 .777

i) Loss of human life and damaging properties and infrastructures 157 3.78 .745

Perceptions of Control Mechanisms in Highland Development

The Implementation of the One Stop Centre (OSC)

Table 8 shows the response towards using an OSC for land development in highlands. 
The OSC is a concept where clients of a potential development need to submit all related 
documents to one coordinated office. Previously, the documents were submitted to various 
office agencies, which ended up in coordination difficulties. The highest mean score for the 
function of OSC was 4.16, (ensuring the compliance of legislations in the land development 
process). The lowest mean score recorded was 3.62 for the variable of controlling the 
land development trend in highland areas. OSC is a mechanism to ensure that respective 
departments carry out the process of development approval simultaneously, based in a central 
meeting place. The results implied that the respondents supported the OSC as a mechanism to 
control legislations in relation to the land development process.

Table 8. OSC Function

Variable – OSC N Mean Std. Deviation

a) Can reduce risk of failing development 157 3.76 .841

b) In decision making for land development process 157 3.89 .646

c) As a medium for public awareness regarding the procedures 
of the proposed land development 157 3.90 .856

d) In controlling the trend of land development in highland areas 157 3.62 .624

e) In ensuring the compliance of legislations in the land develop-
ment process 157 4.16 .647
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Sustainable Development of Highlands Approach

Local Agenda 21

Table 9 shows the results for the respondents’ opinion regarding Local Agenda 21, which 
was implemented by the government for sustainable development.

Table 9. Local Agenda 21 Control Mechanism

Variable – Local Agenda 21 N Mean Std. Deviation

a) Does emphasizing Local Agenda 21 improve sustainable 
development in Malaysia 157 3.91 .857

b) Agenda 21does not help increase levels of awareness due 
to the fact that this agenda is still new in Malaysia 157 3.65 .750

c) Local Agenda 21 is sufficient to be promoted at the local 
authorities level. 157 2.50 .910

d) Local Agenda 21 highlights improving the quality of life and 
managing environment issues 157 3.83 .719

The majority of the respondents agreed that by emphasizing Local Agenda 21, sustainable 
development in Malaysia could be enhanced and improved (mean score of 3.91). However, 
the respondents did not agree that it is sufficient for local authorities to promote Local Agenda 
21 (mean score 2.51). These results need to be shared with other relevant agencies and the 
public so that the main purpose of having this Agenda can be achieved in a short time. The 
respondents also agreed that Local Agenda 21 could be used as a mechanism to improve and 
manage sustainable development in highland areas, with a mean score of 3.83.

Malaysian Quality of Life Index (MQLI)

Table 10 shows the descriptive statistics of the respondents’ perception of MQLI with 
regards to land development in highlands. The highest mean value of the items on the MQLI 
was 3.68 and the lowest mean value was 2.81. The highest mean score indicates that the 
respondents agreed MQLI has the ability to control index components, which include the 
environment, housing, lifestyles and urban services. The respondents also agreed that the 
scale could be used to improve the quality of life for the public, especially in the urban area 
(mean score 3.64). However, most respondents disagreed with the idea that the index could be 
effective in controlling deterioration and reducing development in highlands.

Table 10. Malaysian Quality of Life Index Control Mechanism

Variable – Malaysian Urban Quality of Life Index N Mean Std. Deviation

a) The index could control the index component, which in-
cludes environment, housing, lifestyles and urban services 157 3.68 .760

b) The index will reduce development in urban areas and high-
lands, and control the deterioration index 157 2.81 .751

c) The index could be utilized to improve the quality of life 157 3.64 .855
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Correlation Test

The purpose of the correlation test was to determine whether there was any significant 
relationship between the challenges of highland development and control mechanisms. Table 
11 shows the results of the test. From the analysis, only two of the variables associated with 
the challenges had significant relationships with the control mechanisms, as follows:

•	 Problems in planning aspects could be controlled by implementing OSC (correlation 
coefficient of 0.408 at 1% significant level)

•	 Issues in land development could be minimized by implementing the sustainable 
approach (correlation coefficient of 0.568 at 5% significant level)

Table 11. Correlation Matrix between Challenges and Perceptions of Control Mechanisms in
Highland Development

Challenges Implementation 
of OSC Sustainable Development Approach

Planning .408** .108

Environmental .061 .039

Social .054 .020

Economic .057 .179

Land Development .119 .568*
  Note: * Correlation at 5% significance level

** Correlation at 1%significance level

The results indicate that the use of OSC significantly reduces problems with regards to 
planning aspects. This supports the statement by the Ministry of Urban Wellbeing, Housing 
and Local Government (KPKT 2008), which specified that the main reason of introducing OSC 
was to have more efficient and effective implementation and monitoring of developments. 
The second correlation was between land development issues and implementation of 
the sustainable approach. Two measures were found to be effective under the sustainable 
approach, which were Local Agenda 21 and MQLI. The results support the statement by Ng 
et al. (2011) and Omar (2009) who mentioned the function of Agenda 21 and MQLI was to 
monitor and forecast any proposed development in order to produce a better quality of life. 
Implementing these measures could therefore most likely reduce issues in land development.

Given these results, it can be concluded that both control mechanisms have great potential 
to be used in minimizing some of the problems surrounding highland development.

CONCLUSION

This study discussed five dimensions of challenges in highland development. They were: 
planning, environmental, economic, and social and land development. The study identified 
that compliance to planning guidelines as well as guidelines to layout and building design are 
necessary measures to overcoming planning issues. Also, retaining the soil structure could 
result in the control of environmental problems. Among curbing social issues, cooperation 
with the public, especially those within the vicinity of highland development areas is crucial. 
Also, land development issues could be more checked by establishing stringent guidelines 
from the government regarding landslide protection. In addition, two measures were identified 
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as control mechanisms that could overcome these problems. They were the implementation 
of OSC and the sustainable development approach. The associative test revealed that there 
were significant relationships between the use of OSC and problems in planning aspects 
and between the sustainable approach and issues in land development. This indicates the 
effectiveness of these two control mechanisms in addressing current problems in highland 
development.

As such, further research of the issues in highland development, which utilise a case study 
method, should be encouraged. Both control mechanisms could be tested the reliability to 
actual cases. In addition, future study could also examine more respondent’s behaviour that 
involved in highland development especially for other parts in Malaysia. The data obtained 
possibly to be used for development of a prediction model of this issue.
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Abstract
Partnering is one of effective procurement systems in the construction industry. Many large 
companies have been benefited from this procurement system. Yet, the related partnering 
research hardly focused on small-sized contractors. Hence, the objectives of this paper are 
(a) to ascertain the partnering concept, and (b) identify the problems and partnering effects 
as perceived by the small-sized contractors from the Malaysian’s perspective. Quantitative 
analysis was conducted based on forty sets of valid and responded questionnaires. The 
results show the partnering concept was well received among the contractors in the local 
industry. The respondents also perceived some positive effects from the partnering approach, 
such as knowledge sharing, technical know-how sharing, profit and losses sharing, efficient 
management, higher decision making skills and exchange of ideas from different thinking 
processes. The findings render insightful references to any small-sized construction 
organisations from both local and international contexts in their quest for the effective use of 
this procurement system.

Keywords: Partnering, small medium, contractor, construction industry, Malaysia

INTRODUCTION

Since the publication of the Latham (1994) report, “Constructing the Team”, partnering has 
been increasingly used as a procurement system in the construction industry. The procurement 
system enables the stakeholders to understand clearly its clients’ needs and objectives 
including improved efficiency and cost-effectiveness, increased innovation opportunities and 
the continuous improvement of quality products and services.

To Malaysia, the construction industry has been facing with the increased growth of 
the number of contractors (CIDB, 2011). If the population of the country (26 million) is 
divided by the number of contractors (42,313), the ratio can be calculated as 1 contractor 
to 614 persons. This is an extremely high ratio. Most of the contractors (31,569, 70%) are 
classified as the smallest-scaled Class “F” category. The objective is to have a smaller number 
of contractors getting a bigger share of the limited amount of contracting works. The issue in 
this research concerns with the existence of too many small-sized contractors in bidding for 
limited projects. Thus, the implementation of the partnering among small-sized contractors 
in Malaysia is hoped to ease the problem. The contractors can partner together to secure 
larger businesses and also to increase their competitiveness (Onojaefe and Ukpere, 2009). As 
a result the partnering concept would provide positive impacts to the construction industry.

Besides, a rising number of small-sized contractors are facing delays in payments, shrinking 
contracts as well as difficulty in getting loans due to tougher operating environments in the 
construction industry (Wang and Abdul-Rahman, 2010). Additionally, some face insufficient 
financing, lack of experience in material price escalation, lack of sufficiently skilled work 
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force, lack of performance and time management and poor productivity. It is envisaged that by 
using the partnering concept, they can receive more benefits instead of operating or managing 
the project solely on their own. This would enable them to share the project’s objectives and 
risks towards a common goal or mission. 

Moreover, it is difficult to find and refer a related partnering research that is focused on 
the small-sized contractors. Therefore, this research differs from prior studies which mainly 
investigated on large companies in driving changes and utilizing the partnering concept 
(Bayliss et al., 2004; Anderson and Polkinghorn, 2008; Chan et al., 2008; Bygballe et al., 2010; 
Adnan et al., 2011) and its success factors (Black et al., 2000; Chan et al., 2004, 2008; Chen 
and Chen, 2007; Jacobson and Choi, 2008). The objectives of the research are to ascertain 
the practice of the partnering concept; and identify the problems and effects of partnering 
among the small-sized contractors in the construction industry. Results derived from this 
Malaysian study would address the gap in the area of small-sized contractor partnerships. The 
accomplishment of this research would also contribute directly to the literature in this area.

AN OVERVIEW OF PARTNERING  

Crowley and Karim (1995) define the partnering concept as “an organization implementing 
a co-operative strategy b separating companies in a competitive climate”. This is a set of 
strategic actions to improve the project performance (Bennett and Jayes, 1995). It is driven 
by a clear understanding of mutual objectives and co-operative decision-making by multiple 
firms.

In a partnering arrangement, the fundamental components are formalized mutual 
objectives, agreed problem resolution methods and an active search for continuous measurable 
improvements. These fundamental components are lacking in other procurement systems. 
The ultimate goal of the partnering system should be to achieve a “win-win” situation 
for all parties. The partnering relationship is based on trust, dedication to common goals 
and an understanding of each other’s individual expectations and values (Matthews et al., 
2000). Without these, the partnered team would lack of the basis for open, mutual learning, 
communication and real integration. In particular, the trust allows the team to focus on interests 
rather than on personalities or positions. It promotes openness and encourages people to put 
their cards on the table, which is related to the reliability and integrity of the partners (Botha 
and Waldt, 2010).

According to Tennyson (2003), partnering workshops should be initiated and organized 
to establish a platform for exchanging information in a construction network. The gathering 
of information in the partnering workshops includes skills, comments, ideas, data, facts and 
knowledge (Bennett and Jayes, 1998; Swan and Khalfan, 2007). The following outcomes 
could be achieved at the end of the workshops:

•	 Awareness raising, where appropriate; 
•	 Mutual objectives; 
•	 Performance measurement frameworks; 
•	 Roles and responsibilities; 
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•	 Tools and processes. 
•	 Greater certainty of the outcome in cost and time; 
•	 Reduced wastage; 
•	 Improving communications; 
•	 Improving safety; 
•	 Reduced costs associated with disputes; and 
•	 Potential for continuous improvement.

In sum, the successful partnering system aims at empowering problem solving at the 
lowest possible level and earliest possible time and over the shortest possible period. If the 
team members can come to an agreement, they do not need help from upper management. 
But, if the problem is not resolved in a timely manner on one level of management, the 
issue then escalates according to a pre-arranged formula. Thus, leadership involvement in the 
partnering process is critical. The leaders must not only agree to the partnering concept; but 
they should drive it and implement it as early as possible (Stevens, 2004). 

The Malaysian Construction Industry 

The construction industry plays an important role in a country’s economic development. 
It contributes to the infrastructure required for socioeconomic development and serves as a 
major contributor to overall economic growth (Abdullah, 2004). The Malaysian Construction 
Industry Master Plan emphasizes the role played by the construction industry and the private 
sector in generating wealth and improving the quality of life for Malaysians through the 
Government’s socio economic policies into social and economic infrastructures and buildings. 
The industry also provides job opportunities to approximately 800,000 people. Further, it 
also creates various economic impacts to other industries, including manufacturing, financial 
and professional services. As Malaysia moves from developing country status towards a 
developed and industrialized nation as envisaged in Vision 2020, its construction industry will 
need to respond to the changes in construction demand. Any attempt to formulate strategies 
for fulfilling future demand would require a reliable understanding of the past and present 
scenario of the industry (Abdullah, 2004). Fundamentally, the performance and prospects of 
the economy have implications for the industry and construction industry development should 
be considered in the context of a country’s economic development.

Small-sized contractors carry out several types of construction works with the cost 
limit of works up to RM 200, 0000.00. The value capital for small-sized contractors is RM 
10,000.00. According to Shahimi (2006), there are fewer professionals involved in small 
construction firms, which the firms normally comprise persons with primary or secondary 
academic qualifications. Majority of small-sized contractors operates their company in their 
own premises due to their small capital. However, some who are established contractors, own 
their offices. Ownership of construction offices will ease the contractor’s job in operating 
the organization and implementing work without interruptions. In 2006, the government 
allocated a budget of RM 2 billion for small-sized contractors to implement maintenance and 
basic infrastructure projects.

Many issues have been reported in the mass media involving small-sized contractors 
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in Malaysia. This can be expected when some contractors are more interested in making a 
quick profit by selling their contracts and licenses than in fulfilling the contracts (Kamil, 
2007). It has motivated many to register and work as the contractor, including those without 
the expertise or required capital. Consequently, there are too many numbers of small-sized 
contractors who sometimes only advertise their names as holders for the company; where the 
license is not used by them to get any kind of projects (Shahimi, 2006). They would sublet 
their licenses to other companies and take a percentage of the profit. However, this practice 
hinders them to grow and expand their business. 
  
DESIGN AND ADMINISTRATION OF THE QUESTIONNAIRE SURVEY
 

The questionnaire was developed based on the literature findings from the generic view 
of the partnering concept and practice in the construction industry. The literature was to 
investigate on different research subject, namely, small-sized contractors in Malaysia. This 
approach would ensure and ascertain the partnering concept in the local industry and also 
identify the problems and partnering effects as perceived by the contractors.

The survey questionnaires were distributed to two hundred and fifty small-sized 
contractors in the state of Selangor, Malaysia. The research selected Selangor as the scope 
of study, mainly due to the statistical reasons and strategic location of the state in Klang 
Valley. Selangor has the highest numbers of small-sized contractors in Malaysia and most 
of them are active contractors. This selection would provide greater accuracy to this study. 
Forty copies were duly answered and returned for statistical analyses. Though the sample size 
was relatively small and unable to represent the whole population. But, when a sample size 
is more than thirty, it is considered sufficiently large to apply central limit theorem (
) to model the sample mean (Mann, 2005). The statistical results will approach to the normal 
distribution, where the mean of the sample size could represent the mean of the population 
(Chong and Zin, 2010). Therefore, means and percentage of frequency were suitable and 
applied to investigate the trends and scenario of the contractors.

The first analysis was conducted on the demographic data provided by the respondents. 
Twenty out of the forty small-sized contractors were involved in the construction industry for 
6 to 10 years, representing 50%. This followed by those with11 to 15 years of experience. 
There were only 3 contractors who had experience of 1 to 5 years or more than 21 years in 
the construction industry. It is believed that more experienced small-sized contractors were 
involved in the construction industry.

Table 1. Scope of Works and the Jobs awarded to the small-sized contractors

NO
QUESTION: Which type/scope of works do you involved in project?
ANSWER FREQUENCY (%)

1 Repair/Maintenance Works 40/40 100
2 Building Works 38/40 95
3 Electrical Works 14/40 35
4 Infrastructure Works 31/40 78
5 Trade Works 29/40 73
6 Other Works 8/40 20
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Table 1 shows that all small-sized contractors were involved in repair and maintenance 
works, followed by building works involving 95% of small-sized contractors and another 35% 
involved in electrical works. The lowest percentage was 20%, involving eight (8) small-sized 
contractors conducting other works such as mechanical, telecommunication and landscaping 
works, solid waste, etc.

It was found that 40% of small-sized contractors were awarded jobs 6 to 10 times within 
a span of 5 years followed by 33% contractors whom were awarded jobs 3 to 5 times within 
5 years. Most of the jobs offered were from Government or public sectors.

Table 2. Problems faced during project stage

NO
QUESTION: What are the problems faced by the small-sized contractors during the early 
project stage?

ANSWER FREQUENCY (%)
1 Financial problems 30/40 75
2 Late payments 28/40 70
3 Not enough equipment 15/40 38
4 Not enough labours and traders 15/40 38
5 Not well experienced and unfamiliar with jobs given 15/40 38
6 Others 1/40 3

Table 2 shows that the finance or capital was the most common problem faced by the 
contractors. Thirty respondents claimed that finance is their main problem during the project 
stage, followed by the late payments caused by the client which accounted for 70% of the 
respondents. Fifteen respondents stated they did not have enough equipment, labours and 
trades during the project stage. 

Table 3. Participation in partnering projects

NO
QUESTION: Have you participated in a partnering project?
ANSWER FREQUENCY (%)

1 Yes 14 35
2 No 26 65

TOTAL 40 100

As is illustrated in Table 3, twenty-six (65%) small-sized contractors had never participated 
in any partnering projects while the remaining fourteen (14) have done so.  

Table 4. Consideration of using the partnering concept to merge with other small contractors

NO
QUESTION: Have you considered doing so by using this concept to merge with other small-
sized contractors?
ANSWER FREQUENCY (%)

1 Yes 14 54
2 No 12 46

TOTAL 26 100

Table 4 shows that fifty four percent (54%) of the respondents stated that they had 
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considered partnering and were ready to merge with other small contractors but the remaining 
twelve respondents stated otherwise.

Table 5. The initiator of the partnering concept

NO
QUESTION: Who initiated the concept?
ANSWER FREQUENCY (%)

1 Main Contractor 9/14 64
2 Design Team 5/14 36
3 Others 3/14 22
4 Client 3/14 21

Table 5 shows that most of the respondents said that the main contractor determined the 
partnering concept; whereas five out of fourteen respondents stated it was the design team’s 
call. Only three respondents claimed that the concept was determined by the client and others 
such as friends in the same background small-sized contractors. 

Table 6. The achievement of the objectives
NO QUESTION: Were the objectives being achieved?

ANSWER FREQUENCY (%)
1 Completely 2 14
2 Between 25% to 66% 5 36
3 More than 66% 7 50
4 None 0 0

TOTAL 14 100

Table 6 shows that 50% of the respondents claimed that they had achieved more than 
66% objectives; while only 14% of respondents claimed that they had completely achieved 
the objectives of partnering as shown in Table 7. None of the respondents claimed that they 
did not achieve any objectives.

Table 7. Successful implementation of the partnering concept among small-sized contractors

Rank Issues Percentage

1 Clear understanding of partnering concept 58
2 Joint agreement/ contract 54
3 Good communication/ information 54
4 Good manager and management skills 50
5 Experience of partner company 46
6 Effective collaboration and cooperation 42
7 No hidden agendas 42
8 Policy/political 42
9 Ability to share decision making process 42
10 Willing to share power 39
11 Mutual understanding/ trust 38
12 Organisation structure/ management 38
13 Willing to share profit 38
14 Trust need of partners 38
15 Others 0
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The question shown in Table 7 was designed to identify the successful implementation of 
the partnering concept among small-sized contractors in Malaysia according to small-sized 
contractors’ general knowledge and experiences. Only twenty-six respondents answered the 
question. This question applies the Likert-Scale of 1 to 5, with 5 representing strongly agree, 4 
for agree, 3 for undecided, 2 for disagree and 1 for strongly disagree. Most respondents (58%) 
strongly agreed with clear understanding of the partnering concept. This followed by the 
successful joint agreement or contract and good communication/information. All the issues 
were considered important and well-received by the respondents.  

Table 8. Potential management issues in implementing the partnering concept
Rank Management Issues Percentage

1 Inefficiency of working committee 55%
2 Inadequate project organization structure 54%
3 Poor project relationships and disputes with partner 48%
4 Partner’s lack of management competence and resource fullness 47%
5 Disagreement exists on allocation of staff positions in Partnering 45%
6 Disagreement exists on allocation of works 44%
7 Lack of knowledge in Partnering concept 43%
8 Improper project planning and budgeting 40%
9 Employees from each partner distrust each other 38%

Rank Financial Issues 
1 Bankruptcy of partners/ financial problems 60%
2 Disagreement on accounting of shares of profits and losses 60%

Rank Technical Issues 
1 Incompetence of partner’s workers 60%
2 Lack of technical communication between partners 55%
3 Poor quality /workmanship produced by partner 53%
4 Problems due to partner from different practice 42%

Rank Legal Issues 
1 Breach of contract by partners 65%
2 Disagree with some conditions of contract 48%
3 Lack of enforcement by legal judgment 45%
4 Incomplete contract terms with partners (loophole in agreement) 45%

This question shown in Table 8 was designed to identify problems in the implementing the 
partnering concept among the contractors. Four problems were classified such as, management 
problems, financial problems, technical problems and legal problems. The problems were 
arranged in ranking based on the statistical results on the Likert scale. The scale was 1 to 
5: with 1 representing the very lowest priority; 2 for low priority; 3 for average; 4 for high 
priority and 5 for the very highest priority.  Based on the overall results, it was found that, the 
inefficiency of working committee was ranked the first for the management problems with 
55% highest priority followed by the inadequate project organization structure. The element 
of poor project relationships and disputes with partner was ranked in the third place with 
48%. It was then followed by the element of partner’s lack of management competence and 
resourcefulness where 47% respondents voted for an average. 
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Most of the respondents (60%) had voted equally on both the financial issues, namely, 
bankruptcy of partners or financial problems, and disagreement on accounting of share of 
profits and losses. This means the issue of disagreement on accounting of share of profits has 
a highly probability of occurring. 

To the technical problems, 60% of respondents agreed on the incompetence of partner’s 
workers. This followed by 55% respondents voted on the issue of lack of technical 
communication between partners. Poor quality/workmanship produced by partner received 
53% votes while problems due to partners from different practice received the lowest 
percentage. 

To the legal issues, the highest percentage (65%) of respondents voted on breach of 
contract by partners while 48% of respondents voted on the issue of disagreement with some 
conditions of contract, followed by lack of enforcement by legal judgment and incomplete 
contract terms with partners which received 45% each.  

DISCUSSION  

General Problems in Small-Sized Contractors in Malaysia

Various problems have been facing by most small-sized contractors in the Malaysian 
construction industry. The Government of Malaysia has taken serious steps to mitigate these 
problems, and in particular, the Ministry of Works aims to restructure the industry by merging 
companies involved in the same sectors to increase the contractors’ skills and competitiveness. 
Most of the contractors do not have sufficient capital to finance their undertakings. Banks 
do not accept the construction equipment owned by the contractor as collateral. Therefore, 
the contractors face the problem of seeking sufficient capital to undertake their business. 
Furthermore, too many small contractors compete for too few jobs in the industry. Most 
respondents agreed that there was too much competition in obtaining projects. They only 
managed to obtain projects 6 to 10 times for a period of five (5) years. Moreover, the contractors 
also face logistics problems such as insufficient plant and machineries, materials, etc. This is 
due to lack of skills to wheel and deal with suppliers. 

Therefore, the small-sized contractors require different means in addressing the problems 
above. The partnering approach could be one of the most effective ways to help and train the 
contractor, where the contractors’ shortcomings could be covered and helped the partner. This 
would complement one and another in improving their skills and competitiveness to complete 
the project successfully (Matthews et al., 2000; Botha and Waldt, 2010). 

The Partnering Concept and Effects 

By referring on the quantitative findings, it was found that most of small-sized contractors 
have basic knowledge and understanding of the practice of the partnering concept. Most of 
them felt that the concept of partnering is suitable to be applied due to the current problems 
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in the construction industry. On top of that, partnering can be used in various situations that 
demand productivity within a short given period, well equipped plants and materials, enough 
capital and experience. Work productivity can be raised if the small-sized contractors are fully 
committed to partnering.

In addition, most of the respondents felt that the implementation of the partnering concept 
among small-sized contractors can produce reputable and competitive small-sized contractors. 
Workers or skilled labour from the different partners could be worked together so that their 
skills may be utilized in different scope of works. The partnering concept will enhance 
knowledge and skills-sharing in the industry. Therefore, all of them can share experiences, 
develop their skills and bid for projects depending on their combined expertise.

To the management perspective, the experience brought by various contractors can be 
shared, leading to better communication, more efficient management and resourcefulness. 
Some creative ideas from the experienced contractors can be shared for developing the present 
business into a larger business in accordance with the demands of the construction industry 
nowadays. Eventually, different types of contractors from big to small-sized contractors can 
merge to form a consortium.

Overall, the quantitative results reflect almost the same findings on the collaborative 
practices in the partnering concept (Black et al., 2000). It will improve the project performance 
and increase the competitiveness of the involved organisations. The benefits and management 
issues are also rather similar to the general scenario in the construction industry, which relate 
to the trust and working commitment in the partnership for a mutual objective (Matthew et al., 
2000; Chan et al., 2004; Chan et al., 2008). However, the partnering concept will change and 
evolve in the small-size contractors after certain levels of development and maturity. This is 
mainly due to the need for coping with the different institutional and national settings (Bygballe 
et al., 2010). Hence, the Malaysian scenario could be the first example and reference for other 
small-sized contractors in other countries, if the partnering concept has been developed and 
implemented successfully in the Malaysian construction industry. 

CONCLUSIONS AND RECOMMENDATIONS

The research has analysed the partnering concept and achieved the objectives for small-
sized contractors in Malaysia. The partnering concept was well received among the contractors 
in the local industry. The key benefits of the partnering concept include knowledge sharing, 
technical sharing, profit and losses sharing, efficient management, higher decision making 
skills, transfer of ideas from different thinking, etc. Thus, those small  contractors who face 
obstacles in obtaining projects because their business is new, small and less established, will 
benefit from partnering as collaboration, knowledge and technical sharing which are inherent  
in the partnering concept, will help them to surmount these challenges.

While most small-sized contractors have basic knowledge and understanding of 
the partnering concept, their confidence and commitment may be further augmented by 
knowledge sharing and enhancing seminars and workshops. Consequently, the contractors 
who are knowledgeable about and truly committed will have the opportunity to reform and 
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revolutionize their companies.

It is suggested that the Malaysian government and its Contractor Centre Service provide 
more courses and seminars for small-sized contractors to clarify the partnering concept. 
Comprehensive knowledge on partnering is required so that small-sized contractors will be 
more confident to practice the concept. In addition, partnering courses are crucial for attracting 
small-sized contractors to participate and discuss related issues with the relevant bodies in the 
construction industry.  Besides, the partnering concept should also be broadened to include 
medium and large contractors who could collaborate with the small-sized contractors. The 
partnership could come from the same areas of specialization according to the types of works 
undertaken. This is to increase efficiency within the partnering teams.

Further research could focus on the formation of a project distribution centre to facilitate 
partnering job distribution. The project distribution centre is to ensure the effective and efficient 
distribution of projects, in particularly public projects. Good governance and freedom from 
political interruptions should be the hallmarks of the distribution centre. Moreover, further 
investigation should be carried out on those had bad experiences in the partnering concept or 
practice. It would be able to draw a clear picture on the behaviours and strategies for future 
implementation.

In conclusion, the research provides insightful references based the quantitative analysis 
on the partnering concept for the Malaysian small-sized contractor. The findings can be 
referred by any construction organisations in Malaysia or other countries.  
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Abstract
Studies on women in construction industry have attracted minimal attention in Malaysia. 
The objectives of this study are to measure the satisfaction level of professional women in 
work-life balance; to examine the obstacles faced by women professional quantity surveyors 
in the Malaysian construction industry with respect to work-life balance and to identify the 
relationships between the two. Probability sampling was used to collect data in which 251 
questionnaires were sent to registered women quantity surveyors obtained from the Board of 
Quantity  Surveyors Malaysia (BQSM) list, with 35 respondents returning the questionnaires. 
The findings revealed that women professional quantity surveyors were satisfied and achieved 
work-life balance with their current career and family life. Long working hours, uneven adoption 
of policies, lack of formalisation and temporal adjustment to working time were among the 
obstacles identified from this study. Women quantity surveyors secure work-life balance 
through avoiding spending long hours at work. It was also interesting to note that majority of 
their employers do not have any written policy to support their work-life balance.  This study 
provides new insights on the dynamics of work-life balance implementation on professional 
women quantity surveyors in the Malaysia construction industry.

Keywords: Work-life balance, satisfaction, obstacles, professional women quantity surveyor and 
construction industry.

INTRODUCTION

Since the 1940s, a growing number of women have entered the labour force at a rate 
of over 20% progressively (Riley and McCloskey, 1996). Work-life balance involves the 
effective management and support of both paid work and other vital activities, including 
time with family, sports and recreation, volunteer work, and further studies (Kaewsri and 
Thongthong, 2013). Nonetheless, the rigidity of working hours and the working environment 
prevent women from working effectively because they must also devote their time for 
childcare and other family responsibilities (Ellison, 2001; Wilson, 1998). Many researchers 
have examined how the conflicting demands of career and family can be balanced (Hattery, 
2001; Parasuramanet al., 1996; Walter, 1999; Williams, 2001). Spencer and Podmore (1987) 
related this issue to the concept of professional commitment, which they recognize as a key 
factor in the marginalization of women in the professional sector.

Professional women must achieve the ideal work-life balance as they are empowered 
and motivated by a well-balanced lifestyle that fulfils both career and family responsibilities 
(Kaewsri and Thongthong, 2013). By contrast, personal overload, conflicts between family 
and work and overstress result in burnout or bored syndrome which negatively affects both 
family and work life and can possibly induce sickness, lack of productivity and additional 
individual problems (Varatharaj and Vasantha, 2012). By attaining work-life balance, 
professional women will not feel overworked while being satisfied with their jobs and careers 
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(Malik, 2011). This satisfaction may translate into higher efficiency and productivity, which 
in turn benefits their employers. Lim and Ling, (2012) emphasized on the need for work-life 
balance for female staff members in construction companies.

This study further incorporates the barriers to work-life balance into the conceptual 
domain of work environments that support families. In particular, this research focuses 
on the causal factors that limit the effective management of career and family by women, 
given that, in addition to workplace commitments and responsibilities, the patterns of career 
development for women are typically influenced by family, unlike those for men. This paper 
aims to fill the research gap by catering to two objectives: (1) To examine the satisfaction 
level of registered women Quantity Surveyors with work-life balance; (2) To determine the 
obstacles to work-life balance as faced by registered women Quantity Surveyors and (3) To 
identify the relationships between the satisfaction of work-life balance and their obstacles.
This paper is structured as follows. Section 1 discusses on the construction industry and 
women participation before characterizing the basic concepts of work-life balance; section 2 
describes the research methodology, and section 3 presents the basic findings. Finally, Section 
4 summarizes the results along with their implications.

LITERATURE REVIEW

Construction industry and Malaysian construction industry

The construction industry is unique, large in nature, and houses a wide diversity of 
professions, specialists, and suppliers (Arslan and Kivrak, 2004). In the 21st century, this 
increasingly complex industry necessitates the involvement of various professionals, such as 
architects, interior designers, quantity surveyors, civil, mechanical, electrical, and structural 
engineers (Hussin and Omran, 2009). In Malaysia, the construction industry is one of the 
most important sectors that contribute to the economic growth of the country (Rozanah and 
Kamal, 2008). This sector recorded growth of 18.5% in 2012 (Judin, 2013) and according to 
Statistics Department Malaysia, in 2013 the number of employed workers in the industry is 
1,244,000 with only 8.8% or 109,000 being women. Furthermore, this sector is the source of 
numerous and highly complex projects, which are significantly challenging and provide vast 
opportunities to various companies in the construction industry.

Construction industry and construction organisations

There is a difference in the nature of careers between the construction industry and 
construction organisations. Basically, the industry refers to all businesses in the same line 
of work such as computer industry, manufacturing industry and construction industry. In the 
construction industry, there are groups of companies or organisations making and/or selling 
the same products or services for instance: engineers, architects, quantity surveyors and 
contractors in construction industry (Dainty, Grugulis, and Langford, 2007). Construction 
organisations involved a group of persons either professional or non-professional working in 
the same direction or common goals that is to achieve the objectives of the organisations (Jaafar 
and Othman, 2013). Amaratunga et al. (2006) in their research revealed that the true position 
of professional women in the construction industry and organisations was less compared to 
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non-professional women.  Accordingly, 84% of women in construction held secretarial posts, 
whereas only 10% were employed in a professional capacity and the remaining 6% were craft 
and trade level employees. In addition, a previous study found that most women in the United 
Kingdom construction industry and organisations were employed in administrative positions 
(Fielden et al., 2001) while according to Watts (2007), there was a disproportionate absence of 
women in the professional positions of construction industry such as those related to technical 
and managerial disciplines.

Nature of career and women participation in construction industry

The careers within the construction industry are extremely different from each other and 
composed of unskilled, craft, managerial and administrative workers (Dainty et al., 2007). 
Moor (2006) argued that the inclusion of more women in the workforce provides individual 
and social benefits. Since Malaysian women make up almost half of the population (Malaysia 
Statistics Department, 2010), it would thus be significant to incorporate women in the 
construction industry (Radhlinah and Jingmond, 2011). The under-representation of women 
in this industry has been well-documented. Court and Moralee (1995) reported that in the 
mid-1990s, women constituted only 10% of the approximately 1.77 million people employed 
by the UK construction industry. In Australia, Lingard and Lin (2004) reported that women 
accounted for only 14% of the employees in the Australian building industry. Although 
sectoral changes in the Malaysian economy have enhanced the proportion of women engaged 
in technical and professional activities, according to Goh, Seow, and Goh (2013) however, 
the participation rate of women in the Malaysian workforce remains lower than other Asian 
countries.

Wangle (2009), Chandra and Loosemore (2004), Agapiou (2002), Whittock (2002), 
and Fielden et al., (2000) investigated why women avoided the construction industry and 
determined that most of the common barriers were physical incapability, sexual harassment, 
sexual discrimination, social acceptance of career choice, sexual-inappropriateness of the 
occupation, the lack of qualification for blue-collar jobs, and labour conditions such as 
extreme weather, unsociable working hours, and occupational hazards. Besides that, the 
working conditions and inflexible working hours were among the factors that lead to less 
participation of professional women in construction industry (Barbara, David and Gulsh, 
2008 ; Lim and Ling, 2012). This underrepresentation of women in construction industry 
is also due to their marital status and commitment to demands stemming from their roles as 
wives and mothers which sometimes lead to career breaks and limit their ability to explore 
other career opportunities which suit their requirement better (Kehinde and Okoli, 2004).

The current study concentrates on registered women quantity surveyors. The quantity 
surveyors’ (QS) role is to minimise the costs of the construction project and improve value for 
money, and at that same time getting the required standards and quality (Abdullah, Arshad, 
and Ariffin, 2013).  QSs relate to people at all levels whether they are consultants, developers, 
contractors and sub-contractors, and act on behalf of the client to ensure value for money and 
check the accuracy of the contractor’s application for payment (QS Professionals, 2013).
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Work-life or work-family balance

Work-life balance generally refers to the organizational support for dependent care, 
flexible work arrangements and family-related or personal leaves (Estes and Michael, 2009). 
By achieving work-life balance, professionals do not feel overworked and are therefore 
satisfied with their jobs (Kehinde and Okoli, 2004).  As a result, they become highly efficient 
and productive, which in turn benefits their employers. Work-life balance is the current focus 
of discussions related to the improvement of working conditions and paid work flexibility. 
In this respect, the appropriate design and implementation of policies for work-life balance 
can facilitate the autonomy of workers in integrating the spheres of work and non-work 
life (Felstead et al., 2002). Work-life balance generates various “win-win” outcomes for 
both employers and employees. Employers benefit from increased productivity, reduced 
accommodation costs (e.g., hot-desking), low absenteeism rates, improved recruitment, 
retention and customer services, and employee motivation (Woodland et al., 2003). Employees 
can mould their increasingly flexible work-times around household and care responsibilities 
(Tietze and Musson, 2005). As a result, they are less stressed (McDowell et al., 2005).

Satisfaction of women in work-life balance

Previous studies on either family or work satisfaction cannot ascertain whether women 
have experienced a cultural reversal (Kiecolt, 2003). However, the distribution of satisfaction 
between work and family life (Pleck, 1985) in assessing “the relative emotional magnetism of 
home and work” (Hochschild, 1997) cannot be ignored. Based on these ideas, relative work-
home satisfaction is defined by a two-by-two typology. First, Hochschild (1996) examined 
women who considered work as a haven from home and who were more satisfied with work 
than with family. This work-as-haven pattern is a cultural reversal of the second pattern of 
“family as haven from work” (Hochschild, 1996). This pattern is more traditional and typical 
than the first. Third, some women work around a “double-positive” pattern of “work-home 
balance” and find both work and home to be pleasurable (Hochschild, 1996).

Aryee and Debrah (1992) reported that career satisfaction is related to organizational 
commitment and conclude that employees “exchange” organizational commitment for the 
rewards associated with the satisfaction of career aspirations. When their career expectations 
are not met, women become disillusioned and uncommitted. Lingard and Francis (2002) and 
Lingard and Sublet (2002) stated that the demands of construction work affect the personal 
relationships of construction professionals. Although both men and women must balance 
the demands of work and home life, women continue to bear the primary responsibility for 
domestic duties in most households (Demo and Acock, 1993; Higgins et al., 2000). Dainty et 
al. (1999) reported that the satisfaction levels of women in the construction industry decline 
under significant issues because male-oriented work practices prevent the balance of work 
and family life.
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OBSTACLES TO WORK-LIFE BALANCE

Uneven adoption of policies

The first obstacle in work-life balance is the uneven adoption of formal and written family-
supportive policies according to enterprise size and sector. Family-supportive policies refer 
to services that simplify the day-to-day responsibilities of employees, including childcare, 
flexitime and telecommuting. Research has demonstrated that the implementation of family-
friendly policies is linked to lessened work-life conflict (Frye and Breaugh, 2004; Gajendran 
and Harrison, 2007; Thompson et al., 1999). Moreover, policies that support work-life balance 
benefit not only the individual but also the organization.Many previous data sets indicate that 
work-life balance policies are not evenly distributed across sectors or organizations. Over a 
quarter of manufacturing establishments have not implemented policies related to any aspect 
of work-life balance (Hyman and Summers, 2004). Furthermore, organizations with fewer 
than 500 employees are less likely to develop such policies (Hyman and Summers, 2004). 
According to Cully et al. (1999), such policies have been implemented in the public sector and 
in large establishments. Dex and Colin (2002) also emphasized that organizations with high 
numbers of female employees are likely to implement such policies.

Lack of formalization

Professional women are typically managed directly by line managers who are usually 
untrained and lack awareness and understanding on issues requiring family-friendliness and 
work-life balance. Moreover, these managers can and do influence the effectiveness of work-
life policies by acting as “gatekeepers to employees’ access” in large companies (Dex and 
Colin, 2002; Dex and Scheibl, 2002; Bond et al., 2002). Lauzun et al. (2010) also argued that 
line managers cannot accommodate the needs of subordinates for work-life balance because of 
insufficient authority, insufficient resources, job requirements and the involvement of multiple 
parties with respect to such accommodations. Based on the studies on policy and cultural 
constraints (e.g., Eby et al., 2005; Ford, Heinen, and Langkamer, 2007), insufficient authority 
is the most common barrier. In the study by Lauzun et al. (2010) however, supervisors did not 
admit to being barriers despite indications in previous literature that immediate line managers 
can both facilitate and hinder the work-life balance of subordinates (Ford et al., 2007; Major 
et al., 2008; Thompson, Beauvais, and Lyness, 1999). Hyman and Summers (2004) mentioned 
that very few line managers, including those with delegated authority, had received specific 
training with respect to family-friendly working environments or work-life balance. Thus, the 
interpretation and implementation of formal policies remain subject to the informal discretion 
of often-uninformed line managers.

Long working hours

Attaining work-life balance is difficult for women with substantial household 
responsibilities because they must conform to the counterproductive “working long hours 
culture” (Lewis, 2000; Rapoport et al., 2002; White et al., 2003). Current work-life balance 
policies fail to address many of the core issues attributed to surrounding work conditions 
(Shorthose, 2004). Thus, allocating time and presence between work and home (Tietze and 
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Musson, 2005) remains challenging because employees feel that they must always remain 
on call and be available. Furthermore, they feel invisible and isolated by working at home 
(Harris, 2003).

Temporal adjustment

Temporal adjustment benefits both employers and staff by increasing motivation and 
corporate loyalty. Furthermore, employees approach their work with energy and enthusiasm 
(Macdonald, 2005). However, the considerable rhetoric on the desirability of work-life balance 
is not supported by recognized standards of “work-life balance” or “family-friendliness” 
(Hyman et al., 2003). In organizations, the appropriateness of recent arrangements for 
temporal flexibility is questioned in relation to how they serve employee needs rather than 
those of employers for productivity (see Lewis and Lewis, 1996, p.160). Between 1988 and 
1998, the proportion of women working more than 50 hours a week increased from 4% to 
10% (Hyman et al., 2003).

Many employees, including those with young families, work weekend shifts (Hyman 
and Summers, 2004). As previously mentioned, some employees work extra hours without 
compensation, and professional staff members commonly take work home even after putting 
in a full day in their offices (see also Harvey, 1999; Scase, 2002). Hogarth et al. (2000) also 
argued that professionals are the most likely to work regular and long additional hours without 
financial reward. According to Hyman et al. (2003), call centre employees are often exhausted 
after work, and approximately 40% of them claimed that they felt exhaustion as well 
throughout the working period. The same was true for over half of the respondents from the 
software industry. A large proportion of them claimed to experience sleep problems and were 
concerned that their work was adversely affecting their health. In addition, these professionals 
are highly stressed, especially those with childcare responsibilities.

Persistence of second shift

Hochschild (1989) reported that women worked roughly 15 hours longer than men each 
week and that most women work two shifts, namely one at the office and the other at home. 
Furthermore, significant proportions of female employees are exhausted when they return 
home, as well as suffer from the lack of sleep, anxiety about work while at home, and are 
generally stressed (Hyman and Summers, 2004). Despite the increased participation of women 
in paid work and its attendant concerns, efforts to balance household responsibilities in terms 
of domestic labour and childcare with work have developed slightly over time (Hyman and 
Summers, 2004). Regardless of employment status, women undertake domestic responsibilities 
(Newell, 1993; Charles and Kerr, 1999). Hence, the so-called second shift remains stubbornly 
intact. Labour research (2001, p.28) also revealed that women are still paid lesser than men. 
This discrimination may restrict their opportunities with regard to engaging in part-time work. 
This issue is further exacerbated by the general absence of affordable childcare.

METHODOLOGY

Table 1 shows the research objectives and research methodology for this study.
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Table 1. Relationship between research objectives and study components

Research Objectives Research Questions Research Methodology

1. To measure the satis-
faction level of women 
registered Quantity 
Surveyors.

What is the level of satisfac-
tion among women regis-
tered Quantity Surveyors?

1. Literature review – to gain the understand-
ing on women, career and life balance.

2. Questionnaire – to compare the literature 
review and the satisfaction level of select-
ed respondents.

2.  To examine obstacles that 
faced by women regis-
tered Quantity Surveyors 
in achieving work-life 
balance.

What are the obstacles that 
faced by women registered 
Quantity Surveyors in 
achieving work-life balance?

1. Literature review – to gain the information 
on the obstacles that faced by women 
registered Quantity Surveyors

2. Questionnaire – to compare the literature 
review and the obstacles faced by the 
selected respondents.

Sampling and data collection

A simple method of random sampling was applied to equalize the chances of selection for 
each sampling element and to reduce possible bias in the process. As a rule of thumb, Hoinville 
and Jowell (1978) suggested that the sample size should be 10% of the total population. A 
total number of 251 questionnaires were distributed to registered women quantity surveyors 
throughout Malaysia. According to the Board of Quantity Surveyors Malaysia (BQSM), the 
percentage of registered women quantity surveyors is 26.1% of which 251 are women and 712 
men. A total of 35 positive feedbacks (14% participation rate) were obtained. For descriptive 
data analysis, the researcher utilised statistical tools and methods, such as frequency, means 
(m) and standard deviation (STD) generated by SPSS version 18.0.

Table 2. Sampling for current research
Population Women registered QSs who work in registered QS firms under BQSM.

Sample Women registered QSs who work in registered QS firms under the BQSM in Malaysia.

Sample size 251 Women registered QSs.

In the analysis, variables were ranked according to the mean value of the responses. The 
value ranges for each response were as follows: 4.50 to 5.00 for high level of satisfaction and a 
large number of obstacles for professional women (strongly agree), 3.50 to 4.49 (agree), 2.50 
to 3.49 denotes the middle ground (neither agree nor disagree), 1.50 to 2.49 corresponds to a 
low level of satisfaction and a small number of obstacles for professional women (disagree), 
and>1.49 (strongly disagree).

Measures

To capture the demographic background of the respondents, seven question items were 
included, namely age, status, qualification, job tenure, position, salary and working status. 
These questions were based on a tool used by Mbah and Ikemefuna (2012), which was first 
introduced by Smith, Kendall, and Hulin (1969). The level of satisfaction was assessed using 
the 13-item scale of overall job satisfaction adopted from the studies conducted by White 
(1999), Saltzstein, Ting and Saltzstein (2001), Wheatley (2012) and Marks and Mac Dermid 
(1996). This scale assesses the overall affective responses of each organizational member to 
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his/her job by using a five-point scale ranging from 1 (strongly disagree) to 5 (strongly agree). 
As shown in Table 3, Cronbach’s alpha is 0.823. Thus, all 13 questions are acceptable and can 
determine the level of satisfaction of the respondents.

Table 3. Reliability statistics (Satisfaction of work-life balance)

Cronbach’s Alpha Cronbach’ss Alpha based on 
Standardized Items N of Items

0.823 0.839 13

Level of obstacles was assessed using the seven-item scale based on the tool used by 
Hyman et al. (2003) and by the European Agency for Safety & Health at Works (2012). This 
scale is self-employed. The overall affective responses of professional women to their jobs 
were assessed by using a five-point scale ranging from 1 (strongly disagree) to 5 (strongly 
agree). As depicted in Table 4, Cronbach’s alpha is 0.885. Therefore, all seven questions are 
acceptable and can examine the level of obstacles of the respondents.

Table 4. Reliability statistics (Obstacles in work-life balance)

Cronbach’s Alpha Cronbach’s Alpha based on Stan-
dardized Items N of Items

0.885 0.884 7

ANALYSIS AND RESULTS

Background profile of the respondents

Majority of respondents (32 or 91.4%) had more than 10 years of prior experience, 
followed by those with one year to three years and four years to six years of experience. Nine 
of the respondents (25.7%) run their own business while others worked in consulting firms, 
public sector and contracting and developer firms. With respect to company size, most of 
the respondents (22 or 62.9%) worked in large enterprises (with more than 30 employees) 
followed those in by medium-size enterprises (11 to 30 employees; seven respondents or 
20.0%), and small enterprises (with less than 10 employees; six respondents or 17.1%).

Rating of respondents regarding satisfaction level in current work and life

As presented in Table 5, the descriptive analysis revealed that the top factor influencing 
the level of satisfaction of work-life balance was “I prefer to work compare to stay at home” 
(m = 4.17, SD = 0.822), followed by “trying to put a lot of themselves into everything they do” 
(m = 4.03, SD = 0.747), “thinking that mentoring programs, coaching, networking and partner 
or of other people’s support can help in achieving work-life balance” (m = 3.97, SD = 0.857), 
“I am satisfied with the time they spend for their job, family and home-life” (m = 3.89, SD = 
0.993), and “ability to allocate and interact with different resources” (m = 3.83, SD = 0.923).  
The three least-influential factors were “sometimes I feel workplace is like a home”, “I think 
my employer understand my family condition”, and “my company always support dependent 
care, flexible work arrangement and family or personal leave”. These factors were related to 
company support.
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Table 5. Level of satisfaction of work-life balance
Mean Std. Deviation N Rank

I am satisfied with the time I spent for my job, family and 
home life.

3.89 0.993 35 4

It is easy for me to balance my work, personal and family 
life demand.

3.77 1.087 35 6

I feel that I am very successful in balancing my work and 
family life.

3.77 0.973 35 6

I find satisfaction in everything I do. 3.66 0.725 35 7

Everything I do feels special to me; nothing stands out 
as more important or valuable than anything else.

3.46 0.817 35 8

I try to put a lot of myself into everything I do. 4.03 0.747 35 2

I can allocate and interact with different resources 
(time, money, scope of decision making, and physical, 
emotional, and social resources) in maintaining work-life 
balance.

3.83 0.923 35 5

I think that mentoring programs, coaching, networking, 
and partner or of other people’s support can help in 
achieving work-life balance.

3.97 0.857 35 3

My company always support for dependent care, flexible 
work arrangement, and family or personal leave.

3.66 0.998 35 7

I prefer to work compare to stay at home. 4.17 0.822 35 1

Sometimes I feel living at home is like a workplace. 
(Deleted)

2.66 1.327 35 10

Sometimes I feel workplace is like a home. 2.80 1.346 35 9

I think my employer understand my family condition. 3.46 1.172 35 8

Rating of the respondents regarding the level of obstacles in current work 
and life

As exhibited in Table 6, the results of the descriptive analysis indicated that the main 
obstacles to work-life balance were “my company should have a written policy such as 
family-friendly policies to support work-life balance”(m = 4.17, SD = 0.822), followed by 
“I spend too much time at work” (m = 3.11, SD = 0.993) and “I do not to have too sufficient 
time for their own hobbies and interest” (m = 2.83, SD = 1.248). The three least-influential 
obstacles were associated with the lack of time for important personal or family activities 
because of work, limited opportunities to raise families as a result of long working hours, and 
the lack of time for family.

Table 6. Level of obstacles in work-life balance

Mean Std. Deviation N Rank

I spend too much time at work. 3.11 0.993 35 2

I spend too little time with my family. 2.60 1.117 35 5

Because of my job, I didn’t have time to do things with my 
family or other important things in my life.

2.26 1.146 35 7

I do not have enough time for my own hobbies and 
interest.

2.83 1.248 35 3

Long working hours restricted my attention to look for 
family.

2.51 1.121 35 6
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My company should have a written policy such as fami-
ly-friendly policies to support work-life balance.

3.40 1.090 35 1

Inconsistent working hour affect me in achieving work-life 
balance.

2.80 1.132 35 4

Relationship between satisfaction factors of work-life balance and its 
obstacle

In relation to the  above objective, this study showed that main factors such as “I am 
satisfied with the time I spent for my job, family and home life”; “It is easy for me to balance 
my work”; “personal and family life demand”;  “I feel that I am very successful in balancing 
my work and family life” and “I can allocate and interact with different resources (time, money, 
scope of decision making, and physical, emotional and social resources) in maintaining work-
life” were mostly negatively highly correlated with the all the obstacles except for obstacle 
“My company should have a written policy such as family-friendly policies to support work-
life balance”.

Table 7. Correlation results between satisfaction factors of work-life balance and its obstacles.
Obstacle

Work life balance
Too 

much 
time at 
work

Too little 
time 

with my 
family

Because 
of my job, I 
didn’t have 
time to do 
things with 
my family 
or other 

important 
things in my 

life

I do not 
have 

enough 
time for 
my own 
hobbies 

and inter-
est

Long 
working 
hours 

restrict-
ed my 

attention 
to look for 

family

My company 
should have 
a written pol-
icy such as 

family-friend-
ly policies 
to support 
work-life 
balance

Incon-
sistent 
working 
hour af-

fect me in 
achieving 
work-life 
balance

I am satisfied with the 
time I spent for my job, 
family and home life.

-.612**
.000
35

-.732**
.000
35

-.516**
.002
35

-.586**
.000
35

-.764**
.000
35

-.391*
.020
35

-.570**
.000
35

It is easy for me to 
balance my work, 
personal and family life 
demand

-.520**
.001
35

-.635**
.000
35

-.423*
.011
35

-.615**
.000
35

-.576**
.000
35

-.218
.207
35

-.373*
.027
35

I feel that I am very 
successful in balancing 
my work and family life

-.672**
.000
35

-.655**
.000
35

-.473*
.004
35

-.615**
.000
35

-.725**
.000
35

-.244
.158
35

-.497**
.002
35

I can allocate and 
interact with different 
resources (time, mon-
ey, scope of decision 
making, and physical, 
emotional, and social 
resources) in maintain-
ing work-life balance

-.427*
.010
35

-.525**
.001
35

-.346*
.042
35

-.486**
.003
35

-.594**
.000
35

-.310
.070
35

-.484**
.003
35

I try to put a lot of 
myself into everything 
I do

-.123
.480
35

-.480**
.004
35

-.352*
.038
35

-.247
.153
35

-.404*
.016
35

-.303
.076
35

-.202
.245
35

Everything I do feels 
special to me; nothing 
stands out as more 
important or valuable 
than anything else

-.248
.152
35

-.406*
.015
35

-.349*
.040
35

-.584**
.000
35

-.457**
.006
35

-.145
.405
35

-.280
.104
35
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Obstacle
Work life balance

Too 
much 
time at 
work

Too little 
time 

with my 
family

Because 
of my job, I 
didn’t have 
time to do 
things with 
my family 
or other 

important 
things in my 

life

I do not 
have 

enough 
time for 
my own 
hobbies 

and inter-
est

Long 
working 
hours 

restrict-
ed my 

attention 
to look for 

family

My company 
should have 
a written pol-
icy such as 

family-friend-
ly policies 
to support 
work-life 
balance

Incon-
sistent 
working 
hour af-

fect me in 
achieving 
work-life 
balance

I find satisfaction in 
everything I do

-.230
.184
35

-.320
.061
35

-.209
.228
35

-.489**
.003
35

-.428*
.010
35

-.082
.640
35

-.193
.266
35

I think that mentoring 
programs, coaching, 
networking, and part-
ner or of other people’s 
support can help in 
achieving work-life 
balance

.108

.538
35

-.104
.550
35

-.052
.766
35

-.005
.979
35

-.168
.335
35

-.397*
.018
35

-.339*
.046
35

My company always 
support for dependent 
care, flexible work ar-
rangement, and family 
or personal leave

-.078
.656
35

-.285
.097
35

-.152
.383
35

-.237
.170
35

-.337*
.048
35

-.222
.201
35

-.323
.059
35

I prefer to work com-
pare to stay at home

.047

.787
35

.013

.942
35

.077

.661
35

-.171
.325
35

-.130
.455
35

.085

.626
35

-.057
.746
35

Sometimes I feel living 
at home is like a work-
place. (Deleted)

.254

.141
35

.044

.803
35

-.018
.920
35

.088

.616
35

-.016
.926
35

-.085
.626
35

-.125
.473
35

** Pearson correlation coefficient levels (p <0.01); *Pearson correlation coefficient levels (p <0.05)

DISCUSSION

Satisfaction level in work-life balance is a fulfilment of one’s wishes, expectations, or 
needs in terms of the capability of individuals to combine work and household responsibilities 
successfully (Dan, 2012). From previous studies, some researchers used questionnaires 
approach to measure the level of satisfaction in work-life balance. For example Milkie and 
Peltola (1999), White (1999) and Saltzstein et al. (2001) asked “How successful do you 
feel in balancing your paid work and family life?”.  The findings from their study revealed 
that majority of the respondents were not able to achieve work-life balance. Additionally, 
according to Mergis Group Women in Finance Survey (2012), only 48% of women in 
accounting and finance were satisfied with the progression of their work-life balance. By 
comparison with previous studies, results of the current study suggest that most professional 
women in this industry were satisfied with their work-life balance and preferred to focus on 
their work. Majority of the professional women quantity surveyors were able to manage and 
were satisfied with their current work and life with the mean value of 3.706 ≈ 4 (Satisfy).

They also felt that they had effectively divided their time among job, family and home 
life; this finding supports the work of Dabke et al. (2008). Maloney and McFillen (1985) 
previously reported that construction employees were unsatisfied with their work, while 
professional women in the construction industry would easily adapt to the working culture. 
Moreover, most of the respondents possessed more than 10 years of experience and held 
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high positions in their respective companies. Hence, their employers support their employees’ 
family commitments and permit flexible work arrangements. The respondents also utilized 
numerous personal leaves approved by their employers to achieve work-life balance. 
Consequently, they no longer felt pressured with workloads which they were already familiar 
with, compared to junior quantity surveyors who have to work longer durations in order to 
finish their tasks since all is relatively new to them.

The study results also showed that most professional women preferred to work rather than 
stay at home. These “workaholic” women were typically more satisfied with work than home 
life and managed their work with reasonable pressure or stress (Duncombe and Marsden, 
1993). Hochschild (1996) argued that this pattern is increasingly prevalent. In addition, most 
professional women agreed that mentoring programs, coaching, networking, partnering 
with and obtaining support from other people can facilitate work-life balance. This result 
supported the notion by Noe (1988) that mentoring supported career and personal goals of 
women in construction. Mentoring was therefore recommended to help women break the so-
called “glass ceiling” (Burke and McKeen, 1990). Mentoring could also help women progress 
in their careers in organizations where they were under-represented, such as the Tasmanian 
Department of Justice (MacGregor, 2000). Within organizations, good female role models or 
mentors were often difficult to find, especially in predominantly male industries. Therefore, 
a formal mentoring scheme should be effectively implemented on an industry wide basis to 
support the construction careers of women until they are equally represented in this industry.

With respect to work-life balance, the common obstacles faced by professional women 
in the construction industry were the uneven adoption of policies, lack of formalization, long 
working hours and temporal adjustment to working time. Generally, women with substantial 
household responsibilities achieved little work-life balance because they must follow and 
adhere to the counterproductive “working long hours culture” (Lewis, 2000; Rapoport et al., 
2002; White et al., 2003). However, correlation results showed that professional quantity 
surveyors achieved their work life balance through adjusting or balancing their work and 
family time. They tried to avoid spending too much time at work and long working hours in 
order to strike a balance between their times with their families.

The study result revealed that most of the respondents believed that companies should 
implement written family-friendly policies to support work-life balance. Correlation 
results showed that organisation policy was weak in supporting their work-life balance. In 
developing countries, many organisations did not have such written policies unlike the public 
sector, in large establishments or in companies with recognized unions, and in enterprises 
with specialized human resource functions (Cully et al., 1999). Small firms generally do 
not develop formal policies. Instead, these companies provide informally for such needs, 
especially enterprises with work-life balance arrangements (Bond et al., 2002; Dex and 
Scheibl, 2002). Even in the context of professional surveyors in Australia and New Zealand, a 
survey showed that half of the respondents had no understanding or accessibility on work-life 
balance policies (Sara, 2008).The majority of the respondents stated that they require much 
time to complete their work, which restricted their time for personal hobbies and interests. 
However, these respondents did not sacrifice time with their family. In conjunction with this 
issue, a policy that regulates working hours must be implemented because long working hours 
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most strongly influence negative work-to-home spill over. This finding is consistent with 
that of White et al. (2003) who concluded that flexible-hour systems and personal discretion 
with respect to working time balances employee lifestyles. Nonetheless, these practices are 
currently implemented to only a small proportion of the labour force.

CONCLUSION

The involvement of women in the construction industry increases annually. However, 
research on women in the Malaysian construction industry remains limited, especially in 
relation to professional women. This study revealed that professional women were interested 
in work and could adapt to their workloads. The respondents believed in completing their 
work during office time while avoiding working long hours in order to balance time with 
their family. However, these women felt that their employers should be more considerate, 
understanding and supportive of their situations. This support could come in the form of 
flexible working hours, the provision of childcare centres, or the development of appropriate 
programs and guidelines to manage a diverse workforce. Although the respondents needed 
to spend much time at work at the expense of personal interests and hobbies, they were 
still able to manage their family time. It would thus appear that professional women in the 
Malaysian construction industry were satisfied with the work-life balance they currently 
maintain.

The results of this study should be of keen interest to the industry, researchers, public 
institutions and policymakers because these appointed bodies must acknowledge the 
importance of work-life balance in traditional male-dominated industries. As the number 
of women entering the construction industry increases annually, the contribution of 
professional women cannot be discounted nor ignored. These women work in a corporate 
environment with demanding project requirements, while simultaneously fulfilling the 
important role of parenting. Therefore, employers need to acknowledge the influence 
as well as ramifications of work-life balance on the decision of professional women 
entering the construction industry. The claim made by this study calls policy makers to 
rethink their attitude towards the elusive organizational support and recognize that the 
strategic measurement and management of work-life balance may be the most important 
managerial activity of the third millennium, given the expected proliferation of women in 
the workforce. Moving forward, future studies should also consider analysing the work-
life balance of professional women in other industries, as well as how information and 
communications technology can be used to maintain work-life balance.
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Abstract
Sewage sludge can be referred to residual semi-solid material that is produced as a by-product 
from wastewater treatment plant and it is unavoidable. Based on the perspective sludge 
production factor (SPF), about 5.3 million cubic meters of sewage sludge was produced per 
year by a national sewage company i.e Indah Water Konsortium (IWK) and the total sludge 
generated without centralized facilities was about 7.4 million cubic meters per year. The 
investigation towards the uses of sludge can be carried out more on a variety of purposes 
for sustainable environment. This study investigates the use of sewage sludge ash (SSA) 
as a natural admixture to the cement mortar in varying incinerated temperature. The thermal 
gravimetric analysis (TGA) and differential thermal analysis (DTA) was carried out to obtain the 
starting optimum incinerated temperature for SSA. As a result, the incinerated temperature for 
SSA started at 500oC. The investigation was continued by adding 5% replacement of SSA with 
incinerated temperature at the range from 500oC to 1000oC with 100 intervals respectively 
to the cement mortar mixture. Plain cement mortar and raw SSA mortar mixture were casted 
as control. The compressive strength and water absorption test was carried out to determine 
the physical properties of the cement mortar while flow table test was performed to measure 
the mortar workability. The value of these tests varied for different temperature of incineration. 
The heavy metal concentration in the cement mortar concentration was determined by using 
the ICP machine as conducted the acid digestion procedures from Method 3050b in USEPA. 
For all types of cement mortar, the results showed lower that the EQA requirement. From the 
result values of the conducted experiments, it can be concluded that the optimum incinerated 
temperature for SSA is at 900oC since it had preferable flow value, high in compressive 
strength, low in water absorption and low in heavy metal concentration. 
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INTRODUCTION

Sewage sludge can be referred to residual semi-solid material that is produced as a by-
product from wastewater treatment plant and it is unavoidable. Based on the Report of 
Census 2010 by The Department of Statistics, Malaysia has a population of 28.3 million 
and the estimation volume of wastewater generated by the municipal and industrial sector 
is 2.97 billion cubic meter per year (Tuan Mat et al., 2011). Based on the perspective sludge 
production factor (SPF), about 5.3 million cubic meters of sewage sludge was produced per 
year by a national sewage company i.e Indah Water Konsortium (IWK) and the total sludge 
generated without centralized facilities was about 7.4 million cubic meters per year. Sewage 
sludge will generate in an ever-increasing amount due to the urbanization and higher effluent 
criteria implemented in recent years. Without proper disposal, it will cause a secondary 
pollution problem to the environment. Space limitation on existing landfills and increasing 
environmental concerns such as groundwater pollution from landfill leachate, odour emission 
and soil contamination have prompted the investigation of alternative disposal routes.

The sludge can be reused as land reclamation, composting, rehabilitation of ex-mining sites, 
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power generation, reforestation and as building materials. In Malaysia, research development 
on sewage sludge reuse has been investigated recently by the local universities. Roslan et al. 
(2013) and Rosenani et al. (2008) had explored the possibility of sewage sludge as a fertilizer 
and potential mineralisable. Lema et al. (2015) and Yusuf et al. (2012) had studied the potential 
of sewage sludge as mineral admixture in cements and concretes. According to Yague et al. 
(2004), the sewage sludge has the potential to be applied to low mass concretes that could 
be used for bases and subbases of roads. Although concrete containing sewage sludge has 
low strength, but it has low water absorption which is highly beneficial for structures that 
are exposed to the wet environment and has longer service life (Barbosa et al., 2004). The 
sewage sludge can also be produced as lightweight cement composite as reported by Sales 
et al. (2010) and produced as paving block as reported by Tomaru et al. (2009). Thus, the 
investigation towards the uses of sludge can be carried out more on varying purposes for 
sustainable environment.

In this study, the reuse of sewage sludge ashes (SSA) in cement mortar mixtures on varying 
incinerated temperatures were carried out. Several tests were performed to measure the 
physical and chemical properties of the cement mortar. At the end, the optimum incinerated 
temperature for SSA will be determined.

Chemical Composition

According to ASTM C618-99, the natural admixture in Class N must follow these three 
requirements:
a) Total amount of silicon dioxide (SiO2), aluminium oxide (Al2O3) and iron oxide (Fe2O3) 

are of 70% minimum.
b) Maximum amount of sulphur trioxide (SO3) is 4.0 %.
c) Maximum amount of loss on ignition (LOI) is 10%.

Table 1 shows the typical chemical composition of sewage sludge examined by Wang et 
al. (2005), Morais et al. (2009) and Tantawy et al. (2012) respectively. The total amount of 
SiO2, Al2O3 and Fe2O3  found by those three researchers were 70.6%, 74.08% and 71.21% 
respectively which fulfilled the ASTM C618-99 requirement that needed a minimum value 
of 70%. The amount of SO3 also complied with the maximum requirement for Wang et al. 
(2005) and Morais et al. (2009) but slightly exceeded 0.04% for Tantawy et al. (2012). The 
amount of LOI for all researchers are accepted since the LOI value displayed on Tantawy et 
al. (2012) was 2.11% where the allowable amount was 10%. As a conclusion from Table 1, 
the sewage sludge has the potential to be a natural admixture as concrete replacement since it 
complies with the chemical requirements of ASTM C618-99.   

Table 1. Typical chemical composition in sewage sludge
Wang et a.l (2005) Morais et al. (2009) Tantawy et al. (2012)

Component wt% wt% wt%

SiO2 43.6 38.33 39.03

Al2O3 16.6 21.14 15.13

Fe2O3 10.4 14.61 17.05

P2O5 12.1 9.99 13.12

CaO 5.61 6.68 5.80
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K2O 2.34 1.36 0.62

MgO 1.40 1.8 1.93

SO3 0.24 - 4.04

Na2O 0.82 0.52 0.43

TiO2 - 1.75 -

MnO - 0.097 -

LOI - - 2.11
(Sources : Wang et al. 2005; Morais et al. 2009; Tantawy et al. 2012)

EXPERIMENTAL WORK

Sample Preparation

In this study, the raw sewage sludge was collected at the Jelutong Sewage Treatment 
Plant (JSTP) in Penang.  The sludge was dehydrated by dewatering facilities before disposal. 
Physically, it has blackish brown in colour, spongy in texture and had a chemical odour.

In the beginning, the sludge must undergo drying process for 48 hours at 105°C to remove 
the humidity that causes odour from the reproduction of micro bacteria and fungi. After 
being oven dried, the mass of sludge was reduced up to 60% where the raw sludge contained 
about 60% of water or moisture content. Then, the dried sludge was grounded for 24 hours 
using the ball-mill equipment in the laboratory. To produce SSA, the sludge was finely sieved 
passing 300μm mesh in size and stored in a cool and dry place. The SSA was incinerated in 
temperature which ranged from 500oC to 1000oC in interval of 100 respectively for 2 hours 
at the rate of 10oC/min. This temperature range was determined by the thermal analysis, as 
mention below. Figure 1 shows the difference of SSA condition and incinerated temperature.

 

  Figure 1.  Sludge at different condition and varies of temperature

Differential Thermal Analysis (DTA) & Thermal Gravimetric Analysis (TGA) 

TGA is a thermoanalytic technique that monitors the change of mass of the substance 
as a function of temperature or time, subjected to the controlled temperature program in 
a controlled atmosphere. While DTA is a thermal analysis technique where the sample of 
the material will undergo identical thermal cycles collectively with inert reference and the 
differences in the temperature were recorded for phase identification either exothermic or 
endothermic. 
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Figure 2 shows the DTA and TGA thermograms obtained from the conducted test on dried 
SSA. The purpose of these tests was to determine the ideal starting burning temperature of 
SSA for further experiments. The first weight loss which occurred in the range of temperature 
between 50oC to 100oC was due to the elimination of moisture content in the sample. The second 
weight loss which occurred in the range of temperature between 150oC to 300oC was possibly 
due to emission of volatile organic matters and combustion of complex non-volatile organic 
matters respectively. The last weight loss which occurred in the range of temperature between 
400oC to 500oC was due to the decomposition of the carbonaceous matter. The temperature 
for the incineration process of the SSA started from 500oC to 1000oC with an interval of 100 
respectively in 2 hours since the calcinations of SSA occurs at 550oC (Barbosa et al., 2004) 
and Calcite, CaCO3 appeared after the incineration of SSA at 500oC from carbonation of some 
calcium compound by CO2 (Tantawy et al., 2012). CaCO3 is an element in the concrete that 
produces durability when it is harden. This element is very useful to form a great concrete 
material.

Figure 2.  Thermal analysis result

Cement Mortar Preparation 

The cement mortar was prepared in 50mm x 50mm x 50mm in size for every SSA 
incinerated temperature from 500oC to 1000oC including raw SSA and normal cement mortar 
as a control. The amount of SSA for every batch was constant with 5% of replacement except 
the normal cement mortar where no SSA was added.  The mix proportion used Ordinary 
Portland cement which complies with BS EN 197-1:2000 and the fine aggregate that have 
been used was sieved passing 600μm in size. The water-cement ratio was 0.485 as followed 
in ASTM C109/C109M. The fresh cement mortar went through the flow table test using an 
equipment as in ASTM C230/C230M to measure the workability and flow consistency. The 
procedure was attempted and followed as in BS EN 1015-3:1999. Figure 3 shows an example 
of the mortar mixture that went through the flow table test in the laboratory.
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Figure 3.  Flow table test

In hardened stage, all the cement mortar cubes were tested on compressive strength and 
water absorption for 3, 7 and 28 days. There were three cement mortar cubes for each test and 
each curing day. In total, 18 cubes were prepared for each batch and 144 pieces in the overall 
study. The compressive strength test was conducted by using a compression machine with a 
maximum capacity of 3000kN with loading rate of 0.90 kN/min as in Figure 4. 

Figure 4.  Compression machine

The water absorption test was done using Cabrera and Lynsdale (1988) method. The 
hardened and cured mortar cubes were dried in the oven at 105oC for 24 hours. The specimens 
were allowed to cool at room temperature and weight as w1. Next, the specimens were placed 
in desiccators under vacuum pressure of 1 bar for 3 hours. Then, de-aerated water was poured 
into the desiccators until the cubes were fully submerged and vacuum pressure was applied for 
another 3 hours. After this period, the specimens were left soaking in the water at atmospheric 
pressure for 1 hour and weight as w2. Figure 5 shows the cement mortar specimens inside the 
desiccators during water absorption test. The value of water absorption of the specimens was 
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calculated using the Equation 1 below:

  WA =                  ×100                          (1)

Where  WA  = water absorption (%)
w1  = the oven dried weight (g)
w2  = the final weight (g)

Figure 5.  Cement mortar specimens during water absorption test

Acid Digestion Method

The acid digestion method was conducted as a preparation to extract solid mortar cube 
becoming a liquid solution for analysis by using inductive coupled plasma (ICP) as in Figure 
6. The ICP machine was used to examine the chemical composition in the cement mortar and 
can detect up to 70 elements depending on the ICP standard solution used. In this study, ICP 
standard solution with 21 elements was used. The solution must be diluted into 20mg/L before 
operating the machine. The dilution process used the Equation 2 below:

M1 V1  = M2 V2                         (2)

Where  M1 = original concentration of standard solution (100mg/L) 
  V1 = volume for standard solution
  M2 = diluted concentration (20mg/L)
  V2 = volume of diluted solution 

The acid digestion method was carried out following Method 3050B Acid Digestion 
of Sediments, Sludges and Soil which was proposed by The United State Environmental 
Protection Agency (USEPA, 1996). This procedure was conducted on mortar specimens 
with age of 28 days. The specimens were oven dried at 105oC for 24 hours to ensure they 
dried enough to avoid the residual specimens from sticking at the crusher machine. After the 
crushing process, the specimens were grounded by the ball milling machine for two hours and 
sieved passing 150μm in size.

w2 - w1

w1



97Reuse of Sewage Sludge Ashes in Cement Mortar Mixtures on Varies 
Incinerated Temperatures

Figure 6.  Inductive Couple Plasma (ICP) machine

To make acid digestion sample solutions, 1 gram of sieved specimens was added to 10ml 
of concentrated nitric acid (HNO3) and refluxed without boiling on a hot plate for ten to fifteen 
minutes. The sample was allowed to cool and 5ml of HNO3 was added and refluxed for thirty 
minutes. If there were brown fume generated, more 5ml of HNO3 need to be added and the 
step was repeated until the brown fume disappears. After that, 2ml of distilled water and 
3ml of 30% Hydrogen Peroxide (H2O2) were poured into the sample and refluxed for fifteen 
minutes. Lastly, 10ml of concentrated Hydrochloric acid (HCl) was added and refluxed for 
another fifteen minutes. The sample was allowed to cool and filtered by using GFC paper. 
The sample was diluted to 100ml with distilled water before examined with the ICP machine.

RESULTS AND DISCUSSION

Flow Table Test

The flow table test was carried out to determine the workability of the cement mortar. 
The increasing flow value indicates the increase in the degree of workability which is good 
for placement. Figure 7 shows the flow value for all types of cement mortar specimens. 
The normal cement mortar was labelled as OPC while SSA0 for raw SSA and the different 
notation number for different degree of incinerated temperature. The flow value for OPC 
was 45.3% while the flow values for SSA0 to SSA1000 were 43.3%, 38.3%, 33.7%, 32.3%, 
39.0%, 40.0% and 37.3% respectively. The flow value decreased until SSA700 and had 29% 
of reduction compared to the OPC. According to Monzo et al (2003), partial substitution of 
Portland cement by SSA will reduce the mortar workability due to irregular morphology of 
the SSA particle. The flow value started to increase at SSA800. According to Tantawy et al. 
(2012), the amount of gypsum appeared to increase during incineration of SSA at 800oC. The 
additional of gypsum will prevent the rapid flash setting when tricalcium alaminate (C3A) 
react with water. This situation can be explained by the increasing flow value which resulted to 
SSA700 and SSA800. Thus, the lack of C3A compound will lead to increasing of workability 
which is good for placement.
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Figure 7.  Flow value (%) for cement mortar specimens

Compressive Strength Test 

Figure 8 shows the compressive strength results for all types of SSA incinerated temperature 
which was added to the cement mortar specimens of 3, 7 and 28 days of age. Generally, all types 
of specimen gained their strength by increasing the curing ages. The OPC had compressive 
strength of 14.90 MPa at 3 days, 19.96 MPa at 7days and 24.94 MPa at 28 days. It gained 
approximately 40% of strength at 28 days as compared to 7 days. It is noted that, the SSA0 
recorded the lowest compressive strength for all ages. However, as compared to the early 
age specimen, SSA0 increased its strength drastically about 67.41% after 14 days and gained 
76.97% of strength within 28 days. The compressive strength for SSA600 did not increase 
much from 7 days to 28 days, but it was comparable to the OPC when it achieved 28 days with 
25.28 MPa. The highest compressive strength was obtained by SSA900 as 26.39MPa at 28 
days with higher strength compared to OPC. According to Tantawy et al. (2012), the amount 
of calcium silicate increased after incineration of SSA which started at 800oC and decreased 
when incinerated at 950oC. This can lead to the increase of pozzalanic activities which could 
affect the strength development. These statements can be proven by the results of SSA800, 
SSA900 and SSA1000. The strength development of SSA increased by 9% from 24.25MPa 
on SSA800 to 26.39MPa on SSA900 at 28 days of age while reduced about 12% on SSA1000. 
Thus, the increasing amount of calcium silicate will increase the strength development of the 
specimens.
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Figure 8.  Compressive strength for cement mortar specimens

Besides that, the SSA mortars gained strength at an early age except for M0. The higher 
amount of aluminium oxide (12 – 19%) in incinerated SSA than cement (3-8%) possibly 
contribute much in serving C3A and fasten the setting time. As reported by Tay and Show 
(1994), the hydration rate of aluminium oxide in SSA is faster than calcium silicate in OPC 
which high amount of aluminium oxide will shorten the setting time. Plus, the incinerated 
SSA promoted the formation of amorphous silica which increases reactivity of the mixture 
(Tay and Show, 1994; Fontes et al., 2004; Tantawy et al., 2012).

Water Absorption Test

In general, the water absorption test was investigated to indicate the weathering resistance 
by water penetration and ensure the durability of the cement mortar. Figure 9 shows the 
water absorption results for all types of cement mortar specimens. For overall types of the 
specimens, the water absorption decreased by an increase in the mortar ages. The OPC had 
water absorption of 14.87% at 3 days of age and 13.78% and 11.65% at the age of 7 and 28 
days respectively. The SSA0 had the highest reduction of water absorption within 28 days 
of age which was as much as 63%. This situation can be explained by the effect of setting 
time. One of the causative factors of setting time is the existence of gypsum in the mixture. 
Gypsum was added to the cement for avoiding flash set on reaction of C3A with water. The 
gypsum (CaSO4.2H2O) might occur when the CaO content from the cement reacted with the 
SO3 content from the SSA after water was poured in. The excessive gypsum content from 
the reaction and from the cement itself gave effect to the setting time. In this experiment, the 
SSA0 specimen took 48 hours to set before it was hard enough to be removed from the mould. 
When the SSA0 is not completely set, the strength development and water absorption cannot 
be achieved. These behaviours are shown in Figure 8 and Figure 9 respectively as SSA0 for 3 
days. Lin et al. (2012) also recorded the delay in setting time on the cement with the addition 
of SSA.
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Figure 9.  Water absorption for cement mortar specimens

According to Tantaway et al. (2012), incinerated SSA at 800oC preserves the amorphous 
nature of the resultant ash due to elimination of fixed carbon captured by silica. In this case, 
the pozzolanic activity was enhanced starting from incinerated SSA at 800oC and decreased at 
950oC. Figure 9 shows a reduction value of water absorption on SSA800 and SSA900 from 
11.51% to 9.96% at 28 days of age. Within this temperature, the calcite was decomposed 
into CaO and reacted with water to produce portlandite, Ca(OH)2. The portlandite plays an 
important role in durability development. The existence of porlandite in SSA800 and SSA900 
promoted the durability in the cement mortar specimens which can be proved by the value of 
their water absorption.

Environmental Classification

The environmental classification was carried out by measuring the heavy metal 
concentration by using the ICP machine to produce the amount of element for every type of 
cement mortar. All of the specimens were tested as a requirement in the Environmental Quality 
Act (EQA) 1974. The limitations for every element were referred to the Third Schedule of the 
Environmental Quality (Sewage and Industrial Effluents) Regulation, 1979. The schedule was 
clarified about the acceptable condition for discharge of industrial effluent to the stream. Since 
the cement mortar will be implemented as a building material with the addition of sewage 
sludge, it is a compulsory way to check whether the materials are hazardous and toxic to the 
nature.  

Table 2.  Heavy metal concentration in cement mortar specimens

Heavy Metal Limit 
(mg/L) OPC SSA0 SSA500 SSA600 SSA700 SSA800 SSA900 SSA1000

Arsenic, As 0.10 < 0.01 < 0.01 < 0.01 0.0925 0.0826 < 0.01 0.0786 < 0.01

Cadmium, Cd 0.02 0.015 0.0086 0.0087 0.0139 0.0166 0.0089 0.0166 0.0079

Chromium, 
Cr 1.0 0.2265 0.1794 0.1158 0.2276 0.3013 0.0682 0.3229 0.1139
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Copper, Cu 1.0 0.0601 0.0592 0.0434 0.1185 0.1639 0.0249 0.1262 0.0696

Nickel, Ni 1.0 0.0838 0.0652 0.0525 0.0107 0.1267 0.0385 0.1283 0.0529

Lead, Pb 0.5 0.0482 0.1170 0.0293 0.0835 0.0852 < 0.05 0.1616 0.0485

Selenium, Se 0.5 0.2908 0.2462 < 0.05 < 0.05 0.1956 0.1372 < 0.05 0.1142

Zinc, Zn 2.0 0.7970 0.6407 0.6453 0.9636 1.2500 0.6248 0.7435 0.8233

In this study, twenty one elements were obtained from the ICP results, but only eight 
elements were comparable to the limitation, including Arsenic, Cadmium, Chromium, Copper, 
Nickel, Lead, Selenium and Zinc. Table 2 shows the results of heavy metal concentration in 
mg/L for all types of cement mortar specimens along with their limitations from the EQA 
regulation. According to the results presented in Table 2, all of the specimens did not exceed 
the limitation and the heavy metals concentrations were detected to be very low for some of 
the elements in some specimens. However, there is no pattern for the overall results, which 
might be caused by inaccurate measurement while pouring the chemical during the acid 
digestion procedures or during the preparation of ICP standard solution. In other words, it 
was caused by parallax errors. The amount of chemical compound must be precise and every 
drop will give an effect. Instead of the acid digestion method, some researchers (Alqam et al., 
2011; K. Lin, 2006; Wang et al., 2005) suggested other methods that can be used to measure 
heavy metal concentration such as Toxicity Characteristic Leaching Procedure (TLCP) which 
is simpler and more stable.

From the results shown in Table 2, the addition of SSA is suitable to be used as construction 
material as it complies with EQA regulation which is safe to the environmental.

CONCLUSION 

This study investigated the use of sewage sludge ash as a natural admixture to the cement 
mortar in varying incinerated temperature. The study covered the flow table test for fresh 
mortar and compressive strength and water absorption test for hardened mortar. In the flow 
table test, the flow values reduced from SSA0 to SSA700 due to the increasing amount of C3A 
which led to flash setting. The flow value increased at SSA800 and might be caused by the 
appearance of additional amount of gypsum. In the compressive strength results, it was noted 
that the strength of the specimens increased by the increase in the incinerated temperature of 
SSA but decreased at 1000oC caused by reduction in the amount of calcium silicate hydrate. 
The water absorption values were performed as representing the durability of the cement 
mortar. For 28 days of age, the water absorption values increased until SSA700 and decreased 
until SS900. This situation might be caused by the existence of portlandite from decomposing 
of CaO compound at incinerated temperature of 800oC. Lastly, the specimens were tested in 
the ICP machine to determine the heavy metal concentration. As a result, all the specimens 
had low concentration values from the regulation and safe for the environment. From the 
result values on the conducted experiments, it can be concluded that the optimum incinerated 
temperature for SSA is at 900oC since it has preferable flow value, high in compressive strength, 
low in water absorption and low in heavy metal concentration.
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Abstract
Life Cycle Cost (LCC) estimation process can be divided into three main phases: data 
inputs, conversion and outputs. The objective of this paper is to identify the most appropriate 
methodology to investigate the quality of data used as inputs in LCC estimation for building 
works in the Malaysian construction industry. The focus of quality data here is cost data inputs 
of building LCC. This paper reports part of a three-year research programme to enhance 
the quality of LCC outputs through the enhancement of quality data input requirements. A 
comprehensive literature review was carried out to critically review all the methodologies 
used to study LCC data inputs in other countries. The goal is to identify the most appropriate 
methodology to investigate the quality of cost data inputs in LCC analysis of building with 
regard to the context of Malaysian construction industry. The outcomes of the study proposed 
that a qualitative research strategy comprises of two approaches, i.e. a literature review 
and modified Delphi as the most appropriate methodology to critically review and examine 
behaviours of cost data inputs in LCC analysis of the building based on the opinions from a 
collective intelligence panellists. The considerable limitation of modified Delphi is to find the 
appropriate level of panellists that possess skills, knowledge and expertise in the field of LCC. 
In addition, the Delphi process is normally long and time-consuming because it involves multi-
round of questionnaires. 

Keywords: Life cycle cost, building, cost data input, methodology, Malaysian construction industry

INTRODUCTION

Life Cycle Cost (LCC) is an economic assessment technique that uses mathematical 
method to produce outputs, which will give useful cost information to the clients, cost 
estimators and researchers in facilitating them to make better decision in the process of 
determining the most optimum total ownership cost of an asset over an anticipated life or 
in comparing the most cost-effective of mutually exclusive alternatives. The LCC analysis 
calculates the total ownership costs of the building which include the initial capital cost, 
operation costs, replacement costs, financial costs, and salvage costs over an anticipated life 
(BSI, 2008; Langdon, 2010).

The LCC analysis process can be categorized into three main phases, i.e. data inputs, 
conversion and outputs (BS ISO 15686-5, 2008; Rist, 2011). Past studies have confirmed that 
the reliability of cost data used as inputs as well as the method used for the LCC analysis are 
of paramount importance in effort to produce reliable LCC outputs (Langdon, 2010; Rist, 
2011; Ayob and Abdul Rashid, 2011a, 2011b, 2011c, 2012; Ayob, 2014). The underlying idea 
is that the inputs in terms of data that are quality for LCC analysis would produce reliable 
LCC outputs, on the assumption that the conversion process is also reliable and appropriate.

There are different kinds of data inputs required for LCC analysis; however the study 
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focuses only on cost data inputs of LCC. Cost data is the important inputs of LCC that should 
be identified and quantified by the estimators in the early stage of the project (Fuller, 2009; 
Davis Langdon, 2010). The literature study has identified the following as the key quality of 
data input requirements required for producing reliable LCC outputs:

i. Availability of cost data is defined as data certainty for LCC analysis (Gross and 
AEA, 2008; NATO Research and Technology Organisation, 2009; BS ISO 15686-5, 
2008),

ii. Accessibility of cost data is defined as the ease of access to obtain cost data 
for generating LCC analysis (Ren and Zhang, 2007; Schade, 2007; BSI, 2008; 
Ashworth, 2010),

iii. Currency of cost data is defined as recent cost data used as inputs for producing 
reliable LCC analysis. Current data is frequently updated on a certain period of 
basis (i.e. monthly, quarterly or yearly) (www.statistic.gov.my; Khairani, 2009; 
DSM, 2010); and

iv. Reliability of cost data is defined as data consistency or data accuracy for LCC 
analysis (Annex 31, 2001; Creswell and Clark, 2007; King, 2007; CRES and Kikira, 
2009; Giannarakis et al., 2011)

LITERATURE REVIEW

LCC is concerned with the time value of money which indicates the value of money 
today is worth more than the value in future as the money could be earned in the interim. The 
time value of money is a concept of discounting the future values to present values, using a 
specified discounting rate over a particular period of time (BS ISO 15686-5, 2008; BSI, 2008; 
Fuller, 2009; Kelly and Hunter, 2009). There are many kinds of data required as inputs for 
producing a comprehensive LCC analysis. Table 1 provides in summary the types of cost data 
for each category of cost components of LCC of a building.

Table 1. Cost components and types of cost data of LCC of a building
Cost component 

(Cost unit)
Cost data

Initial capital costs

Land acquisition cost, construction work costs (i.e. substructure, superstructure, finishes, 
fittings, services installation, external works, preliminaries, contingency including risk al-
lowances, and contractor’s design fees,), other construction related costs (i.e. professional 
services fees, marketing costs, decanting, infrastructure charges, infrastructure adoption and 
maintenance cost, highway cost, utility charges, licenses and permits, planning application 
and building regulation fees, party wall cost, rights to light cost, client’s design development, 
financing cost, insurance, contingency including risk allowances), and client definable costs 
(e.g. cost incur to make value added on the building), landscaping cost

Operation  costs Utility costs, insurance, service costs, administration costs, security costs, cleaning costs, 
local and statutory charges in connection with the building operation

Maintenance and 
replacement costs

The costs of regular custodial care and repair, annual maintenance contracts, maintenance 
management, adaptation or refurbishment, redecoration, and salaries of facility staff perform-
ing maintenance tasks, repairs and replacement of minor components

Financial costs Discount rates, inflation rates, interest rates and taxes
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Cost component 

(Cost unit)
Cost data

Salvage costs The cost, or gain, of getting the rid of assets after use at the end of study life (residual value, 
demolition cost, transferring cost, disposal inspection cost). 

(Source: Kirk and Dell’Isola, 1995; BS ISO 15686-5, 2008; BSI, 2008; Fuller, 2009; Kelly and Hunter, 2009; Langdon, 
2010)

The literature review on the history of LCC in the Malaysian construction industry has not 
identified any information when the LCC technique was actually started but the technique was 
first academically applied in 2007 using the LCC software (i.e. LCCsoft) by Mohd Mazlan 
(2007) through his research to compare the most cost-effective of amongst mutually exclusive 
components of roof finishes (i.e. concrete roof tile, clay roof tile, metal roof decking) for 
Educational, Cultural and Scientific Building (B11) at Faculty of Built Environment in 
Universiti Teknologi Malaysia, Johor Bahru, Johor . LCC has been taught as one of the topics 
in the economic subject of Bachelor degree in the tertiary institutions of Malaysian education 
system. The LCC analysis has become one of the research topics in the higher research 
programmes, i.e. Master and Doctorate in several major local universities.

The Malaysia Government through the Economic Planning Unit (EPU) and Public Works 
Department (PWD) have confirmed in the national standard guidelines that LCC is mandatory 
to be used as an economic assessment technique to provide crucial cost information which can 
facilitate the Government in making better investment decisions to achieve the best value for 
money and potential cost saving especially in the newer approaches and techniques of project 
delivery systems. These include the Public Private Partnership (3PU, 2009a:6; 3PU, 2009b:5; 
3PU 2010a, 2010b), Value Management (EPU, 2011; PROKOM, 2011a, 2011b), Total 
Asset Management (Malaysia Government, 2009), Green Building Rating system (CIDB, 
2007), and the Red Book procurement system of the Government-Linked Companies (PGC, 
2006a, 2006b). In addition, the Construction Industry Development Board (CIDB) and the 
Building Industry President Council (BIPC) have strongly recommended in the Construction 
Industry Master Plan 2006-2015 (CIMP) that the clients’ organization and building owners 
in the Malaysian construction industry should adopt LCC in the investment decision-making 
process in effort to achieve the best value for money (CIDB, 2007; Mohd Mazlan, 2010; 
CIDB, 2011c).

Nevertheless, there is no information found from the literature review to indicate that 
LCC technique has been officially practiced in the past as an economic assessment technique 
to provide total cost information to the Government and clients in facilitating them to make a 
better investment decision to achieve the best value for money. Indeed, many commentators 
pointed out that the LCC technique has been unsatisfactorily applied in the Malaysian 
construction industry due to the complexity faced by the LCC practitioners in getting all types 
of data as input into the process of producing a comprehensive and reliable LCC analysis. 
Ayob (2014) has identified the following as the key factors, which have imposed constraints 
to the implementation of LCC practice in the Malaysian construction industry:

i. The lack of reliable, quality and current cost data inputs, including insufficient theory 
has caused difficulties to estimators to practice a comprehensive LCC analysis in the 
construction industry (Levander et al., 2009; He and Yin, 2010a, 2010b; Rist, 2011; 
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Ayob and Abdul Rashid, 2011a, 2011b, 2011c, 2012, 2014b). Commentators pointed 
out that most published cost data in the Malaysian construction industry are historical, 
less current and fragmented, which are considered inappropriate and non-quality to be 
used as input for producing a reliable LCC output (Gheisari, 2009; Gheisari et al., 2010; 
Ayob and Abdul Rashid, 2011a, 2011b, 2011c, 2012). 

ii. No model, system or guideline has been established in the Malaysian construction 
industry which can help the LCC practitioners to trace, define, collect, collate and manage 
different types of cost data inputs of building works for the purpose of generating LCC 
analysis (Ismail, 2005; Zulkifly Yaacob and Elizuan Rafys, personal communication, 
November 18, 2011; Ayob and Abdul Rashid, 2011a, 2011b, 2012). 

iii. The local authorities in Malaysia have insufficient cost data due to unproductive data 
record which caused difficulties for the authorities to estimate accurately the total cost 
of the asset (Halide, 2005; Ladom, 2005; Cheong, n.d.).

iv. No policy with regard to LCC analysis has been produced and mandated by the 
Government that requires the Public Works Department (PWD) to carry out LCC 
analysis in the public projects for other government agencies in Malaysia (Ismail, 2005; 
Zulkifly Yaacob and Elizuan Rafys, personal communication, November 18, 2011).

v. The public financial constraint has caused the Government to put more emphasis on the 
initial capital costs but overlooked the total cost of public assets (Ismail, 2005; Cheong, 
n.d.). Due to limited fund available in the public projects, the cost estimation of new 
construction work is carried out within the context of the construction budget, whilst 
the maintenance budget is calculated separately during the in-use stage (Ismail, 2005; 
Mohd Mazlan Che Mat, personal communication, June 2, 2011).

vi. There is a very limited number of cost practitioners who have practiced LCC technique 
for building projects in the Malaysian construction industry (Ismail, 2005; Mohamed et 
al., 2007; Mohd Mazlan, 2010). A study by Cheong (n.d.) reports that the majority of 
professional groups in Malaysian construction industry who have a good understanding 
on the concepts of LCC analysis had never been practiced the technique in the past 
projects. Indeed, another important finding by Ismail (2005) was that the majority of the 
officers in the Tender, Contract and Cost Section, Department of Contract and Quantity 
Surveying of Public Work Department (PWD) have realized the significant use of LCC 
analysis in public projects. However, they advocated that the LCC technique cannot 
be practiced yet in the public project as the focus of Government agencies is still 
emphasized solely on the aesthetic value and construction cost but not on the total costs 
of the building (Ismail, 2005; Ladom, 2005; Cheong, n.d.).

To ensure the full potential of benefits can be achieved from the application of LCC 
analysis in the Malaysian construction industry, a comprehensive research needs to be 
carried out to identify types of cost data, which are satisfactory to be used as quality input 
for producing reliable LCC outputs in the Malaysian construction industry. The literature 
study has established that the availability, accessibility, currency and reliability of data is 
the key quality data input requirements of LCC, which should be emphasized to ensure a 
comprehensive LCC analysis is able to be carried out to produce reliable outputs.
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OBJECTIVE OF THE PAPER

The objective of this paper is to present the identification of the most appropriate 
methodology to investigate the quality of data used as inputs in LCC estimation for building 
works in the Malaysian construction industry. The focus of quality data here is cost data 
input of LCC analysis for building works in the Malaysian construction industry. The study 
being reported in this paper is drawn from a three-year programme of research carried out by 
the first author to develop LCC strategy and protocol on cost data input in Malaysia (Ayob, 
20148). The aim of the research programme is to enhance the quality of LCC outputs through 
the enhancement of quality data input requirements.

This paper follows the other eight papers that have been presented elsewhere (Ayob and 
Abdul Rashid, 2011a1, 2011b2, 2011c3, 20124, 2013a5, 2013b6, 20147).

REVIEW OF RESEARCH STRATEGY

Research is an activity that requires a comprehensive investigation of a certain topic 
using an appropriate methodology to attain specified aims and objectives (Fellows and Liu, 
2008; Royse, 2008). Experts suggested an appraisal on research strategies should be carried 
out to identify the differences and to ascertain the most appropriate strategy for the research 
(Naoum, 2007; Fellows and Liu, 2008). The factors that may influence the determination 
of the research strategy are the aims and objectives of the research, the ability to obtain the 
current and reliable data, the way the data should be collected and recorded, impact on the 
data, the style of data reporting, and the constraints of the strategy (Naoum, 2007).

The literature review has identified three types of research strategies, namely qualitative, 
quantitative and mixed methods research (Creswell and Clark, 2007; Fellows and Liu, 2008). 
The key differences of these three research strategies are shown in Table 2.

Table 2. Qualitative, quantitative and mixed method research

Research strategy Functions Nature of research

Qualitative strategy

It explores and evaluates attitudes, behaviour, 
experiences and definitions based on opinions, 
views or perceptions from the respondents on 
a particular subject (Creswell and Clark, 2007; 
Royse 2008).

The nature of research is subjective 
and data is rich (Creswell and Clark, 
2007; Royse 2008).

Quantitative strat-
egy

It evaluates numerical data using statistical analy-
ses (Naoum, 2007; Fellows and Liu, 2008).

The nature of research is objective 
and data is hard, tangible and reli-
able (Naoum, 2007; Fellows and Liu, 
2008).

Mixed methods 
research strategy

It combines the quantitative and qualitative 
researches that can counterbalance the differ-
ences of the other, eradicate weaknesses of the 
strategies and provide more opportunities for the 
researcher to explore in deep the problems and 
subject of the research from the perspective of 
qualitative and quantitative researches (Creswell 
and Clark, 2007; Fellows and Liu, 2008).

The nature of research and data is 
combined characteristics of quali-
tative and quantitative researches 
(Creswell and Clark, 2007; Fellows 
and Liu, 2008).

 
The literature study has identified the following as the key reasons of why the qualitative 
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research is the most appropriate strategy rather than the quantitative and mixed methods 
research to investigate the quality of data inputs of LCC for the study:

i. The nature of research in LCC data inputs is subjective, which requires the researchers 
to investigate LCC practice with specific reference to data input based on the opinions, 
ideas, views and perceptions from the panellists that have the knowledge, skills and 
expertise in LCC (Ayob and Abdul Rashid, 2011a, 2011b, 2011c, 2012). 

ii. LCC deals with long-term financial costs and there are key parameters of LCC about 
which uncertainties exists (Levander et al., 2009). The recent study carried out by 
Langdon (2010) on the current practice of managing data uncertainty and risks of 
LCC analysis in 15 construction projects across 11 countries in Europe has identified 
that many LCC estimators preferred to use non-risk management techniques, 
i.e. conducting interviews with different property owners, experts, suppliers and 
specialists in the construction industry to overcome the problem of data uncertainty 
in LCC analysis rather than risk management techniques (i.e. sensitivity analysis, 
Monte Carlo simulation, and fuzzy approach) (NATO Research and Technology 
Organisation, 2007; Langdon, 2010; Goh et al., 2010).

iii. The qualitative research is more appropriate to establish the background, evolution and 
the present practice of LCC with specific reference to its practice in the construction 
industry. The qualitative research also is more suitable to critically review the previous 
published and unpublished information with regard to the scope of costs of the LCC 
analysis, data input requirements, methodology, its setbacks and the present practice 
of LCC analysis in the Malaysian construction industry.

iv. The qualitative research is more appropriate to generate a consensus of expert opinions 
regarding the state and degree of data availability, accessibility, and reliability in the 
Malaysian construction industry as inputs for producing LCC analysis as the data for 
LCC analysis is affluent and profound. The qualitative research strategy can generate 
data from the analysis of opinions, views and judgments from a group of panellists 
that have the knowledge, skills and expertise in LCC. 

v. The current state of LCC application in the Malaysian construction industry is still at 
its infancy stage. Indeed, there is no information found from the literature review to 
support a satisfactorily large number of respondents who have knowledge about LCC 
analysis had practice the technique to estimate the total ownership cost of an asset 
over an anticipated life or in comparing the most cost-effective of mutually exclusive 
alternatives in the past in the Malaysian construction industry. The complexity of the 
domain research has made the quantitative and mixed methods research relatively 
difficult to be adopted in providing explicit and precise data which required for the 
research (Ayob and Abdul Rashid, 2011, 2012).

 

The literature study has identified several past researches that had chosen qualitative 
research as the strategy to study the concepts, practice, data inputs and methodology of 
LCC analysis based on the valuable opinions, experiences and perceptions from a group of 
respondents, i.e. Joyce et al. (1992), and Iyer (1999), Ismail (2005), King (2007), Gheisari 
(2009), Mohd Mazlan (2010). The study has validated that three of the list of the researchers, 
namely Mohd Mazlan (2010), Gheisari (2009) and Ismail (2005) selected qualitative research 
as the most appropriate strategy to investigate the concepts and practice of LCC analysis and 
its data inputs in the context of the Malaysian construction industry.
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METHODOLOGY ADOPTED FOR THE RESEARCH

A research model was designed to represent inter-connectivity and relationship between 
the problem statements, research question and the consequent decision to adopt the selected 
methodology (see Figure 1). The qualitative research is the strategy designed for the research 
that comprises of two key data sources, i.e. literature review (secondary data collection), 
and modified Delphi (primary/fieldwork approach). In reference to the research model in 
Figure 1, a comprehensive literature review was carried out to establish the current state of 
LCC practice in the Malaysian construction industry with specific reference to data inputs. A 
series of modified Delphi questionnaires was carried out to identify and generate consensus 
regarding the state of data availability, accessibility, currency and reliability in the Malaysian 
construction industry, and the appropriate strategies to improve the quality of data in LCC 
analysis by observing and evaluating opinions and judgements from a group of panellists that 
have experience, skills and knowledge in LCC (Ayob, 2014).

 

Literature review: 

i. To establish the background of LCC analysis: i.e. significant use, methodology, 
scope of cost, data input requirements and its setback  

ii. To investigate the state and practice of LCC analysis in the Malaysian 
construction industry: 

a. LCC in the conventional  procurement approach 
b. LCC in the Public and Private Partnership (PPP) 
c. LCC in Value Management (VM) 
d. LCC in Facility Management (FM) 
e. LCC in Sustainable Building 
f. LCC in Industrialized Building System (IBS) 
g. LCC in the private sector clients and Government-Linked Companies 

(GLCs) 
iii. To review the three main phases under the LCC analysis process: data inputs, 

conversion and outputs 
iv. To assess cost data used as inputs in LCC with specific reference to the 

practice of LCC analysis in the Malaysian construction industry 
v. To review research strategies and approaches  
vi. Secondary data sources: academic journals, dissertation/thesis, government 

publications, refereed conferences, reports/occasional papers, textbooks, etc. 

 

Rounds of modified 
Delphi questionnaires  

Goals: 
i To establish consensuses of expert opinions 

regarding the state of data availability, 
accessibility, currency and reliability in the 
Malaysian construction industry as inputs for 
producing LCC outputs. 
 

ii To establish consensuses of expert opinions 
regarding the appropriate strategies to improve 
the availability, accessibility, currency and 
reliability of data as inputs for producing reliable 
LCC outputs. 

1st 
Stage 

Secondary Data Collection 

Primary Data Collection  

2nd 
Stage 

 
   Figure 1. The schematic flow of research methodology
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LITERATURE REVIEW

The literature review was carried out at the initial stage of the study to critically review what 
other people have studied, thought and discussed on the subject of the research (Naoum, 
2007; Fellows and Liu, 2008; Wiersma and Jurs, 2009). The literature review is essential for 
the researchers as it provides a platform for seeking answers to the objectives of the research 
(Hesse-Biber and Leavy, 2006; Royse, 2008). The literature study has identified the following 
kinds of secondary data sources related to the subject of the research, i.e. academic journals 
(refereed), refereed conferences, dissertation/thesis, reports/occasional papers, government 
documents/publications, market research reports, technical reports, working papers, etc.

FIELDWORK APPROACH

The fieldwork approach is categorized as a primary data source (Creswell and Clark, 
2007; Fellows and Liu, 2008; Knight and Ruddock, 2008). The literature review was carried 
out to identify the differences of the fieldwork approaches and to choose the most suitable 
approach for the qualitative research. The literature study has identified the following as the 
key reasons of why a modified Delphi is the most appropriate fieldwork approach rather than 
other typical approaches (e.g. surveys, case studies, action research) to acquire primary data 
in the qualitative research of the present study:

i. The modified Delphi is more appropriate than other typical research approaches in a 
situation where the nature of the research lacks current and reliable data, insufficient 
theory, and limited number of respondents to provide a sufficient response rate 
(Wiersma and Jurs, 2009; Hauck et al., 2007 as cited in Giannarakis et al., 2011; Goh 
et al., 2010). For example, a survey approach was rejected because of a limited number 
of respondents that have the knowledge, skills and experience in LCC to produce an 
appropriate response rates for the study. 

ii. The complexity of the research domain has made the other typical research approaches 
(e.g. surveys, case studies, action research) relatively difficult and expensive to 
be conducted to provide explicit, precise and reliable data for LCC studies (NATO 
Research and Technology Organisation, 2007; Wiersma and Jurs, 2009; Hauck et al., 
2007 as cited in Giannarakis et al., 2011). In addition, this approach was also acclaimed 
as “the best known qualitative, structured and indirect interaction futures method” to 
acquire primary data for particular studies that complex in nature (Woudenberg, 1991 
as cited in King, 2007: 68).

iii. Several scholars claimed the modified Delphi technique is the most appropriate 
approach to procure data that is affluent and profound as the data is generated from 
the analyses of opinions, views, and judgments of the collective intelligence of the 
panellists, i.e. the experts, practitioners, knowledgeable persons and learned spectators 
in the LCC environment (NATO Research and Technology Organisation, 2007; Korpi 
and Al-Risku, 2008; Wiersma and Jurs, 2009). 

iv. Several scholars asserted that the modified Delphi approach can be initiated through 
non-face-to-face interactions (i.e. mail, e-mail, phone calls) if the respondents resided 
far from the research location and were unable to meet the researcher (King, 2007; 
Wiersma and Jurs, 2009). This approach is considered very time efficient and cost 
effective as all the panellists do not have to agree to meet at a specified time and place 
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for the face-to-face discussion (Romano, 2010). 
v. In comparison with the traditional way of collecting opinions from the panellists as 

practiced in the focus group discussion, the panellists in the modified Delphi approach 
are working individually, anonymously, free of influences from others to provide 
independent judgments, and have no constraints if wishing to provide extreme opinions 
in answering the Delphi questions (Parsons et al., 2008; Wiersma and Jurs, 2009). 
The anonymity of the Delphi panellists is maintained throughout the process to avoid 
open debate and dishonest opinions because the value of the output is specified based 
on the quality of the opinions rather than who proposed the idea. In addition, the 
non-face-to-face interaction between the researcher and panellists can maximise the 
amount of unbiased responses because there is no manipulation that can be forced in 
the communication process (Wiersma and Jurs, 2009.).

vi. There are many high impact publications that have indicated the Delphi technique as 
a reliable and valid research approach to collect primary data for the research. It was 
reported by Gordon (n.d.) based on the Scopus database assessment which was carried 
out in September 2008, that there are more than 15,000 peer-reviewed professional 
journals from 4,000 various publishers used Delphi technique as a fieldwork approach 
to develop, identify, forecast and evaluate primary data. Besides, Skulmoski et al., 
(2007) reported that there are more than 280 dissertations and theses used Delphi 
technique as one of the primary approaches to collect primary data for the research

The modified Delphi approach is classified as a structured group communication process 
that involves the process of acquiring responses and exchanging ideas from a group of 
experts through a number of sequential questionnaires, followed by a synthesis and analysis 
of opinions and ideas to generate reliable data for the research (King, 2007; Sandrey and 
Bulger, 2008; Giannarakis et al., 2011). This technique was developed by Norman Dalkey of 
the RAND Corporation in the 1950’s to generate data from a consensus of expert opinion for 
a U.S. Air Force sponsored military project. The Delphi technique has been used widely in 
many areas of decision-making process particularly to solve complicated problems (e.g. lack 
of current and reliable data, insufficient theory, data is affluent and profound), and generate 
forecasts about the future (King, 2007). The Delphi approach has also been characterized 
as a family of methods with many variations and modifications as the process involves four 
essential elements, i.e. (i) sequential questionnaires, (ii) reiteration and controlled feedback, 
(iii) anonymous responses and (iv) statistical group response (King, 2007; Sandrey and 
Bulger, 2008; Landeta and Barrutia, 2011; Giannarakis et al., 2011).

The process of the Delphi approach was initially conducted using traditional mail in the 
1960s, but now the process has been improved using electronic devices in order to accelerate 
data flow and reduce time delay between the rounds of questionnaires (DeReus, 2004). The 
modified Delphi approach is more robust than the basic Delphi approach because the initial 
round of the questionnaire can be conducted through a face-to-face interview that can improve 
the response rate and provide a solid grounding in previously developed work (King, 2007). 
Although the modified Delphi approach is comparable to the basic Delphi approach in terms 
of the process to attain consensus of expert opinion, however the significant difference is 
that the modified Delphi approach initiates the process with a set of carefully selected items 
derived from various sources including related competency profiles of panellists, synthesized 
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reviews of literature, and interviews with the selected panellists (Franklin and Hart, 2006; 
King, 2007). 

The advantages of modified Delphi approach

The literature review has identified the following as the key advantages of the 
modified Delphi approach:

i. The panellists enjoy the flexibility of time to express valuable opinions and 
creative ideas before an agreed deadline (Sandrey and Bulger, 2008; Wiersma and 
Jurs, 2009; Romano, 2010; Giannarakis et al., 2011). Several scholars preferred 
to use this approach in their research works because it can avoid the problems of 
communication delay (Ciptono, 2007; Wiersma and Jurs, 2009). This approach is 
also practical if the panellists could not make to agree to meet either because they 
are located or reside far away from the research location, or no available time can 
be set for the discussion (Wiersma and Jurs, 2009; Romano, 2010)

ii. In-depth interviews can be carried out to explore detailed information regarding the 
future trends, events and occurrence of future developments (Wiersma and Jurs, 
2009). This approach can be used to provide a complete documentation of responses 
on a large scale of respondents (Skulmoski et al., 2007; Giannarakis et al., 2011). 
Indeed, this approach can facilitate the researcher to procure a maximum amount 
of unbiased responses and information from the panellists that work on the same 
issue because no manipulation can be forced in the Delphi communication process 
(Wiersma and Jurs, 2009). In most cases, this approach was used to recommend 
oriented solutions to the problems that arose in the research (Wiersma and Jurs, 
2009). In addition, Gordon (n.d.) asserted there is no method that was found to 
have had a more competitive advantage than the modified Delphi approach to 
procuring and synthesize the most reliable opinions and creative ideas in line with 
the forecasting analysis of future market trends and events. 

iii. Several scholars asserted this approach is flexible as it can be used in many varieties 
of structure processes ranging from the qualitative to quantitative and to mixed-
methods research (Skulmoski et al., 2007; Gordon, n.d.). It can be used in the 
quantitative simulation models, where a detailed scientific analysis can be carried 
out to determine significant differences about the value of independent variables 
based on the factoring outputs produced from the factor analysis (Skulmoski et 
al., 2007; Hon et al., 2011). Besides, other researchers like Hon et al. (2011) used 
Delphi in quantitative research by using mathematical formulas (i.e. Kendall’s 
coefficient of concordance, Spearman’s rho correlation, Kruskal-Walls test, Mann-
Whitney U test) to evaluate responses and test hypotheses to determine whether 
every individual panellist provided a similar response using the same method and 
style on 5-point Likert-type scale (Hon et al., 2011).

Reliability and validity of modified Delphi approach

Reliability in the research can be defined as the dependability or consistency of data, 
which implies how comparable the data to the actual value arrived from similar and 
repetitive methods under the same research condition (Ashworth, 2004; Creswell and 
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Clark, 2007). Whilst, validity can be defined as the truthfulness of the data. The results can 
only be considered valid if the analysis is accurate, dependence, significant and justifiable 
(Creswell and Clark, 2007).

Several experts asserted that the modified Delphi approach can produce more reliable and 
valid outputs associated within the particular issues of research topic rather than procuring 
judgment based on the capability of a single individual expert (Linstone and Turoff, 1975, as 
cited in King, 2007; Gordon, n.d.). Besides, several experts claimed that the modified Delphi 
approach is “the best known qualitative, structured and indirect interaction futures method” 
to obtain explicit, precise and reliable data for the particular studies that complex in nature 
(Woudenberg, 1991 as cited in King, 2007: 68).

A recent study carried out by Langdon (2010) on the practice of LCC in 15 construction 
projects across 11 countries in Europe has identified that many LCC estimators preferred 
to use alternative methods that are not part of risk management techniques to overcome the 
problems with regard to the absence of current and reliable data in LCC, i.e. conducting 
interview with different property owners, suppliers and observing opinions and judgements 
from the LCC experts, suppliers and specialists in the construction industry (Langdon, 2010: 
68). The main reason why the risk management techniques (e.g. sensitivity analysis, Monte 
Carlo simulation) were rarely applied by the LCC estimators in the construction projects in 
Europe is the absence of data required as inputs for risk management analysis (Langdon, 
2010; Goh et al., 2010; NATO Research and Technology Organisation, 2007). Hence, it is not 
incorrect to state that the interviews with different panellists that have the knowledge, skills 
and experience in LCC using the modified Delphi is the most appropriate and applicable 
fieldwork approach to investigate the quality of data inputs in LCC estimation for building 
works in the Malaysian construction industry.

Some limitations of modified Delphi approach

The literature study has identified some considerable limitations that can hinder the 
implementation of modified Delphi practice. One of the limitations is to identify the appropriate 
level of panellists that possess the required skills, knowledge and expertise in the field of 
LCC. The competency and experience of the panellists and quality responses are some of the 
crucial factors in the implementation of Delphi practice. However, these two aforementioned 
factors are beyond the control of the researcher (Sandrey and Bulger, 2008).

The Delphi process is normally long and time-consuming as it involves multiple rounds 
of questionnaire to move the panellists toward of the consensus of opinion (Ratnasabapathy 
and Rameezdeen, 2006). Hence, the long Delphi process may affect the commitment of the 
panellists to complete all the rounds of Delphi process. The time constraint to complete the 
long Delphi process may persuade the panellists to response quickly and agree with the 
majority, which can become the cause of poor quality answers to the questions (Sandrey and 
Bulger, 2008).  
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CONCLUSION AND RECOMMENDATION

This paper presents the outcomes of the study on the identification of the most appropriate 
methodology to investigate the quality of cost data used as inputs in LCC estimation for building 
works in the Malaysian construction industry. The findings have suggested that the qualitative 
research, including two approaches, i.e. literature review and modified Delphi as the most 
appropriate methodology for the said study. The modified Delphi approach was identified 
as the most reliable and valid fieldwork approach to identify and generate a consensus of 
expert opinions on the state of quality of data of LCC based on the evaluation of opinions and 
judgments from collective intelligent panellists that possess skills, experience and knowledge 
in the field of LCC. However, the modified Delphi approach is limited by constraints in finding 
the appropriate level of panellists that have accessibility skills, experience and knowledge 
in the field of LCC. The Delphi process is also long and time-consuming. Further research 
is encouraged to find appropriate strategies to mitigate the aforementioned limitations of 
modified Delphi, which can be proposed as second part of the study
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Abstract
The development of bridge design in Malaysia has experienced several changes in its 
approaches. Bridge inspection identifies the current conditions and the problems in the bridge 
but seismic vulnerability identifies the expected potential of seismic hazards of a bridge due 
to lateral seismic forces. The influences and effects of the Sumatran earthquakes toward 
Malaysian bridges need revised in term of earthquake loading and some modifications and 
amendments are required for the current code of practice. This paper revealed that the effect 
from Sumatran earthquakes towards Malaysian bridges is still questionable and a proper site-
inspection together with post-earthquake inspections is required to carry immediately. The 
National Guidelines for Bridge Inspection needs to implement proper schedule with trained and 
experienced staff for these exercise. Fortunately, the two Penang bridges were designed and 
considered the seismic loading and taken as examples to highlight the effect of long-distant 
earthquakes from Sumatra. Both bridges are used almost similar site-specific earthquake 
response spectra for return periods of 475 years in their designing. 

Keywords: Bridge, Bridge Inspection, Seismic Loading, Penang Bridge, Long-distant Earthquakes

INTRODUCTION

Bridge is an important infrastructure to support the growth of economic activities 
by connecting two places using expressway or highway. The construction of bridges in 
Malaysia has begun since early 1920s and up to date, Malaysia has more than 10,000 bridges 
nationwide including culverts span over 0.50 m length (Ismail et al., 2012). In the early stage 
of development of bridges in Malaysia, it had been just for serviceability as compared to its 
function today as an emblematic significance with architectural cum engineering levels of 
understanding. The Public Work Department (PWD) manages more than 90 percent of the 
nation’s bridge stock. Since 1970s, the PWD has looked into the inventory and has facilitated 
data management for most of the bridges. Later on, a computerised Bridge Management 
System (BMS) was developed in 1990 (Ng See King, 1999) and more than 2,000 bridges have 
been recorded in the system excluding the bridge stocks that are culverts. The concrete bridges 
in Malaysia are significant with more than 90 percent of bridges are concrete and 84 percent of 
them simply supported girder bridges. In the early stage of research and development (R&D) 
of the bridges in Malaysia, it had been more on identify, clarification, and justification of the 
problems faced on the structures of the bridges. However, the new era of the R&D in bridge 
is more on introducing the new method, technologies, and wide point of view on planning, 
designing, constructing, monitoring, and maintaining the bridges. In this paper, a description 
of these past research conducted is first presented, followed by a review of the bridge design 
with the influence of Sumatran earthquake. In order to facilitate an objective, the discussion 
is made on two Penang bridges where considered seismic effect in their designing. Thus, the 
design earthquake response spectra of both bridges were compared. 
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LITERATURE REVIEW

A bridge’s condition can be identified by proper and scheduled bridge inspections. In 
the early stage of bridge inspection, it is more on collecting visual data, which could be 
undertaken by a knowledgeable person on the structures of the bridge. Detailed inspection 
is required on bridges with critical and serious damages to provide more scientific data. The 
inspection is important in ensuring safety, for inventory purposes, and retrieving statistics 
figure for planning at the national level. Mansfield and King (1984) indicated the importance 
of bridge inspection and strength assessment of existing bridges in Malaysia. The scheduled 
inspection by trained staff and supported by design data, including the drawing, is important 
to get proper results for future road planning and upgrading. The inspection outcome provides 
valuable data for bridge planners and designers to overcome the repeated cause of problem.

Besides, PWD has conducted a number of studies regarding bridge inspections. It includes 
a study of Annual Mandatory Bridge Inspection (AMBI), which involves a series of bridge 
inspection from 1995 until 1998. The working Committee of Bridge Inspection is formed 
under the Road Engineers Association of Malaysian (REAM) to develop National Guidelines 
for Bridge Inspection. In year 2001, a Guide to Bridge Inspection was published, and was 
revised in 2003. The inspection guide is based on Public Works Department (PWD) work of 
practice and has been adopted by all the bridge agencies in the country, as it is by default, a 
national guide for bridge inspection (Ng et al., 2010).

The bridge inspection for post-earthquake is important to increase the speed and efficiency of 
post-earthquake response and recovery efforts. In Malaysia the guidelines of bridge inspection 
for post-earthquake does not exist. Normally, after an earthquake, the bridge inspector uses 
the common bridge inspection procedure to rate the bridges’ conditions. Although Akademi 
Sains Malaysia (ASM) has already allocated bridge study (the bridge inspection is one of the 
scopes of the study) as one of the sub-topics in their study, entitled ‘Seismic and Tsunami 
Hazard and Risks Study in Malaysia’ (Akademi Sains Malaysia, 2008), the inspection 
procedure is still taken from various sources, such as the International Building code (IBC) 
and American Association of State Highway and Transportation Officials (AASHTO) which 
are mainly based in United States. As a result from general inspections, supported by linear 
and non-linear finite element analyses, it was summarised that a Peak Ground Acceleration 
value, calculated for the various bridges in Malaysia had been within the capacity limit. The 
conclusions of their study are:

i) Bridges in the west coast of Peninsular Malaysia are less vulnerable to 
earthquake (low seismicity);

ii) Bridges in the east coast of Peninsular Malaysia are even less vulnerable 
(very low seismicity) ;

iii) Bridges in Sarawak are also generally less vulnerable to earthquake (low 
seismicity); and

iv) Bridges in Sabah are vulnerable, as Sabah is located in an earthquake zone 
(medium seismicity).

On the other hand, Azlan et al., (2008) developed the Artificial Neural Network (ANN) 
models used in the bridge rating prediction based on seismic condition, which were capable 
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in predicting the condition ratings with high accuracy. The actual rating with subjective 
observations is converted to a numerical rating using linear correlation coefficients. The 
purpose of this system is to predict rating automatically by the network. Their study proved 
that the potential by using ANN to recognized the pattern of data and present precise prediction 
even when the correlation between input and output data is very weak.

Sumatran Earthquake and Effect to Peninsular Malaysia

The Sumatran subduction zone is one of the most active seismic zones in the world. This 
subduction zone is formed by subduction of the Indian-Australian plate beneath the Eurasian 
plate. The nearest location of this subduction zone is about 500 to 600km to Peninsular 
Malaysia and it generates earthquakes from smaller to bigger intensity and also affects west 
coast of Peninsular Malaysia. There were a number of earthquakes that had been recorded 
around Malaysia. Figure 1 shows the seismicity map of the region with intensity bigger than 
6.5 Magnitude in Richter Scale from year 1900 to May 2013 (usgs.gov).

Figure 1. Seismicity Map from 1900 to May 2013 (usgs.gov)

The island of Sumatra itself also faces high seismic events, associated with the Sunda 
Arc off the west coast of the island. The 1900km long strike-slip fault is also called the Great 
Sumatran Fault, running from the entire length of the island and just 300-400km away from 
Peninsular Malaysia. Τhe Sumatran fault has ruptured in at least 14 earthquakes with larger 
than 6.8 Magnitude in Richter scale since late 19th century (see Figure 2) and the later the 
earthquake was in October 1, 2009 with 6.6 Magnitude in Richter scale.
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Figure 2. A History of earthquake at the Sumatran Fault (more than 6.0 Magnitude in 
Richter scale)

However, in general the structures of bridges in Malaysia are not designed to resist seismic 
loading but they are designed just to carry gravity load. High magnitudes of seismic waves 
from the Sumatran earthquake shake extensively the high-rise buildings in Penang, Kuala 
Lumpur, Putrajaya, and Johor Bahru. The earthquakes from both subduction zone and the 
Sumatran fault need to consider when designing high-rise buildings and bridges. The structural 
engineers need the Peak Ground Acceleration (PGA), hazard map and the response spectra to 
predict the seismic performance of the structures. The study on the seismic microzonation in 
Malaysia is quite new, but some researchers have already started excellent works to provide the 
necessary data which will be discussed later.  Figure 3 shows the Seismic Hazard Map for the 
South East Asia Countries and it is extracted from the global seismic hazard map produced by 
USGS. Table 1 shows the range of PGA comparison between Petersen et al.,(2004), Petersen 
et al., (2008), Azlan Adnan et al., (2005), and Putra et al., (2012) for West Coast Peninsular 
Malaysia, East Coast Sumatra, Singapore and South Thailand.
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Figure 3. Seismic Hazard Map of South East Asia

Table 1.  Range of Peak Ground Acceleration (PGA) for 475 years return period

Sources West Coast Peninsu-
lar Malaysia East Coast Sumatra Singapore South Thai-

land

Peterson (2004) 0.06g - 0.12g 0.07g - 0.30g 0.04g - 0.06g -

Peterson (2008) 0.04g - 0.08g 0.04g - 0.25g 0.04g - 0.05g 0.02g - 0.04g

Adnan et al., (2005) 0.04g - 0.10g - 0.04g - 0.06g 0.02g - 0.04g

Putra et al., (2012) - 0.05g - 0.20g - -

METHODOLOGY

The study starts with literature search to review the bridge problems in Malaysia and 
design of the bridge under seismic effect. The code of practices used in bridge design is 
also highlighted. The two Penang bridges (Penang Bridge and Second Penang Bridge) 
are selected and the seismic design is extract to emphasize in the discussion. The design 
earthquake response spectra as an important parameter in seismic design of both bridges are 
also highlighted.



128 Mohd Zamri Ramli and Azlan Adnan

FINDINGS

Bridge design approaches in Malaysia are adopted from the British Standard (BS) due to 
the historical background of Malaysia as a British Colony. Public Work Department (PWD) 
has carried out some studies to make sure the standards and approaches taken from the 
standards to ensure it is suitability for Malaysia condition.  The National Axle Load Study, 
completed in October 1987 had proposed to raise the present axle load limit in Malaysia. Ng 
et al. (1990) also proposed a new set of loading curves to be used for future bridge design and 
assessment.

Furthermore, two studies were carried out under Japan International Cooperation Agency 
(JICA) to look into bridge designs and bridge maintenance in Malaysia. The first study was 
looked into Bridge Maintenance and Rehabilitation (1990-92) and followed by the study of 
the Standardization of Bridge Design in Malaysia (1994-96). Results from the early studies 
suggested the need to eliminate design and construction deficiencies in new bridges. From the 
study on the Standardization of Bridge Design in Malaysia, PWD has introduced a standard 
bridge, which is constructed in reinforced and prestressed concrete, which includes the design 
of the superstructures, substructures, and foundation (Zainudin, 1996). The standardization 
plays an important role to minimise the cost of planning, designing, constructing, and 
maintaining the bridges.

Moreover, a number of studies have provided a lot of informative data and they are suitable 
for the Malaysian condition which had been translated into Malaysian standard by complying 
with British Standard (BS). Τhe BS 5400 is used widely as a bridge design in Malaysia. This 
standard states the guidelines starting from the selection of  bridge material such as steel, 
concrete or composite bridge, and  selection for loading and bearing to the specification for 
materials and workmanship.

The lack of information in BS 5400 about seismic is due to very low seismic hazard in the 
British region and hence, the designs of bridge structure resistant to earthquake are ignored 
in this standard. Nevertheless, Malaysia faces a different situation regarding the seismic point 
of view.  The location of Peninsular Malaysia is just 300 kilometres away from the Sumatra 
faults, where the probability of 8 Magnitude in Richter Scale has shown that the long-distant 
earthquake effect cannot to be neglected. This is called far feel effect or long-distant earthquake 
such as Mexico City had experienced serious destruction resulted by magnitude of 8.1 Richter 
Scale earthquake with epicentre was approximately 400 km away from the Mexico city in 
year 1985. The similarity between the Mexico City and Kuala Lumpur in term of distance 
from the earthquake epicentre implies that the seismic effects should not be totally ignored.

In the absence of specific data and guidelines for bridges, designers have attempted to adopt 
methods that have been developed for buildings. Thus, as far as the Malaysian structures are 
concerned, the designers have been adopted the United States standards, such as International 
Building Code (IBC) and American Association of State Highway and Transportation Officials 
(AASHTO) as the guidelines for seismic site specific study and structure design procedure 
under seismic effect.
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However, two bridges in Malaysia have been already considered the long-distant 
earthquake effect in their design and construction phases. The first is the Penang Bridge and 
it was officially opened to traffic on 14 September 1985. The total length of the bridge is 
13.5 km, making it the longest bridge in Malaysia. The bridge structural concrete was designed 
using CP110: 1972 by a Penang resident cum well-known civil engineer, Professor Chin Fung 
Kee. The second bridge is the Second Penang Bridge. Although the design and construction 
of this Second Penang Bridge project had begun after the era of Eurocodes (EC) introduced 
in Malaysia, only the durability requirements follow the codes, but the others like structural 
concrete design still using BS 5400: 2006. In Eurocodes, the EC8 explains how to design the 
buildings and others civil engineering structures that are to resist earthquakes and EC8 Part 2 
is especially for bridges.

Τhe Penang Bridge

The Penang Bridge connects George Town in the Island of Penang and Seberang Prai on 
the mainland of Peninsular Malaysia (see Figure 4). The 13.5 km bridge has secured many 
historical records for Malaysia and Southeast Asia, and it is important from the engineering 
point of view. This bridge is a combination of cable-stayed concrete girder for the main 
navigation span and, beam and slab deck for the approach span with 40 meter length for 
each span. Besides, this structure has become the first structure to look critically on seismic 
effect in design process. The site project is located at just about 300 km away from the strike-
slip faulting of the northern Sumatra, Indonesia. According to Chin Fung Kee (1988), the 
shallow earthquakes occur mainly at a distance of about 300km from the site, whereas the 
intermediate focus of earthquake (depth approximately 200 km) has epicentres as close as 
180 km to the site with the possibility of a magnitude 8 scale Richter earthquake occurring in 
this vicinity in the next century. Τhe statement was a strong argument for Chin Fung Kee to 
consider earthquake in designing the Penang Bridge.

Figure 4. Penang Bridge
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The earthquake design philosophy of the Penang Bridge is clear; to construct the bridge 
and to provide security against failure or loss of life during any earthquake with economical 
approaches. The final decision made by Chin Fung Kee was to provide a lower level of 
strength at lesser cost and to pay for the necessary repairs in the unlikely event of a maximum 
credible earthquake (MCE).

With the lack of quantitative attenuation of motion data from the Sumatran earthquake at 
that time, the major magnitude of 7 Richter Scale (i.e. half as great as the maximum credible 
earthquake used) was taken into account as the Design Basic Earthquake (DBE) was induced 
with significant motion at the bridge site. By using the soil condition and PGA, a response 
spectrum for the earthquake was developed and the MCE was assumed to have twice this 
intensity (see Figure 5). The designer conservative estimate of peak base rock acceleration at 
the site was 0.075g. 

Figure 5. Design Earthquake Response Spectrum by Chin Fung Kee (1988)

As for design purposes, the spectra acceleration is obtained from Figure 5 and the value of 
the fundamental period of the structure was computed. Later, it was modified according to the 
seismic effect by considering the ductility of the structure. During the construction phase, the 
designer introduced the reinforced concrete shear blocks in order to restrain the orthotropic 
bridge deck against horizontal movements to exceed desirable limits.

The bridge has faced some repair works due to life expectancy and some from unknown 
causes. The maintenance check is regularly done by the Penang bridge maintenance team. 
Several repair works have already been performed, especially on the faulty bridge joint, 
cracking on structural part, replacement of the stay cable, and other part on non-structural 
components.

The Second Penang Bridge

The Second Penang Bridge connects Batu Maung on the island of Penang and Batu 
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Kawan on the mainland of Peninsula Malaysia. The total length of the bridge is 24 km with 
16.9 km twin prestressed concrete box girder structure (55 km length for each span) is run 
over the sea (marine bridge), and the other 7 km T-beam bridge deck structure is in the land 
section where it is connected to the existing expressway. The main navigation bridge is cable-
stayed bridge with beam and slab deck section. This bridge, with a design life of 120 years 
is the longest bridge in the Southeast Asia and plays the important role to accelerate the 
economic development of Penang. Nevertheless, it is also built in one of the most important 
parts of the seismic and hazardous reduction system in the region (see Figure 6). 

Figure 6. The Second Penang Bridge or Sultan Abdul Halim Muadzam Shah Bridge, which 
was officially opened on 1 March 2014

Han et al., (2010) looked into the seismic performance of the bridge under Highway 
Planning and Design Institute Consultants Co (HP&DI), whereby it was assigned by Chinese 
Harbour Engineering Company (CHEC). The objective of the seismic design is to minimise 
the damage of the bridge during earthquake with no loss of life. Τhe designer used the site 
specific response spectrum provided by Universiti Teknologi Malaysia (UTM) with return 
period of the design earthquake is 475 years (TR475), including the minor and repairable 
damages in the structure of the bridge. They also performed the finite element modelling and 
the data were analysed under seismic response analysis and capacity verification. The study 
concluded that the hollow section of the spun pile had the potential of brittle bending damage 
due to the strain and overstressing issue. The suggestion of using an isolation device was to 
provide sufficient stiffness to form superstructures to substructures, making it more durable 
and other properties required in the service state. The uses of shear blocks are also desired to 
avoid collapse in the economical way.

The base isolators are very suitable for Malaysia as it is the place where the research and 
development of base isolator originated. By introducing this technology and after several 
event of strong earthquakes in the United State and Japan, the used of base isolation for bridges 
has becoming popular. Due to the limited number of bridges that are instrumented, their 
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actual performance has been thoroughly investigated. Kelly et al., (1991) have qualitatively 
investigated the response of Sierra Point overpass in the United States based on the observed 
strong motion records.

The High Damping Natural Rubber (HDNR) isolator was successfully designed, 
fabricated, and tested based on the BS5400 and EN15129 Standards by the Malaysia Rubber 
Board (Malek et al., 2011) for the Second Penang Bridge. The total number of 1400 isolators 
for seismic protection was required for 17 km marine bridge, as well as 7 km land Expressway 
Bridge. The two laboratories used in this study were the Tun Abdul Razak Research Centre 
(TARRC) in United Kingdom, and Rubber Technology Centre in Sg. Buluh, Malaysia.

In addition, regarding the ambitious requirement from the client to provide a design with 
no collapse, the maximum credible earthquake with 2475 years return period of the design 
earthquake (TR2475) was used and the site specific response spectra were provided by UTM 
(Table 2 and Figure 7).

Table 2. Design Criteria of Seismic 

Return Peri-
od (Years)

Peak Bedrock Ac-
celeration (PBA)

Peak Response 
Acceleration 

(RPA)

Damage Performance Level

Marine Bridge
Land Expressway

Critical Bridge Other Bridges

475 0.0555 g 0.1773 g Minimal Dam-
age Minimal Damage Repairable 

Damage

2475 0.11 g 0.3261 g No Collapse

Figure 7. Site specific ground response spectra for TR475 and TR2475

The finite element analysis showed that the success results with all elements were still 
under the limit state and the objective to have “no collapse” level was achieved for bridge 
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with the analysis that included HDNR isolators. 

CONCLUSION 

Malaysia has thousands of bridges including some mega suspension bridges that need clear 
procedures in bridge inspection, especially during post-earthquake event. These procedures are 
important for engineers to made quick decision and response on past-earthquake for recovery 
and emergency purposes. Although in general, bridges in Malaysia are less vulnerable due to 
the low seismicity condition, the design of the new bridges need to consider the seismic effect  
and the decision to have the isolation device and other technique have to be looked into detail.

The designers of the Penang Bridge and the Second Penang Bridge have made advanced 
decision to consider seismic effects in their designs and constructions. The design process of 
the Penang Bridge had taken into account higher earthquake magnitude 7, with the designer’s 
expectation to have earthquake with magnitude of 8 or more in future. This earthquake 
had already happened on 24 December 2004 and 28 March 2005 at the Northern Sumatra, 
Indonesia with Magnitude 9.0 and 8.6 respectively, and 12 September 2007 at Southern 
Sumatra, Indonesia with Magnitude 8.5. In November 2007, the state of Penang public works 
committee chairman informed to the public that the Penang Bridge was structurally safe 
although cracks were noted in several locations. The repaired cracks have been reported to 
come from unknown cause and this question can be answered if proper and efficient schedule 
inspections are done.

The design spectra of 475 years return period for the second Penang Bridge was almost 
similar and had only 12% to 35% differences due to the Peak Response Acceleration and 
Peak Bedrock Acceleration compared to Chin Fung Kee’s design spectra. The objective of 
the design for 475 years return period was to have minimal and repairable damages and it 
had a similar objective with the Penang Bridge, which concentrated on economical purposes 
with no death during earthquake. The spectra were also within the range of PGA provided by 
previous researchers, as shown in Table 1.

Hence, the use of seismic isolation device for the second Penang Bridge has led to a 
valuable history event as far as the civil engineering field is concerned in the region, making 
it the longest seismic-resistant bridge in the world. The expertise and specialisation on natural 
rubber led by the Malaysian Rubber Board (MRB) has been successfully translated into high 
technology engineering and valuable products.  
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Abstract
This paper reports the outcome of a desk study on the Malaysian system for the registration 
of contractors in general and specifically on the newly introduced One Registration System for 
Contractors or 1RoC. Essentially, contractors are registered so as to ensure that only those 
with the acceptable level of resources, experience and expertise are permitted to carry out 
construction works. The evolution of the system can be said to comprise three phases. Initially 
it involved only contractors partaking in public sector works to be registered with a public 
agency known as Pusat Khidmat Kontraktor (PKK; Contractors Service Centre, CSC). The 
second phase was initiated with the passing of the CIDB Act 1994 which legally mandated 
registration of all contractors by the CIDB irrespective of whether they are participating in 
public or private sector works. Interestingly, a dual registration system was born. Then on 
15th October 2012 the 1RoC (Sistem Satu Pendaftaran Kontraktor or SSPK) was introduced 
thereby completing the third phase. Key findings from the study include that the 1RoC in actual 
fact is not a new system rather a streamlined version of the CIDB’s former registration system. 
Thus, with the 1RoC the previous PKK system is abolished, In addition, the 1RoC seems able 
to address critiques of the dual registration system whereby its implementation could lead to 
greater efficiencies. The implementation of the 1RoC is seen as a significant development in 
terms of the future development of the contracting services and the construction industry of 
Malaysia. 

Keywords: Construction; Contractor; Economy; Governance; Public, Registration System; 

INTRODUCTION

In the past and prior to the setting up of the Construction Industry Development Board 
Malaysia (CIDB) in 1994 the public authority that registered contractors undertaking and 
completing construction works for the public sector was the Pusat Khidmat Kontraktor (PKK 
or Contractors’ Service Centre)1. However, effective 20th July 1995 and  in accordance with 
the CIDB Act 1994, all contractors are required to register with the CIDB, notwithstanding 
whether they are undertaking and completing construction work for the public or private 
sectors. The key objective of the respective registration systems is to ensure only contractors 
in possession of the acceptable level of resources, experience and expertise are permitted to 
build.

Thus, since July 1996 when the CIDB Act 1994 on the registration of contractors was 
enforced there exist a dual registration system for contractors, namely the PKK and the 
CIDB registration systems. The former was done administratively by the Government for 
contractors undertaking and completing construction works for the public sector. The latter is 
mandated by the CIDB Act 1994 and applicable to all contractors undertaking and completing 
construction works for the public and private sectors. 
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Authors and commentators including Khairuddin (1998; 2002) had commented on 
the demerits and inefficiencies in maintaining the dual registration system for contractors 
especially when both systems are broadly similar as they concern the credibility and quality 
of contractors. The key difference between the two registration systems is that of authority: 
the PKK system is an accreditation system applicable to contractors for public works whereas 
the CIDB system is a licensing system empowered by statute.   

Now almost two decades later, the Authorities have come to its senses and realized that 
the dual registration system is no longer appropriate and more importantly unsustainable, 
especially in the contexts of effective utilization of resources and excellence in the delivery 
of services to the public. Consequently, on 15th October 2012 the One Registration System 
for Contractors 1RoC (Sistem Satu Pendaftaran Kontraktor or SSPK) was implemented. The 
1RoC, as the system is being referred to, requires all contractors undertaking or completing 
any construction work to register only with the CIDB.

Past studies concerning Malaysia’s system for the registration of contractors is scarce. 
More importantly past study on the 1RoC is non-existence perhaps, due to the timing of its 
implementation, i.e. the 1RoC was only introduced in 2012. Currently available literature is 
more concerned with the procedures and guidelines for registration such as those published 
by the CIDB and PKK respectively2. Consequently, a desk study reviewing Malaysia’s system 
for the registration of contractors in general and specifically on the 1RoC was carried out. 
The objectives of the study are two folds: to trace the evolution of the Malaysian systems of 
registration of contractors and to review the 1RoC. The review on the 1RoC focusses on its 
workings, the migration from previous dual system of registration to the 1RoC and to assess 
benefits of the 1RoC to the contracting services and the construction industry of Malaysia.    

This paper is structured into 5 parts. Part 1, this part, introduced the paper and presents 
the study’s problem statement and its objectives. Part 2 reviews the PKK, the former CIDB 
systems of registration of contractors and the 1RoC and its workings. Part 3 describes the 
mechanism on the migration from the PKK systems of registration to the 1RoC. Part 4 
presents the assessment of the 1RoC in terms of its benefits to the contracting services and 
the construction industry of Malaysia and finally Part 5 of the paper provides a conclusion to 
the paper. 

LITERATURE REVIEW

The PKK System of Registration of Contractors

Pusat Khidmat Kontraktor or PKK, formerly known as PUSAKABUMI, was established 
by the Government on 30th June 1981. The functions of PKK include registering contractors, 
assigning Bumiputera status to eligible contracting companies3, a resource center for all 
matters related to construction contracting, and to provide advisory services to Bumiputera 
status contracting companies undertaking and completing construction works for the public 
sector4.   

In essence, contracting companies meeting requirements in terms of capital and financial 
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capabilities, basic qualification of staff and management personnel, companies’ track record, in 
possession of the appropriate number of plant and equipment and appropriate equity structure 
may be registered as contractors. The registration system is such that eligible contractors 
may be registered into a Class, into one or more Categories of works (Heads) and into one or 
more areas of Specialization of works (Sub-Heads) as indicated in Table 1 to Table 3. With 
valid registration a PKK registered contractor may participate in public sector tenders and 
subsequently undertake and complete construction works corresponding to the class, category 
and area of specialization in which the company is registered.  

Table 1. PKK registration of contractors for civil works
Class of registration Minimum Capital (RM) Financial Limit of Project (RM)

A 600,001.00 >10,000.000.00

B 400,001.00 5,000,001.00 – 10,000,000.00

C 100,001.00 2,000,001,00 – 5,000,000.00

D 35,001.00 500,001.00 – 2,000,000.00

E 17.501.00 200,001.00 – 500,000.00

F 10,000.00 Up to 200,000.00
   

Table 2. PKK registration of contractors for electrical works
Class of registration Minimum Capital (RM) Financial Limit of Project (RM)

I 75,001.00 50,001 and above

II 50,001.00 < 1,000,001.00

III 25,001.00 <500,001.00

IV 7,501.00 <150,001.00

V 2,501.00 <50,001.00

VI 1,001.00 <20,001.00

Table 3. Categories (Heads) and specialization (Sub-Heads) in the PKK system of registration 
of contractors

Category of works Specialization5

Head I Civil engineering Sub-Head 1 – 9

Head II Building Sub-Head 1 – 9

Head III Mechanical, sanitary and water engineering Sub-Head 1 – 17

Head IV Other specialist civil engineering Sub-Head 1 – 10

Head V Quarrying, metal and earth supply cartage and transport Sub-Head 1 – 4

Head VI Forest and land development Sub-Head 1 – 9

Head VII Electrical Sub-Head 1 – 16

Head VIII Telecommunications Sub-Head 1 – 3

Under the PKK system of registration of contractors a company can only be registered 
into one Class of registration at any one time but the company may be registered into one or 
more Categories of works and into one or more areas of Specialization of works. In addition, a 
registered contracting company may apply for upgrading of Class or for additional Categories 
or for additional areas of Specialization. Furthermore, the PKK may de-register or downgrade 
a contractor’s Class, Category or area of Specialization if he violates the conditions of 
registration.



138 Khairuddin Abdul Rashid and Samer Shahedza Khairuddin

Table 4 and Table 5 show the number of contractors registered with PKK, in 2010, 
according to various classes of registration for civil works and electrical works respectively. 
From a total of 44,428 registered contractors, civil works contractors form the overwhelming 
majority (92.45% or 41,078) and within that, Class F i.e. the lowest class of registration, 
forms the overwhelming majority (70.21% or 28,839).

Table 4. Civil works contractors registered with PKK, 2010
Class No %

A 2,194 5.34

B 1,210 2.95

C 2,139 5.21

E 4,226 10.29

E 2,470 6.01

F 28,839 70.21

Total 41,078 100.00

(Source: PKK at pkk.kkr.gov.my/laporan-tahunan, 22nd June 2013)

Table 5. Electrical works contractors registered with PKK, 2010
Class No %

I 455 13.58

II 603 18.00

III 1,451 43.31

IV 841 25.10

Total 3,350 100.00

(Source: PKK at pkk.kkr.gov.my/laporan-tahunan, 22nd June 2013)

The CIDB System of Registration of Contractors

CIDB was established by the Government in 1994 via the CIDB Act 1994 (Act 520) to 
undertake eleven (11) key functions related to the construction industry. Function no 10 i.e. 
“To accredit and register contractors including to cancel, suspend or reinstate the registration 
of any registered contractors” concerns the establishment and maintenance of the CIDB 
System of Registration of Contractors. Detailed contents of the Act can be found in Part VI 
Registration of Contractors, Section 25 to Section 31 thus;

S. 25.  (1) No person shall undertake to carry out and complete any   
construction works unless he is registered with the Lembaga and 
holds a valid certificate of registration issued by the Lembaga. 
(2) Every certificate of registration shall be in the prescribed manner and form.

S. 26.  The Lembaga shall keep and maintain a Register which shall contain the names, 
business addresses and other particulars of contractors who are registered as registered 
contractors.

S. 27.  (1)  For the purpose of carrying out its functions under section 4, the Lembaga may by 
notice in the prescribed form require any person to furnish any particulars which are 
within the person`s knowledge, or which he is able to obtain, relating to any contractor 
or construction works in such manner and form as the Lembaga may specify.
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 (2) The notice under subsection (1) may be served by delivering it to the person at the 
construction site, his working place or at his residence.

 (3) A notice may require the information to be furnished at specific times or within 
specific intervals. 

 (4) The Lembaga shall not require any person to supply information which will disclose 
any trade secret.

S. 28. A person who 
 a) fails to comply with the requirements of a notice issued under section 27: or 

 b) knowingly or recklessly furnishes or causes to be furnished any false particulars 
on any matter specified in the notice issued under section 27, shall be guilty of 
an offence and shall, on conviction, be liable to a fine not exceeding five hundred 
ringgit and, in the case of a continuing offence, to a fine not exceeding five hundred 
ringgit for every day or part of a day during which the offence continues after 
conviction.

S. 29.  A person who undertakes to carry out or carries out and completes any construction 
works without being registered as a registered contractor with the Lembaga shall be 
guilty of an offence under this Act and shall, on conviction, be liable to a fine not 
exceeding fifty thousand ringgit.

S. 30. (1) Where the Lembaga finds that construction works are being undertaken or carried 
out by a contractor who is not registered with the Lembaga, the Lembaga may by 
notice in the prescribed form served on the contractor require him to abstain from 
commencing or proceeding with the construction works.

(2) A person who fails to comply with the requirements of the notice under subsection (1) 
shall be guilty of an offence and shall, on conviction, be liable to a fine not exceeding 
five hundred ringgit, and in the case of a continuing offence, to a fine not exceeding 
five hundred ringgit for every day or part of a day during which the offence continues 
after conviction.

S. 31.  Every registered contractor shall be subject to this Act.
 

The procedure to register as a contractor with CIDB is detailed out in a CIDB publication 
entitled “Contractor Registrations Requirements and Procedures.” Briefly, to register as a 
contractor, a company must fulfil criteria that include financial capability, in the form of the 
amount of paid-up capital or net worth, and technical capability that includes in possession 
of the appropriate number of personnel with the necessary qualification and experience. The 
registration of contractors was fully implemented on 22nd July 1996. 

The system registers eligible contractor into a Grade, into one or more Categories 
and areas of Specialization of works as indicated in Table 6 and 7. Consequently, a CIDB 
registered contractor may participate in tenders and subsequently undertake and complete 
construction works corresponding to the grade, category and area of specialization in which 
he is registered. However, a CIDB registered contractor cannot tender and undertake and 
complete construction works in the public sector unless he is registered with the PKK.
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Table 6. CIDB registration of contractors
Grade Tendering capacity (RM) Paid-up capital/net worth (RM)

7 No limit 750,000.00

6 Not exceeding 10 million 500,000.00

5 Not exceeding 5 million 250,000.00

4 Not exceeding 3 million 150,000.00

3 Not exceeding 1 million 50,000.00

2 Not exceeding 500,000.00 25,000.00

1 Not exceeding 200,000.00 5,000.00

Table 7. CIDB registration of contractors, category and specialization
Category Specialization6

1. CE – Civil engineering construction CE 01 – CE21

2. B – Building construction B01 – B11

3. ME – Mechanical and electrical
M01 – M15

E01 – E09

Under the CIDB system of registration of contractors a company can only be registered 
into one Grade of registration at any one time but the company may be registered into one or 
more Categories and areas of Specialization of works. In addition, a registered contracting 
company may apply for upgrading of Grade or for additional Categories or for additional 
areas of Specialization. Furthermore, the CIDB may de-register or downgrade a contractor’s 
Grade, Category or area of Specialization if he violates the conditions of registration.

Table 8 shows the number of contracting firms registered with CIDB, as of March 2012, 
according to grades of registration. From a total of 66,210 registered contractors 50.93% 
(33,720) are the G1 contractors, i.e. the lowest grade of registration.

Table 8. Contractors registered with CIDB, March 2012
Grade No %

1 33,720 50.93

2 8,669 13.09

3 11,042 16.68

4 2,766 4.18

5 3,922 5.92

6 1,423 2.15

7 4,668 7.05

Total 66,210 100.00

(Source: CIDB at https://www.cidb.gov.my accessed 22nd June 2013)

The One Registration System for Contractors (1 RoC)

The 1RoC is the result of a decision made by the Malaysian Cabinet during its meeting 
held on 14th September 2012. The meeting decided that the registration system of contractors 
by the PKK is rescinded and replaced by the 1RoC and the system will be enforced and 
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administered by the CIDB. The key objective of the Government in implementing the 1RoC 
is to increase efficiency in service delivery to the public. The 1RoC becomes effective on 15th 

October 2012.  

However, one must not confuse in thinking that the 1RoC is entirely a new system of 
registration of contractors. On the surface this might appear to be the case but in actual fact the 
1RoC is a makeover of the CIDB system of registration of contractors given a new label. The 
key elements of the 1RoC in terms of the Grade, Categories and areas of Specialization are as 
shown in Tables 9 to 11. Thus, the areas of makeover are (i) a revised set of financial limits 
under the tendering capacity of the various Grades of registration (Table 9), (ii) a new set of 
financial limits for electrical contractors (Table 10), and the revised areas of Specialization 
i.e. adding more areas, for all Categories (Table 11)7. For the CIDB system of registration of 
contractors see Tables 6 to 7 hereinbefore. 

The re-labeling of the previous CIDB system of registration of contractors, principally 
with the addition of the word ‘Satu’ or ‘One’  (1) is deemed necessary to reflect the makeover 
but more importantly it is believed that it’s the Authorities’ effort to reiterate that from the 15th 

October 2012 there is only one system of registration of contractors in the country.

Table 9. Tendering capacity of contractors for building, civil and mechanical works under the 1RoC
Grade Tendering capacity (RM)

G1 200,000.00 or less

G2 200,001 to 500,000.00

G3 500,001 to 1,000,000.00

G4 1,000,001.00 to 3,000,000.00

G5 3,000,001.00 to 5,000,000.00

G6 5,000,001.00 to 10,000,000.00

G7 10,000,001 and above

Table 10. Tendering capacity of contractors for electrical under the 1RoC
Grade Tendering capacity (RM)

G1 Up to 200,000.00

G2 Up to 500,000.00

G3 Up to 1,000,000.00

G4 200,001.00 to 3,000,000.00

G5 200,001.00 to 5,000,000.00

G6 200,001.00 to 10,000,000.00

G7 200,001.00 and above

Table 11. 1RoC’s category and specialization
Category Specialization8

1. CE – Civil engineering construction CE 01 – CE43

2. B – Building construction B01 – B28

3. ME – Mechanical and electrical
M01 – M21

E01 – E14
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MOVING FROM THE PREVIOUS REGISTRATION SYSTEMS TO THE 1ROC

The challenge for the contractors and other industry players then was not so much to 
understand what the 1RoC is all about (as mentioned hereinbefore the 1RoC is the makeover 
and re-labelling of the CIDB system of registration of contractors). The challenge therefore is 
for contractors, especially the PKK registered contractors, to abide with the 1RoC.

What was considered urgent then i.e. at the time the 1RoC became mandatory is to 
determine how those contractors with valid PKK registration could get their companies 
registered under the 1RoC and into what Grades, Category and areas of Specializations. To 
this end the CIDB provided a useful set of guidelines “Kaedah Penyerapan dan Pelarasan 
Pendaftaran Kontraktor melalui Pelaksanaan Sistem Satu Pendaftaran Kontraktor (1RoC) 
(Kontraktor Sedia-Daftar dengan PKK)” or Procedure to Absorb and Rationalize Contractors’ 
Registration through the Implementation of the Single Registration System for Contractors. 
In accordance to the guidelines all PKK registered contractors that are in possession of valid 
registration will be absorbed into the 1RoC automatically when the CIDB issued to each 
contractor a Certificate of Registration of Contractor (Perakuan Pendaftaran Kontraktor). 
This certificate would enable them to carry out works as defined by S. 25 of the CIDB 
Act 1994. In addition, the PKK contractors will be issued certification for procurement of 
Government works (Sijil Perolehan Kerja Kerajaan, SPKK) that certify them as contractors 
meeting the requirements set by the Ministry of Finance. With the SPKK, the contractors are 
eligible to participate in public tenders corresponding to the category of construction and 
qualification. Furthermore, the PKK contractors in possession of valid Bumiputera status will 
be issued a certificate of Bumiputera status (Sijil Taraf Bumiputera, STB) so as to enable them 
to participate in public tenders reserved for Bumiputera only.

To facilitate absorbing the PKK registered contractors into the 1RoC, the CIDB has come 
up with a systematic approach in rationalizing the respective Classes to Grades, Categories 
and areas of Specialization, as illustrated in Figure 1.  During the transition period, the PKK 
registered contractors are not required to submit fresh application for registration as the 
process of absorbing them into the 1RoC will be done by the CIDB.
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PKK    Rationalized to  CIDB

Class       Grade
A       G7
B       G6
C       G5
D       G3–G4 (CIDB decides)
E       G2
F       G1

Head       Category

Sub-Head      Specialization

Electrical Contractors
Class I       G4 – G7 (CIDB decides)
Class II       G3
Class III       G2
Class IV       G1

 

 Figure 1. Rationalization of PKK system of registration into CIDB system of registration

ASSESSMENT OF THE 1RoC

It is not difficult to realize that under the dual system of registration of contractors, namely 
by the PKK and CIDB respectively, maintaining two separate but broadly similar systems 
of registration of contractors, operated by two different Government agencies, have led to 
issues and problems including unnecessary bureaucracies, ineffective use of resources and 
additional costs to all parties especially to the Government in its capacity as the authority and 
as initiator and client of construction projects.

Specifically, to the Government, the dual system of registration brought problems 
including in terms of efficiency in the processes of registration of contractors and in enforcing 
the conditions of the registration. As for the contractors they face problems including having 
to register, maintain and pay fees for two registrations at any one time (if they aspire to tender 
and undertake construction works for the public sector). In addition, there were overlapping 
of activities between the PKK and CIDB. Furthermore, information on contractors and their 
performances were not shared between these two government agencies (Khairuddin, 1998; 
2002).

Consequently, Khairuddin (1998) had proposed for the CIDB and the PKK systems of 
registration of contractors to be merged into one central registration and performed by a single 
authority namely the CIDB. He listed the following as the key benefits of having one central 
registration system;

1. One stop registration services for all contractors. They would only need to apply for 
registration once in order to be allowed to participate in all public and private sectors’ 
tenders and to build and construct;
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2. The merging of the PKK and CIDB systems of registration would enable monitoring of 
contractors’ performance to be done centrally and that performance could be assessed 
based upon a standard set of criteria and that information could be centrally collected, 
stored and disseminated to all relevant bodies; and

3. Saving in resources by both the Government and the construction industry as a whole.

It appears that the proposal made by Khairuddin (1998; 2002) is consistent with the action 
taken by the Government through the implementation of the 1RoC. The Government also 
entrusted the CIDB to be the authority in charge. The PKK however, remained responsible 
to assign the Bumiputera status to eligible contracting companies and to provide advisory 
services to the Bumiputera status contractors.

In the course of carrying out the current study the following observations were made;

1. Information on contractors especially on status of registration and performances are 
not readily available and accessible to all stakeholders related to the construction 
industry of Malaysia. It is thought to be useful if such information is made available and 
accessible, perhaps at no or minimal cost, thus enabling the key stakeholders to possess 
information for decision making on matters related to tendering and appointment of 
contractors and researchers to have the necessary information about the contracting 
services and the construction industry of Malaysia.

2. In the past and up to the time of writing this piece of work, the system of registration 
of contractors appears to have little or no enforcement over the informal or the casual 
sector of the construction industry of Malaysia, i.e. those sectors such as construction 
works in the rural areas and in the squatter areas of most Malaysian cities. In addition to 
works being done by themselves i.e. self-build or built under the villagers’ cooperation 
concept (gotong royong), there are also works of maintenance and renovation in nature 
that were undertaken by odd jobbers or small unregistered contractors that have either 
escaped or been administratively excluded from any kind of enforcement by the CIDB.

3. There is a lack of properly structured training scheme to train individuals and 
entrepreneurs to become fully skilled and knowledgeable contractors.

4. With the advent of Concession Contracts such as the Private Finance Initiative 
(PFI) contracting firms are leading the mandatory Special Purpose Vehicles or 
SPVs. In addition to designing, funding and constructing an infrastructure, the SPV 
is also expected to maintain and run the completed facility. However, a formal and 
systematic approach on how SPVs are assessed especially their expertise in carrying 
out maintenance works is lacking. Perhaps, there is a need for a separate registration 
system for SPVs.

5. The 1RoC is not the one and only system of registration of contractors for Malaysia as 
a whole. In Sabah there is PUKONSA and in Sarawak UPK. It is considered to be most 
appropriate that these other systems of registration of contractors should be integrated 
under the 1RoC.

CONCLUSION

The implementation of the 1RoC since October 2012 means that there is now a one stop 
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registration services for all contractors in Malaysia. The 1RoC, although it sounds as if it is an 
entirely new system of registration of contractors, is actually a makeover of the CIDB system 
of registration of contractors. With the 1RoC the PKK system of registration of contractor is 
no longer valid and that the authority of the PKK to register contractors for public tenders and 
works has been rescinded.

The initiative by the Government to implement the 1RoC is a step in the right direction. 
In addition, the style adopted by the Government, through efforts initiated and implemented 
by the CIDB, in facilitating the PKK registered contractors to migrate to 1RoC and by adding 
more areas of specialization of works for contractors to register are commendable. 

Notwithstanding the fact that the abolishment of the dual system of registration of 
contractors came in late but the initiative in the implementation of the 1RoC augurs well for 
the future development of the contracting services and the construction industry of Malaysia. 
Consequently, further and in-depth studies are required.
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Abstract
This paper concerns Quantity Surveyors and their competencies in the provision of PFI services. 
It begins with the respective overviews on the quantity surveying profession and Public Private 
Partnership (PPP) in Malaysia. Generally, QSs are engaged to provide construction related 
professional services including procurement, costing and contractual advisory services. PPP 
was utilized as a compliment to the conventional procurement approach, in the provision of 
public infrastructure and services, initially in 1983 via Privatization, and subsequently in 2006 
via the Private Finance Initiative or PFI. Among the key reasons why the government adopted 
PPP include constraints in the public purse and to meet the demand for higher level quality 
in public infrastructure and services. In the context of PPP projects, past studies suggested 
that Malaysian professionals including QSs do not adequately possess the appropriate skills 
and expertise to provide such services including PFI. In an attempt to better understand the 
competency levels of QSs in general and in relation to PFI services a study employing the 
method of content analysis of three past studies on the subject matter was conducted. From 
the content analysis a total of seven (7) main competencies and their respective forty six 
(46) sub-competencies were identified. Thereafter data obtained from these past studies 
was micro-analysed and contrasted with the QSs professional services as promoted by the 
Board of Quantity Surveyors Malaysia (BQSM). The key outcomes of the analysis revealed 
the presence of a relationship between the competencies of QS professional services and PFI 
services implying QSs are reasonably well positioned to acquire those PFI skills and therefore 
are able to provide high quality PFI services; and  the presence of a ‘competency gap’ in each 
of the seven PFI (7) main competencies. The latter implies that the QS profession in actuality 
suffers from what can be referred to as a ‘multi-dimensional deficiency’. In the light of the 
presence of ‘multi-dimensional deficiency’ in the provision of PFI services among QSs, the 
paper recommends that the QS profession should consider initiating a structured and holistic 
approach in capacity building for its members.

Keywords: Construction; Competency; Concession; Infrastructure; PPP; PFI; Quantity Surveyors 

INTRODUCTION

A Quantity Surveyor (QS) is a financial advisor to a client of a construction project. 
His responsibilities, in a typical construction work, include advising the client on the most 
appropriate system of procurement to be used for his project, preparing cost estimates, tender 
documents, calling, evaluating and awarding tender on behalf of the client, administering the 
contract including evaluating and recommending interim payments, evaluating of variations 
and preparing and finalizing the contract’s account (RISM; available at: www.rism.org.my/ 
accessed on 24th June 2013).
 

The services offered by QSs are not confined to projects that are procured in the 
conventional way. Increasingly, and in tandem with the continuous and upward trends in the 
use of non-conventional procurement systems, QSs are expected to provide quality services 
to their clients including for projects procured via the Private Finance Initiative (PFI) or other 
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concession based projects (Samer, 2012).

Essentially, PFI is a procurement approach whereby a public sector agency works 
together with a private sector entity to deliver public services on behalf of the Government. 
Under a typical PFI arrangement, the private sector entity will design, build, finance, operate 
and maintain (DBFOM) a public facility and deliver services to the public. In return, the 
Government will make periodic payments otherwise known as user-fees to the private sector 
entity. The quantum to be paid in each payment is linked to the quality of services provided 
by the private sector entity and it has to be agreed between the public sector agency and 
the private sector entity as provided for in a typical 20 to 30 years concession agreement 
(Government of Malaysia, 9th MP, 2006).

The use of PFI in Malaysia began in 2006 under the 9th Malaysia Plan (9th MP, 2006-
2010). Since the implementation of the 10th Malaysia Plan (10th MP, 2011-2015) the use of 
PFI appears to be on the rise, as evident from the amount of money and the number of projects 
being identified as to be implemented by the Government. For instance, under the 10th MP, 52 
high impact projects worth RM62.7 billion have been identified to be implemented via the PFI 
route with a sum of RM20 billion allocated as a facilitation fund to bridge the viability gap. 

Studies on the identification of competencies of key construction related professionals 
including QSs in the provision of PFI services have been carried out by Nursyazwani 
(2008), Khairuddin (2009) and Samer (2012).  These different studies however provided a 
consistent outcome i.e. each study identified the presence of a ‘competency gap’ between the 
competencies the professionals should possess if they are to provide PFI services as opposed 
to the competencies they actually possessed.

Given the Government’s continuous endeavour to develop Malaysia, the procurement 
approach adopted includes PFI (UKAS, 2010) and that given the professional roles and 
functions played by QSs in project implementation including in PFI projects, inevitably, 
the services of QSs would be required. Consequently, a study to ascertain the competency 
levels of QSs in the delivery of PFI services is considered timely. However, the current study 
differs to the three previous studies as it aims to extend the scope with the introduction of a 
new variable i.e. QSs professional services as promoted by the Board of Quantity Surveyors 
Malaysia (BQSM). The objective of the current study is to determine whether the QSs PFI 
competencies are consistent with the QSs professional services as promoted by BQSM.  

The paper is structured into five parts. The first part introduces the paper. This is followed 
by a literature review on quantity surveying, PFI and previous studies on competencies 
thereof. The third and fourth parts describe the methodology used and the presentation and 
discussion of the results respectively. The final part of the paper, part five, concludes with 
suggestions for consideration by the QSs profession.
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LITERATURE REVIEW

Quantity Surveyors’ Professional Services

According to the Royal Institution of Surveyors Malaysia (RISM, 2013) a QS “is a 
construction professional, he or she is qualified and adequately trained to advise on all aspects 
of construction costs, financial and contractual administration. He or she is an expert on the 
cost and management of construction projects, whether building, civil or heavy engineering.” 
The profession is governed by statute namely the Quantity Surveyors Act 1967. According to 
BQSM, services offered by consulting QSs can be divided into two categories which are basic 
services and additional services. The following are the services:

Basic services

1. Preparation of preliminary estimates and cost plans
2. Preparation of Bills of Quantities and other Tender Documents
3. Preparation of Tender Reports including pricing the Bills of Quantities for an estimate 

and Contract Documents
4. Preparation of Tender Documents, Tender Reports and Contract Documents for Prime 

Cost and Provisional items other than those under the charge of Mechanical and 
Electrical Consultants

5. Valuation of works in progress for Interim valuation/Certificates including variation
6. Preparation of Final Accounts.

Additional services

1. Preparation of Feasibility studies including Income/Expenditure Cash Flow
2. Preparation of Final Costs for Contracts based on Provisional Bills of Quantities
3. Pricing of Bills of Quantities or Pricing and agreeing Schedule of Rates
4. Re-measurement of the whole or part of the Building Works, if required
5. Preparation and attendance for Arbitration/Litigation
6. Preparation of Documents and Reports for Prequalification of Contractors.  

As a requirement stipulated by the Quantity Surveyors Act 1967, QSs can practice 
their profession and charge the appropriate fees only if they are registered with the BQSM. 
The scope and types of services and fees payable are detailed out in the Board of Quantity 
Surveyors’ Memorandum of Agreement for the Provision of Professional Quantity Surveying 
Services (BQSM; available online at: www.bqsm.gov.my/images/pdf/moa.pdf, accessed 24th 

June 2013). Thus, it can be inferred that QSs have indispensable roles to play towards ensuring 
successful completion of construction projects (Neoh, 2003).

 

Based on the BQSM (website accessed 24th June 2014), there are currently 1,026 
Registered Quantity Surveyors in Malaysia, 1,397 Registered Graduate Quantity Surveyors 
and 338 professional Quantity Surveying Practices.
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Private Finance Initiative (PFI)

PFI is defined by the Government as “the transfer to the private sector the responsibility to 
finance and manage a package of capital investment and services including the construction, 
management, maintenance, refurbishment and replacement of public sector asset … which 
creates a standalone business. The private sector will create the asset and deliver a service to 
the public sector client. In return, the private sector will receive payment … commensurate 
with the levels, quality and timeliness of the service provision throughout the concession 
period. The structure of the lease rental payment for PFI projects will guarantee a total return 
to the concessionaire’s capital investment expenditures including financing cost repayment 
and profit to investment. The asset and facilities will be transferred to the public sector at the 
expiry of the concession period” (9th MP, 2006).

The Government’s rationale for Malaysia to adopt PFI includes to relieve their financial 
and administrative burden, improve efficiency and productivity, facilitate economic growth, 
reduce the size and presence of the public sector in the economy, and to help meet the national 
economic policy targets (EPU, 2006).

According to Khairuddin (2012) the Malaysian PFI may be traced back to 1983 when 
privatization was first introduced. In 2006 (9th MP, 2006-2010), new strategies including the 
implementation of Government procurements via the PFI, aimed at streamlining privatization, 
were introduced. In 2010 (10th MP, 2011-2015) the PFI policy is given a ‘make-over’ and 
labelled as ‘new wave PFI’. Learning from past mistakes in implementing privatization and 
PFI, the new wave PFI contains relatively clear, robust, detailed and transparent framework 
on the concept and method of procurement.

In 2010 and under the Tenth Malaysia Plan (10th MP, 2011-2015) RM63 billion was 
allocated for PPP projects and RM20 billion in facilitation fund. The facilitating fund is aimed 
at bridging the viability gap of projects (UKAS, 2009). Massuan (2012) suggested that the 
modalities used for the PPP and PFI projects include BOT, BOO, BLT, BLMT, BLMOT and 
Land Swap.

Typically, parties involved in PFI projects are, on the one hand the public sector agency 
that acts as the principal, and on the other hand the concessionaire, usually in the form of a 
consortium of several companies representing the contractor, designers (architects, engineers 
and QSs), financiers, facilities management services provider, etc. The consortium of 
companies forming the concessionaire is commonly referred to as the Special Purpose Vehicle 
or SPV.

The implementation of PFI is not without opposition and criticism. Among the more 
notable ones include the relatively low-level of readiness of key players to implement PFI 
projects. While in general the key players of the construction industry of Malaysia are aware 
and have basic understanding of the workings of PFI (Nursyazwani, 2008; Marna, 2010 and 
Nursham, 2011) but according to several authors (Nursyazwani, 2008; Khairuddin, 2009; 
Samer, 2012) there is a mismatch between the key areas of competencies required and the 
availability of experts in possession of those competencies. 
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Competencies in the Provision of PFI Services  

In essence there are two types of competencies namely ‘core competencies’ and ‘individual 
competencies’. Core competencies are also known as organizational driven competencies. 
Individual competencies refer to ‘set of skills that an individual must possess in order to be 
capable of satisfactory performing a specified job’ (Illias et al., 2010).

The current study is concerned with individual competencies. Specifically it concerns 
the competencies of construction related professionals, in the current study the QSs, in the 
provision of PFI services. According to Lamb and Merna, (2004), PFI competencies mainly 
fall into three categories i.e. technical, financial and legal. Other authors have expanded this 
with the inclusion of value for money (VfM) (Roshana et al, 2009; RICS, 2011) and people 
skills (RICS, 2003) as among the key PFI competencies.

Previous works by Nursyazwani (2008) and Khairuddin (2009) have identified a set of 
seven (7) main competencies required by key players of the construction industry, including 
QSs, towards successful delivery of PFI services. The seven main competencies are: technical, 
financial, legal, hard and soft skills, contractual, experience and Value for Money (VfM). 
These main competencies are further sub-divided into their respective sub-competencies. In 
all, Nursyazwani (2008) and Khairuddin (2009) have compiled a list comprising of forty-
six sub-competencies. In a subsequent study, Samer (2012) applied these competencies on 
the QS profession to discover their level of competency. Interestingly, these different studies 
provided a consistent outcome i.e. each study identified the presence of a ‘competency gap’ 
between the competencies the professionals should possess if they are to provide PFI services 
as opposed to the competencies they actually possessed.

The ‘competency gap’ identified by Nursyazwani (2008) and Khairuddin (2009) is as 
illustrated by Figure 1. Referring to Figure 1 there appears to be a mismatch between the 
competencies they should possess (represented by the outer lines in the spider web diagram) 
and competencies they possess (represented by the inner lines). Competencies facing the 
highest constraints are legal, contractual and VfM (where their respective scores were <50) 
while the other main competencies namely technical, financial and hard and soft skills are 
considered to be merely satisfactory (their respective scores were between 50 and 60).
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Figure 1. The Competency gap (Source: Nursyazwani, 2008)

The ‘competency gap’ identified by the Samer (2012) is as illustrated in Figure 2. Samer’s 
study, with QSs as the primary respondents, however, showed that the gap is much narrower, 
thus suggesting that PFI competencies in possession by the QSs are greater in relative to the 
other key players reported in the previous works by Nursyazwani (2008) and Khairuddin 
(2009). In addition, such an outcome may also reflect the latter timing of the study whereby 
PFI have been introduced longer thus QSs are more familiar and therefore have an added 
advantage as opposed to the other professionals acting as respondents for the previous studies. 
Nonetheless, ‘competency gaps’ remain with the critical nodes found to be experience, 
financial and VfM with respective scores below 65 while other main competencies have 
higher scores of 65 to 75.

Figure 2. The PFI Competency Gap of QS Professionals (Source: Samer, 2012)
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METHODOLOGY

This paper reports on a study that extends the scope of the works of Nursyazwani (2008), 
Khairuddin (2009) and Samer (2012) as aforementioned. While these studies were limited 
to PFI competencies and their possession by the professionals of the construction industry 
including QSs, the current study introduces a new variable i.e. QSs professional services as 
promoted by BQSM. The objective of the current study is to determine whether the QSs PFI 
competencies are consistent with the QSs professional services as promoted by BQSM.

The methodology adopted can be divided into three stages where the first stage is 
concerned with identifying past studies related to the subject topic, the second on extending 
the scope of previous studies by introducing a new variable: QSs professional services, and 
the final stage towards illustrating a new outlook of the subject.

The first stage includes review of literature on past studies about the subject matter. Two 
(2) papers from the works of Nursyazwani (2008) and Samer (2012) were identified relevant 
and analysed further. The outcome of the literature review has been presented in part two of 
this paper. 

The second stage aims to represent QS professional services against PFI competencies. 
Thus, a review of professional services is relevant within the context to establish the inferred 
relationship between the two variables. The BQSM website was sourced as the main point 
of reference at: www.bqsm.com.my. In an attempt to provide a meaningful context the QSs’ 
key professional services, both basic and additional as promoted by BQSM, are presented 
alongside the PFI competencies identified by Nursyazwani (2008), Khairuddin (2009) and 
Samer (2012). With this, it is found that their services as explicitly stated by BQSM can 
be grouped accordingly while tacit PFI skills such as hard and soft services and working 
experiences which are not stated explicitly by BQSM are however necessary for QSs in their 
line of work dealing within a multi-disciplinary environment. A full list of the seven (7) main 
competencies, their respective forty-six (46) sub-competencies and QS professional services 
are as indicated in Table 2.

Referring to Table 1 it was found that six (6) out of seven (7) PFI main competencies 
were consistent with QSs professional services with four (4) categories explicitly stated by 
BQSM represented and two (2) categories reasonably implied. Therefore, it is inferred that 
their education and thus qualification positions QSs to be in possession of these competencies. 
The underlying principle would be that in order for QSs to provide professional services as 
stated by BQSM, they should be in full possession of said competencies (or at 100%). Since 
a relationship between the two has been established, there should undoubtedly be no apparent 
shortfall between QSs professional services and PFI competencies.

The final stage is the micro-analysis of the results from Samer’s (2012) study on QSs’ 
PFI competencies. Samer’s (2012) study, carried out via questionnaire survey and face to face 
interviews, concerned the identification and perceived possession of key PFI competencies 
and services of QSs. A total of 31 qualified and registered QSs responded to the survey. 
The respondents were randomly selected from the list of QSs registered with BQSM. The 
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responding QSs were mainly from QS consulting firms and academic institutions; their 
current work positions diverse, i.e. ranging from senior principal to executives and lectures; 
and the majority having more than 10 years’ work experience.

From Samer’s (2012) works, the aggregate Relative Indices (RI) of each of the seven 
identified competencies and the possession thereof by the QSs were calculated. Assuming that 
the QSs are in full possession of competencies for the QSs services, since those services are 
promoted by the BQSM, each of the seven main QS competencies should have their RI score 
as 1.00. Consequently, the differences between the RI scores of the QS competencies, the PFI 
identified and possessed thereof by the QSs were computed. The outcome of the computation 
was then subjected to the half-adjusting principle (see Ke et al, 2010) thus, facilitating the 
resulting differences to be categorized as per Table 1. The results of the micro-analysis are 
presented and illustrated in Tables 3 and 4 and Figure 3 respectively.  

Table 1. The half-adjusting principle
RI Scores Deficiency Category

≥0.8 Very Poor

≥0.6 < 0.8 Poor

≥0.4 < 0.6 Mild

≥0.2< 0.4 Slightly poor

<0.2 Minor 
(Source: Modified from Ke et al., 2010)
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RESULTS AND DISCUSSION

Detailed examination of Table 3 and Figure 3 revealed a new outlook i.e. contrary to 
the general notion that in relation to the QS profession there should be no shortfall between 
professional services and PFI competencies, the results suggest that the presence of shortfall 
does exist. In addition, the presence of the shortfall appears to be multi-dimensional, i.e. more 
than one area of main competencies.

Table 3. Aggregate RI on Professional Services and PFI Competencies of QSs 

Main competencies
Aggregated RI

Professional Services PFI Competencies
Required Required   Possessed

Technical 1.00 0.85 0.72

Legal 1.00 0.82 0.70

Financial 1.00 0.82 0.65

Hard and soft skills 1.00 0.87 0.75

Contractual 1.00 0.83 0.69

Experience 1.00 0.74 0.48

VFM 1.00 0.83 0.65
(Source: Modified From Samer, 2012)

Figure 3. The Multi-Dimension Deficiency of QS Competencies (Source: Modified from Samer, 2012)

To further illustrate the identified shortfall, the cumulative shortfall between essential QS 
professional services against the required and possessed of PFI competencies were tabulated 
(Table 4). A total deficiency for each area of main competency was thus identified. The 
resulting statistics were then subjected to the half-adjusting principle (see Ke et al, 2010, 
see Table 1) thus, facilitating the resulting differences or shortfall in competencies to be 
categorized as per Table 4.  
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Table 4. Shortfall of QS Professional services against perceived and professed PFI competencies

Main Competen-
cies

Professional services vs PFI Competencies

Ideal Perceived 
shortfall

Self-admis-
sion shortfall Nett shortfall Deficiency category

Technical 1.00 0.15 0.28 0.28 Slightly poor deficiency

Legal 1.00 0.18 0.30 0.30 Slightly poor deficiency

Financial 1.00 0.18 0.35 0.35 Slightly poor deficiency

Hard and soft 
skills 1.00 0.13 0.25 0.25 Slightly poor deficiency

Contractual 1.00 0.17 0.31 0.31 Slightly poor deficiency

Experience 1.00 0.26 0.52 0.52 Mild deficiency

VFM 1.00 0.17 0.35 0.35 Slightly poor deficiency

Referring to Table 4, the RI scores for all seven PFI main competencies among QSs show 
a net shortfall in competencies. In addition, it is found that one main competency recorded 
a ‘mild’ deficiency (value ≥0.4<0.6), i.e. “experience” while six other main competencies 
were considered ‘slightly poor’ deficiency (value ≥0.2<0.4). Thus, an overall professional 
deficiency is apparent within the QS profession in so far as the provision of PFI services is 
concerned.

The presence of deficiencies in all the seven main areas of competencies in the provision 
of PFI services among the QSs suggests that the QS profession suffers from what could be 
referred to as ‘multi-dimensional deficiency’. The ‘multi-dimensional deficiency’ is exhibited 
clearly when all nodes representing the key competencies indicate a shortfall between the 
professed essential QSs skills (BQSM) against the required and possessed PFI competencies. 
Indeed, QSs suggested a lower required competency for PFI services for all nodes as 
opposed to professional services however; they appeared to have admitted to be in a much 
lower possession of these skills. Consequently, the results suggest a professed deficiency in 
competencies is present within the profession. 

CONCLUSION

This study attempted to present an extension of previous works on PFI competencies 
(removed references) towards a new outlook in the on-going discussion of QSs competencies 
in PFI services. Drawing from the professed QSs professional services as stated by BQSM, the 
current study has established the relationship between the competencies of QS professional 
services and PFI services. Therefore, it appears that QSs are reasonably well positioned to 
acquire them through their qualifications and thus provide high quality PFI services.

Going beyond this discussion; this paper has discovered that the profession is, in reality, 
suffering from what may be referred to as ‘multi-dimensional deficiencies’. Indeed, observing 
the QSs professional services against PFI competencies reveal that no main competencies 
match the self-professed QS professional services. The majority competencies were considered 
as ‘slightly poor’ i.e. six main competencies while only one competency indicated a ‘mild’ 
deficiency. Overall the levels of deficiency found is not significant since no categories were 
considered ‘very poor’ or ‘poor’ which reiterate the earlier argument that QSs are indeed well 
positioned to provide high quality PFI services. However, the results implied, high quality PFI 
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services, under the present situation may not be achievable. Hence, suggesting a dilemma is 
emerging within the QS profession.

The findings from the current study are considered significant, if taken positively, as they 
provide basis for the QS profession to assess itself and to move forward. In addition, as the 
majority of PFI competencies were considered ‘slightly poor’, it could be said that the QS 
profession is on the right direction towards acquiring full competencies for PFI services. 
Consequently, it is recommended that powers that be and academics within the QS profession 
consider initiating a structured and holistic approach for training and capacity building for 
members of the profession and that curricula for the training of QSs be re-visited and where 
appropriate adjusted accordingly.

Limitation that exists in the current study is that it is based on secondary data of the 
previous study of which this paper micro analysed (removed reference). Thus, the findings 
provided herein may not reflect the current scenario. Therefore, it is also recommended that 
the authors conduct further study to determine whether the same can be said for current QSs. 
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