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Graphical abstract Abstract 
 

Incorporating maintainability during the building design is essential to increase overall 

performance of the building including quality and cost as; the management and 

operation process of facilities can have a significant impact on cost, health and safety, 

energy and quality. As a result, a more effective and efficient building facility will be 

turned over during the post occupancy stage. Literature review reveals that there is a 

need to implement maintainability during the building design phase; mainly due to the 

increasing life-cycle cost of the building facilities. A critical review of the literature has 

been carried out to explore the consideration of maintainability during the building 

design and subsequently identifies a set of criteria and indicators to be applied during 

the building design phase to achieve cost effective building maintenance. Thus, this 

paper opted a four-round Delphi questionnaire survey to identify the relevant design for 

maintainability criteria and indicators to achieve cost effective building maintenance. 8 

designs for maintainability criteria along with the indicators for each of the criterion have 

been identified. These design for maintainability indicators help the building architects to 

incorporate maintainability practice during the building design phase and thus help to 

achieve cost effective maintenance. This paper aims to address the long pending quest 

of incorporating maintainability during the building design phase and consequently 

achieve cost effective building maintenance. 

 

Keywords: Facility management, building design, building maintainability, cost effective 

building maintenance 
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1.0  INTRODUCTION 
 

Facility management (FM) encompasses multiple 

disciplinary activities that integrate people, place and 

technology within the context of built environment. FM 

is often viewed as representing a field of operational 

process that lies beyond design, construction and 

installation. However, FM input especially 

maintainability is renowned in lack of integration with 

the building design. This has been seen as one of the 

major factors contributing to various problems facing 

the building industry. This is based on the studies 

conducted by previous researches, whereby, these 

researchers have found that, many problems faced by 

building during the maintenance phase are the result 

of inconsideration of maintainability during the 

building design[1-2]. Among those problems are 

namely, building services related defects, early 

deterioration of building components, inadequate 

accessibility for repair, replacement and cleaning 

process  and so on [3-5]. These increasing numbers of 

design deficiencies can be reflected through the lofty 

maintenance costs [6-9]. This is because, defects 

arising in a building often exhibit a chain effect, hinder 
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performance, increase maintenance workloads and 

contribute to increasing maintenance cost [10-13]. 

Recognizing the increasing building maintenance cost 

due to inherent maintenance problems, building 

industry is moving forward on identifying the solution 

for this situation [14-15]. As a consequence, it is 

substantiating that; a better building design integrated 

with maintenance consideration during the building 

design phase can result in ease of maintenance to 

offset the soaring maintenance costs. For this 

statement, previous researchers have supported and 

stated that ‘the incorporation of building 

maintenance into the building design denotes ease of 

maintenance through mitigation of defects and 

consequently contribute to reduce building 

maintenance cost and time [2, 9, 15-19].    

This paper therefore intends to identify and establish 

the building design for maintainability criteria and 

indicators to help the building architects or designers 

to incorporate maintainability during the building 

design phase and consequently helps to achieve cost 

effective building maintenance. A four-round Delphi 

questionnaire survey was carried out with a group of 

eighteen experts within Malaysia in the field related 

with architecture, civil engineering, structural engineer, 

building service engineer, building maintenance or 

management, facility maintenance or management 

and quantity surveying in order to identify the relevant 

design for maintainability indicators to achieve cost 

effective building  maintenance. 

 

 

2.0  DESIGN FOR MAINTAINABILITY CRITERIA 
AND INDICATORS TO ACHIEVE COST 
EFFECTIVE BUILDING MAINTENANCE 
 

Design for maintainability criteria referred to specific 

design related building maintenance features that are 

applicable for a building that being developed. These 

criteria constitute as an input to the building during its 

design process, with the aim to reduce the 

maintenance cost by increasing ease of maintenance 

and minimizing preventive and corrective 

maintenance. In accordance, the specific building 

design for maintainability criteria must be identified in 

order to lead to the fulfilment of maintainability 

requirements. This section discusses the significant 

building design for maintainability criteria and 

indicators which have been drawn from the available 

literature focusing on causes of problem and building 

defects occurring during the post occupancy stages. 

Indicators are viewed as indicating the characteristics 

of the criteria. Having maintainability criteria solely will 

create ambiguity in the consideration of 

maintainability decision during the building design 

phase. Therefore, the identification of design for 

maintainability indicators is apparent to form more 

comprehensive as well as clearly delineated decisive 

maintainability criteria to achieve cost effective 

building maintenance (CEBM).  

A good understanding on the CEBM will help identify 

the design for maintainability criteria that influence the 

CEBM. CEBM is known as minimum cost of replacing 

degraded materials and elements, minimum costs of 

periodic works and repairs as well as minimum costs of 

reactive maintenance [20]. As refer to El-Haram, to 

achieve CEBM it is necessary to minimize the number 

of maintenance tasks [21-22]. Minimizing the 

maintenance tasks consequently, influence all the 

costs associated to conduct the maintenance tasks. 

Therefore, to identify the CEBM attributes is important 

to study on the types of maintenance tasks and 

identify the costs associated with maintenance tasks. 

Figure 1 below illustrates the cost of building 

maintenance task.  Where, MC is the cost of a 

maintenance task (reactive, preventive or 

replacement), DMc is the direct maintenance cost, 

IMc is indirect maintenance cost, Cl is cost of labour, 

Cm is cost of material and spare parts, Ce is cost of 

equipment and tools, Ca is cost of administration and 

management, Co is overheads and Cp is cost of 

penalties or loss of revenue.  

 

 

 

 

 

 

Figure 1 The Cost of building maintenance task (Adopted 

from: El-Haram & Horner, 2002) 

 

 

A thorough review of literature led to the 

identification of major cost effective building 

maintenance attributes. These attributes comprise of 

both direct maintenance cost and indirect 

maintenance cost. These attributes are the indicators, 

which will contribute to CEBM. Table 1 summarized the 

CEBM attributes. Eight design for maintainability criteria 

namely, accessibility, durability, clean ability, 

availability, standardization, simplicity and flexibility, 

modularization and identification along with the 

indicators stated in the Table 2 below.  

 

 

3.0  RESEARCH METHODS–THE DELPHI SURVEY  
 

The Delphi method was originally developed in 1950 

by the Olaf Helmar of the Institute for the Future and 

Norman Dalkey of the RAND Corporation, to ask the 

opinion of experts to select and develop “an optimal 

US industrial target system and to estimate the number 

of A-bombs required to reduce the munitions output 

by a prescribed amount” [23]. The Delphi method is 

known as “a research tool to develop, identify, 

forecast and validate a wide variety of research 

areas” [24]. The researcher decided on the Delphi 

method for two main reasons. First, prior research has 

not yielded a set of validated design for 

maintainability criteria with indicators. Therefore, this 

issue requires gathering reliable data from several 

individuals with the knowledge or experience in the 

subject area.  Second, Delphi method has the ability 

to achieve consensus, something that was lacking in 

Mc   = DMc + IMc 

DMc = Cl + Cm + Ce 

IMc   = Ca + Co + Cp 
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literature review. The emergence of recent 

maintainability studies has brought similar and some 

particularly related maintainability criteria into view. 

For instance, Chew et al., listed few maintainability 

criteria to be considered during the building façade 

design [18]. The list comprises of material selection 

from the aspects of durability, sustainability, clean 

ability; accessibility and flexibility. Silva and 

Ranasinghe, suggested five maintainability criteria to 

be incorporated during the design stage of a project, 

which ranging from design for adequate safety, 

maintenance needs, environment, easy maintenance 

and efficient access [6]. These show that, there is no 

consensus on the identification of maintainability 

criteria and its indicators which may lead to the 

inadequate maintainability decision to be considered 

during the design phase and consequently influence 

poor maintainability.  

The Delphi method is designed to obtain the most 

reliable consensus from a panel of experts by a series 

of intensive questionnaires interspersed with controlled 

opinion feedback, and with results of each round 

being fed into the next round [25]. Therefore, the 

Delphi method is considered as one of the best-known 

consensus-reaching methodologies [26].The Delphi 

method typically involves the selection of suitable 

experts, development of appropriate questions to be 

put to them and analysis of their answers [27-28]. The 

original Delphi procedures have three features namely 

[29]: 

(1) anonymous response; 

(2) iteration and controlled feedback; and 

(3) statistical group responses. 

The features of Delphi method are designed to 

minimize biasing effects of dominant individuals, 

irrelevant communications, and group pressure toward 

conformity. The number of rounds varies between two 

and seven [29-30]. Too many rounds would waste 

respondents’ time, and stopping the study too soon 

could yield meaningless results [31]. In order to reach an 

acceptable and stable degree of consensus, majority 

of the studies have used two or three iterations [32-33]. 

While panel composition is important, researchers 

often struggle with what is considered an acceptable 

expert panel size for Delphi studies. A review of Delphi 

studies published in AIS and MIS journals reveals that 

most studies utilize 10 to 18 expert participants [33-34]. 

However, panel as small as 4 to 10 expert is 

appropriate, with a homogeneous group of experts 

[34-35].  

The Delphi method used in this research was 

composed of four rounds with 18 experts. In first round 

of the Delphi survey, respondents were requested to 

review the generated CEBM attributes and choose the 

relevant CEBM attributes by selecting Yes or No option. 

The respondents also encouraged to submit as many 

as extra missing CEBM attributes as possible. Following 

it, a list of design for maintainability criteria and 

indicators influencing CEBM were listed and 

respondents again requested to use CEBM attributes 

as a needle to choose and identify relevant design for 

maintainability criteria for achieving CEBM.  Again, the 

respondents were encouraged to submit as many as 

extra missing design for maintainability criteria or 

indicators that applicable to achieve CEBM. In round 2 

of the Delphi questionnaire survey, the respondents 

were asked to determine the finalized design for 

maintainability criteria associated with each building 

elements (basement, facade, floor, roof, lighting 

system, HVAC, lift, sanitary plumbing and fire-

protection). In round 4 of Delphi questionnaire survey, 

the respondents were provided with the consolidated 

results from round 3 and were asked reconsider the 

answer given in round 3.  

 

 

Table 1 The cost effective building maintenance attributes 

 

Attributes of Labor Cost Description Authors 

Maintenance/Technical Personnel Availability The availability of high and special maintenance personnel/ 

labour to conduct the maintenance tasks. 

[36]. 

Consultation/Technical Personnel Professional 

Fees 

The fees required to pay for professional maintenance or 

technical personnel to conduct the maintenance tasks. 

[36]. 

Access Delay Delay in accessing or reaching the parts or elements of a 

building, its facilities or components quickly and without 

barriers as; and when required to maintenance tasks (repair 

or replacement works). 

[11];[37]; 

[38];[39];[21]; 

[14]. 

Working Condition Working condition here refer to similar or dissimilar tasks 

carried out/ the position where the tasks need to be carried 

out (height) by maintenance personnel. 

[40]. 

Working Duration  The time when maintenance personnel service required 

(working/ outside working hours). 

[40]. 

Preparing & Clearing up routines  Commence maintenance tasks immediately without any 

clearing up & when completed the tasks they can move 

straight to next job without clearing up. 

[40]. 

  



78                               Shubashini Ganisen et al. / Jurnal Teknologi (Sciences & Engineering) 77:30 (2015) 75–88 

 

 

Attributes of Material & Spare Parts Cost Description Authors 

Select suitable materials from market Selecting the most appropriate materials/ spare parts with 

respect to several factors such as cost, quality, performance, 

availability & etc. 

[41]. 

Standardized materials and spare parts The attainment of maximum practical uniformity, & 

concerned with restricting to a minimum the variety of parts 

& components that can be used to meet the equipment 

requirements. 

[42];[43];[19]; 

[44]. 

Durable/ Quality materials The totality of features& characteristics of a product/ service 

that bears its ability to satisfy stated needs& being free from 

defects, deficiencies &significant variations. 

[41]; [8]; [7]. 

Easily obtainable materials Easily obtainable building material refers to the availability of 

material, whereby it can be easily acquire with minimal cost. 

[45]; [4]; [46]. 

Attributes of Equipment & Tools Cost Description Authors 

Ensure critical building equipment/ systems 

divided into many modular parts/ units. 

Modularization is the division of a product into functionally 

and physically distinct units. 

[41];[47]; [48]. 

Ease of disconnect, disassembly & assembly. Ease of dismantle the associated parts or component of a 

building system that requires repair or replacement. 

[41]; [47]. 

Ability to easily clean. The ability to clean easily the systems or components of the 

building over its life-cylce to be able to meet aesthetical and 

functional performance requirements. 

[7]; [45]; [8]. 

Ability for easy diagnose. The ability to trace the building components that are being 

malfunction & requiring replacement or repairing. 

[50]; [36] 

Attributes of Administration & Management Cost Description Authors 

Availability of knowledgeable administrative & 

clerical staff 

The availability of administrative & clerical staff that have the 

knowledge regarding administration jobs. 

[41]. 

De-layering De-layering refers to a planned reduction in the number of 

layers of a management hierarchy.  

[51]. 

Optimization on the number of staffs Optimize the number of workforce with the most cost 

effective or highest achievable performance under the 

given constraints. 

[41]; [51]. 

Budgeted and justified cost Plan on budgeting and justify the budget made in order to 

achieve cost effectiveness. 

[51]. 

Attributes of Penalties and Loss of Revenue Cost Description Authors 

Easily cleaned & maintained building 

components/ equipment’s 

The ability to easily clean any components of equipment’s of 

building without any barrier or difficulties. 

[10]. 

Easy access for cleaning purpose Ease of accessing or reaching any parts or elements of a 

building and its facilities for cleaning services. 

[10]. 

Safe environment 

 

A safe environment is one where the risk of harm is minimized 

and occupants feel secure.  

[10]; [40]. 

Comfort environment Comfortable & friendly environment from the aspect of 

indoor air quality/circulation, humidity control, heat loss/ 

gain, lighting, human traffic, vertical transportation, & noise 

protection. 

[10]; [40]. 

Design Quality 

 

Quality in the design of a building which includes functional 

layout, choice of equipment, and choice of materials. 

[10]. 

 

Table 2 The Building Design for Maintainability Criteria and Indicators to achieve CEBM 

 

Accessibility - The ability of accessing or reaching the parts or elements of a building, its 

facilities or components quickly and without barriers as; and when required. Authors 

Accessibility Indicators 

Less complexity of building shape & features. [52]; [53]. 

High tech approach for not readily accessible elements/ systems of building. [39]. 

Direct access to system/components after dissembling one/more entities. [54]. 

Prior access to critical systems/parts.  [37]; [38]. 

Easy access provision for regular cleaning/inspection of building elements. [18]; [55]. 

Safety access for maintenance personnel to provide maintenance services. [35]; 56]. 

http://www.businessdictionary.com/definition/feature.html
http://www.businessdictionary.com/definition/final-good-service.html
http://www.businessdictionary.com/definition/bear.html
http://www.businessdictionary.com/definition/ability.html
http://www.businessdictionary.com/definition/need.html
http://www.businessdictionary.com/definition/free.html
http://www.businessdictionary.com/definition/defect.html
http://www.businessdictionary.com/definition/deficiency.html
http://www.businessdictionary.com/definition/significant.html
http://www.businessdictionary.com/definition/variation.html
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Durability - The ability of the building materials to serve their intended function not only 

when newly installed but also for some acceptable length of time. Authors 

Durability Indicators 

Ensure the fulfilment of technical benchmark & ability to stand against various 

consequences. 

[8]. 

Ensure material compatibility. [18]; [57]. 

Material that have the ability to resist extreme weather. [57]; [58]. 

High standard workmanship. [18]. 

Clean-ability - The ability to easily clean, repairs, and make replacements of, the building 

systems/ components to be able to meet aesthetical and functional performance 

requirements. 
Authors 

Clean-ability Indicators 

Proper Selection of Paint Colour. [8]; [14]; [46]. 

Proper Selection of Flooring. [8]; [14]; [46]. 

Proper selection of Wall finishes. [8]; [14]; [46]. 

Self-Cleaning Capability (for system prone to rapid build-up of dust). [37]; [59]. 

Availability - refers any types of building objects or instruments that is easily obtainable 

during the building repair and replacement work. Authors 

Availability Indicators 

Availability of materials (spares & repair parts, finishes (flooring, wall finishes, and ceiling 

finishes). 

[35]. 

Availability of finishes (flooring, wall/ ceiling finishes). [35]. 

Availability of maintenance support equipment’s (equipment to support maintenance 

activities). 

[35]; [6]. 

Availability of high skill maintenance personnel.  [35]. 

Standardization - the attainment of maximum practical uniformity. 
Authors 

Standardization Indicators 

The usage of properly tested & approved materials. [44]; [19]; [55]. 

Apply interchange ability features. [38]; [35]. 

Encourage the use of standard parts on similar system or elements. [38];[35]. 

Minimize the use of different models or systems. [38]; [49]; [50]. 

Simplicity & Flexibility - Designing a building without complexity, with reduced fundamental 

parts & in flexible way. Authors 

Simplicity & Flexibility Indicators 

Minimize building complexity (Height and Size). [39]; [60]. 

Minimize the selection of critical materials, processes, the use of proprietary items & etc. [50]; [47]. 

Make certain every part, equipment’s & elements installed have an absolute function & 

needs. 

[35]. 

Ensure the maintenance procedures; adjustments & etc. are minimized. [35]. 

Modularization - Division building system or elements into functionally and physically 

distinct units to allow easy removal and replacement. Authors 

Modularization Indicators 

Ensure critical building equipment or systems to be divided into many modular parts/ units. [47]; [50]. 

Ensure to design of systems/ equipment parts for ease of opening, assemblies, installation & 

fixing.  

[47]; [50]. 

Design the modules for greatest ease of operational testing when they are removed from 

the equipment. 

[47]; [50]. 

Design equipment so that a single person can replace any malfunctioning component. [47]; [50]. 

Can built modular parts such as walls, frames, doors, ceilings, & windows especially in office 

building, retail space, conference hall & other applicable buildings. 

[47]; [50]. 

Identification – Ability to readily identify the building parts, systems or control need services, 

repair or replacement. Authors 

Identification Indicators 

Provide adequate labelling or marking on building equipment and system. [35]; [50]. 

Provide adequate labelling/ marking on building system parts.  

Install diagnose ability features. [35]. 

Assure fault isolation facets. [35]. 
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4.0 FOUR ROUNDS OF DELPHI QUESTIONNAIRE 
SURVEY: RESULTS AND ANALYSIS 
 
4.1  Selection of Experts Panels 

 

One of the most important considerations when 

carrying out Delphi study is the identification and 

selection of potential members to constitute the panel 

of experts [61]. The selection of members or panellists is 

important because the validity of the study is directly 

related to this selection process. Regarding any set 

standards of selecting Delphi panel of experts, there is, 

in fact, no exact criterion currently listed in the 

literature concerning the selection of Delphi panellists 

[62]. In this Delphi survey, the researchers attempted to 

identify panellists who meet all the following selection 

criteria: knowledge (interest) and experience with the 

issues under investigation [63-66], hierarchy or position 
[66-67], publications (academicians) [66,68] or 

involvement in projects (practitioners) [69-71] and their 

capacity and willingness to participate [65, 69]. 

Finally, 18 experts met all the selection requirements 

and were willing to participate in the Delphi survey. A 

list of the panel members and their affiliations are 

shown in Table 3. The selected experts represent a 

wide spectrum of professionals in the field of building 

industry of Malaysia and thus provide a balanced view 

for the Delphi study. All the experts have sufficient 

experience, position and expertise in building industry. 

Table 4 depicts the frequency of the respondent’s 

number of years working in the building industry, 

position or hierarchy and number of projects involved. 

The knowledge and area of expert, sufficient working 

experience, senior job positions and projects involved 

by the selected experts ensure the validity of this 

Delphi research. 

 
Table 3 List of the panel experts for the Delphi study 

 

Area of Expert         Number 

Architecture 4 

Civil Engineering 7 

Building Services Engineering 2 

Building Maintenance 1 

Facility/Property Management 2 

Building Surveying 2 

Total 18 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4 Respondent classifications by years working, position 

and number of projects involved in the building industry 

 

Years of 

Experience 

No Project 

Involved 

No Position No 

0-5 2 0-5 1 Deputy 

Director  

1 

6-10 3 6-10 5 Vice Director 1 

11-15 6 11-15 2 Engineer 5 

16-20 1 16-20 2 Architect  4 

20-25 3 21-25 3 Maintenance 

Supervisor 

2 

26-30 1 26-30 - Facility/ 

Property 

Manager 

2 

30+ 2 30+ 5 Maintenance  

Executive 

3 

 

 

4.2  Round 1: Delphi Questionnaire Survey: Identifying 

the relevant CEBM attributes and identifying the Design 

for Maintainability indicators influencing CEBM  

 

The first round of the Delphi questionnaire survey was 

conducted as the exploration process and was of 

crucial importance. Round one divided into two 

sections. In first section, every expert was required to 

identify relevant CEBM attributes as well as list 

additional CEBM attributes if relevant. In section two, 

experts were requested to identify the relevant design 

for maintainability indicators which influence CEBM. In 

addition, experts were also encouraged to list 

additional designs for maintainability indicators. The 

findings in the literature review were also provided for 

their reference. All the 18 experts returned their 

responses. After the completion of first round survey, 

answers suggested by the 18 experts were carefully 

analysed and a list of CEBM attributes was formed for 

further survey. Similar to Gracht, certain level 

agreement (CLA) analysis have been selected to 

analyse the obtained data and determine the level of 

consensus [72]. In keeping with most other nominal 

scaled Delphi studies, more than 67% agreement was 

considered cut off level of consensus for this survey. 

The result of first round survey is shown in Table 5 and 

Table 6. 

 
4.3  Round 2: Delphi Questionnaire Survey: Re-

assessing the Ratings of Round 1 of Delphi Survey 

 

The purpose of the second round Delphi survey was to 

begin the process of building the consensus among 

the panellists regarding the identification of relevant 

CEBM attributes and design for maintainability 

indicators that influence CEBM. In the round 2 Delphi 

survey, the experts were asked to re-assess their 

answers in the light of the consolidated results 

obtained in round 1. Finally, 15 experts retuned the 

questionnaire. Researcher tried contact the left three 

experts through ordinary phone calls as the experts 

failed to return the questionnaire. However, because 
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of few circumstances researcher failed to contact and 

receives response from the experts. Considering that 

the experts decline from the Delphi study, researcher 

proceeds and analyzed the completed questionnaire 

received from the 15 experts. The results show that, 

most experts had reconsidered their ratings and had 

made adjustments to their answers. Table 7 and Table 

8 manifest the result obtained through second round 

of Delphi survey. 

To reach consensus, a cut-off level of two-thirds (67%) 

of agreement (for positive or negative answers) was 

required. Finally, consensus among panels was 

achieved within two rounds of survey.  The indicators 

that score below 67% are excluded from the survey. 

Those indicators score 67% and more were included 

and concluded upon reached consensus. 

 

4.4 Round 3: Delphi questionnaire survey: Determine 

the finalized Design for Maintainability criteria 

associated with each Building Elements 

 

The third round of the Delphi questionnaire survey was 

conducted to identify the design for maintainability 

criteria associated with each building elements 

(basement, facade, floor, roof, lighting system, HVAC, 

lift, sanitary plumbing and fire-protection). Therefore, 

experts were requested to identify the relevant design 

for maintainability criteria for applied for the 

associated building elements. Further, experts were 

also encouraged to add additional designs for 

maintainability criteria using the provided list of design 

for maintainability criteria. Thus, experts were provided 

with the finalized list of design for maintainability 

criteria with the explanation for their reference. All the 

15 experts returned their responses. After the 

completion of first round survey, measures suggested 

by the 15 experts were carefully analysed and a list of 

design for maintainability criteria with associated 

building elements were identified. Similar to first and 

second round Delphi survey, certain level agreement 

(67%) analysis have been selected to analyse the 

obtained data and determine the level of consensus. 

The result of first round survey is shown in Table 9. 

 

 

 

 

 

Table 5 The result of 1st round Delphi Survey (Certain Level of Agreement (67%)) 

 

Attributes of Labour Cost YES NO CLA (67%) Decision 

Maintenance & Technical Personnel Availability 12 6 67% Included 

Travelling Cost & Time 18 - 100% Included 

Easy access for maintenance/cleaning purposes 18 - 100% Included 

Acceptable Working Condition 18 - 100% Included 

Less Duration of Maintenance 18 - 100% Included 

Preparing & Clearing up routines  10 8 56% Excluded 

Additional: Emergency Works 2/18   

Attributes of Material & Spare Parts Cost  

Usage of suitable materials/ spare parts 13 5 72% Included 

Standardized material & spare parts usage 18 - 100% Included 

Durable/ Quality material usage 18 - 100% Included 

The usage of easily acquirable materials/spare parts 12 6 67% Included 

Attributes of Equipment & Tools Cost  

Ensure critical building equipment divided into many modular 14 4 78% Included 

Ease of disconnect, disassembly & assembly 18 - 100% Included 

Ease of cleaning/ maintaining  building components 14 4 78% Included 

Ability for easy diagnose problems 15 3 83% Included 

Attributes of Administration & Management Cost     

Availability of knowledgeable administrative & clerical staff 11 7 61% Excluded 

De-layering 10 8 56% Excluded 

Optimization on the number of staffs 12 6 67% Included 

Budgeted and justified cost 13 5 72% Included 

Additional: Maintenance Support Documentation 4/18    

Additional: Storage Cost 2/18    

Attributes of Penalties & Loss of Revenue Cost  

Easily cleaned & maintained building components/equipment’s 18 - 100% Included 

Easy access for cleaning purpose 18 - 100% Included 

Safe environment 14 4 78% Included 

Comfort environment 18 - 100% Included 

Design quality 13 5 72% Included 
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Table 6 The result of section 2 of 1st round Delphi Survey (Certain Level of Agreement (67%)) 

 

Accessibility Parameters YES NO CLA (67%) Decision 

Less complexity of building shape & features (Design Simplification).  11 7 61% Excluded 

Provision for access building elements, system & components for regular 

cleaning/maintenance. 

18 - 100% Included 

High tech approach for not readily accessible elements/ systems of 

building. 

18 - 100% Included 

Direct accessible to system/components after dissembling one/more 

entities. 

18 - 100% Included 

Prior access to critical system/components. 18 - 100% Included 

Safety access for maintenance personnel to provide maintenance services. 18 - 100% Included 

Durability Parameters     

Ensure technical benchmark of materials. 18 - 100% Included 

Ensure material compatibility. 13 5 72% Included 

Material that have the ability to resist extreme weather. 13 5 72% Included 

High standard workmanship. 12 6 67% Included 

Clean ability Parameters     

Proper Selection of Paint Colour. 11 7 61% Excluded 

Proper Selection of Flooring. 18 - 100% Included 

Proper selection of Wall finishes. 14 4 78% Included 

Self-Cleaning Capability (for system prone to rapid build-up of dust). 8 8 50% Excluded 

Additional: Design for easy Cleaning Capabilities 2 /18    

Availability Parameters     

Availability of materials (spare & repair parts, finishes (flooring, wall finishes, 

ceiling finishes). 

18 - 100% Included 

Availability of finishes (flooring, wall finishes, ceiling finishes). 13 5 72% Included 

Availability of maintenance support equipment’s (tools or equipment 

require supporting associated maintenance actions). 

18 - 100% Included 

Availability of maintenance personnel (high personnel skills). 11 7 61% Excluded 

Additional: Availability of easy access features for maintenance works 1 /18    

Standardization Parameters     

Properly tested and approved materials. 18 - 100% Included 

Use standard interchangeable parts. 11 7 61% Excluded 

Encourage the use of standard parts on similar system or elements. 18 - 100% Included 

Minimize the use of different models or systems. 13 5 72% Included 

Simplicity & Flexibility Parameters     

Minimization in Height and Size. 9 9 50% Excluded 

Minimize the selection of critical materials, critical processes, the use of 

proprietary items, & the use of special production tooling  

12 6 67% Included 

Make certain every part, equipment’s and elements used and installed 

have an absolute function and needs. 

18 - 100% Included 

Ensure the maintenance procedures; adjustments and etc. are minimized. 12 6 67% Included 

Additional: Flexibility to handle maintenance works/processes and conduct 

in regular basis 

3 /18    

Modularization Parameters     

Ensure critical building equipment or systems to be divided into many 

modular parts or units. 

18 - 100% Included 

Ensure to design of systems or equipment parts for ease of opening, 

assemblies, installation and fixing.  

18 - 100% Included 

Design the modules for greatest ease of operational testing when they are 

removed from the equipment. 

18 - 100% Included 

Aim to design equipment so that a single person can replace any 

malfunctioning component. 

13 5 72% Included 

Can built modular parts such as walls, frames, doors, ceilings, & windows 

especially in office building, retail space and conference hall & other 

applicable buildings. 

12 6 67% Included 
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Identification Parameters     

Provide adequate labelling or marking on building equipment. 18 - 100% Included 

Provide adequate labelling or marking on building parts/ components.  18 - 100% Included 

Install diagnose ability features. 14 4 78% Included 

Assure fault isolation facets. 16 2 89% Included 

Additional: Inventory on building space and equipment’s/ fittings 1/18    

 

Table 7 The result of section 1 of 2nd round delphi survey (Certain Level Agreement (67%)) 

 

Attributes of Labour Cost YES NO CLA (67%) Decision 

Maintenance & Technical Personnel Availability 9 6 60% Excluded 

Preparing & Clearing up routines  9 6 60% Excluded 

Emergency Works 10 5 67% Included 

Attributes of Material & Spare Parts Cost  

Usage of suitable materials/ spare parts 12 3 80% Included 

The usage of easily acquirable materials/spare parts 12 3 80% Included 

Attributes of Equipment & Tools Cost  

Ensure critical building equipment divided into many modular 12 3 80% Included 

Ease of cleaning/ maintaining  building components 12 3 80% Included 

Ability for easy diagnose problems 11 4 73% Included 

Attributes of Administration & Management Cost     

Availability of knowledgeable administrative & clerical staff 8 7 53% Excluded 

De-layering 7 8 47% Excluded 

Optimization on the number of staffs 10 5 67% Included 

Budgeted and justified cost 10 5 67% Included 

Maintenance Support Documentation 9 6 60% Excluded 

Storage Cost 10 5 67% Included 

Attributes of Penalties & Loss of Revenue Cost  

Safe environment 12 3 80% Included 

Design quality 11 4 73% Included 

 

Table 8 The Result of section 2 of 2nd round delphi survey (Certain Level of Agreement (67%)) 

 

Accessibility Parameters YES NO CLA (67%) Decision 

Less complexity of building shape & features (Design Simplification).  9 6 56% Excluded 

Durability Parameters     

Ensure material compatibility. 11 4 73% Included 

Material that have the ability to resist extreme weather. 11 4 73% Included 

High standard workmanship. 10 5 67% Included 

Clean ability Parameters     

Proper Selection of Paint Colour. 9 6 60% Excluded 

Proper selection of Wall finishes. 12 3 80% Included 

Self-Cleaning Capability (for system prone to rapid build-up of dust). 7 8 47% Excluded 

Additional: Design for easy Cleaning Capabilities 10 5 67% Included 

Availability Parameters     

Availability of finishes (flooring, wall finishes, ceiling finishes). 11 4 73% Included 

Availability of maintenance personnel (high personnel skills). 9 6 60% Excluded 

Additional: Availability of easy access features for maintenance works 5 10 33% Excluded 

Standardization Parameters     

Use standard interchangeable parts. 9 6 60% Excluded 

Minimize the use of different models or systems. 11 4 73% Included 

Simplicity and Flexibility Parameters     

Minimization in Height and Size. 7 8 47% Excluded 

Minimize the selection of critical materials, critical processes, the use of 

proprietary items, & special production tooling  

11 4 73% Included 

Ensure the maintenance procedures; adjustments and etc. are minimized. 10 5 67% Included 

Additional: Flexibility to handle maintenance works/processes and conduct 11 4 73% Included 
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in regular basis 

Modularization Parameters     

Aim to design equipment so that a single person can replace any 

malfunctioning component. 

12 3 80% Included 

Can built modular parts such as walls, frames, doors, ceilings, & windows 

especially in office building, retail space and conference hall & other 

applicable buildings. 

10 5 67% Included 

Identification Parameters     

Install diagnose ability features. 12 3 80% Included 

Assure fault isolation facets. 14 1 93% Included 

Additional: Inventory on building space/equipment’s/ fittings 7 8 47% Excluded 

 

 

Table 9 The result of 3rd round delphi survey (certain level agreement (67%)) 

 

Building Elements & Design for 

Maintainability Criteria 
YES NO CLA (67%) Decision 

Basement 

Accessibility 15 - 100% Included 

Availability 9 6 60% Excluded 

Clean ability 15 - 100% Included 

Facade  

Accessibility 15 - 100% Included 

Clean ability 15 - 100% Included 

Availability 12 3 80% Included 

Simplicity 9 6 60% Excluded 

Floor  

Durability  15 - 100% Included 

Clean ability 15 - 100% Included 

Availability 15 - 100% Included 

Roof  

Accessibility 15 - 100% Included 

Durability  12 3 80% Included 

Clean ability 12 3 80% Included 

Availability 13 2 87% Included 

Simplicity 9 6 60% Excluded 

Electricity Systems 

Durability  15 - 100% Included 

Clean ability 9 6 60% Excluded 

Availability 12 3 80% Included 

Standardization 15 - 100% Included 

Modularization 14 1 93% Included 

Identification/ diagnose ability 15 - 100% Included 

Heat, Ventilation and Air Conditioning System (HVAC System) 

Accessibility 13 2 87% Included 

Durability  15 - 100% Included 

Clean ability 11 4 73% Included 

Availability 8 7 53% Excluded 

Modularization 13 2 87% Included 

Identification/ diagnose ability 15 - 100% Included 

Additional: Standardization 2/15    

Lift 

Accessibility 15 - 100% Included 

Durability  15 - 100% Included 

Clean ability 12 3 80% Included 

Availability 11 4 73% Included 

Simplicity 7 8 47% Excluded 

Modularization 14 1 93% Included 

Identification/ diagnose ability 14 1 93% Included 
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Sanitary Plumbing 

Accessibility 12 3 80% Included 

Durability  13 2 87% Included 

Clean ability 14 1 93% Included 

Availability 9 6 60% Excluded 

Additional: Standardization 3/15    

Fire Protection System     

Accessibility 15 - 100% Included 

Durability  15 - 100% Included 

Clean ability 9 6 60% Excluded 

Availability 14 1 93% Included 

Standardization 12 3 80% Included 

Identification/ diagnose ability 14 1 93% Included 

 

 

4.5  Round 4: Delphi Questionnaire Survey: Re-

assessing the Ratings of Round 3 Delphi Survey 

 

The purpose of the round four Delphi survey was to 

begin the process of building the consensus among 

the panellists on design for maintainability criteria 

associated with each building elements. Therefore, in 

the round 4 Delphi survey, the experts were asked to 

re-assess their answers in the light of the consolidated 

results obtained in round 3. Among the 15 experts, 14 

experts retuned the questionnaire. Balance one expert 

couldn’t participate in final round as the expert was in 

medical leave on the final round week. Round four 

results depicts that few experts had reconsidered their 

ratings and had made adjustments to their answers. 

However, the answers of all the building elements 

remain unchanged when compared with the 

consolidated results in Round 3. Table 10 manifests the 

result obtained through fourth round of Delphi survey.

 

Table 10 The result of 4th round Delphi Survey (certain level agreement (67%)) 

 

Building Elements & Design for 

Maintainability Criteria 
YES NO CLA (67%) Decision 

Basement 

Availability 9 5 64% Excluded 

Facade  

Availability 11 3 79% Included 

Simplicity 9 5 64% Excluded 

Roof  

Durability  11 3 79% Included 

Clean ability 11 3 79% Included 

Availability 12 2 86% Included 

Simplicity 9 5 64% Excluded 

Electricity Systems 

Clean ability 9 5 64% Excluded 

Availability 11 3 79% Included 

Modularization 13 1 93% Included 

Heat, Ventilation and Air Conditioning System (HVAC System) 

Accessibility 13 1 93% Included 

Clean ability 11 3 79% Included 

Availability 8 6 57% Excluded 

Modularization 12 2 86% Included 

Additional: Standardization 10 4 71% Included 

Lift     

Clean ability 12 2 86% Included 

Availability 11 3 79% Included 

Simplicity 7 7 50% Excluded 

Modularization 13 1 93% Included 

Identification/ diagnose ability 13 1 93% Included 

Sanitary Plumbing 

Accessibility 12 2 86% Included 

Durability  13 1 93% Included 
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Clean ability 13 1 93% Included 

Availability 8 6 57% Excluded 

Standardization 10 4 71% Included 

Fire Protection System     

Clean ability 9 5 64% Excluded 

Availability 13 1 93% Included 

Standardization 11 3 79% Included 

Identification/ diagnose ability 13 1 93% Included 

 

 

4.0  CONCLUSION 
 

A four-round of Delphi survey has been conducted to 

identify the relevant CEBM attributes and the design 

for maintainability indicators that influence CEBM. In 

addition, the building design for maintainability 

criteria that suitable for each building elements were 

also identified. The findings help develop a 

composite of comprehensive (or important) building 

maintainability criteria and indicators to be 

considered during the building design. A 

comprehensive building design for maintainability 

criteria and indicators can provides maintainable 

building which will subsequently influence CEBM. 

Consequently, this will lead to an improved future 

building designs, construction quality, maintenance 

management, and etc.  Hence the author find, it is 

necessary to study more broadly on the term 

‘maintainability’ and its associated criteria with 

indicators to open up a possible path for the 

practitioners, particularly Malaysia’s construction 

industry to apply those indicators during the building 

design phase. The findings of this study will deepen 

the current body of knowledge in term of building 

design for maintainability of the Malaysia’s building 

industry. 

 

 

Acknowledgement 
 

The authors would like to extend their sincere 

gratitude to the Centre for Real Estate Studies, 

University of Technology Malaysia for providing 

facilities in searching journals and articles. 

 

 

References 
 

[1] Chanter, B., and Swallow, P. 2007. Building Maintenance 

Management. 2nd Ed. Oxford, UK: Blackwell Publishing. 

[2] Ramly, A. 2006. Link between Design and Maintenance. 

Builders & Engineers. 81(5). 

[3] Das, S., and Chew, M. Y. L. 2010. Multi-criteria Decision 

Analysis in Building Maintainability Using Analytical 

Hierarchy Process. Construction Management and 

Economics. 28(10): 1043-1056.  

[4] Silva, N., Dulaimi, M. F., Ling, F. Y. Y. and Ofori, G. 2004. 

Improving the Maintainability of Buildings in Singapore. 

Building and Environment. 39(1): 1243-1251. 

[5] Ishak, Sr. N. H., Chohan, A. H. and Ramly, A. 2007. 

Implications of Design Deficiency on Building 

Maintenance at Post-Occupational Stage. Journal of 

Building Appraisal. 3(2): 115-24. 

[6] Silva, N. and Ranasinghe, M. 2010. Maintainability Risks of 

Condominiums in Sri Lanka. Journal of Financial 

Management of Property and Construction. 15(1): 41-60. 

[7] Ballast, D. K. 2010. Interior Design Reference Manual: 

Everything You Need to Know to Pass the NCIDQ Exam. 

5th edition. Professional Publications Inc, United States of 

America, USA.  

[8] Al-Hammad, A., Assaf, S. and Al-Shihah, M. 1997. The 

Effect of Faulty Design on Building Maintenance. Journal 

of Quality Maintenance Engineering. 3(1): 29-39. 

[9] Dunston, P. S. and Williamson, C. E. 1999. Incorporating 

Maintainability in Constructability Review Process. Journal 

of Management in Engineering. 15(5): 56-60. 

[10] Arditi, D. and Nawakorawit, M. 1999. Designing Buildings 

for Maintenance: Designers’ Perspective. Journal of 

Architecture Engineering. 5(4): 107-116.  

[11] Arditi, D. and Nawakorawit, M. 1999. Issues in Building 

Maintenance Property Managers Perspective. Journal of 

Archit Engineering. 5(4): 117-132. 

[12] Josephson, P. E., and Hammarlund, Y. 1999. The causes 

and Costs of Defects in Construction: A Study of Seven 

Building Projects. Autom. Constr. 8(6): 681-687. 

[13] Ilozor, B. D., Okoroh, M. I., and Egbu, C. E. 2004. 

Understanding Residential House Defects in Australia from 

the State of Victoria.  Build. Environment. 39(3): 327-337. 

[14] Chew, M. Y. L., Tan, S. S. and Kang, K. H. 2004. Building 

Maintainability—Review of State of the Art. Journal of 

Architectural Engineering. 10(3): 80-87. 

[15] Wood, B. R. 2009. Building Maintenance. Oxford, UK: Wiley-

Blackwell. 

[16] Silva, N., Ranasinghe, M. and De Silva, C. R 2012. Risk 

Factors Affecting Building Maintenance Under Tropical 

Conditions. Journal of Financial Management of Property 

and Construction. 17(3): 235-252.  

[17] Das, S., and Chew, M. Y. L. 2011. Generic Method of 

Grading Building Defects Using FMECA to Improve 

Maintainability Decisions. Journal of Performance of 

Constructed Facilities. 25(6): 522-533. 

[18] Chew, M. Y. L., Silva, N. D. and Tan, S. S. 2010. A Neural 

Network Approach to Assessing Building Façade 

Maintainability in the Tropics. Construction Management 

and Economics. 22(1): 581-594.  

[19] Slavila, C. A., Decreuse, C. and Ferney, M. 2005. Fuzzy 

Approach for Maintainability Evaluation in the Design 

Process. Journal of Concurrent Engineering. 13(1): 291-300. 

[20] Krstić, H., and Marenjak, S. 2012. Analysis of Buildings 

Operationand Maintenance Costs. Gradevinar. 64(4): 293-

303. 

[21] El-Haram, M. A., and Horner, M. W. 2002. Factors Affecting 

Housing Maintenance Cost. Journal of Quality in 

Maintenance Engineering. 8(2): 115-123. 

[22] El-Haram, M. A., Horner, R. M and Munns, A. K. 1996. 

Applications of RCM to Building Maintenance Strategies. 

Proceeding of 6th International Logistics Symposium, Exter. 

133-143. 

[23] Dalkey, N., and Helmer, O. 1963. An Experimental 

Application of the Delphi Method to the Use of Experts. 

Management Science. 9(3): 458-467. 

[24] Skulmoski, G 2007. The Delphi Method for Graduate 

Research. Journal of Information Technology Education. 

6(1): 01-2. 



87                               Shubashini Ganisen et al. / Jurnal Teknologi (Sciences & Engineering) 77:30 (2015) 75–88 

 

 

[25] Chan, A.P.C., Yung, E.H.K., Lam, P.T.I., Tam, C.M. and 

Cheung, S.O. 2001. Application of Delphi Method in 

Selection of Procurement Systems for Construction 

Projects. Construction Management and Economics. 19: 

699-718. 

[26] Jones, T. 1980. Options for the Future: A Comparative 

Analysis of Policy Oriented Forecasts. Praeger, New York, 

NY. 

[27] Cabaniss, K. 2002. Computer-related Technology Use by 

Counselors in the New Millennium: A Delphi Study. Journal 

of Technology in Counseling. 2(2). 

[28] Outhred, G. P. 2001. The Delphi Method: A Demonstration 

of Its Use for Specific Research Types. Proceedings of the 

RICS Foundation, Construction & Building. London. 3-5 

September. 

[29] Adnan, H. and Morledge, R. 2003. Application of Delphi 

Method on Critical Success Factors in Joint Venture 

Projects in the Malaysian Construction Industry. Paper 

Presented at CITC-II Conference, Hong Kong. 10-12 

December. 

[30] Rowe, G. and Wright, G. 1999. The Delphi Technique as a 

Forecasting Tool: Issues and Analysis.  International Journal 

of Forecasting. 15(4): 353-75. 

[31] Schmidt, R. C. 1997. Managing Delphi Survey Using 

Nonparametric Statistical Techniques. Decision Science. 

28(3): 763-74. 

[32] Brooks, K. W. 1979. Delphi Technique: Expanding 

Applications. North Central Association Quarterly. 53: 377-

385. 

[33] Afshari, A. R., Yusuff, R. M., &Derayatifar, A. R. 2012. An 

Application of Delphi Method for Eliciting Criteria in 

Personnel Selection Problem. Scientific Research and 

Essays. 7(33): 2927-2935. 

[34] Delbecq, A. L., Van de Ven, A. H., Gustavson, D. H. 1975. 

Group Techniques for Program Planning: A Guide to 

Nominal Group and Delphi Processes. Scott Foresman and 

Company, Glenview, Illinois. 

[35] Brockhoff, K. 1975. The Performance of Forecasting Groups 

in Computer Dialogue and Face to Face Discussions. In: 

Linstone, H., &Turoff, M. (Eds.). The Delphi Method: 

Techniques and Applications, Addison-Wesley, London. 

[36] Blanchard, B. S., Verma, D. and Peterson, E. L. 1995. 

Maintainability: A Key to Effective Serviceability and 

Maintenance Management. John Wiley & Sons, Inc, 

Canada. 

[37] Building Owners and Managers Association (BOMA). 2006. 

The Green Issue Spring 2006. Kingsley Quarterly, Practical 

Industry Intelligence for Commercial Real Estate, BOMA 

International and Kingsley Associates, New York. 

[38] Dhillon, B. S. 2008. Mining Equipment Reliability, 

Maintainability and Safety. Springer-Verlag London, 

London. 

[39] Ali, A. S., Kamaruzzaman, S. N., Sulaiman, R. and Peng, Y. 

C. 2010. Factors Affecting Housing Maintenance cost in 

Malaysia. Journal of Facilities Management. 8(4): 285-298.  

[40] Wordsworth, P. 2001. Lee’s Building Maintenance 

Management. 4th Ed. Oxford, UK: Blackwell. 

[41] Haik, Y 2003. Engineering Design Process. USA: 

Brooks/Cole, Inc Thomson LearningTM. 

[42] Ankenbrandt, F. L., Lapole, R. E. and Margulies, G. 1963, 

Maintainability Design. Engineering Publishers, Elizabeth, 

New Jersey.  

[43] AMCP 706-134. 1972. Engineering Design Handbook: 

Maintainability Guide for Design. Department of Defense, 

Washington, D.C. 

[44] Feldman, E. B. 1975. Building Design for Maintainability. 

McGraw-Hill, United State of America, USA. 

[45] Wood, B. 2012. Maintenance Integrated Design and 

Manufacture of Buildings: Toward a Sustainable Model. 

Journal of Architectural Engineering.18(1): 192-197. 

[46] Chew, M. Y. L., Tan, S. S. and Kang, K. H. 2005. Contribution 

Analysis of Maintainability Factors. Architectural Science 

Review. 48(3): 215-228. 

[47] Dhillon, B.S. 2006. Maintainability, Maintenance and 

Reliability for Engineers. Tylors and Francis Group, London. 

[48] Rigby, L.V., et al. 1961. Guide to Integrated System Design 

for Maintainability. Report No. ASD-TR-61-424, U.S. Air Force 

Systems Command, Wright-Patterson Air Force Base, OH. 

[49] Dhillon, B. S 1999. Design Reliability: Fundamentals and 

Applications. CRC, Boca Raton, FL.  

[50] Dhillon, B. S 1999. Engineering Maintainability: How to 

Design for Reliability and Easy Maintenance. Gulf, 

Houston, Texas.  

[51] Collinson Grant 2010. Managing Indirect Costs. 

Manchester: Collinson Grant. 

[52] Yu, W. S. 2003. Accessibility for External Facade of 

Buildings. Undergrad B.Sc. (Building) Dissertation, School of 

Design and Environment, National University of Singapore. 

[53] Ramly, A., Ahmad, N. A. and Ishak, N. H. 2006. The Effects 

of Design on The Maintenance of Public Housing Buildings 

in Malaysia–Part One. Building Engineer, April. 30-33.A. 

[54] Dewhurst, P. and Abbatiello, N. 1996. Design for Service–

Ability, In: Huang, G.Q. (ed.). Design for X–Concurrent 

Engineering Imperatives. Chapman & Hall, London. 

[55] Her, B. M. and Russell, J. S. 2002. Maintainability 

Implemented by Third-Party Contractor for Public Owner. 

Journal of Management in Engineering. 18(2): 95-102.  

[56] The Work Health and Safety Act 2011. 2011. An Act 

Relating to Work Health and Safety, and for Related 

Purposes. Australia. 1-146. 

[57] Mayer, P. D. and Brewer, B. 2001. Auditing for Durability. 

Proceedings of The Whole-Life Performance of Facades, 

Centre for Window and Cladding Technology, University 

of Bath, 2001, Bath. 23-32. 

[58] Ryan, P. A., Wolstenholme, R. P. and Howell, D. M. 1994. 

Durability of Cladding: A State of the Art Report. Thomas 

Telford, London. 

[59] Action Energy. 2001. New Ways of Cooling—Information 

for Building Designers General Information Leaflet GIL 85.  

[60] Skinner, N. P. 1982. Local Authority House Maintenance–

the Variation in Expenditure. Housing Review. 31: 92-94. 

[61] Ludwig, B. 1997. Predicting The Future: Have You 

Considered Using the Delphi Methodology. Journal of 

Extension. 35(5): 1-4.  

[62] Hsu, C., C. and Sandford, B. A. 2007. The Delphi 

Technique: Making Sense of Consensus. Practical 

Assessment, Research & Evaluation. 12(17): 01-08. 

[63] Jeffery, D., Ley, A., Bennun, I., and McLaren, S. 2000. 

Delphi Survey of Opinion on Interventions Service 

Principles and Service Organization for Severe Mental 

Illness and Substance Misuse Problems. Journal of Mental 

Health. 9(4): 371-384. 

[64] Hardy, D., O'Brien, A., Gaskin, C. 2004. Practical 

Application of the Delphi Technique in a Bicultural Mental 

Health Nursing Study in New Zealand. Journal of 

Advanced Nursing. 46(1): 95-109. 

[65] Skulmoski, G 2007. The Delphi Method for Graduate 

Research. Journal of Information Technology Education. 

6(1): 01-2. 

[66] Valerdi, R. 2013. Convergence of Expert Opinion via the 

Wideband Delphi Method: An Application in Cost 

Estimation Models. 

[67] Mead, D., and Moseley, L. 2001. The Use of Delphi as a 

Research Approach. Nurse Res. 8(4): 4-23. 

[68] Duncan, E., Nicol,M and Ager, A. 2004. Factors that 

Constitute a Good Cognitive Behavioural Treatment 

Manual: A Delphi Study. Behav. Cogn. Psychother. 32: 

199-213. 

[69] Powell, C. 2003. The Delphi Technique: Myths and Realities. 

Journal of Advance Nursing. 41(4): 376-382. 

[70] Cantrill, J. A. et al. 1996. The Delphi and Nominal Group 

Techniques in Health Services Research. International 

Journal of Pharmacy Practice. 4(1): 67-74. 

[71] Haughey, D. 2010. Delphi Technique a Step-by-Step 

Guide. Project Smart.com.uk. 1-2. 

[72] Gracht, H. A. 2012. Consensus Measurement in Delphi 

Studies Review and Implications for Future Quality 

http://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=R.+E.+Lapole&search-alias=books&text=R.+E.+Lapole&sort=relevancerank
http://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&field-author=Gerald+Margulies&search-alias=books&text=Gerald+Margulies&sort=relevancerank


88                               Shubashini Ganisen et al. / Jurnal Teknologi (Sciences & Engineering) 77:30 (2015) 75–88 

 

 

Assurance. Technological Forecasting & Social Change. 79: 1525-1536. 

 


