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ABSTRACT

Design changes in construction projects are always going to happen and 
cannot be avoided. Design changes are the primary contributor to disruption 
of time and cost performance of construction projects. Previous research 
in this domain lacks of detail studies on systematic review on the existing 
literature. This paper reviewed literature published in peer-reviewed 
journals and conference proceedings in the construction management field 
and had emailed several questions to the expert in construction industry. The 
objectives were to recognise the causes and impacts of design changes on 
project performance and to provide insights for future studies in Malaysian 
context. The findings indicate that design changes originate mainly from 
the owner side are identified as important causing factors to time overruns 
and cost overruns. This paper proposes framework for the management of 
design changes in construction projects.
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INTRODUCTION

Malaysian construction sector was projected to grow at 8.0% for 2017 
and up to 10.3% for 2018 (CIDB Report, 2017). The construction sector 
is expected to have a sustainable demand approximately at RM170 billion 
for 2017 and RM180 billion for 2018 (CIDB Report, 2017). Therefore, 
due to the large investment involved, there is a critical need to sustain the 
successful delivery of construction projects. According to Chan and Lee 
(2014), as Malaysia aims to be a developed country by year 2020, the 
construction industry has since been identified as a major catalyst for the 
country to attain the status. As such, the construction industry is on the 
upswing, and projects are becoming increasingly complicated. Besides, 
designs are larger and more complex, leaving construction companies with 
very narrow margin for error.

The considerable amount of research recognized the prevalence of 
design changes and their resultant cumulative negative impact on project 
performance (Han et al., 2012; Gde Agung Yana et al., 2015; Peansupap 
and Cheang, 2015; Yap and Skitmore, 2017, Yap et al., 2017). However, 
reasons for cost and schedule increases arising from design changes are not 
formally studied (Chang, 2002). Chang (2002) mentioned that identifying 
the reasons is usually the first step when addressing a problem, and the 
corrective action can be taken into consideration (Chang, 2002). Questions 
regarding the causes of design changes remain unanswered. To date, there 
seems to be limited studies for summarizing what has already been presented 
in the literature. To fully understand the resulting problem caused by design 
changes, firstly their source and nature need to be understood, and why they 
arise. Hence, the need of a systematic review of existing literature in this 
domain should be amplified.  Therefore, the objectives of this study were to 
recognize the causes and impacts of design changes on project performance 
and to provide insights for directing further studies in Malaysia context.  
It is hoped that this study can assist researchers in gaining an in-depth 
understanding of previous research efforts on the causes of design changes 
and their impact on time and cost performance in the construction projects.    
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OVERVIEW DESIGN CHANGES IN CONSTRUCTION PROJECT

Design changes occur when changes are made in the project design or 
requirements (Burati et al. 1992). Abdul-Rahman et al. (2016) defined 
design changes as regular additions, omissions and adjustments to both 
design and construction work in a construction project that occurs after the 
award of contract which affects the contract provisions and work conditions 
that make construction dynamic and unstable. Similarly, Mohamad et al. 
(2012) defined a design change as any change in the design or construction 
of a project after the contract is awarded and signed. According to Park 
(2002), changes in the design work that have been made by mistake can 
cause subsequent changes in construction. In addition, Akinsola et al. 
(1997) highlighted the modification or changes to design after the contract 
was awarded.  As a result, variations were created which are likely to be a 
major cause of disruption, disputes, and claims. 

Causes of Design Changes

Burati et al. (1992) classified the design changes into seven categories; 
design change/improvement, design change/construction, design change/
field, design change/owner, design change/process, design change/
fabrication, and design change/ unknown. Another study by Chang et al. 
(2011) found that design changes result from three categories of reasons: 
under owner’s, designer’s, and beyond control. Similarly, Peansupap 
and Cheang (2015) in their research, assert that classification of changes 
focusses on the change in construction project that occurs from several 
originators such as owner/client, designer, and other parties. They found 
the most of the important change issues leading to conflicts about project 
cost originate mainly from the owner’s side. This corroborates Gde Agung 
Yana et al. (2015) and Mohamad (2012) findings that the owner is the 
greatest influential factors on the occurrence of the design changes. This 
aligns with Mohammad et al.’s (2010) claim that the owner is the major 
source of variation orders in construction of building projects. Similarly, 
in Hwang et al.’s (2014) study, they found that the client contributed most 
to rework. On the other hand, Yap et al. (2016) mentioned that numerous 
studies show that client-related changes have a significant impact on the 
project performance. Various causes of design changes have been identified 
by many researchers in different regions (Mohamad et al., 2012). Therefore, 
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the common causes of design changes as recommended by each researcher 
are presented in Table 1.  

Table 1: The Causes of Design Changes as Identified in Literature
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Yap & Skitmore 
(2017) √ √ √ √ √ √ √ √ √ √

Gde Agung 
Yana et al. 
(2015)

√ √ √ √ √ √ √ √ √ √

Hwang et al. 
(2014) √ √ √

Mohamad et al. 
(2012) √ √ √ √ √

Chang et al. 
(2011) √ √ √ √ √ √ √ √ √

Love & Li 
(2000) √ √ √ √

Cox et al. 
(1999) √ √ √

Through the literature review, ten causes of design changes were 
identified and summarized in Table 1. Frequently, cited causes for design 
changes included: employer has changed his requirement/specification, 
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employer’s addition/omission of scopes, slow decision making, unclear 
initial design brief, lack of coordination among various professional 
disciplines/consultants/client, erroneous/discrepancies in design documents, 
design omissions/incomplete drawings, inexperience consultant, unforeseen 
ground conditions, and changes in government regulations, laws, and 
policies. 

The most common causes of design changes cited by previous 
researchers was change of requirement or specification by the client. Client’s 
requirements often change during the course of a project for a variety of 
reasons (Sun and Meng, 2009). According to Hwang et al. (2014), the change 
of project plans or scope initiated by the client after the work is undertaken 
means re-doing the work based on to the new plans or scope. Every time a 
change was made in design, it had to be reworked by design team, which 
in turn affected their fee (Love and Li, 2000). On the other hand, changes 
in specification results in variations to the project, leading to delay and 
increased overall cost (Memon and Abul Hassan, 2014). Similarly, Sunday 
et al. (2017) found that errors related to specifications account constituted  
57.6% of the total errors which led to variations in construction projects. 
There are many problems that are yet to be solved in the specifications of 
construction drawings (Sunday et al. 2017).
 

These causes were followed by addition or omission of scopes. 
This is the result of inadequate planning at the project definition stage or 
because of lack of involvement of the owner in the design phase (Arain et 
al. 2004). Changes in design are frequent in projects where construction 
starts before the design is finalized.  For for instance, in the concurrent 
design and construction (Chappell and Willis, 1996; Al-Hazmi, 1987; Arain 
et al. 2004). Besides, design omissions may lead to loss of productivity and 
delay the project schedule (Al-Hazmi, 1987). Whenever a change order 
occurs, it needs to add, delete or modify the original plans and specifications 
accordingly (Arain et al. 2004).

Another common causes of design changes cited by previous 
researchers was erroneous or discrepancies in design and design omissions. 
Design complexity may cause discrepancies at project interfaces (Arain 
et al. 2004). An interpretation problems due to incomplete plans and 
specifications might create discrepancies at the design and construction 
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interface (Al-Hazmi, 1987). According to Sung and Meng (2009), design 
errors and omissions can be caused by human error on the part of architects, 
structural engineers, as well as building services engineers. Design errors 
which are not rectified during the design phase, will eventually appear in the 
construction phase where the impact can be more severe than at the design 
phase (Chappell and Willis, 1996). In addition, increased client demands 
for earlier project completion is another factor that has been identified as a 
major contributing factor to the production of incomplete and/or erroneous 
contract documentation (Love et al. 2004).

Other common causes of design changes cited by previous researcher 
was lack of coordination among consultants. Coordination is important in a 
multi-participant environment as in most construction projects (Al-Hazmi, 
1987). A lack of coordination between parties may cause conflicts that 
could eventually impact the project adversely (Arain et al. 2004). For better 
coordination during the project, mutual respect plays a vital role because 
the participants consider all decisions and opinions for the betterment 
of the entire project (Arain et al. 2004). Besides, more coordination and 
cooperation between parties is required especially in the use of exotic 
designs and technology as to reduce discrepancies (Arain et al. 2004). 
Hence, a successful project delivery requires good collaboration between 
all parties involved (Sung and Meng, 2009). 

Lastly, another common causes of design changes cited by previous 
researchers were slow in decision making by client,  unclear initial design 
brief and unforeseen ground conditions. Inexperienced one-off clients 
are prone to causing late changes due to delays in review and approvals 
(Sung and Meng, 2009). According to Sung and Meng (2009), poor brief 
development at the start of a project often leads to a wrong understanding 
clients requirements and wrong assumptions on key project aspects. 
In addition, inadequate soil condition survey and unknown geological 
conditions would often result in necessary amendment to design remedial 
actions to building work (Sung and Meng, 20009).

The least common causes of design changes cited by previous 
researchers was changes in government regulations and law and inexperience 
consultant. Local authorities may have specific codes and regulations that 
need to be accommodated in the design (Arain et al. 2004). Unfamiliarity 



7

Impact of Design Changes in Construction Project

with government regulations would made the project difficult to execute 
(Arain et al. 2004). Codes such as environmental or labor codes were revised 
periodically for compliance by the designer and contractor (Assaf and Al-
Hammad, 1988, Arain et al. 2004). According to Sun and Meng (2009), 
change in government legislation and regulation with regards to health and 
safety, planning, employment, environment, taxation, etc is source of project 
change amy affect the smoothness of the construction.

Impact of design changes on project performance

According to Yap and Skitmore (2017), the detrimental (direct) effects 
of design changes on project performance are rework, schedule delay 
resulting in longer project duration and cost overruns from the additional 
resources and wastage involved. Burati et al. (1992) found that design and 
construction produced the greatest deviation of construction cost (direct 
cost). They defined deviation include changes to the requirements that 
result in rework, as well as products or results that do not conform to all 
specification requirements, but do not require rework. The findings of the 
study showed that the deviation was 12.4% of the total cost of a project. 
They suggested that the deviation caused by design changes was 78% of the 
total deviation, 79% of the deviation of costs and 9.5% of total construction 
cost for the nine industrial projects studied. 

Yap and Skitmore (2017) revealed that building projects in Malaysia 
encounter time-cost overruns of 5-20% due to design changes. Chang et al. 
(2011) found that construction cost changes on average 8.5% arising from 
design changes. Yap et al. (2017) found that the cost rework to range from 
3.1% to 6.0% of project value and schedule growth due to rework to range 
from 5.1% to 10.0%. Burati et al. (1992), stressed that rework costs are a 
significant portion of total costs. In addition, Bakhary et al. (2015) found 
that design changes being introduced at the post-tender stage is the main 
reason for claims, whileYap et al. (2017) found that an indirect effects of 
design changes and rework are a notable delay and disruption as well as 
unneccasry claim and dispute.   

Furthermore, Sunday et al. (2017) found that most of the causes of 
variation cost are design related.  This is substantiated by most literatures 
that are reviewed in their study. Memon and Abdul-Rahman (2014) found 
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that change in design is one of the most important causes of variation in 
construction projects. They further recommended that the consultant must 
focus on controlling the recurrent change in design; avoid inadequate 
working drawing details through systematic detailing of the design. 

Table 2: Limitation of Quantum of Schedule Delay and Cost Overrun Arising 
from Design Changes as Identified in Literature

Sources Country Schedule 
Delay (%)

Cost 
Overrun 

(%)

Type of 
Projects

No of Projects 
/ No of 

Respondents
Burati et al., 
(1992)

USA - 12.4 Industrial 9 projects

Chang 
(2002)

California 69 24.8 Roadway 4 projects

Chang et al. 
(2011)

Taiwan - 8.5 Highway 
widening, 
new 
highway, 
landscape 
bridge, 
sewer

7 projects

Yap & 
Skitmore 
(2017)

Malaysia 5-20 5-20 Building 338 clients, 
consultants & 
contractors

There have been several studies quantifying the magnitude of time 
overruns and cost overruns arising from design changes based on  different 
type of projects, location of study and limitation of the population (see Table 
2). Every construction industry has its nature, culture and regulations; these 
factors can change as a result of the above differences.

METHODOLOGY

This paper is part of an on-going research on the design changes in 
construction projects which is still at the initial stage. The research 
methodologies employed were literature review and preliminary study. 
An in-depth and critical literature review was conducted in this study. A 
literature review was the first phase of the research. It discusses and reviews 
on design changes and the impacts to project’s time and cost performance. 
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In this preliminary study, the distribution of initial questionnaires survey had 
been sent through email to the expert panels to narrow down the scope of 
the topic. In this research, the respondents’ and the results were  summarized 
based on the initial questionnaire surveys provide evidence from the 
experts in evaluating the impact of design changes on construction project 
performances. The reason of selecting the experts’ panel as the respondents 
during the survey is due to their experience in evaluating the impact of design 
changes on construction project performances. Their designation as the 
experts are also extended to being practitioners players who are; 1) Director 
of Construction Contracts Consultants who has over 22 years of experience 
in quantity surveying and construction contracts consultancy and a panel 
arbitrator and adjudicator with KLRCA (Kuala Lumpur Regional Centre 
for Arbitration) 2) Deputy Project Director of Construction Consortium 
who had worked in established niche player in the design engineering 
and construction industries. The exploratory questionnaire employed put  
forward questions examining the respondents’ opinion on evaluating the 
impact of design changes in construction project performance.

FINDINGS AND FORMULATION OF FRAMEWORK

A framework for the management of design changes in construction 
projects was established by placing emphasis on indirect effects of design 
changes to project performance that are a notable delay and disruption.  
In addition, the claims and disputes are proposed (refer to Figure 1). This 
framework can be deployed to provide effective communication platform 
through predictive framework in order to understand the dynamics of design 
changes, the knock-on effects due to rework that cause delay and disruption 
and possible degradation of project time and cost performance. Therefore, 
practitioners can refer to the framework for clued-up decision-making at 
the point of design change request. Hence, the impacts can be envisaged at 
the early stage in order to minimize the risk of project to potential claims 
and disputes at the end of the project.

As aptly put by Han (2013), reworks is unnecessary effort of redoing 
a process or task that was incorrectly implemented the first time. The 
engineering and review processes for an engineering project contributed 
to 68% of rework costs with 78% of this total attributable to design errors. 
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Similar with Simpeh et al. (2015), rework can make a significant contribution 
to a project’s cost overrun.

Figure 1: The Conceptual of Design Change Management Framework

According to Sun and Meng (2009), the most frequent effects of design 
changes were increase in project costs and delays in completion. This is 
in line with panel expert comment that design changes had a substantial 
increase of contract sum of 30% to 40% that the cost involved by delay 
and disruption between RM3 million to RM6 million. Another expert panel 
commented that the impact of design changes on variation cost estimated 
RM2 million for relocation of TNB (Tenaga Nasional Berhad) overhead 
power line to correspond with the elevated highway route and height. 
Therefore, both expert panels unanimously agreed that design changes 
is a major factor responsible to construction schedule delays and cost 
overruns. According to Memon et al. (2014), from the client’s perspective, 
the respondents agreed that incomplete design at the time is the most 
significant factors of time overrun. In addition, Ramanathan (2012) found 
from the consultant’s perspective, design changes is the most significant 
factors of cost overrun.   
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The term “delay” in construction contracts as often used to mean 
the time period during which some part of the construction project has 
been extended beyond what was originally planned due to unanticipated 
circumstances or an incident that affects the performance of a particularly 
activity, with or without affecting project completion (Bramble and Callahan, 
2002; Assaf and Al-Hejji, 2006; Lee, 2007). In other words, delay means 
as an act or event that extends the time required to perform tasks under a 
contract (Stumpf, 2000). Normally, actual time to deliver the completed 
project is subject to various periods of execution, while-delay refers to delay 
in the actual work or services (Galloway and Nielsen, 1990). 

Braimah and Ndekugri (2009) consider delay analysis as a mean 
of providing the justification and quantification of the time and/or cost 
consequences necessary to resolve the different contentions. In other words, 
in evaluating a delay, it is the contractor’s job to explain why delays have 
occurred to the project and then, through a cause-and-effect analysis, the 
findings will show which delays are due to the responsibility of the employer, 
contractor, or subcontractor (Lee, 2003). Unfortunately, these delays are 
often left unanalysed until the end of the job, when it is already too late 
to mitigate their effects or avoid constructive accelerations (Finke, 1997). 
According to Baki (1999), in todays’ litigious world the claims analysis 
and preparation are the keys to the success of any project particularly 
so whenever construction claims occur. However, delay analysis is still  
time consuming, and an expensive process which comprises reviewing 
project records, interviewing key personnel, visiting the construction 
site, prioritization of fact-finding and analysis requirements, determining 
causation, establishing a reasonable as-planned schedule, documentation 
of actual performance, and finally comparison and presentation of the as-
planned and actual performance (Evrenosoglu, 2008).

Furthermore, when management has got an effective tool during the 
inception of critical path method to optimize the allocation of resources 
by focusing on critical and near-critical activities, the ownerships of floats 
on noncritical activities become a critical matter (Mohan and Al-Gahtani, 
2004). Therefore, float ownership debates and contractual modifications 
began about a decade after critical path method-based analysis was used 
in claims analysis in the late 1970s (Popescu, 2009). The float means as 
the time assigned to an activity, which is longer than the shortest time 
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that is reasonably necessary to undertake that activity (Braimah, 2008). 
According to Galloway and Nielsen (1981), the two most common types 
of float are total float and free float. However, free float does not consider 
the total effort in terms of duration, cost, or man-hours, and thus does not 
necessarily lead to a fair distribution but the total float, which belongs to a 
path within the network, provides a number that can be distributed between 
the activities of the path in some rational manner (Mohan and Al-Gahtani, 
2004). Moreover, total float is an indicator of an activity being critical or 
not by using it to know how many days are left for the activity to be critical 
and can significantly affect the analysis of delay claims due to its potential 
of changing any of the successor non-critical activities to critical or vice 
versa (Al-Gahtani and Mohan, 2005).

Thus, design changes are primary contributors to delay, disruption, 
claims and disputes. However, managing changes effectively is crucial. Most 
changes, if not managed properly through a formalized change management 
process will have considerable impact as they disrupt work and affect its 
orderly sequence, adversely impacting productivity and cause schedule 
delays and cost overruns (Anees et al. 2013). In addition, Muhamad (2016) 
found lack of clear, accurate/reliable and adequate contemporaneous records 
as the highest frequency of the problems affecting difficulty in assessing 
and managing of delays and extension of time claims. Han et al. (2013) 
concluded that design errors leading to rework and/or design changes 
are considered to be the primary contributor to schedule delays and cost 
overruns in design and construction projects. Therefore, the need to capture 
the dynamics of design change as well as able to access systematically the 
impacts in order to assess project performance is vital. 

CONCLUSION

The literature review on causes and impacts of design changes and the 
findings on rework that cause delay and disruption led to time delays and 
cost overruns in construction projects was presented. This study hightlights 
that literature linking design changes, rework, delay, disruption and claims 
and disputes in construction projects is limited. However, this study found 
that design changes is the significant factor for time delays and cost overruns. 
Researchers and practitioners in construction management field will find 
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this study useful in understanding the causing factors of design changes 
and its detrimental impacts to project performance.  The framework which 
is a noteworthy outcome from this study that stresses the importance of 
the adversarial effects of design changes is rework.  As a result, rework 
leads to delay and disruption more than disrupotion claims and disputes. It 
gives the practitioners the ability to view the impacts of design changes to 
project performance before actually making the decision to implement the 
proposed design changes. 
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ABSTRACT

Roads in Nigeria are usually constructed without in-depth knowledge of the 
subsoil that serves as the foundation for the road elements. Road failures 
are often associated to poor construction materials or inadequate design 
without cognisance of the underlying soils. Engineering properties of ten 
bulk soil samples collected from the subgrade of Arigidi/Oke-Agbe highway 
were investigated to determine their suitability for highway pavement. 
Results show that all the subgrade soils below the failed locations have 
higher plasticity indices, which is an indication of their high swelling 
potential, and they are classified as A-7-6 clayey soils with high-water 
adsorption capability (16.1 – 22.4%) compared to subgrade soils from the 
stable locations. Low compacted density (1325 – 1928 Kg/m3), extremely 
poor CBR values; 8 – 31% (unsoaked) and 3 – 8% (soaked) which indicate 
percentage reduction in strength of the soils up to 77% on exposure to 
excessive moisture and the predominance of fines (> 59%) in the soils are 
responsible for the degree of instability. Furthermore, soft to low stiffness (49 
– 131 kN/m2) and poor permeability of the subgrade materials underlying 
the pavement result to the failure characteristics witnessed. This study 
shows that the suitability and behaviour of subgrade soil is dependent on 
its engineering properties.
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INTRODUCTION

The abundance and widespread presence of soil makes it an important 
construction material. Unless placed on rock, most land-based engineering 
works founded on soil must have strong foundation to support the weight 
of the structure. Ademila (2015) revealed that thorough and detailed 
geophysical/geotechnical investigation acts as a necessary task needed to 
be carried out before constructing any engineering structure as it guarantees 
post construction stability. The suitability of a soil for a particular use 
depends on its response to that use. So, utilization of soils needs adequate 
knowledge of their properties and factors affecting their behaviour and 
performance. This is encouraged to constitute a precondition for its use 
in civil engineering construction works. Road network plays a vital role 
in socio-economic development of many nations. Nigeria is among the 
countries with the highest records of road accidents with continuous loss 
of lives and properties due to bad roads. One cannot drive through one 
kilometer along a single road or highway in Nigeria without encountering 
a failed section. Since, the design and construction of a road are finalized 
without assessing the geology and geotechnical behaviour of the underlying 
soils. The relationship between highway pavements and their foundation 
soils cannot be overemphasized in any nation that desires to develop. 

Performance of highway pavement mostly the flexible one depends 
on the functions of the component layers especially subgrade. Subgrade 
is compacted layer of soil which provides lateral support to the pavement. 
Construction over weak/soft subgrade affects the performance of pavement 
and results in instability of pavement. Failures on Nigeria highways are 
generally due to poor geotechnical properties of the underlying soils which 
constitute the entire road pavement. Adeyemi (1995) also emphasized 
the role of parent rock factor on index and moisture-density relationship 
of subgrade soils developed over certain Precambrian parent rocks of 
Southwestern Nigeria. A review of the factors influencing the performance 
of a pavement has been described by Adlinge and Gupta (2010) including 
the different types of road failure ranging from cracks, potholes to road-
cut leading to differential heave of the pavement material causing frequent 
bumps on the highways. Lack of adequate knowledge of the behaviour of 
soils and application of geotechnical parameters of soil have resulted in 
wrong design and wasteful construction of many of our roads. However, no 
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investigative work on the geotechnical properties of the soils of the area has 
been reported in the literature to predict the stability of the flexible highway 
pavement. Ademila (2017) recommended that proper documentation 
of engineering evaluation of soils is essential for pavement design and 
construction of roads. Accordingly, the area was chosen because of the 
negligence on the side of the government, designers and constructors of the 
road which, after some reconstruction and rehabilitation works the failures 
still persist. This paper discusses the geotechnical properties of ten samples 
obtained along the failed road and compared with standard values. With 
the believe that the more the geotechnical data that are available on the 
subgrade layer the better, as this can lead to more effective understanding 
of their engineering performance.

LITERATURE REVIEW

Description and Geological Setting of the Study Area

Arigidi/Oke-Agbe highway is a road that links Abuja (Federal Capital 
City) and other parts of Southwestern Nigeria. It is within the North 
Senatorial district of Ondo State, Nigeria (Fig. 1). It lies within latitudes 7° 
34’ N and 7°40’ N and longitudes 5° 47’ E and 5° 54’ E (Fig. 1). It covers 
an area extent of about 16 Km2. It is situated in the humid tropical region 
of Nigeria, characterised by alternating wet and dry seasons with a mean 
annual rainfall of over 1500 mm (Fig. 2). The area is majorly drained by 
River Auga and other streams which are seasonal. The river dominates the 
drainage system of the study area, and it’s mainly dendritic. The area is 
moderate to highly undulating with an average surface elevation of about 
371m.

Geologically, the area falls within the Precambrian Basement Complex 
rocks of southwestern Nigeria. Rocks of the region include the migmatite-
gneiss-quartzite complex that is characterised by granite and granite gneiss 
(Fig. 3) with a minor amount of grey gneiss, charnockite and quartzite. 
Granite gneiss is the metamorphosed granites, widely distributed in the 
study area and it is of two types; the biotite-rich gneiss and the banded-
gneiss. The biotite-rich gneiss is fine to medium grained and shows strong 
foliation trending westwards. The banded-gneiss occurs mostly as hills, 



22

Malaysian Journal of Sustainable Environment

boulders and low lying exposures which are dark to light grey in colour 
and porphyroblastic in texture. 

Figure 1: Geological map of Ondo State showing the study area

Figure 2: Topographical map of the part of Southwestern Nigeria showing 
the study road and sampling locations.

Grey gneiss in the study area varies from light to dark grey. There are 
different textural varieties, but the most common type is the medium-grained 
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rock with regular and persistent banding of varying thickness. The gneissic 
rocks occur as highly weathered and low-lying outcrop. The granite rocks 
are of the older granite suite. Based on the textural characteristics, there are 
fine-grained biotite granite, medium to coarse porphyritic biotite-hornblende 
granite. In this studybarea migmatite gneiss is the dominant rock unit.

Figure 3: Geological Map of the part of Southwestern 
Nigeria showing the study road

MATERIALS AND METHODS

This research includes detailed geological field mapping to ascertain the 
local geology of the area and identity failed and stable sections of the studied 
road. On the field, the rock and soil exposures were observed and described. 
Ten bulk soil samples from the subgrade were collected from ten different 
locations along the road. Eight samples from eight failed sections and two 
samples from two stable sections of the road were obtained at sampling 
depths of 1 m in order to obtain true representative samples of the sub-grade 
which is the placement level of flexible highway pavement. The sample 
collection was done systematically to ensure proper collection of samples 
and total coverage of the study area. A global positioning system (GPS) 
was used at each sampling point to measure coordinates of the station and 
heights above sea level. All the soil samples were carefully labelled in 
sample bags and then taken to the laboratory in sealed polythene bags to 
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prevent contamination and loss of moisture. The natural moisture content 
was determined immediately in the laboratory. Soil samples were air 
dried for two weeks to allow partial removal of natural water before other 
analysis. After the drying, lumps in the samples were gently grounded with 
minimal pressure as not to reduce the sizes of the individual particles. The 
following laboratory tests were conducted on the samples: natural moisture 
content, specific gravity, consistency limits, linear shrinkage, grain size 
distribution, compaction, California bearing ratio (CBR) and unconfined 
compressive strength. These laboratory analyses were carried out according 
to British Standard Methods of test for soils for civil engineering purposes 
(BS 1377:1990) and ASTM Standard D1557 (2009). Samples for grain size 
analysis were soaked in a weak Calgon solution to facilitate disaggregation 
during wet sieving. The compaction test was conducted on soil samples 
that were compacted in three layers in a CBR mould each 25 mm thick 
and appllied 56 number of blows of 4.5 kg rammer falling freely through a 
height of 450 mm. The CBR test was carried out with a mould of capacity 
945 × 10-6 m3 at optimum moisture content and 96 hours of soaking period 
which simulated the prolonged inundation and submergence encountered 
during the peak of rainy season between July and October.

RESULTS AND DISCUSSIONS

Satisfactory pavement performance is attributed to a good foundation 
that provides adequate strength and low compressibility. This pavement 
performance is dependent upon the index and engineering properties of 
the underlying subgrade layer that serves as the foundation of pavement 
structure to distribute loads uniformly.

Index Properties

The results of the index tests carried out on the soil samples are 
summarised in Table 1. 

Natural Moisture Content

Moisture and movement of water are the determining factors in the 
potential subgrade condition . This is becausse they influence the design 
and construction of highway pavement structure. It is used as an indicator 
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of groundwater level of the area. Although natural moisture content is not 
a constant property of soils, these values are consistent with the fines of 
the soils. The high moisture content obtained conform to the accepted high 
porosity and low permeability properties of the soils. However, the natural 
moisture content of the analysed soil samples from the failed sections of 
the road varied from 16.1 – 22.4% (Table 1) while, those from the stable 
sections varied from 8.0 – 8.8%. This shows that soils from the failed 
sections have high natural moisture, because these values are higher than 
the average range (5 – 15%) specified by FMWH (2000) for engineering 
construction. This high moisture is an indication of a high water adsorption 
capability of the soil material. 

Specific Gravity

The specific gravity (SG) of the samples varied from 2.64 – 2.75 
(Table 1). All the soil samples met the specific gravity standard (≥ 2.6). The 
results showed that the soil samples contained sodium and calcium feldspar 
(2.62 – 2.76) in nature (Das, 2000). By this specific gravity, the studied soils 
can be categorised as inorganic soils (Ramamurthy and Sitharam, 2005).

Consistency Limits 

Atterberg limit tests are tests required to determine the limits of water 
contents of soil corresponding to the transition from one state to another. It 
is useful for the suitability of soils for highway construction. The results of 
the liquid limit, plastic limit, plasticity index and linear shrinkage tests were 
summarised in Table 1. The liquid limit, plastic limit and plasticity index 
of the soils from the failed sections ranged from 37 – 61%, 20 – 29% and 
17 – 33% respectively while those from stable portions ranged from 28 – 
31%, 19 – 21% and 9 – 10% respectively. According to Whitlow (1995), 
liquid limit less than 35% indicates low plasticity, between 35% and 50% 
intermediate, between 50% and 70% high plasticity and between 70% and 
90% very high plasticity. By this classification, the soils of the stable portions 
have low plasticity, while soils from the failed sections have moderate to 
high plasticity characteristics.  Thereby causing significant deformation 
under load. The Casagrande chart classification (Fig. 4) also places the soils 
of the failed sections in the medium and high plasticity/compressibility 
region. The plots on the plasticity classification chart revealed that the soils 
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mostly fall above the A-line, indicating that they composed of inorganic 
materials with low-medium-high plasticity. The degree of scattering on the 
plasticity chart reflects the degree of variability of the soils, particularly 
in clay types and percentage content of fines. Results from the modified 
plasticity classification chart also revealed three clay minerals. These include 
montmorillonite, illite and kaolinite. The presence of montmorillonite in 
the soils is detrimental to the stability of engineering structures. However, 
the Federal Ministry of Works and Housing (2000) specified a maximum 
liquid limit of 40% and a maximum plasticity index of 20% for the applied 
highway subgrade material. The results showed that the soils from the failed 
sections are not suitable subgrade material for the foundation of pavement 
structures because of their poor geotechnical properties. Plasticity index 
tends to have influence on the activity of the subgrade. The plasticity index 
of failed sections is higher than 12% and hence, it is not suitable for use as 
subgrade and practically subbase materials for roads and bridges as specified 
by FMWH (2000). The high plasticity indices of the samples ascribed to 
their high proportion of clay content (40 - 63.2%), which is an indication 
of their high swelling potential. 

The linear shrinkage of the soils from the failed sections varied from 
9.2 – 20.0%. The value is higher than the maximum 8% recommended by 
Madedor (1983), based on this consideration, the soils have a significant 
ability to swell and shrink during alternate dry and wet seasons of the 
humid tropical climatic condition of southwestern Nigeria. Hence, they are 
unsuitable as highway subgrade material. These properties of the soils must 
be taken into cognisance by the engineers in the design of the foundation 
of pavement structures. The linear shrinkage of the soil from the stable 
sections varied from 5.7 – 8.3%, which is within the recommended value for 
subsoil material that is good for road construction as foundation material. 
The soil mixtures from the failed sections are made up of clay with higher 
plasticity index and linear shrinkage values. They are expected to create 
field compaction problem because of their high linear shrinkage. The lower 
the linear shrinkage, the lesser the tendency for the soil to shrink when dried 
(Jegede, 1999). From these results alone, the soils from the failed sections 
have proved their total unsuitability as fill or subgrade materials in their 
natural state. Therefore, some modification through stabilisation would be 
necessary to achieve the desired specifications. 
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Table 1: Index properties of the soils of the study area
Road 
condition

Pit 
No.

Moisture 
content 
(%)

SG 
(Gs) 

       Consistency limits Soil type

Liquid 
limit
 (%)   

Plastic 
limit (%)

Plasticity 
index (%)

Linear 
shrinkage 
(%)

Failed L1 22.4 2.74 61.2 28.6 32.65 19.3 Clayey 
Stable L2 8.0 2.69 31.3 21.3 10.00 5.7 Silty of clayey 

gravel sand
Failed L3 16.1 2.75 48.1 22.4 25.70 20.0 Clayey
Failed L4 18.2 2.68 33.5 21.3 17.20 9.2 Clayey
Failed L5 17.8 2.65 40.9 22.4 18.50 9.9 Clayey
Failed L6 19.6 2.64 37.0 19.6 17.40 11.0 Clayey
Failed L7 16.3 2.72 51.8 23.1 28.75 10.0 Clayey
Stable L8 8.8 2.64 27.7 19.1 8.65 7.8 Silty of clayey 

gravel sand
Failed L9 21.3 2.72 44.2 23.2 20.95 10.0 Clayey
Failed L10 17.1 2.73 50.8 23.1 27.70 10.7 Clayey

Figure 4: Casagrande chart classification of the soil samples

Grain Size Distribution

The results of the grain size distribution are summarized in Table 2. 
The soils from failed sections have percentage passing No. 200 (0.075 mm) 
ranged from 58.5 – 80.2%, while those of stable sections ranged from 21.3 
– 29.2%. It can be observed that the soils from failed sections have high 
proportion of fines (> 59%) This indicates that the soils have the tendency 
to shrink and swell repeatedly during alternate dry and wet seasons of the 
humid tropical climatic condition of the southwestern Nigeria. Thereby 
causing distress which later foundn noticeable on the road. Failures observed 
in the study area are believed to be caused by pressures developed by 
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the swelling soils. Also, the high clay content of the soils from the failed 
sections (40.8 – 63.2%) is an indication of their high swelling potential, 
hence unsuitable for subgrade material. The tested soils of the stable sections 
(L2 and L8) have percentage passing 0.075 mm of less than 35%, with less 
amount of clay (14.7%), and fall under group A-2-4 of American Association 
of State Highways and Transport Officials (1986) (AASHTO) classification 
that is rated as good subgrade highway material (FMWH, 2000). The soils 
of the failed sections fall under group A-7-6 of AASHTO classification 
(Table 2) suggests poor highway subgrade materials being clayey soil type 
(Table 1). Subsequently, the dominance of fines in the subgrade materials 
of the failed sections of the road is one of the factors that has caused for 
the degree of instability witnessed of the road condition.

Table 2: Grain size distribution parameters
Road 

condition
Pit 
No.

Gravel 
(%)

Sand 
(%)

Silt 
(%)

Clay 
(%)

Amount 
of fines 

(%)

AASHTO 
Classification

Failed L1 0 19.8 17.0 63.2 80.2 A-7-6
Stable L2 1.3 69.5 14.5 14.7 29.2 A-2-4
Failed L3 1.2 40.3 17.4 41.1 58.5 A-7-6
Failed L4 1.0 33.1 14.9 51.0 65.9 A-7-6
Failed L5 1.0 36.1 17.3 45.6 62.9 A-7-6
Failed L6 1.3 34.1 16.3 48.3 64.6 A-6
Failed L7 1.0 35.1 17.1 46.8 63.9 A-7-6
Stable L8 5.4 73.3 9.2 12.1 21.3 A-2-4
Failed L9 1.0 40.2 18.0 40.8 58.8 A-7-6
Failed L10 1.0 38.6 17.2 43.2 60.4 A-7-6

Compaction Characteristics

Subgrade is generally made up of locally available natural soils. The 
strength and performance of a pavement is dependent on the load bearing 
capacity of the subgrade soil. Design of pavement also depends upon the 
strength of the subgrade soil, which affects the thickness of pavement. 
In addition, compaction reduces the detrimental effects of water. Lower 
optimum moisture content is expected to achieve maximum dry density 
for stability of soil under field conditions. The maximum dry density and 
optimum moisture content of the soils at standard proctor compaction energy 
are shown in Table 3. Dry density is an important parameter that affects 
soil reaction to stress. The maximum dry density (MDD) of the soils from 
failed sections of the highway ranged from 1325 – 1928 Kg/m3 at optimum 
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moisture content (OMC) of 15.3 – 32.7%, while those from stable sections 
ranged from 1960 – 1995 Kg/m3 (MDD) at 13.4 – 14.4% (OMC) (Table 
3). This low range in density with high moisture content of the soils from 
failed sections indicates low strength with wetness. The absence of drainage 
observed in the study area correlates with the high moisture content given 
the low permeability and high porosity characteristics of the soil types. 
However, the best soil for foundation is the soil with high maximum dry 
density (MDD) at low optimum moisture content (OMC) (Jegede, 1999). 

The essence of compaction is to improve the desirable load bearing 
capacity of pavement structures. Failure of civil engineering structures and 
road pavements increase when the underlying soils are always soaked with 
water. The results showed that the compacted densities were very low. So, 
the subgrade must always be compacted above the MDD and OMC to yield 
maximum strength, prevent ingress of water and distribute wheel loads 
uniformly into the pavement structures. Removal and replacement of the 
subgrade materials or soil stabilisation/modification are necessary because 
that would improve the pavement strength and its performance.

California Bearing Ratio (CBR)

California bearing ratio is a semi-empirical test which is used to 
evaluate highway subgrade/subbase soils. The soaked CBR test is also used 
in simulation of the condition that soils are exposed to in-situ upon ingress 
of water. It is the resistance a soil possesses when it experiences stressed 
or under load. The values of unsoaked and soaked CBR of the soils from 
the failed sections ranged from 8 – 31% and 3 – 8% respectively. It shows 
reduction in strength up to 77% with wetness (Table 3). The soaked CBR 
showed that subgrade soils at failed sections are susceptible to volume 
change on exposure to excessive moisture. It was observed that unsoaked 
(32 – 37) and soaked (10 – 11) CBR values of samples from stable sections 
are higher than those from failed sections. The soaked CBR values obtained 
showed that subgrade soils of the failed sections are liable to critical changes 
in strength and load bearing capacity as a result of inundation. The CBR 
values of the study area are generally low indicating low strength of the 
soil. As a result, the subgrade soils become prone to erosion on exposure to 
surface runoff. Soil improvement measures would be necessary for stable 
structures. The minimum CBR requirements for subgrade, subbase and base 



30

Malaysian Journal of Sustainable Environment

courses are 10% (soaked), 30% (soaked) and 80% (unsoaked) respectively 
(FMWH, 2000). However, none of the analyzed samples have the required 
30% soaked and 80% minimum unsoaked CBR value that is recommended 
for highway sub-base and base course. All the soil samples taken from stable 
sections are within the specification of 10% minimum soaked CBR value for 
subgrade, which means they are adequate as subgrade material. The tested 
soils of the failed sections yielded extremely poor CBR values, both in the 
unsoaked and soaked types. From these results, it can derived that the soils 
are unsuitable to be used as fill or subgrade materials in their natural state.

Unconfined Compressive Strength (UCS)

Unconfined Compressive Strength (UCS) is an unconsolidated-
undrained test which is used for clay specimens where the confining 
pressure (σ3) is zero (0) and the major principal stress (σ1) is the unconfined 
compressive strength (qu). Consistency of a soil can be expressed not only 
in terms of Atterberg limits but also in terms of unconfined compressive 
strengths of soils which in turn determines the strength of the soil. An 
understanding of the compressive behaviour is essential for geological and 
geotechnical engineering purposes and is the core basis for modeling the 
stress-strain relationships of soils (Liu et al., 2013). Its value indicates that 
is a measure of suitability such as soil as a foundation material. Table 3 
shows the summary of unconfined compressive test results. According to 
Das, (2000), consistency of a clayey soil can be as follows; between 0-25 
kN/m2 indicates very soft, between 25-50 kN/m2 indicates soft, between 
50-100 kN/m2 indicates medium, between 100-200 kN/m2 indicates stiff, 
200-400 kN/m2 indicates very stiff and greater than 400 kN/m2 indicates 
hard clay. On this note, consistency of soil samples from failed sections is 
soft, medium and low stiff (49 – 131 kN/m2) while that of stable sections 
remained stiff (Table 3).

Table 3: Strength properties of the soils of the study area
Road 
condition

Pit 
No.

Compaction 
characteristics

California bearing 
ratio, CBR (%)

Percentage 
reduction 
in strength 
(%)

Unconfined 
compressive 
strength (kN/
m2)

MDD 
(Kg/
m3)

OMC 
(%)

Unsoaked 
CBR (%)

Soaked 
CBR 
(%)
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Failed L1 1325 32.7 8 3 62.50 48.72
Stable L2 1960 14.4 32 10 68.75 149.92
Failed L3 1606 24.6 16 4 75.00 89.14
Failed L4 1890 16.4 31 8 74.19 123.03
Failed L5 1854 17.4 28 7 75.00 98.15
Failed L6 1928 15.3 31 8 74.19 131.76
Failed L7 1529 26.8 13 3 76.92 71.44
Stable L8 1995 13.4 37 11 70.27 165.11
Failed L9 1581 25.3 17 6 64.71 78.07
Failed L10 1546 26.3 14 6 57.14 75.29

 
Soft and low stiffness of the poor subgrade materials underlying the 
pavement may result on the failure characteristics witnessed. This initial 
consistency can be upgraded/modified by means of soil stabilisation.

Permeability Characteristics

The permeability characteristic of a soil is an important parameter.  In 
it used for evaluation in engineering structures. According to Siddique and 
Safiullah (1995), permeability governs important engineering problems like 
consolidation of clay foundation under applied load and the flow of water 
through or around engineering structures. The coefficients of permeability 
of the soils from failed sections ranged from 3.11 × 10-8 cm/sec to 1.39 × 
10-5 cm/sec while that of stable sections ranged from 4.00 × 10-5 cm/sec to 
2.40 × 10-4 cm/sec (Table 4). Based on the classification made by Lambe 
(1954), the permeability of 10-5 cm/sec to less than 10-7 cm/sec indicates 
a very low to practically impermeable soil. The results showed that the 
drainage conditions of soils beneath the failed sections are generally poor 
to practically impervious, while the soils of the stable sections are good in 
poor drainage conditions. However, due to the poor permeability of these 
soils, water is retained within the soil matrix, resulting in weaker strength 
and lower bearing capacity. There is a good correlation with the results of 
the soaked CBR with significant reduction in strength up to 77% in the 
presence of excessive moisture influx. From this result, it can be deduced 
that adequate drainage is highly important in the area to prevent ingress of 
water beneath the pavement.  This could lead to the significant reduction in 
strength of the subgrade soils and thus failure of the pavement. 
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In addition, this is observed on the road where soil of some sections 
of the road wear away dueto erosion that is caused by non provision of 
rainwater run-off. Thus, road designers and constructors need to put in 
place drainage channels on roads to ensure free flow of water throughout 
the seasons. Improvement in pavement design should include detailed 
description of weather conditions especially temperature and rainfall, as 
changes in temperature also influence distress in this flexible highway. 
According to Burt (1969), high temperatures have an adverse effect on the 
structural properties of bituminous materials.

Table 4: Coefficients of permeability of the studied soils

Road condition Pit No. Permeability, k (cm/sec)

Failed L1 3.11 × 10-8

Stable L2 4.00 × 10-5

Failed L3 3.02 × 10-7

Failed L4 8.92 × 10-6

Failed L5 2.07 × 10-6

Failed L6 1.39 × 10-5

Failed L7 2.23 × 10-7

Stable L8 2.40 × 10-4

Failed L9 4.46 × 10-7

Failed L10 3.26 × 10-7

CONCLUSIONS

Engineering property tests of subgrades encountered in part of southwestern 
Nigeria showed that the soils of the failed sections fall under group A-7-6 
of AASHTO classification, suggesting poor highway subgrade materials in 
this study is clay soil type. The dominance of fines is responsible for the 
degree of instability witnessed. 

The natural moisture content of the analysed soil samples from the 
failed sections indicates a high water adsorption capability of the soil 
material. The Casagrande chart classification places the soils in the medium 
and high plasticity/compressibility region. The high plasticity indices of 
the samples of failed sections are attributing to their high proportion of 
clay content (40.8 - 63.2%), which is an indication of their high swelling 
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potential. Low specific gravity and high water absorption capacity of the 
subgrade material are responsible for the failure of the flexible pavement. 
The soils exhibit high shrinkage and low strength properties (MDD, CBR and 
UCS), which is the main reason the flexible highway pavement constructed 
on these soils is relatively unstable. From the results, the soils showed the 
unsuitability to be used as fill or subgrade materials in their natural state. 
Furthermore, the permeability characteristics show poor to practically 
impervious drainage condition of the soils. The design reconstruction of 
the road should be on the engineering understanding of the underlying 
soil about the environmental conditions. Thus, the availability of drainage 
systems in the area is necessary to prevent pore water pressures to develop 
below pavement structures. Removal and replacement of the subgrade and 
subbase materials of the flexible pavement up to 1 m or soil stabilisation 
will improve the strength of stable structures. Results of this study will be 
useful in reconstruction works of the failed sections of the road and may 
guide future pavement design in the construction of roads. This study has 
proved that in-depth knowledge of the characteristics and behaviour of soils 
is necessary for design and construction of roads.
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ABSTRACT

The cultural heritage resources are widely available in the rural area in the 
form of a unique culture and art, heritage, traditional knowledge, natural 
beauty, ecological resources and others, and are representative of the 
community culture. Heritage interpretation is an educational process that 
aims to reveal meanings about our culture. Good interpretation enhances 
our understanding, appreciation, and therefore, provides protection of 
cultural heritage. This research has two aims; 1) to identify the cultural 
heritage significance; 2) to designate interpretation plan of the potential 
cultural heritage for new tourist attraction in the state of Perak. The method 
of this research involved three steps; inventory of resources, focus group 
survey and interpretation proposal. Results from focus group indicate the 
need to customise the interpretation and presentation of rural heritage 
especially on physical experience in community cultural activities. This 
study also highlights the most significance cultural resources in Perak 
Tengah Districts based on ranking. The output of this research is to produce 
the interpretation guidance for heritage site operators on how visitors can 
experience our cultural heritage in the rural area. 
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INTRODUCTION

The rural area has a lot of cultural heritage resources in the form of unique 
culture and art, traditional knowledge, natural beauty and others. The 
rural communities’ activities do not only give provide alternatives tourist 
but it could be used as a solution to increase the income and preservation 
of socio-cultural activities. The benefits of cultural resources in the rural 
area are very important,as they fulfill some of the National Policies. One 
of the National Key Result Areas (NKRA) goals is to promote economic 
revitalization and thus prevent migration of population as well as creating 
a strong encouragement for rural youth to remain in the village. In addition, 
economic areas put emphasis on agriculture, tourism, farming and cottage 
industries. National Physical Plan 2 (NPP2) also highlights cultural heritage 
and tourism as an important policy to support the realization of the New 
Economic Model and the 1Malaysia Concept (Jabatan Perancangan Bandar 
dan Desa, 2016). For instance, NPP2 policies number 11 and 12 stated; 
natural tourism resources, the authentic multi-cultural and historical heritage 
of the country shall be conserved.  Thus, tourism development zones in 
each state shall focus on specialized regional niche products based on 
their locational advantages and availability of resources. Besides fulfilling 
the National Policy, Ministry of Tourism and Culture also highlights the 
importance of cultural heritage and tourism. The main vision is to develop 
Malaysia as a world class tourist and cultural destination as well as to build 
the national identity based on art, culture and heritage.  

 
The State of Perak is known for its richness and uniqueness of history, 

tradition and cultural heritage especially the traditional Malay village. 
Base on most visited destination by domestic tourists in Perak by Institut 
Darul Ridzwan (IDR) 2015, the popular destinations in the year 2012 to 
2013 (figure 1), have shown that the tourist destinations are leisure and 
entertainment category.  The findings also show that none of the cultural 
heritage such as cultural community activities and traditions has been 
promoted. This is waste because District of Perak Tengah, Kuala Kangsar 
and Hilir Perak have lots of cultural heritage potential to be promoted 
especially on village life, arts, culture and agriculture activities. Therefore, 
further programs to attract tourists to Perak should be encouraged, and the 
new attraction should be defined and interpreted wisely especially in the 
rural area so that it can be beneficial to the community. This will definitely  
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take some effort to create effective interpretation – but if we do it right, we 
do not only able to help visitors understand the resources but also will be 
able do a better job managing the site and at the same time able to generate 
more revenues.

Figure 1: Most Visited Destination by Domestic Tourist in Perak
Sources: IDR Perspective, 2015

LITERATURE REVIEW

Heritage can be classified into two categories: Tangible Cultural Heritage 
(TCH) and Intangible Cultural Heritage (ICH). Both categories of this 
heritage are the national treasure that should be preserved and conserved for 
future generations. Tangible cultural heritage is synonymously associated 
with physical objects that can be seen as the architectural buildings, 
monuments, and historic buildings in the city. On the other hand, intangible 
cultural heritage includes any form of expressions, languages, songs, folk 
songs, oral traditions, poetry, music, dances, martial arts, that may have 
existed or exited in relation to the heritage of Malaysia. To increase more 
awareness towards cultural heritage, the interpretation and presentation of 
cultural heritage elements should be highlighted and shared with local and 



40

Malaysian Journal of Sustainable Environment

visitors. It is easier to describe the “tangible” things- as it is related to the 
physical characteristics of resources. However, it is dificult to link those 
things to “intangible” things; the ideas and emotions behind it. The goal of 
interpretation is to engage visitors’ senses while challenging them to think 
about what things mean – to look at them in entirely new ways. In addition, 
interpretation can create memorable and meaningful experiences for visitors, 
and inspire them to learn more (Lancaster Planning Commission, 2002). 

Besides, the cultural heritage resources are widely available in the 
rural area.  They can be in the form of a unique culture and art, heritage, 
expertise and traditional knowledge, natural beauty, ecological resources and 
others.  Normally all of these represent the community culture.  In addition, 
the rural community’s activities provide alternatives for tourists and it 
also can be used to increase the income and preservation of socio-cultural 
activities (Susyanti, 2013). Tourists are very interested to see how life or 
culture and heritage interpretation can help enrich their experiences. They 
seek to understand a sense of place in communities that are unique.  All of 
these can be discovered in the rural area. The term rural tourism and heritage 
tourism is also a common name in tourism industry that refers to any form 
of tourism which showcases the rural life, art, culture and heritage at rural 
locations.  As a result, it bring benefit to the local community economically 
and socially as well as enabling interaction between the tourists and locals 
for more enriching tourism experience (Saidatulakma, 2012).

Interpretation Principles and Application

Interpretation is an informational and inspirational process including 
educational activities that aim to reveal meanings about our cultural and 
natural resources. The evolution of interpretation philosophy was developed 
by Freeman Tilden in 1957. He established six principles of interpretation 
in his book, Interpretation Our Heritage (1977). Those six principles are 
very helpful in preparing interpretation program of heritage sites worldwide:

1. Any interpretation that does not somehow relate what is being displayed 
or described to something within the personality or experience of the 
visitor will be sterile.

2. Information, as such, is not interpretation. Interpretation is revelation 
base on the information.

3. Interpretation is an art, which combines many arts, whether the 
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materials presented are scientific, historical or architectural.
4. The main aim of interpretation is not instruction, but provocation.
5. Interpretation should aim to present a whole rather than apart and must 

address itself to the whole man rather than any phase.
6. Interpretation addressed to children (say, up to the age of 12) should 

not be a dilution of the presentation to adults, but should follow a 
fundamentally different approach.

To fit today’s world on interpretation, Knudson (2003), Beck and 
Cable (2011) have updated.  Tilden principles by adding new principles 
that provide a more elaborate interpretative philosophy which focus more 
on the interpreter role and method of interpretation. According to Beck and 
Cable (2011), every place has it own history and interpretation that can bring 
the past alive to making the present more enjoyable and the future more 
meaningful. To achieve this, interpreters must concern themselves with the 
presented quantity and quality of information. Focused and well-researched 
interpretation will be more powerful than longer discourse because quality 
interpretation depends on the interpreter’s knowledge and skill, which must 
be continually developed over time and at the end of the interpretation should 
be able to instill in the people’s ability, and the desire, as well as to sense 
the beauty of their surroundings and could provide spiritual uplift and in 
turn able to encourage resource preservation.

Furthermore, interpretation can be used to promote cultural heritage 
to build national, regional, and community identities. Many visitors want 
to learn about the places they visit and through interpretation it can convey 
factual material; for example the history of the buildings, architecture 
styles and building technique (Aplin, 2002).  The goal of interpretation 
is not instruction but to change attitudes and behaviour, to motivate and 
inspire, and to take information and make it meaningful and exciting. 
Besides, interpretation is not just glossy brochures, appropriate signage, 
and well-edited videos; it is the art of telling the story of a community. In 
addition, the daily life also can be subjects of interpretation for the visitors. 
The experiences of spending a few days immersed in a village’s way of 
life will stay with tourists longer than if they had spent the time looking at 
the monument or building. The tourist seeks various physical experiences 
and satisfaction. The nature of these will largely determine the destination 
chosen and the activities enjoyed (Goeldner, 2000).
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ICOMOS Charter (1999) gives a guiding direction on what heritage 
interpretation programs should be considered. The main aspects are retention 
on the heritage authenticity and culture experiences which include;

1. Enhance the appreciation and understanding of that cultural heritage; 
2. Present the significance of the culture in a relevant and accessible 

manner; 
3. Use appropriate, stimulating and contemporary forms of education, 

technology and personal explanations;
4. Encourage high levels of public awareness and support of heritage;
5. Encourage visitors to experience the wider cultural/natural heritage 

of the region; and
6. Involvement of all parties, including local and/or indigenous 

community representatives is necessary to achieve a sustainable 
tourism industry. 

Good interpretation will inspire future exploration. Siti Norlizaiha 
Harun (2007) has explored the different interpretation between two historical 
sites in Perak; Kellie’s Castle and Pasir Salak Historical Complex. The 
interpretation of Kellie’s Castle came from the building itself which displays 
the architecture and history of the castle. However, interpretation of Pasir 
Salak Historical Complex is through creating interpretation elements  that 
are associate with the site and the history of Malay heroes against the 
first British Resident of Perak, Mr. J.W.W. Birch who was assassinated in 
1875.The interpretation elements include the diorama at historical time 
tunnel gallery, traditional Perak house, and memorial monuments. A. 
Ghafar Ahmad (2012), applied interpretation concepts towards restoration 
works of heritage buildings. From the project’s findings, it is evidence that 
historical buildings have intrinsic values which need to be explored through 
suitable interpretation medium. He further suggested that it is necessary 
to establish authentic assessment and validated interpretations of heritage 
resources. Authenticity in heritage is very important because the genuine of 
historic building preservation will provoke the visitor’s intention and give 
distinctive experiences. Due to the importance of authenticity in heritage 
interpretation, National Trust of Australia (2014) also has established seven 
interpretation principles and associated it with Australia’s heritage. The 
principles further enhanced the original Tilden’s six principles of the skills of 
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an interpreter and ultimately boost the experiences of the visitors to heritage 
properties. In addition, the National Trust of Australia added interpretive 
presentation should be designed as a story that informs, engages, entertains, 
and enlightens the visitors. The purposes of the interpretation story are to 
inspire and to provoke people to broaden their knowledge. Interpretation 
should make people more considered to the place they visited in a wider 
perspective. Interpretation also should incorporate technology such digital 
display; however, it must do with foresight and thoughtful care. Heritage 
interpretation research by Paola M. Lenza et.all. (2016) has contributed the 
findings that the tourist itineraries are seen as good opportunities for the 
development of tourism in the rural areas that possess natural or cultural 
resources. According to Paola (2016), heritage interpretation-based itinerary 
able to influence tourists who visit a famous rural heritage site, to extend 
their stay in the related rural area and, as a consequence, consumer tourist 
products. Tourist itinerary needs to be supported by suitable interpretation 
media and connects several heritage attractions located in a given rural area 
with a heritage site selected as a tourist catalyst.

Interpretation Process

The interpretation of heritage invovled a few steps.  The elements 
being interpreted need to be researched in detail. The first step is to 
make an inventory of heritage resources, next to define significance and 
development of the story. The important criteria, which was based from 
the Lancaster Planning Commission, 2002, in creating interpretation is 
knowning the audience. We need to know consider a few factors such as 
who are the visitors; will the visitors the best way to tell a story is using 
the physical features that are connected with the story. Good interpretation 
is about “show and tells”. For example, if we were to talk on how to make 
traditional food, the visitors will want to see a demonstration of the cooking 
process. The last step is to choose interpretation media. Interpretation 
media include everything from printed brochures to guided trails to digital 
format. Beside interpretation media, Binoy (2011) put emphasis on the role 
of interpreters at heritage sites. They must provoke curiosity, attention, and 
interest among the visitors to listen, participate and actively involved in the 
heritage interpretation process.
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METHODOLOGY

The data collections involved inventory and mapping of cultural heritage 
significance and focus groups survey. The focus group consists of 21 
tourist operators and homestay managers at Perak Tengah District. The 
contents and scopes of the survey were on what cultural resources should 
be highlighted in Perak Tengah; the existing interpretation medium; and 
how the interpretation programs to promote the rural cultural heritage 
resources are planned. From the survey, some interpretation attributes were 
identified for the storytelling of cultural heritage resources. In addittion, the 
common interview on existing interpretation in the form of questionnaires 
was formulated and then pre-tested on:

1. Who are the audiences?
2. What stories will help to explain the significance of resources?
3. Will our visitors understand and appreciate what we were telling them?
4. How should we like the visitors to experience?

The results of focus group survey help to identify the interpretation 
that will influence and capture the visitor’s interest to visit and experiences 
culture heritage in the study area. The proposal of heritage interpretation  
focused on the development of visitor’s expectation and experiences based 
on the findings from the literature reviews of interpretation principles. 
Thus, the proposal is a process of heritage interpretation and involves three 
main stages; 1) Identifying rural cultural heritage significance; 2) Subject 
of interpretation; what story to tell and how to tell, and 3) Interpretation 
medium.

RESULTS AND DISCUSSIONS

The study area for this research involved the 69 villages along Perak River 
in Perak Tengah District. The village or kampung (in Malay word) along 
Perak River were very attractive and active in their cultural activities; also 
have a unique and pleasant panorama of the village and farming area. There 
are more than 20 cultural heritage resources situated along Perak river 
banks. The resources categorize into; cultural heritage, historic building, 
historic site, rural agro, town, natural conservation and, sport and recreation. 
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Based on observation and interview, all cultural heritages have their own 
identities and located on linkages route where visitors can explore easily and 
experiences the local cultural activities. Unfortunately, the current cultural 
heritage and tourism product was not promoting wisely on site with good 
support facilities especially the interpretation and presentation medium. This 
included the incomplete tourist itineraries document, limited of interpreters, 
unclear tourist trail and lack of information on heritage resources.

Cultural Heritage Significance 

Base on observation and mapping on existing cultural heritages along 
Perak River, the resources are unique and give a beautiful image of the rural 
community of Perak Tengah District. Some of the images come together 
with three categories of resources – natural, culture and visual. The image 
with these three packages will become the best for heritage interpretation 
because  it represents the image of Perak Tengah as a whole. For example, 
the architecture of traditional Kutai house, padi field, durian orchard and 
farming activity will become interactive information that can be used for 
interpretation. A nature guide or cultural guide of these resources does 
not only provide information but can reveal deeper meaning and the true  
cultural heritage in rural areas and that can attract visitors. 

Pasir Salak Historical Complex at Kampung Gajah is the existing 
tourism product that is already known in Perak Tengah. However, the 
interpretation for visitors was limited to the gallery and has not fulfilled the 
expectation of visitors of cultural heritage in Perak Tengah.  Based on the 
interpretation principles - interpretation should aim to present a whole rather 
than a part, should give a full range of experiences to visitors and building 
relationship with the heritage site, especially to the rural community. Based 
on the focus group finding (result from 21 respondents), the homestay 
managers and tourist operators agreed and provided suggestion by ranking 
the six main cultural heritage resources that associated with the cultural 
heritage of Perak Tengah (see table 1). The cultural heritage resources 
categories include heritage buildings, traditional crafts, historical sites, 
rural cultures and natural heritage. From the list of main cultural heritage 
resources in Perak Tengah; Pasir Salak Historical Complex, traditional Kutai 
house, labu sayong craft and royal mausoleum trails are the most distinctive 
attraction and destination for tourism which is associated with Perak Tengah.
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Table 1: Main Cultural Heritage Resources in Perak Tengah
Cultural 
Heritage 

Resources

Location Categories Remarks Rank (n=21)

Pasir Salak 
Historical 
Complex

Kampung 
Gajah, 
Pasir 
Salak

Heritage 
building

The historical complex sits 
in the traditional Malay 
houses. It features various 
memorials erected to 
honor Malay heroes.

1 
(28.57%) 

Traditional 
Kutai 
house and 
panoramic 
view of 
traditional 
village

Bota Kiri, 
Padang 
Tenggala, 
Parit

Heritage 
building

There are about 40 Kutai’s 
house that still survives 
but only 30 in intact 
conditions. (Sabrizaa Abd 
Rashid, 2014).

2 
(23.80%)

Labu Sayong Kampung 
Pulau 
Tiga, 
Kampung 
Bidara, 
Kampung 
Gajah

Traditional 
craft

Labu Sayong or water 
container made of clay

3 

(19.05%)

Royal tomb 
(mausoleum)

Bota, 
Belanja, 
Pulau 
Tiga and 
Kampung 
Gajah,

Historical 
site

They are about 14 royal 
tombs site along Perak 
River in Perak Tengah

4 

(14.28%)

Terrapin Wild-
life Conserva-
tion Center

Bota 
Kanan

Natural 
heritage

An informative visitor 
Centre on river terrapin’s 
species.

5 

(9.52%)

Pekan Sehari 
(3 locations)

Bota kiri, 
Parit, 
Lambor, 
Kampung 
Gajah

Rural cul-
ture – daily 
life of com-
munity

Malay traditional market – 
selling daily needs

6

 (4.76%)

Heritage Itineraries

According to Paola (2016), the planning of the tourist itinerary should 
have occurred within an appropriate heritage interpretation strategy as a 
working method which could facilitate the understanding and social use 
of the heritage sites. The mapping of heritage itinerary for Perak Tengah 
District was done base on the cultural heritage categories, the location, the 
route (trail) and linkages between resources. The itineraries start with a 
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starting point; which are a heritage site and an already well-known base on 
the rank of the tourist attraction (in table 2 above) and several other tourist 
resources selected for each mukim in Perak Tengah. Examples of heritage 
itineraries as shown in figure 3. Base on a mapping of the tourist attraction, 
most of the cultural heritage was spotted and concentrated at three small 
towns; Pekan Parit, Pekan Bota, and Kampung Gajah-Pasir Salak. Base on 
this mapping the tourist route or heritage trail was easy can be developed 
including the development of heritage interpretation strategy.

Figure 2: Area of Itinerary for Rural Heritage 
Tourism in Perak Tengah District

Interpretation Proposal

Heritage interpretation is an educational process that aims to reveal 
meanings about our culture. Good interpretation enhances our understanding, 
and appreciation.  As a result, protection of natural and cultural sites can be 
implemented. Interpretation is an integral part of conservation (Beck and 
Cable, 2011). Interpretation proposal of Perak Tengah cultural heritage was 
developed base on interpretation principles of Tilden (1957), ICOMOS 
(1999), Beck and Cable (2011) and Australia National Trust Interpretation 
(2014). The summary from these four sources can be concluded; 
interpretation is a process to know and understand the meaning of cultural 
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heritage. Besides the guiding principles on how the culture can be presented 
and what story to tell, interpretation is also an engagement program between 
visitors and the heritage subjects. The interpretation plan needs to involve 
three main stages as suggested in Table 2. 

Table 2:  Heritage Interpretation Plan for Perak Tengah District 

Stage Task Process, Principles and Materials
Stage 1 Identifying cultural 

heritage significance
1.  All the cultural heritage resources need to 

elaborate their significance on history and 
why they are important to communities and 
sites. 

2. Put all these resources on the map in a theme 
which can be useful when planning tourist 
routes and walking trails.

Stage 2 Subject of interpretation 
and develop the story 
At this stage, all the 
subject to interpret and a 
story to tell should relate 
or check with all the 
interpretation principles. 
The interpretive writing 
and presentation should 
address what readers 
would like to know and 
considered their age 
difference.

1. The interpreters need to do detail research on a 
subject of interpretation. Interpreters need to 
be familiar with what story to tell about the 
heritage resources especially community 
and folks story.

2. The interpreters need to plan how to tell the 
story in interpretive ways which can attract 
visitors interest, make them involve with 
cultural heritage and excited to explore and 
stay longer at the sites. The best method of 
interpretation is show and tell where visitors 
physically involve with the heritage rather 
than listen to the interpreter’s briefing or 
story.

3. Who is it for?  The audiences may include 
the existing visitors and people who don’t 
currently visit the place. Interpretation should 
address the children and young teenagers. 
The best interpretation and presentation is 
by doing the separate program or activities 
for children, teenagers and adults.
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Stage 3 Chosen suitable media for 
interpretation.

Deciding what tools to 
use is very important in 
heritage interpretation. 
Selecting the right media 
should be be guided 
by the cost-effective 
aspect such as in terms 
of budget, human 
resources and long-term 
maintenance which 
benefit the community 
and heritage preservation 
(Woolmer, 2016).

Four types of interpretation media:
1. Personal or face to face – walks, talks, 

performances, workshops, demonstration. 
2. Printed materials – brochures, map, handouts, 

exhibitions, leaflets, panels etc.
3. Interactive multi-media – slide shows, digital 

display board, film, apps, audio, websites, 
touchscreens.

4. On-site installations or tailor-made interpretation 
– sculpture, model,  way-markers, signage, 
trails  (the physical interpretation can become 
a cultural landmark for the sites)

The interpretation guidance of rural cultural heritage significance 
presented in this paper focused on main resources which suggested most 
distinctive attraction and destination for tourism in Perak Tengah District 
(as shown in Table 3). The interpretation proposal or guidance in Table 
3 presents the cultural heritage interpretation that is located in outdoor 
contexts; this will bond visitor relationship towards the heritage sites and 
will develop memorable experience for them.
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Table 3: Interpretation Guidance for Rural Tourism in Perak Tengah District

Cultural Heritage 
Significance

Subject of Interpretation & Development of  
Story

Interpretation 
Medium

What story to tell How to show and 
tell

Traditional Craft:
Labu Sayong

Location: 
Kampung PulauTiga 

Traditional water pitchers 
known as labu sayong.

1. The history of labu 
sayong shou ld 
a s s o c i a t e d  b e 
w i th  the  p lace 
and people. For 
examples; Labu 
means  p i t che r 
while Sayong is a 
name of a small 
village near a river 
in the royal town of 
Kuala Kangsar.  

2. The philosophy/culture/
folks behind the 
craft making. For 
examples;  i t  is 
believed that the 
d r ink ing  wa te r 
stored in the labu 
sayong has certain 
health properties 
to cure common 
ai lments l ike a 
cough and fever.

3. How to make labu 
sayong pottery. 
Explain the steps 
and  the design 
elements - clay 
motifs/decorations

1. A potter 
demonstrates their 
skills in the art of 
traditional pottery, 
using a tabletop 
hand-wheel to 
create a "labu 
sayong"
2. Visitors try to do 
it (DIY method)
3.Activities for 
children – art 
clay project. 
Interpretation for 
children should 
stimulate the 
children’s active 
participation in the 
theme.

1. Printed 
materials - 
handouts, 
brochures, 
visitor’s guides 
on pottery 
making.
2. Panels 
and banners 
– interpretive 
contain to 
attract visitors 
at least before 
left the site they 
take a photo of 
memories.
3. Short video 
on Labu Sayong 
pottery
4. Souvenirs and 
handicraft for 
visitors
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Heritage building:
Traditional Kutai House

Impressive Malay 
architecture of 
Kutai house mainly 
located at the 
riverbank of Perak 
River.

1. The history of Kutai 
house. For examples: 
The traditional Malay 
house in Perak is called 
the 'Rumah Kutai'. 'Kutai' 
means old.
2. Background and 
origins of the house. 
Who built it? Who lives 
there? How did the 
building change over 
time? What factors led to 
these change?
3. The architecture 
styles and typology. 
What philosophy 
has influenced the 
design and space? 
What materials and 
construction methods of 
the house?

1. Visitor guide 
explains the 
“what story to 
tell” to visitors. 
Architectural 
details of the 
house can be 
interpreted to tell 
a story.

2. Living history 
interpretation – 
stay or spending 
a few days to 
experience the life 
in Kutai house and 
kampung.

1.Printed 
materials - 
handouts, 
brochures on 
Kutai house.
2. Signage – 
interpretive map/
plan showing the 
interior or layout 
of the Kutai 
house.
Gift and 
handicraft for 
visitors

Historical Site: 
Makam DiRaja or tomb 
(mausoleum) for royal 
families

The tomb of the 
Perak Sultanate is 
one of the heritage 
monuments that still 
exist and preserved. 

1.The history of Perak 
Sultanate and the ruling 
system.
2. Tell about the 
settlement along Perak’s 
river and relationship 
with the tombs.

1. Historical trail of 
royal tomb starting 
from Bota to 
Kampung Gajah.
2. Story telling by 
interpreter/ tourist 
guide

On-site 
installations 
or tailor-made 
interpretation.
1. Information 
signage on 
history of the 
sultan
2. Continuous 
wayfinding along 
Perak River 
to the tombs. 
The signage 
or wayfinding 
should come out 
with a distinctive 
design that 
associates with 
the history of the 
royal sultanate 
and can become 
a prominent 
landmark for the 
site.
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CONCLUSION

This paper presents information on effective interpretation that can play the 
main role in promoting heritage tourism in the rural area. There is a need to 
have an effective “Interpretation Plan” especially the rural area which has 
a varied and unique cultural heritages - tangible cultural heritage (TCH) 
and intangible cultural heritage (ICH). Interpretation plan is a document 
that provides the principles, process, and strategies for interpretation and 
presentation of heritage. The plan identifies key themes, storylines, and 
audiences and provides recommendations about interpretation media. It 
includes practical and specific advice about how to implement the plan. 
There is no doubt that the interpretation exercise will be challenging one 
for those involved, but the results will be rewarding. 
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											ABSTRACT

The Malaysian Electricity Supply Industry Outlook 2016 has 
highlighted that Malaysia’s electricity supply infrastructure is 
among the best in South East Asia. However, upon flood disaster, the 
national power supply is easily interrupted and electricity cannot 
be supplied efficiently to the people, especially for the locals in the 
rural areas. One of the significant groups affected during flood in the 
rural areas comes from the FELDA communities. These people are 
usually left vulnerable in a blackout during flood disaster. Therefore, 
it is significant to have alternative power supply that can be used as 
a supporting energy relief during the disaster. One of the potential 
alternatives energy that can supplement electricity during blackout 
upon flood disaster comes from solar energy. By using solar energy, 
electricity can be generated and stored ahead of time at the flood 
relief center. This flood relief strategies is supported by the National 
Security Council (KMN) and the Ministry of Rural and Regional 

CONNECTING FELDA COMMUNITIES WITH 
SOLAR ELECTRIFICATION DURING FLOOD 

DISASTER: THE METHODOLOGY 

Siti	Jamiah	Tun	Jamil1,	Nur	Azfahani	Ahmad2,	Jasrul	Jamani	Jamian3

1,2Faculty of Architecture, Planning & Surveying, 
Universiti Teknologi MARA, Seri Iskandar Campus, 

Seri Iskandar 32610, Perak Malaysia
3Faculty of Electrical Engineering, Universiti Teknologi Malaysia, 

81310 UTM Johor Bahru, Johor Malaysia

1sitij733@perak.uitm.edu.my
2nuraz020@perak.uitm.edu.my

3jasrul@fke.utm.my

Received: 3 January 2018
Accepted: 17 April 2018

Published: 30 September 2018



56

Malaysian Journal of Sustainable Environment

Development of Malaysia part of the national flood disaster blue print 
agenda. Therefore, this research aimed to explore the potential of 
using solar-generated electricity in helping the FELDA communities 
in the rural area in facing power disruption during flood disaster. 
The focus will be on presenting the overview of FELDA flood areas 
in Malaysia and provide discussion on the research methodology 
obtained to overcome the issue. 

© 2018MySE, FSPU, UiTM Perak, All rights reserved

Keywords: FELDA, solar electricity, flood disaster, electrification relief

INTRODUCTION

Malaysia receives abundant solar energy annually with the average 
irradiance of 1643 kWh/m2 per year (Solangi, Badarudin, Kazi, & Aman, 
2013). According to Shafie, Mahlia, Masjuki, and Andriyana (2011), “The 
annual average daily solar irradiation for Malaysia is from 4.21 kWh/m2 
to 5.56 kWh/m2”. It shows that with the tropical climatic condition of 
Malaysia, it is feasible for this country to have high development in solar 
energy application.  Research done by Solangi et al., (2015) and the 10th 
Sustainable Energy and Environmental Forum (2015) show that most cities 
in Malaysia, for instance Kuching, Ipoh, Johor Bahru, Kuantan and Bayan 
Lepas received high solar irradiance averaging from 1400 kWh/m2 to 1800 
kWh/m2. However, despite the potential of this energy in Malaysia, the 
implementation of solar-generated electricity in Malaysia is more focus 
more in the urban areas and commercial sectors. As a result, it has slowed 
down the development in rural areas, including the traditional villages, the 
government-funded settlements (FELDA and FELCRA settlements) and 
island villages. 

THE ISSUE

According to Maps of World (2018), the Malaysia’s geographical position 
is strategically located in latitude, 2°30’N and longitude 112°30’E. The 
weather and climate of Malaysia is on the equatorial continent with hot, 
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humid climate and annual temperature of 30 to 37 degrees throughout the 
year (Shareh Musa, Weng, Ku Mahamud & Abd. Karim, 2013). In Malaysia, 
the average annual rainfall is 2,400 mm for Peninsular Malaysia, 2,600 mm 
for Sabah and 3,800 mm for Sarawak (Ismail, 2015) which indicates the 
possibility for flood is high in Malaysia every year. In addition, Malaysia also 
receives strong winds from Southwest Monsoon and Northeast Monsoon 
(Mekhilef et al., 2012; D/iya, Gasim, Toriman & Abdullahi, 2014). The 
Southwest Monsoon from May to September brings heavy rain to the East 
Coast of Peninsular Malaysia, the Coast of Sarawak and Sabah. Whilst, the 
Northeast Monsoon occurs in November through March and affects the East 
Coast of Peninsular Malaysia, West Coast of Sarawak and West and East 
Coast of Sabah resulting heavy rains and flash floods (Ismail, 2015). Due 
to this situation, states on the East Coast of Peninsular Malaysia, Kelantan, 
Terengganu and Pahang are experiencing major monsoon floods every 
year which have damaged many houses and infrastructure. This is why the 
National Security Council (KMN) and the Ministry of Rural and Regional 
Development of Malaysia are concern on the flood management strategies 
of these states, due to its diversity such as (i) allocating the people to the 
flood aid centre, (ii) providing food and clean water supplies, (iii) arranging 
medical supplies and (iv) securing electricity supplies to the flood victims 
(Rabiul, Roslina, Siti Aznor, Jan, & Abdul Rahim, 2016).
 

When flood disaster strikes, electric power as a crucial service will 
usually be shut down by the power provider to avoid harmful incident. 
Without elements such as power, phone line, machine, lighting (Mohamed, 
Nordin, & Abdullah, 2015) and other critical infrastructure systems for traffic 
control, water purification and hospital (Lee, Laurent, & Becker-Birck, 
2013) daily activities will be interrupted. Bernama (2017a) also highlighted 
that electricity distribution can be affected by the failure of electrical 
distribution machines when flood occurs.  Without electricity distribution 
to the building, many important activities or needs cannot be met.

There are various problems and potential harms when flood occurs. 
For the electrical aspect, Suruhanjaya Tenaga (2015) has listed the risks 
of flood disaster to the electricity supply system such as the power supply 
disruption, loss of life, property damage, electric shock, high or excessive 
voltage, fire and damage to the consumer electrical appliances. 



58

Malaysian Journal of Sustainable Environment

Flood disaster can also impacted the community movement and 
activities (Qazi & Qazi, 2014). Since power interruptions that lead to 
blackout may also interrupt telecommunication networking of the people, 
the victims’ safety condition may also be affected. In addition, the authorities 
may fail to assist the  flood victims since the physical communication 
has been paralysed due to floods (Ismail, 2015). This will also impact the 
national affairs. For instance loss of lives, property damages, economic 
losses and environmental degradation. 

Each district or mukim in villages is linked with the electricity 
generated from a national grid powered by Tenaga Nasional Berhad power 
station and sub-station (Suruhanjaya Tenaga, 2015). The issues may arise 
since most sub-stations are located in rural areas and are vulnerable to the 
flood risk due to the topography of the place which leads to flooding areas 
(Idris, 2016). This causes the rural areas to be exposed to the risk of power 
failure.

Therefore, it is significant to have alternative plan to secure the power 
supplies of these people during flood disaster. This is parallel with the aim 
of Majlis Keselamatan Negara (2012), which acquire the government to 
have sustainable resources to assist the floods victims (Majlis Keselamatan 
Negara, 2012). Thus, the alternative energy supplies are significantly needed 
so it can be used during flood events.

THE POTENTIAL OF SOLAR ELECTRIFICATION DURING 
FLOOD DISASTER

Solar photovoltaic (PV) electricity generation is a form of renewable energy 
(RE) which is clean, non-depleting and does not emit any greenhouse gases 
since it generates energy directly from the sun by means of PV system 
(Chua & Oh, 2012). It is a significant energy that generates clean energy 
to overcome the issue of depletion of fossil fuels (Solangi et al., 2013). It 
has an important role in providing modern energy access to the billions of 
population in developing countries where traditional energy sources are still 
mainly depended. According to Bujang, Bern, and Brumm (2016), solar 
power in Malaysia generated by PV system is four times higher than the 
capacity of world fossil fuel resources. However, only 9% of the national 
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solar power capacity has been used to generate electricity for this country 
(Ibrahim, 2017).

In addition, the solar photovoltaic (PV) system has the ability to meet 
critical power needs during emergency situations such as natural disaster, 
and in this case; the flood disaster. Usually, during flood disaster, most of 
the settlements in rural Malaysia are affected and the affected people are 
vulnerable and left without electricity. Therefore, the solar PV systems can 
help to supplement electricity during blackouts, whether at their homes or 
at the flood evacuation centre. Nevertheless, to make it economic for the 
rural people, solar PV system should be installed at the evacuation center. 

During rainy days, the solar energy ability is decreased to 30% of its 
efficiency (Suruhanjaya Tenaga, 2016). However, with the support of solar 
battery banks, energy from PV panels can be used even during flood season 
(Treado, 2015). Solar energy has the potential to be used as an alternative 
energy during flood disaster (Hassan, 2015). Hassan (2015) mentioned that 
the ministry is anticipated to install solar energy systems at flood relief 
centres as one of the alternatives to supply electricity during the disaster. It 
would be helpful to the people if they experienced electricity interruption 
during a disaster like flood, there should be a system that can help provide 
electricityto the affected people.  

Besides, the solar PV system can resolve electrification problems 
especially during critical situation (Hossain, Hasanuzzaman, Rahim, & 
Ping, 2015), since the system can offer as a small and portable system 
for miscellaneous applications, backup power for emergency shelters, 
communications, emergency lighting, and transportation (Lee et al., 2013). 
In addition, even during flood, rainy season or when the sky is overcast 
(which limits 50% of its irradiance), the solar PV system is still able to 
function with the backup of battery banks as storage for the generated 
energy (Hassan, 2015). 

Cases from Japan and the United States of America have proven 
the importance of solar PV system in helping the natural disaster victim 
during power interruptions (Initiative for Global Environmental Leadership, 
2013). In Japan, a portable solar PV system is used to power houses during 
earthquake and tsunami (Initiative for Global Environmental Leadership, 
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2013; Wharton School, 2013). In America, solar PV system is used to help 
powering the electricity during flood, hurricane and tornadoes disaster 
(Qazi & Qazi, 2014; Young, 2006; U. S. Department of Energy, 1999) 
. Both countries have less solar energy irradiance than Malaysia, where 
Japan has only 4.3 to 4.8 kWh/(m²/day) of solar irradiance (Wildman, 2015) 
and America has 3 to 9 kWh/m²/day of solar irradiance (Badescu, 2014). 
With these examples, it is proven that Malaysia is also able to explore the 
utilisation of electricity generated from solar PV system and as an electricity 
relief mechanism in facing flood disaster for Malaysia.

RESEARCH METHODOLOGY

The Research Philosophy

The research was based on the Sociotechnical System Theory research 
(Sawyer, 2013; Klein, 2014). The issue of the research comes from the 
context of pragmatism paradigm (Hall, 2013; Dimitrokali, Mackrill, Jones, 
Ramachers & Cain, 2015). The theory applied  was: i) the mutual connection 
between people and technologies, ii) the contextual embedded of this 
mutuality; and, iii) the importance of action (Sawyer, 2013; Klein, 2014). 
In addition, the involvement of rural settlers as (i) the user of the technology 
which involved the theory of engagement; and (ii) the technology; solar PVs 
as a medium that can establish a high quality of working efficiency which 
produce a comfortable life accomplishment. Table 1 and Figure 1 show the 
description of theory approaches related to the research.

Figure 1 explains the interconnection of solar PV technology and 
the rural communities that was based on the sociotechnical theory, which 
involves human development in linking social aspect and technical aspect, 
in order to make a better and comfortable social life. For this research, the 
comfortable social life applies towards the life during the flood disaster 
event.
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Table 1: Sociotechnical Theory related to the Research
No Description of theory Solar Engagement

1 The mutual connection 
between people and 
technologies

People – Rural Community
Technology – Solar photovoltaic (PV) 
system

2 The contextual embedded of 
this mutuality 

Public engagement approaches:
Information gathering
Advice
Information dissemination

3 The importance of action The effectiveness of Public engagement 
technique 
The feasibility of Solar technology 
application 

Sources: Constructed by the Author 

Figure 1: The Sociotechnical Theory Pyramid 
Sources: Constructed by the Author

The research methodology process need to be explored while 
identifying the research philosophy, research approach, research strategies, 
research choices, time horizons and research procedures. This research 
employed exploratory mixed method research combining the qualitative 
and quantitative data. The idea of introducing solar PV technology to 
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flood disaster area need to be explored and investigate in detail since it is 
a novel approach in Malaysia. In realizing this research, the knowledge 
of solar photovoltaic is needed to enable this study to be planned and 
solved effectively. According to Kilpinen (2008) and Westskog (2014), the 
primary focus of pragmatism research is to focus at the end result of the 
research within the context of practicality, which emphasizes integration 
and interaction of the samples (Rylander, 2012).

THE CASE STUDY: FELDA RURAL SETTLEMENTS

The case study for this research was the rural settlements of Federal Land 
Development Authority (FELDA). Federal Land Development Authority 
is a statutory body that was established on July 1, 1956 by the Malaysian 
Government (FELDA, 2014) in order to establish the resettlement of rural 
poor into newly developed areas and to provide smallholder farms for 
growing crops, which basically are rubber trees and palm oil trees (FELDA, 
2014). Every FELDA communities are supplied with a house, electricity, 
water and community buildings (a mosque, a school, a public clinic and a 
public hall). 

FELDA has 317 settlements with almost 10,000 houses throughout 
Malaysia (FELDA, 2014), which indicates the social-engagement approach 
is considered significant to disseminate the solar technology in these 
communities and can be chosen as the alternative energy relief mechanism 
during flood disaster in FELDA settlements. In addition, FELDA has its own 
financial capability that can generate their own income to support various 
developments through a variety of businesses. FELDA has a number of 
private corporate entities primarily such as FELDA Global Ventures (FGV), 
FELDA Investment Corporation (FIC) and FELDA Capital Cooperative 
(Cooperative FELDA) in an effort to generate income (FELDA, 2014). 

The function of settlement in FELDA is for agricultural purposes, 
for instance as a producer of palm oil and rubber trees. There are various 
types of earth surface in FELDA settlements, for example low lands, hilly 
lands, corrugated areas and valley in highlands. This type of earth surface 
also contributes to the occurrence of floods in FELDA settlements. There 
are two types of floods that always occur in FELDA settlements, which is 
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flash flood and monsoon flood (Sulaiman, Mastor, Husain, & MananSamad, 
2013). Usually, during flood, most of the houses in FELDA settlements have 
to face blackouts. Therefore, FELDA communities are the significant option 
to disseminate solar PV technology during flood disaster. 

THE QUANTITATIVE AND QUALITATIVE APPROACHES

The quantitative and qualitative approaches for this research are divided 
into several phases (Table 4), namely:

Load profile and Field Surveys

Load Profile form was used for the survey. The objective was to 
collect the data on electrical appliances consumption in order to investigate 
the current electricity profiles and pattern. This included measuring the 
roof sample of FELDA hall which act as an evacuation hall in FELDA 
settlements. The aim of load profiles was to understand the electricity pattern 
and electricity consumption of FELDA halls. The data collected from load 
profile survey were processed using analysis numerical software known 
as HOMER. According Shyu (2013) study, the load profile data was an 
empirical data for the future energy study for this research.

Interview and Questionnaires

Semi-structured interviews technique was guided with a list of 
closed-ended questionnaires. The session was conducted with the FELDA 
Management Department at FELDA Berhad. The purpose of the interview 
was to gather FELDA readiness and acceptance information on solar PV 
as an alternative energy aid during the flood disaster. To analyse the data, 
the NVIVO software was used as analysis tool. On the other hand, the data 
from the interview and questionnaire were used to support the case study 
and conceptual framework (Sovacool & Lakshmi Ratan, 2012). 

The samplings were based on the criteria below;

1. House must be owned by the residents.
2. Duration of occupancy (24-hours basic)
3. Life style Occupancy
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4. Types of settlements (based on topography)
5. Distance from the city (more than 100 km)

Literature reviews and pilot survey enabled the development of 
the research problem. In the pilot survey, data were collected in order to 
determine potential site for sampling and the outcome guided the selection of 
the sample for main data collection. The data of qualitative and quantitative 
were integrated and analysed before producing the interpretation of entire 
analysis (W.Creswell, 2009). The appropriate methodologies used able to 
achieve the research objectives and questions for exploring the research 
area. For this research, there are four approaches involved (Table 4).

Focus Group

The aim of the focus group was to collect the experience and idea 
of FELDA settlers based on the energy practice, the prospect of solar 
photovoltaic development, and the settler’s readiness of solar application 
in FELDA settlements. All settlers were gathered into small groups with 
the help of facilitator. The in-depth information was needed to gather more 
spontaneous discussion between the members of the group. The Snow 
Ball sampling approach was suitable for the study (Alam, Nor, Ahmad, 
& Hashim, 2016) since the nature of the respondents that can only be 
approached by people that they are familiar with.

The Ketua Kampong (village leader) was appointed and the briefing of 
research information was informed through him. Then, the Ketua Kampong 
appointed the participants to be involved in the discussion through snow ball 
approach. The small groups were formed where one group was represented 
by 5 or 6 members. All the data from the focus group discussion were 
analysed using NVIVO. The results of the questionnaires and interviews 
from focus group were used to support and cross-validate the questionnaire 
findings.

Case studies

Table 2 and Figure 2 show the provinces and settlements of FELDA. 
In Peninsular Malaysia, 10 provinces of FELDA are situated at Negeri 
Sembilan, Johor, Kelantan, Pahang, Perak, Terengganu and Kedah. 
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Table 2: Provinces and Settlements of FELDA (FELDA, 2014)
No State Province No of Settlements
1 Johor Johor Bahru 42

Segamat 36
2 Kedah Alor Setar 13
3 Pahang Jengka 37

Kuantan 42
Mempaga 36

4 Perak Trolak 21
5 Negeri Sembilan Raja Alias 49

6 Terenggahu Terengganu 21
7 Kelantan GuaMusang 11

Total 317 

Figure 2: FELDA Malaysia
Sources: Constructed by the Author

Figure 3 shows the maps of flood disaster in Peninsular Malaysia. 
The map shows that Kelantan receive the highest number of flood incidents 
which is 124,966 occurrences followed by Terengganu with 36,410 
occurrences. For evacuation centre, Kelantan and Pahang have the same 
number of evacuation centre which are 127. The flood disaster also occurs in 
most of the FELDA areas; for example; FELDA settlement at Gua Musang, 
Kelantan and at Kemaman, Terengganu. Table 3 shows the list of FELDA 
flood areas in Malaysia. 
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Table 3: FELDA flood areas in Malaysia 

No State FELDA Settlement
1 Pahang FELDA Tersang 1, 2 & 3

FELDA Bukit Kuantan
FELDA Jengka 8, 11, 15 & 16
FELDA Kota Gelanggi
FELDA Lurah Bilut

2 Kelantan FELDA Aring
3 Terengganu FELDA SeberangTayor

FELDA Tenang
FELDA Neram 1 & 2

4 Negeri Sembilan FELDA Gugusan Raja Alias 2
FELDA Jelai 4

5 Perlis FELDA Chuping
6 Johor FELDA Pemanis

Figure 3: Map of flood disaster for FELDA Areas
Source: Bernama (2017b)

Usually, during flood disaster in FELDA areas, affected FELDA 
settlers will be transferred to a safe evacuation centre, for instance, schools, 
mosques or public halls (Mohamad, 2015). The flood relief centres are 
managed under the Regional Office of FELDA (Ismi, 2015; Berita Harian, 
2015; Bernama, 2017b). Figure 4 shows the example of FELDA hall as an 
evacuation centre during flood disaster.



67

Connecting Felda Communities with Solar Electrification 

Figure 4: The Flood Evacuation Centre in FELDA

Typically, roof pitches in FELDA’ community buildings are angled at 
45° or less, with wide area of roofs are more than 100 m2.  This will allow PV 
panels to be arrayed effectively at each flood evacuation centres. By using 
the large roof area, solar irradiance can generate more solar electricity and 
help the flood victims to use electrical appliances. This is a good potential 
for FELDA since the community buildings in FELDA has wide areas for 
Photovoltaics (PV) panels. 

Two settlements of FELDA were selected from the 12 FELDA 
settlements affected by the floods across the country in 2015; namely (i) 
Rancangan FELDA Seberang Tayor in Kemaman, Terengganu and (ii) 
Rancangan FELDA Chiku in Gua Musang, Kelantan. Both case studies 
were selected because in 2015 this location was highlighted as the worst 
affected areas by the flood disaster (Berita Harian, 2015). On the other 
hand, both locations also face flood disaster continuously during monsoon 
season in November and December with high intensity of rain (Ismi, 2015; 
Utusan Malaysia, 2014). 

 Table 4: Data Collection and Data Analysis Approaches
Data Collection and Data Analysis

Research 
Strategy 

Case Study

Approaches Field Survey Interview Focus Group

Sampling Design - Non-Probability 
Sampling

Snow Ball Sampling
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Technique Load Profile 
Analysis

Semi-Structured 
Interview

Discussion & 
Questionnaires

Respondents FELDA 
Community

FELDA 
Management

FELDA Community

Sample Location FELDA 
Settlements

FELDA Berhad FELDA Settlements

Analysis Tools Numerical 
Analysis 
(HOMER)

Nvivo Nvivo & SPSS (SM)

CONCLUSION

This paper has set out the issues that have been faced by FELDA communities 
in Malaysia upon flood disaster. Usually, during flood disaster, the power 
is interrupted and the settlers have to face power blackouts. To make the 
situation worse, the breakdown telecommunication has slow-down the 
evacuation relief operation by the Government. The solar energy can be 
generated and distributed as an alternative energy during flood disaster at 
the evacuation centres. The flood victims can use the electricity generated 
from solar PV upon arriving at the evacuation centre and before receiving 
aid relief from the national evacuation team. The Socio-technical System 
Theory has been used for this research which involves the interaction of 
people (FELDA settlers) where the technology (solar electrification) can 
help in facing flood disaster. The research approaches involved in collecting 
data were interviews, focus group and load profile surveys in the FELDA 
Settlements to get the better result in order to help the FELDA settlers to 
be resilient during flood disaster.
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ABSTRACT

This research attempts to investigate the type of defects of heritage mosque. 
The aim of this research was to investigate the defects of building elements 
of heritage mosque in Perak. The observation method was used to evaluate 
the defects of building elements in heritage mosques. Data were presented 
as descriptive analysis with the evidence of pictures, table, and graph. The 
result concluded that there are cracks, peeling paint, fungus and missing/
broken parts most defects in building elements of heritage mosques. In 
conclusion, this work would be able to assist the government or mosques 
administration in preparing maintaining strategy of heritage mosques.
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INTRODUCTION

A mosque is a place of worship for Muslims. Commonly, mosques are 
located in urban and rural areas where the majority of the population are 
Muslims (Ahmad, 1999).  According to Ahmad (1999), in Malaysia there 
are three (3) architectural styles of the mosques based on the corresponding 
built periods such as vernacular mosques (18th century to date), colonial 
mosques (1795 to 1957) and modern mosques (1958 to date). Vernacular 
mosques and colonial mosques can be categorized as heritage mosques. 
Johar et al. (2011) stated that heritage mosques are the same as other historic 
buildings which had also made significant contributions in the history of the 
country. In the rapid development of modern buildings, heritage buildings 
such as government administrative buildings, schools, mosques and so on 
are still standing, although some seem to be having defects. 

Defects are defined as the deterioration of building characteristics 
and services to unsatisfactory quality levels of users’ requirement Johar et 
al.  (2013). Defects of the building can affect the condition of the buildings 
either in terms of aesthetic, comfort, and safety of occupants. The building 
structure is easily exposed to environmental conditions and changes in 
conditions due to human errors in the design of any building structure. 
Defects can easily be detected in heritage buildings because these buildings 
have long being exposed to environmental conditions. Normally, there 
are many problems of defectswhich are common to the heritage building 
elements such as roofs, walls, floors, ceilings, toilets, doors, and windows 
Mansor et al. (2012)The elements of the buildings that had been exposed 
to the defects have caused the aesthetic value of the buildings. Defects can 
occur at any heritage buildings if the buildings were not maintained properly.  

According to Johar et al. (2011), 85% of heritage mosques are still 
being used and the remainder is either being repaired or left empty. Most 
of the damages and defects in the building are at the roof area, followed 
by the wall, column, windows, doors, household, flooring and beam. The 
problem of defects on the part of the building structure can be severed if 
left without immediate action. The building defects contribute to building 
collapse and can cause injury or death to humans. Therefore, this research 
aims to investigate the defects of the heritage mosque. Thus, it is hoped that 
the findings can help the government in preparing maintenance strategy of 
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the building elements of heritage mosques.

LITERATURE REVIEW

The Mosque

A mosque is a place of worshipping God, such as prayer specifically 
for the Muslims. The main activity of the mosque is the performance of 
congregational prayers (Mohamad Rasdi, 2007). According to Mohamed et 
al. (2012), a mosque is one of the unique buildings in terms of the design 
of the building, the roof shapes and the building components, which are 
normally not presented in other buildings. The basic features of the mosque 
are extensive prayer space, minaret, dome, Mihrab, Mimbar, Sajadah and 
ablution area. Besides, the prayer space in the mosque is extensive without 
any hitches such as a table, chair and others.

The Heritage Mosque

Heritage should be preserved for the present time and will be inherited 
for the future generations (Harun, 2011). This means that the heritage 
mosque is a mosque that has been maintained for the present generations 
and will be inherited for other generations to come. The heritage mosque 
has the historical value of its own and unique design which can show the 
characteristics of the local culture.  The mosque has always been associated 
with Islam. The growth of Islam in the Malay Peninsula became more 
prominent in the early 15th century during the Malay sultanate of Malacca 
(Ahmad, 1999). The rapid growth of Islam led to numerous built of mosques 
during that time. Many mosques with traditional architectural style were 
built to hold prayers and other activities associated with the teachings and 
dissemination of Islam.

The Heritage Mosque in Perak, Malaysia
Dzaenis (2014) identified many heritage mosques in Perak, including 

Masjid Dato’ Panglima Kinta (built in 1898), Masjid India Muslim (1908), 
Masjid Kampong Paloh (1912), Masjid Pakistani (1930), Masjid Sultan 
Idris Shah II (1968), and Masjid Ubudiah (1917). All of the mosques 
mentioned are located in Ipoh, Perak except for Masjid Ubudiah. Masjid 
Ubudiah is located in Kuala Kangsar, Perak. Besides that, Masjid Ihsaniah 
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Iskandariah is also in Kampung Kuala Dal, Padang Rengas, Kuala Kangsar. 
This mosque was built in the year 1936. In December 2008, the National 
Heritage Department under the Ministry of Information, Arts and Culture 
has undertaken the conservation works towards the mosque (Abdul Rashid 
et al., 2013). Masjid Tinggi is a special mosque at Bagan Serai, Perak. The 
mosque was built by a tribe of Banjar around the year 1890. The Masjid 
Tinggi mosque has a design that is attractive and has been restored by the 
Museum. However, the mosque is now no longer used and has been used 
as a national heritage. 

Type of Defects

A building defect can be defined as a material, component or finishes, 
which does not meet its accepted performance criterion (Mydin et. al, 2012). 
Building defect is also involved in the building flaw or design mistake that 
reduces the value of the building and causes a dangerous condition (Wen 
& Mydin, 2013).  According to Burden (2004), defects in building lead to a 
situation of inequality or irregularity that happened which led to the damage 
or weaken the strength of the structure, durability or the use of heritage 
buildings. The review of the literature shows the types of the defect from 
previous research from 2004 until 2014, within 10 years (Table 1). This 
table also shows the existence of a defect in heritage buildings and mosques. 
The eleven types of defects that occur in a heritage building and mosques 
have been reviewed, synthesised and selected for the use in this research. 
The defects are leakage, cracks, peeling paint, spalling, salt attack, insect 
or termite attack, dampness and moisture, decay, the growth of fungus, 
moss or small plant, missing or broken parts, and erosion of mortar joints.

Table 1: Past 10 years of Research on Defects of Heritage Buildings
Types of Defects Authors & Years

Leakage Abdullah Halim and Abdullah Halim (2010); 
Mustafaraj (2013); Ahmad (2004); Talib, et. al 
(2014)

Cracks Abdullah Halim and Abdullah Halim (2010); 
Johar et al., 2011);Mustafaraj (2013); Ahmad 
(2004); Talib, Ahmad and Sulieman (2014); 
Johar et al. (2013); Mansor et al. (2012); Talib 
et al. (2014)
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Peeling Paint Abdullah Halim and Abdullah Halim, (2010); 
Johar et al. (2011); Johar et al. (2013); Mansor 
et al. (2012); Ahmad (2004); Talib et al. (2014)

Spalling and Salt attack Mansor et al. (2012); Berthonneau et.al. 
(2012); Ahmad and Abdul Rahman 
(2012);Mansor et al. (2012)

Insect or Termite attack Abdullah Halim and Abdullah Halim 
(2010);Johar et al. (2011);Johar et al. (2013); 
Mansor et al. (2012); Ahmad (2004);Talib et. al 
(2014)

Dampness or Moisture Abdullah Halim and Abdullah Halim (2010); 
Johar et al. (2011); Johar et al. (2013); Ahmad 
(2004)

Decay Abdullah Halim and Abdullah Halim (2010); 
Johar et al. (2011); Johar et al. (2013); Ahmad 
(2004); Berthonneau et al. (2012)

Growth of Fungus Abdullah Halim and Abdullah Halim (2010); 
Ahmad (2004)

Unwanted Growth of Plant Abdullah Halim and Abdullah Halim (2010); 
Johar et al. (2011); Johar et al. (2013)

Missing or Broken Parts Abdullah Halim and Abdullah Halim (2010); 
Johar et al. (2011); Johar et al. (2013)

Defects vs Building Elements
This section describes the relationship of type of defects and building 

elements. A thorough review has been done from previous research related 
to the heritage building defects. The building elements that had been 
mentioned throughout the literature are work below lowest floor finishes, 
frame, upper floor, wall, ceiling, door, window, plumbing, roof, staircase 
and external works. Table 2 shows the summary of defects according to the 
building elements related to the heritage building. 

Table 2: Defects vs Building Elements
Element Sub 

Element 
Defects 

Work Below Lowest
Floor Finish  

Floor Cracks, insect or termite attack, dampness and 
moisture and peeling paint. 

Frame Column Decay, insect or termite attack, dampness and 
moisture, cracks and peeling paint. 

Beam Insect or termite attack, dampness and moisture, 
cracks and peeling paint. 
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Upper Floor Decay. 
Wall Cracks, the growth of fungus, moss or small plant, 

peeling paint, dampness and moisture, decay, insect or 
termite attack and salt attack. 

Ceiling Decay. 
Door Decay, insect or termite attack, dampness and 

moisture, growth of fungus, moss or small plant, cracks 
and peeling paint. 

Window Decay, insect or termite attack, dampness and 
moisture, the growth of fungus, moss or small plant, 
cracks and peeling paint. 

Plumbing Leakage. 
Roof  Leakage, missing or broken parts, insect or termite 

attack, decay, cracks, the growth of fungus, moss, or 
small plant and peeling paint. 

Staircase Decaying, insect or termite attack, dampness and 
moisture, the growth of fungus or small plant, cracks 
and peeling paint. 

External Work Drainage Missing or broken parts. 

The leaking problem exists along with inadequate ventilation, such as 
skirting against a wall affected by rising dampness and window and door 
frames that have long been exposed to damp conditions (Johar et al., 2013). 
According to  Abdul-Rahman et al. (2014).  leakage also occurs at both the 
external walls and wet areas, such as the kitchen and toilet. The cracking 
of external walls which affects the water pipes can cause leaks (Abdul-
Rahman et al., 2014). In addition, the crack defect also occurs because the 
concrete expands and shrinks due to the extreme and rapid exchange of 
the weather from cold to hotwhich makes the concrete expand and shrink 
rapidly (Mansor et al., 2012). Furthermore, peeling paint usually occurs 
on building facades, mainly on plastered walls, columns and other areas, 
which are exposed to excessive rain and dampness (Md. Kasim, 2009; 
Mansor et al., 2012 & Ahmad, 2004). The amount of constant wind, rain, 
and sun received can easily turn the surfaces of the paint to become chalky 
and wrinkled or blistered (Ahmad, 2004). 

According to Mansor et al. (2012), the factors for spalling are due 
to extreme weather exchange, chemical reaction, the inferior quality of 
concrete and unsuitable reinforcement. The extreme weather exchange 
causes the concrete to expand and shrink rapidly and eventually causing the 
concrete to spalling due to irregular checking (Mansor et al., 2012). Based on 
a research by Mansor et al. (2012), concrete building that is exposed to the 
chemical reaction  can easily decay and contribute to the concrete spalling 
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if not remedied. Besides, insects, particularly termites and wood destroying 
beetles are well known in causing disastrous losses in timber buildings (Johar 
et al., 2013). In addition, insect or termite infestation poses a threat to damp 
and digestible timber found in wall plates, the feet of rafters, bearing ends 
of beam and trusses, as well as in the timbers, which are placed against or 
built into damp walling (Mansor et al., 2012 & Ahmad, 2004). The effects 
of termite attacks are generally detected by the hollow-sound heard when 
tapping the wood on the surface (Kamal, 2007 cited in Johar et al., 2013).  

Furthermore, the dampness or moisture is naturally produced from 
evaporation, which resulted from the living activities in the building (Mansor 
et al., 2012). Moreover, high moisture content or dampness at heritage 
wall may cause almost every part of the building to experience a very 
serious defect and a prompt action must be taken before the cost is affected 
(Abdullah Halim and Abdullah Halim, 2010). According to Ahmad (2004) 
and Abdullah Halim and Abdullah Halim (2010), dampness penetration 
through walls can be a serious matter, particularly to buildings that are 
located near water sources. The components of building from timber such 
as a window, door, and floor are seriously defected such as decay due to 
exposure from dampness and weather effects (Abdullah Halim and Abdullah 
Halim, 2010). According to Mansor et al. (2012), another factor of the 
decay is because of moss invasion, wear and tear and due to the weather. 
Fungi are a group of organisms in the plant category that can cause decay 
and discoloration of cellulose material such as wood (Ridout, 2000 cited in 
Johar et al., 2013). According to a research by Abdullah Halim and Abdullah 
Halim (2010) on heritage building, the surface of column and wall are also 
affected by mould, moss and fungus attack. Fungal stains or mould occur 
when there is moisture content in the walls (Ahmad, 2004).

According to a research by Abdullah Halim and Abdullah Halim 
(2010), broken roof covering on heritage building can cause building to be 
exposed to the rain and sunlight. Most of the goods that were exposed to 
continuous rainwater may cause broken, decay, corroded and damaged to 
the building so badly and this situation will cause inappropriate water flow 
and the surface of the wall and floor will be highly moisturized and attacked 
by fungus (Abdullah Halim and Abdullah Halim, 2010). Basically, the main 
function of a mortar joint is to even out irregularities of individual blocks 
whether they are of stones or bricks (Md.Kasim, 2009 & Ahmad, 2004). 
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According to Md. Kasim (2009), wind and rain erode mortar. Besides, 
causes of mortar joint erosion include salt crystallisation, scouring action 
of winds, the disintegrating effects of the wall-growing plant, and water 
penetration which would result in dampness (Ahmad, 2004). Salt weathering 
occurs most often during the hot season (the summer months of November 
to April in the southern hemisphere) due to lower relative humidity and 
stronger sunlight (Mansor et al., 2012; Ahmad & Abdul Rahman, 2010). 
According to Mansor et al. (2012) and Ahmad & Abdul Rahman (2010), 
large temperature changes and increases the rates of evaporation. This may 
trigger more upward water movement in the building wallsdue to the process 
of salt crystallization. Moisture from the rising damp makes the building’s 
existing salts soluble, or ground water that contains salt find its way through 
the building wall (Ahmad & Abdul Rahman, 2010).

Backgrounds of Mosques

KampungPaloh Mosque
The original name for this mosque is Mohamedan. Kampung Paloh 

mosque is located in Jalan Datoh, Ipoh. Kampung Paloh mosque was built 
by Orang Kaya-Kaya Dato’ Seri Adika DiRaja Wan Mohamed Salleh in 
1912. There were three contributors that built the mosque in Paloh. The first 
contributor was Toh Puan Saripah Binti Duakap, the second contributor was 
Dato’ Panglima Bukit Gantang Mahmud bin Mohd Taib and the last one 
was Hj Long Mohd Kassim bin Ngah Banja Jugra Bin Pandak Maon Bin 
Panglima Kinta Ngah Sudin. Kampung Paloh mosque is surrounded by a 
cemetery, one minaret, and the shape of the roof of the mosque is inclined 
and terraced. The area of this mosque has one building for toilet and one 
building for the dining room. Inside the mosque, there is a place for ablution, 
room for Imam, pantry room and mausoleum.
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Dato Panglima Kinta Mosque

It is also known as the “Central Mosque”. It was built by Dato’ 
Panglima Kinta Mohamed Yusof in 1898 to commemorate his wife who 
passed away. This mosque is located at Jalan Masjid namely on the edge of 
the Kinta River and near to the Bridge of Sultan Iskandar that crossed the 
Kinta River (As-Samaki, 2013). Around the Dato’ Panglima Kinta mosque, 
there are two minarets, a central dome and the roof features, which are both 
flat shaped and inclined shaped. This mosque also has one mausoleum 
and one building for rest-room. Besides the mosque, there are places for 
ablution and toilets. The material used to build this mosque is of solid stone. 
The concept and design of the dome shown in the picture are to match the 
features and appearance of the mosques in the golden age of Moghul in 
India. The entire corridor space in the mosque was installed with a grill to 
prevent the incidence of theft.

India Muslim Mosque

The mosque is also known as ‘Masjid Padang Kota’ because it is 
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located opposite of the Padang Ipoh. This mosque is an old mosque of the 
Hanafi sect, which is located along Jalan S.P. Seenivasagam. It was founded 
by Sheikh Adam, a member of the Tamil Indian community of Southern 
India, in 1908. At the beginning of the construction, the main purpose was 
to gather the Indian Muslim community who are mostly businessmen living 
in this area. This mosque has an interesting architecture that combines the 
Moghul architecture that is almost identical to the Diwan-i-Khas in Delhi, 
India. The India Muslim mosque has two minarets and the features of the 
roof are shaped with a flat roof and some parts have an inclined roof. The 
area of this mosque involves one toilet and a place for ablution.

Pakistani Mosque

This mosque is located in Jalan Chong Kong, Ipoh and was built in the 
1930’s for the Punjabi Muslims who were brought here to work for the police 
force. The mosque is also known as the Police Mosque and the name was 
changed into Pakistani Mosque in 1949. Pakistani mosque has no minaret 
while the roof of the mosque is in inclined shaped. The surrounding of this 
mosque has toilet, place for ablution, room for Imam and pantry room.

Ubudiah Mosque
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This heritage mosque is known as Ubudiah Mosque, which is located 
next to the mausoleums of the Royal Bukit Chandan, Kuala Kangsar. This 
mosque is also known as the Royal Mosque. The mosque is built in 1887 by 
Sultan Idris Murshidul Adzam Shah, the Sultan of Perak. Ubudiah mosque 
was built with an architectural influence of `Saracenic’ (Islamic-Indian). 
The shape of this mosque is octagon and has four towers. It is 126 feet tall 
and is surrounded by domes of which every diameter is measured over 60 
feet. The onion-shaped domes of the mosque were taken from the Indian 
Moghul architecture. The surrounding of this mosque consists of toilets 
and places for ablution.

METHODOLOGY

The observation method is the main method in collecting data about the 
defects of heritage mosques. Preparation of observation checklist is made to 
identify the type of defects and simplify the observation on heritage mosque. 
Five (5) heritage mosques were selected for observation. The details of the 
selected heritage mosques for this research is shown in Table 3. 

Table 3: The List of Heritage Mosques Surveyed in the Research
Types of Defects Location Year Built

Dato’ Panglima Kinta Mosque Ipoh 1898

India Muslim Mosque  Ipoh 1908

Kampong Paloh Mosque  Ipoh 1912

Ubudiah Mosque   Kuala Kangsar 1917

Pakistani Mosque Ipoh 1930

Observation and Defects Checklist 

In order to get the data through observation method, observation 
checklist is provided to ease the researcher to identify the types of defects 
at the heritage mosques. Design of checklist observation was based on 
literature review in order to achieve the first research objective. The checklist 
consists of the type of defects and building elements. The observation was 
carried out in the vicinity of the mosques such as outside the mosque and 
inside the mosque. The observation was made to see if there were any 
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defects inside and outside the mosques. The defects found were marked in 
the observation checklist. Photos of defect areas were taken as an evidence 
to show where the defects are in the mosques. Through the observation 
method, defects in heritage mosques were determined.

RESULTS 

This section presents the defects of the five selected heritage mosques in 
Perakwhich are Kampung Paloh Mosque, Dato Panglima Kinta Mosque, 
India Muslim Mosque, Pakistani Mosque and Ubudiah Mosque. Every 
mosque has its own characteristics and different designs.

The Defects of Heritage Mosque in Perak

Observation of the defects was made based on the observation 
checklist. In the observation checklist, there are 11 types of defects (leakage, 
cracks, peeling paint, spalling, salt attack, insect or termite attack, dampness 
and moisture, decay, growth of fungus, moss or small plant, missing or 
broken parts and erosion of mortar joints) and 13 elements of the building 
(floor, beam, column, roof, wall, ceiling, door, window, plumbing, sanitary 
fitting, drainage, sundries and staircase). Table 4 shows the summary of 
building elements that have defects at the five selected heritage mosques. 

Table 4: Summary of No of Defects in five Selected Mosques
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India Muslim 
Mosque - 5 6 1 2 2 2 1 6 7 1 33

Pakistani 
Mosque - 5 4 1 1 - 1 3 3 4 1 23

Ubudiah
Mosque - 7 3 1 3 3 4 1 7 6 - 35

Total 1 28 25 5 9 7 15 9 27 26 3

Figure 1 shows the percentages of defects that exist at the five heritage 
mosques. The types of defects are cracks, growth of fungus, moss or small 
plants, have some missing or broken parts, peeling paint, dampness and 
moisture, salt attack, decay, insect or termite attack, spalling, erosion of 
mortar joints, and lastly leakage. The defect that has the highest percentage is 
cracked constitute about 18%, while the defect that has the lowest percentage 
is leakage with 1%. Based on the result of observation obtained, defects of 
heritage mosques in Perak are mainly cracks. 

Figure 1: Defects of Heritage Mosques in Perak

Most of the defects that happened in heritage buildings are cracks. 
Based on the observation made, the findings showed that all heritage 
mosques selected have cracks defect. Cracks are often caused by the 
pressure of excessive load either it is live load, dead load and wind load to 
the building. It can become serious with the aging of the building. Due to 
aging, the building strength will reduce because the frame of the building 
is dilapidated. The heritage mosques are mosques that had long been built 
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and the defect of cracks can be easily seen in the element of building on the 
mosques. The lowest case of defect that can be found in the heritage mosques 
is leakage defect. Leakage defects can occur in the heritage mosques, but 
these defects do not occur frequently. Leakage defect often occur where 
there is a cracked water passage, broken or missing part of elements, decay 
and so on. It happens if there is water in the passage. In addition, leakage 
defect is rarely being found in the heritage mosques because not all elements 
of the building are involved with the passage of water. 

CONCLUSION

This research contributes to assist the mosque management in understanding 
the defects. The defect can be avoided if more regular inspection and 
maintenance are done. In addition, the better workmanship of building is 
another way to reduce defects that should be implemented by the mosque 
management. This is because better quality construction workmanship can 
prevent the occurrence of defect. 
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ABSTRACT

A new concept of Omni–Channel interactive retail design in Malaysia could 
revolutionize the Generation Y’s (Gen Y) shopping experience. Studies 
found that the Gen Y’s culture and behaviour is the key to their changes in 
their shopping nature. The study is to identify how the amalgamation of the 
Omni–Channel shopping concept with fashion retail design could provide 
the ultimate shopping experience for Gen Y. This desktop study recommends 
an interactive retail’s cum Omni–channel space programming in creating an 
interactive retail design typology. It would benefit designers implementing 
successful retail design whilst catering current consumers shopping needs 
especially in Malaysia.
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INTRODUCTION

Two decades ago until today, the Internet had become the primary platform 
for communication and commercial activities that connects the world via 
interconnectivity of individual networks (Alba et al., 1997; Margherio et 
al., 1998; Zwass, 1996). Advancement in communication and information 
technology has further strengthened the role of the Internet in reformation of 
connectivity, people’s lifestyle, education, political and business society. It 
has revolutionised how business is conducted and has helped create a more 
efficient market by making advertising and selling products more interactive 
and appealing. Internet business transactions called E-commerce provides 
an advantage to business owners. In 2016, the Malaysian government 
established E-commerce to encourage the local industry to grow (Country 
Commerce, 2005; Kraemer, Gibbs & Dedrick, 2005). However, the 
Malaysian society is still adapting due to technological challenges, security 
and lack of confidence in using an online method to purchase products 
(Che, 2014; Siti Zobidah Omar et al., 2008; SKMM, 2010). In this sense, 
66.3% Malaysians prefer to buy in store compared to purchasing via the 
Internet (SKMM, 2010).

Interestingly, despite the lack of confidence in online product 
purchasing among the society, Marketing Interactive.com 2011 saw an 
increment of 70% in online purchasing worth RM 1.8 billion in 2011 and 
they anticipate continuation in 2014. In Malaysia, Gen Y is the highest 
percentage of Internet population with 38% users (San, Omar, & Thurasamy, 
2015). This statistic indicates that Gen Y is a heavy Iinternet user and highly 
dependent on technology (San Lim et al., 2016), making them the favourable 
target market for online business. Amongst the factors that allured the Gen 
Y to purchase online are due to the varieties of retailing website (20.5%), 
security (18.5%), services offered (17.5%), reputation (15.5%), purchasing 
experience (15%) and product price, quality, user-friendly of the website 
(13.4%) (Retail Research, 2012; San Lim et al., 2016). Online purchasing 
in Malaysia is still at its infancy as compared to other developed countries 
(San Lim et al., 2016). Thus, it is an opportunity for the online sellers to 
optimise this situation by fully utilising the technology in innovative and 
creative ways to attract and influence the Gen Y towards online purchasing, 
leading to the eruption of online marketing in Malaysia. 
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Recently, the Gen Ys are demanding more from their purchasing 
experience including personal customisation (ibid.). This occurrence is 
believed to be the satisfaction of physical experience from physical retail 
activities (Atkins, 2015) which could offer real-life experiences that a 
consumer could not experience via the web such as socialisation, dining, 
entertainment, mixed use programming and outdoor experiences (ELS, 
2017). Here, the online and the offline purchasing are not competitors 
but they are complementary to each other. With the physical and digital 
complementary, the overall consumer purchasing experiences could be 
enhanced. At this moment, the traditional retails are unable to compete with 
the growth of online shopping that rewards personalization and convenience 
(Henry, Hill & Leitch, 2017) therefore they would need a new channel of 
shopping to support these matters.

Interestingly, scholars such as Klena and Puleri (2013) predicted 
that in five years’ time buying via or directly from the offline store will 
supersede the online purchasing. In this instance, the authors believed that 
slow changes in consumer shopping behaviour are shifting consumers back 
to brick and mortar retailing. Here the authors foresee that this new trend 
of physical retailing with online shopping could fulfil the equilibrium of 
shopping experience and satisfaction among the Gen Y. Therefore, the 
authors foresee that there is a need to study a new concept of Omni–Channel 
interactive retail design in Malaysia due to the evolution of the Gen Y’s 
shopping experience.

Service is a critical component that consumer appreciates, and service 
availability is the key to successful retail (Hassan, Zaharudin & Yunus, 
2015). The services should include the consumers’ feedback, delivering 
quality products and excellent consumer services which are important to 
uphold the organisation’s image, reputation and consumers’ relationship. 
Warehouse and distribution centres (DC) are the main links in the supply 
chain between the supplier and the end consumers; while performing 
valuable functions that support the movement of materials, storing goods, 
processing products, de-aggregating vehicle loads, creating stock and 
assembling shipments (Langevin & Riopel, 2005). 

The authors foresee that with this new trend merging, brick and mortar 
stores could adopt the ease, convenience and excitement that is currently 
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defined by the online shopping. The physical retailing must undergo 
significant changes in the future to fulfil the equilibrium of shopping 
experience and satisfaction similar to online shopping (Henry et al., 2017). 
In Malaysia, the highest percentage of online shopping is the Generation Y 
with 38% of Internet population (Comscore.com, 2011; San et al., 2015). 
Based on that statistics, the author seeks to study how to develop the design 
of the future retail in Malaysia.

LITERATURE REVIEW

Young generation consumers recognise organisations or companies with 
a virtual online store that could reflect consumer-oriented, responsive, 
informative, high tech, supplicated and matured in the business (Griffith & 
Krampf, 1998). The demand from the consumers has led many organisations 
to improve their services regarding performance measures in the internet 
market place. An effective strategy and efficient operational decision 
making will satisfy and maintain loyal consumers thus increasing the overall 
business performance.

Gen-Y purchasing behaviour

Individual’s consumption related attitude and behaviour is the direct 
outcome of their learning experience (Martin & Bush, 2000). The Social 
Learning Theory (SLT) suggested that human behaviour learned by 
observation (Martin & Bush, 2000). The theory indicated that the learning 
involves four sequential processes of attention, retention, production and 
motivation (Malhotra, Agarwal & Peterson, 1996). Attention processes 
refers to the way in which an individual attempts and extorts information 
about the main features of the modelled behaviour (ibid.). Consequently, 
retention process will take place when the individual retains the observed 
models’ behaviour in his/her memory (ibid.). Therefore, the authors foresee 
that sequential processes of attention, retention, production and motivation 
could be the potential criteria in extorting customer’s information and 
behaviour.

In terms of decision making, Aliman et al. (2018) stated that consumer 
decision making style is referred to the pattern; mental and cognitive 
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orientation towards buying and shopping; and choice to buy something or 
rejecting them. Aliman et al. further defined that decision making style is a 
mental orientation describing on how a consumer makes choices. In 1979, 
Consumer Style Inventory (CSI) was developed by Sproles in measuring 
consumer shopping attitudes and behaviours. Among the discoveries are:

1. Perfectionist, high–quality consciousness - referring to those 
consumers who search carefully and systematically for the best quality 
product;

2. Brand consciousness–type of consumer that focus on buying more 
expensive and well–known brand;

3. Novelty–fashion consciousness – referring to consumers who like 
new and innovative products;

4. Recreational, hedonistic consciousness–focusing on consumers who 
find shopping as a pleasant and leisure activity;

5. Price conscious and ‘value–for–money’ consciousness; those with 
high consciousness of sales prices and lower prices in general;

6. Impulsiveness–those who tend to buy at the spur of the moment and 
appear unconcerned about how they spend;

7. Confused by over choice–those consumers who experience an 
information overload because there are too many brands and stores 
from which to choose; and

8. Habitual, brand loyal–referring to the consumers who have favourite 
brands and stores and keep on choosing the same brand.

Malaysian National culture index

Culture can be defined as a way of life and also a value that can be 
manifested itself. “To say that a person ‘has a value’ is to say that he has 
an enduring belief that a specific mode of conduct or end-state of existence 
is personally and socially preferable to alternative modes of conduct or 
end-states of existence” (Rokeach, 1968). In 2007, Hofstede presented the 
core elements in culture as values and uses various ways in defining values 
such as “a broad tendency to prefer certain states of affairs over others” 
(Hofstede, 2001:19). The values are described as a tendency of an individual 
that respond to provocations within the cultural field in an expected manner 
given by a particular value profile. Additionally, values act as guidance to 
the suitability of individual’s attitude and thus justify his/her behaviour and 
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help to morally judge and provide a standard of comparison with others 
(Rokeach, 1968).

According Hofstede, four dimensions (individualism versus 
collectivism, power distance, masculinity versus femininity and uncertainty 
avoidance) could classify national culture values (Sumaco et al., 2014). 
Each of the dimension determines norm values of symbol, heroes and rituals 
(Hofstede, 1997). In the Malaysian culture index, Malaysia scores low on 
the individualism (score of 26 out of 120) indicating Malaysians are highly 
committed to group ties such as family, extended family and relationship. 
Malaysians are a collectivist nation and relationship is based on trust or 
loyalty (ibid.). The second dimension is the Power Distance Index (PDI) 
that dictates hierarchical relationship within the group. Malaysia has scored 
a high number on the power distance dimension (score of 100 out of 120) 
indicating power and respect are at the top of the hierarchy ladder

The third dimension is masculinity versus femininity that discusses 
on the masculine values (such as achievement orientation) as they are 
dominant to femininity values (such as modesty). Malaysia has scored 50 
out of 120, representing the Malaysian society as a masculine society but 
much emphatic towards femininity values of the eastern beliefs and norms. 
The fourth dimension is uncertainty avoidance index (UAI) that defines 
as to what extent uncertainties or variances are tolerated. Malaysia scores 
significantly low (36 out of 120) in UAI compare to the other dimensions. 
The low UAI scores elaborate that the society has a relaxed attitude and 
felt confident on the unnecessary additional rules if they are uncertain or 
shall be omitted or change. There are several techniques used by humans 
to cope with uncertainty such as technology (defending uncertainty caused 
by nature), law (defending uncertainty with others’ behaviour) and religion 
(to accept uncertainty that cannot be defend or against) (Hofstede, 1997).

While investigating the Malaysian Gen Y purchasing behaviour, the 
authors are convinced that the targeted consumer’s culture index is similar 
and worth to be taken into account. Petermans and Huerta (2014) and 
Davis and Lindridge, (2008) support that culture is an important influence 
on consumers responses store atmospheric. Given Hofstede’s cultural 
dimension as a reference point, the identification could be an advantage in 
enhancing the retail space quality and experience. For example, potential 
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provision of leisure and consumer space on top of the hierarchy space could 
give relaxed attitude to consumers whilst tangible and easy access could give 
clear communication of fashion with reference group (immediate group of 
people such as close family or peers for society insight). High connectivity 
to social media could also create trust and high end services in purchasing 
the new fashion apparel while input from customers through social media 
could customize customers’ preferences and therefore yield confidence in 
customers’ purchasing decision.

Retail Typologies

Statistics has pointed that the overall young generation spending 
demographic in U.S had decreased from $175 billion in 2003 to $159 
billion in 2005 (Breazeale & Lueg, 2011). The decline in the spending 
power also has become a highlight for retailers to be more responsive on 
the demographic (ibid.). In the past, malls have introduced curfews with the 
intention to restrict the young generation from entering malls during peak 
shopping period. Seen as blight in malls (ibid.), the purpose of the curfew 
is to keep out teenagers from adults who are the true consuming consumers. 
The introduction of teen curfew has cause negative impact mainly on 
retailers that have invested on both online and offline retailing. In the same 
vein, Petermans and Huerta, (2014) stated that designated space should 
be approachable and aid users to interact, feel and behave within a space.

Many previous scholars developed retail typologies that are segmented 
to consumers based on different shopping channels. Reynolds, Ganesh, and 
Luckett (2002) developed typologies that defined physical retail user formats 
(traditional mall versus factory outlets), while Ruiz, Gehrt and Hansen 
(2004) developed various shopping mall behaviours based on physiographic 
dimensions. Bosnjak, Galesic, & Tuten (2007) expanded the affection of the 
internet on its consumers. However, there is no study that support shopping 
channels that accurately justify consumer behaviour. 

A study by Breazeale and Lueg (2011) discovered categories of retail 
typologies based on consumers’ shopping motivation. The first shopping 
motivation is self–esteem (SE) that is the confidence and satisfaction of 
consumer personality that impacts his/her behaviours. SE is considered an 
important motivator that easily enhances consumer’s purchasing decision. 
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Darley (1999) believed that SE is an essential motivation (shopping 
enjoyment) and a significant predictor of search effort and product 
knowledge. The second motivator is interpersonal communication (IC) 
that facilitates interaction with members of one’s social network. Clark and 
Goldsmith, (2005) saw Gen Y’s consumer socialisation as a knowledgeable 
generation and has a positive link to SE. Many scholars have identified the 
consumer socialisation are peers and relatives. The third consumer motivator 
is extraversion that can be referred to personality dimension with relation 
to traits such as activity, energy and sociability (Breazeale & Lueg, 2011). 

Lucas, Diener and Grob (2009) further defined extraversion as the 
dominant of the Five-Factor Model across cultures that influence consumer 
behaviour. Interestingly, Coshall and Potter (1986) had criticised that 
extraversion does not affect the pattern of consumer shopping behaviour 
but claiming extraverted consumers prefer to shop in a familiar or known 
environment to them. However, Bosnjak et al. (2007) do not find any relation 
between extraversion consumers and shopping motivation in the Croatian 
adult Internet consumers.

In summary, with advance technology such as the Internet, retailers 
shall acknowledge the possible symbiotic relationship between various 
shopping channels and consumer’s shopping motivation. Consumer’s 
shopping channel is the relation between extraversion consumer and its 
behaviour. The two traits can be related to IC in consumer socialisation 
process–current active activities by young generation (Breazeale & Lueg, 
2011). Despite consumer typologies that were designed for various age 
groups, and believed that such typology should reflect young generation 
consumers’ motivation based on their preference shopping channel.

METHODOLOGY

The study conducted a desktop study together with building precedents 
to examine the amalgamation of the Omni–Channel shopping concept 
with fashion retail design in reaching the ultimate shopping experience 
specifically for Gen Y. The comprehensive Omni–Channel retail design 
covers the understanding of general conceptual perspective regarding digital 
retail merging with physical retailing that added-value towards the future 
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of retail design. An investigation from the existing literature of Gen Y 
purchasing behaviour, Malaysian national culture index and retail typologies 
are thoroughly done to enhance the effectiveness of Omni–Channel in 
creating an interactive and immersive shopping experience. 

The study led to the development of the theoretical understanding of 
the interactive retailing with respect to target consumer shopping preferences 
such as aesthetic, functions, commercial, financial and regulatory aspects. 
The study of Omni–Channel as an interactive concept together with retail 
design are examined in detail to identify the factors that influence Gen Y’s 
purchasing behaviour and thus boost the Gen Y’s decision making. The paper 
then presents how human culture could affect present retail typologies and 
redefine the retail space programming into an interactive brick and mortar 
retail. In conclusion, the paper discusses the potential theoretical concept 
for fashion retail design to align towards advanced technological change 
and demand.

DISCUSSION

From the above literature, the paper sees potential opportunities in 
amalgamating Omni–Channel concept with fashion retail design. The 
amalgamation could result in the ultimate shopping experience for the 
Malaysian Gen Y. From the literature, it is suggested that retail concept needs 
to include technology savvy Gen Y to have a strong association between 
physical and online ecosystem. The concept will be further discussed to 
lead towards the interactive contextual retail design (CRD).

The present retail design only caters retail (commercial) and interior 
spaces as two different environments instead of a holistic approach. 
This phenomenon had become a “cyclo” in preserving the continuation 
of consumer’s experience as they are easily spread of by period of time 
(before, during and after an experience). Shopping experiences requires 
the integration of various kinds of processes and responses that could 
influence criteria such as designed environment, situation and consumer 
characteristics. Since culture plays a significant role in creating retail 
atmosphere, the Malaysian shopping culture needs to relate its retail design 
to its context. Emanating from investigation of the Malaysian culture, it 
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is identified that the Malaysian society is a modest; group oriented who 
values relationship based on trust and loyalty. Here, the three derived culture 
identities are creating a continuation of shopping experience that would 
become the pillars of CRD. 

As the rapid development of the internet is here, the Malaysian Gen 
Y is more demanding in their purchasing experience including personal 
customisation (San et al., 2015). With Omni–Channel retail concept, the 
shopping experience for Malaysian Gen Y could be delivered to a borderless 
cross-channel service system via the proliferation of social media, in-
store Wi-Fi shopping and holistic usage of mobile devices in a physical 
showroom. These mentioned approaches could then lever persuasion 
to younger consumers in reducing uncertainty, accurate evaluation and 
customisation of fashion apparels as opposed to fashion’s reference group 
remotely. A showroom with a comfortable semi-public interactive mirror 
display would excite the shopping experience that facilitated with borderless 
channels (Herhausen et al., 2015) and seamlessly enhances shopping 
experience through their mobile devices. Augmented reality (AR) and virtual 
reality (VR) could allow haptic virtual experiences such as the assortment 
display of products (that are not presented at the store) and a virtual mirror 
that allows consumer to virtually try–on clothes without needing to go to 
the changing room.

Omni–Channel retailing consumer in-store journey, search history 
and personal data preferences are stored in individual registered account. 
The data collected will be useful for the retailer in mapping consumer 
purchasing behaviour that is essential in developing the Omni–Channel 
retailing. This data will further assist retailers to identify the interior retail 
design layout while prioritising the consumers’ demands. Supplementary 
from the physical retail could help fulfilment centres for online counterparts. 
Online purchasing could further aid consumer self–collect purchased goods, 
allowing the consumer to examine it physically and digitally, and in-store 
return purchases if needed.

Through a wide assortment of virtual product, analytical mapped 
data and fulfilment centre, the CRD can be further improved by utilising 
the conventional retail layout into addressing the consumers’ needs. This 
typology usually facilitated many individual stores or products under one 
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roof that consequently despair consumer experience and thus condense the 
uncertainty avoidance. The CRD improvement can be made by product 
assortment to be displayed as per analytical demand, and the products are 
then stored at showroom/ fulfilment store. This improvement will channel 
the consumers’ devotion to the products and services thus enhance consumer 
in-store journey and experience while maintaining products’ quality at the 
same time. 

It is noted that the amalgamation between CRD and Omni–Channel 
retail concept could revolutionise the Gen Y shopping experience. Seamless 
shopping experience from mobile devices to the physical store will provide 
a breath of fresh air in retail design especially in Malaysia. From the 
discussion, there are three main spaces identified in making a CRD as the 
future of retail design. They are showroom, online counterparts and the 
fulfilment store. With the operating of the fulfilment store as the core space, 
this will create a seamless physical relationship between the showroom and 
online countertop.

CONCLUSION

Despite the possibilities of the amalgamation of digital and physical stores, it 
appears that there is a lack of clear conceptualisation and empirical support 
in defining the future of retail design. In this study, the authors choose to 
use literature analysis as a research method to study the Malaysian Gen Y 
purchasing behaviour in responding to their contextual retail design. 

The study only covers the Malaysian Gen Y and their purchasing 
behaviour which later became the main component of CRD. Classified as 
millennials or echo-boomers, Gen Y is imprecisely defined as those birth 
years ranging from 1977 to 1997 (Aliman et al., 2018). Just like previous 
generations, Gen Y could also tend to set examples for remainder and next-
generation population (Martin & Turley, 2004). This study also concurs 
with Douglas and Craig, (1997) that ethnic and nationalist identities have 
emerged, resulting in market fragmentation.

The authors conclude that the amalgamation of Omni–Channel retail 
concept and with physical retail design can enhance the shopping experience 
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for the Malaysian Gen Y. The improvement of CRD could attract and attract 
more consumers and will also be beneficial for traders to better manage 
the system by employing the consumer’s behaviour and data. The result 
of this study can be used further by Malaysian architects and designers to 
implement a successful retail design while catering to current consumers’ 
shopping needs.
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ABSTRACT

The drive to achieve sustainable built environment has made learning new 
skills relating to Sustainable Construction Practices (SCP) imperative. This 
study investigated whether learning method can improve uptake of SCP 
through knowledge enhancement. Using survey research strategy, data from 
206 construction professionals in Nigeria were collected and analysed. The 
results revealed that Andragogy and Experiential learning models strongly 
correlated SCP transfer requirements, and are therefore, appropriate 
models to embed SCP within existing ethos in the built environment. The 
study espoused the critical roles of experience and hands-on-project as 
prerequisite reinforcements for effective learning of SCP.
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INTRODUCTION

The United Nation’s decade for sustainability education has since elapsed, 
but the global understanding of applied mechanisms to achieve Sustainable 
Construction (SC) is yet, not vastly disseminated (Magaji, 2015; Heffernan, 
Pan & Liang 2012). As a result, the quest to have sustainable construction 
knowledge embedded within the fabrics of the built environment subsists 
across pan construction industry domain. Knowledge of Sustainable 
Construction Practices (SCP) is needed to tackle construction related 
problems in the society (Cartlidge, 2011). Dahiru, Dania and Adejoh (2014) 
however, found that, current level of response in promoting learning across 
stakeholder groups in the built environment is inadequate. The depth of SC 
knowledge among built environment professionals is therefore in doubt, and 
various researchers tend to differ on the depth of the existing gap. 

Nduka and Ogunsanmi (2015) reported that a certain level of 
awareness exist, while Dahiru, Dania, and Adejoh (2014) and Ewuga 
and Moluwus (2015) obtained a low level of awareness in the Nigerian 
context. Sustainability skills are also less prioritised among construction 
manager’s training (Bejide & Iyagba, 2015). This shows a lack of interest 
by construction organisations in learning sustainable construction practices 
(Opoku, 2011). In the UK, low level of awareness also overarch despite 
efforts to improve learning in that region (Mlecnik, 2010; Heffernan, Pan, 
& Liang 2012). Glass, Dainty, and Gibb (2008) confirmed that, knowledge 
dearth contributed to poor standard in newly built UK sustainable homes. 
Similarly, Mile-Shenton, Wingfield, Sutton, and Bell (2010) attributed 
excess use of energy in sustainable homes to low post-occupancy 
sustainability awareness. Pan and Gramston (2012) also had only 35% of 
their study sample compiled with planning regulation dealing with energy 
efficiency in the UK. 

The above lapses portray that extensive learning is needed to ensure 
diffused uptake of SCP. The enabling method to achieve this learning goal 
is however not apparent, based on limited research within construction 
literature. Human resources - training literature also tend to ignore the 
niche created by SCP by failing to develop appropriate learning pedagogies 
to address its peculiar learning needs. Moreover, organisational learning 
methods applied in the construction industry are not widely applied due 
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to prevalence of non-collaborative procurement framework (Dada, 2012). 
These methods also require robust academic-industry collaboration, but 
construction research in developing countries lack corporate sponsorship. 
This suggests that certain approaches such as research collaborations cannot 
gain industry-wide adoption. The expansive infrastructure needs of other 
organisational learning methods also suggest enormous financing barriers. 
Based on these limitations, the search for an approach that will promote 
learning across stakeholder groups beckons. This study therefore finds it 
incumbent to explore effective method(s) to improve learning of SCP in 
the built environment. The aim of the study is to investigate whether a 
learning model can improve the uptake of SCP among built environment 
professionals through knowledge enhancement. Consequently, attempts 
to proffering solutions to the research problem are relevant to identifying 
effective learning protocols that will lead to improved application of SCP 
in the tropics. The knowledge about the efficacies of these methods among 
inferred stakeholders is also crucial to achieve a healthy built environment.

LITERATURE REVIEW

Learning Methods in the Construction Industry

Learning methods are broadly studied using two main categories 
namely: Organisational and Individual approaches. Organisational-based 
approaches involve multi-parties and sometimes multi-organisation 
collaborations (Opoku, 2011). These methods are also fundamentally 
structured to address specific needs of the organisations (Bower, 2014). 
Individual learning methods on the other hand, are not structured and 
principally enlist the learner conditioning of his/her perception to learn new 
things (Curtin, 2016). Approaches applied to each category are presented 
in Table 1. Vast numbers of these approaches under the organisational 
learning methods are however, a product of proactive response to resolve 
skills-related barriers to sustainable construction uptake. Actual deployment 
of related approaches in real-life scenario is limitedly reported.
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Table 1: Learning Methods
Sources Learning Methods

Organisational Methods Individual methods
Dada (2012) Seminars, workshop and 

continuous professional 
development

Glass, Dainty and 
Gibb (2008); Green 
and Bazley (2016)

Regional exemplar 
demonstration projects, and 
establishment of educational 
think-tank, training, and 
research networks

Callcutt (2007) Co-ordinated training 
programme

Gleeson and 
Thomson (2012) 
and  Dada (2012)

Involuntary approach: 
educational, experiences of 
large firms developmental 
and individual

Loosemore, Dainty 
and Lingard (2003); 
Bower (2014); and 
Curtin (2016)

Andragogy; experiential learning, 
symbolic interactionism, and 
action learning.

In order to satisfy the learning needs of individuals in the built 
environment, the concept of involuntary learning approach is advanced 
(Loosemore, Dainty & Lingard, 2003). Cheetham and Chivers (2001) 
found three approaches most veritable namely: Andragogy; Experiential 
learning and Symbolic interactionism. Experiential learning is based on the 
perception that, an individual’s ideas are constantly formed and modified 
by life experiences. The underlying philosophy of experiential learning 
states that people learn by involvement, and learners are not importantly 
inclined to think and talk of learning materials, but are also concerned with 
application of lessons learnt (Merriam, Caffarellae & Baumgartner, 2012; 
Torres & Augusto, 2017). 

Symbolic interactionism is based on the theory that adults are 
motivated not by object set by others but their own willingness to adapt 
self-perception. The self-perception is not also fixed but varies by the role 
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of the learner, and the emphasis is on incorporating self-awareness and 
self-image in learning (Aksan, Kisac, Aydin & Demirbuken, 2009).  This 
implies that learning performance is a reciprocal result of the learners 
or social actors. Andragogy on the other hand, is defined by five major 
characteristics. These include: independent self-concept to direct learning; 
accumulated resources from experience qualify for learning resources, 
learning needs is linked with changing social roles, problem-centred learning 
interested in immediate application of knowledge, and motivation to learn 
by internal factors (Abdulsalam, 2015; Henschke & Henschke, 2016). The 
ideologies of these learning methods are further conceptualised in Table 2. 
Andragogy (AN) and Experiential learning (EL) involve six measurement 
variables each (AN1-6; EL1-16,) while symbolic interactionism involves 
three variables (SI1-3.) 

Table 2: Measurement Variables for Learning Methods
Authors Learning Ideologies

Loosemore, Dainty 
and Lingard (2003); 
Abdulsalam (2015); and 
Bower (2014)

Andragogy (AN1) - self-directed learning; (AN2) - learning 
by shared experience; (AN3) - focus on knowledge needing 
improvement; (AN4) - job needing knowledge application; 
(AN5) - learning by partnership (tutor and learner); and (AN6) 
- learning resource formed by learner’s experience).

Cheetam and Chivers 
(2001); Gleeson and 
Thomson (2012); 
Henschke and 
Henschke (2016); and 
Curtin (2016)

Experiential (EL1) - learning as a process than outcome; 
(EL2) - learning is continuous and anchored on experience; 
(EL3) - ability to balance learner’s view with others; (EL4) 
- ability to acclimatise real-life cases; (EL5) - interaction 
between people and environment; and (EL6) - Learning as 
knowledge generating process. 

Wu (2014) and Torres 
and Augusto (2017)

Symbolic interactionism (SI1) - (learning by perception; (SI2) 
- self-esteem in learning; and (SI3) - self-awareness and self-
image vital in learning

Sustainable Construction Knowledge Transfer

Sustainable construction is defined as the ‘creation of a healthy and 
responsible management of the built environment using resource efficient 
and ecological principles’ (Kibert, 2008). The measurement of sustainability 
performance is generally compelling and there is no agreement on what data 
is needed and measurement criteria to be adopted. Fiksel (2015) recognised 
two perspectives to sustainability performance evaluation namely: 
Quantitative; and Qualitative metrics. The quantitative metrics relies on 
empirical evidence and evaluate practice performance using countable 
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data. Qualitative metrics on the other hand, utilises semantic particularity 
based on subjective judgment of the individual expert. The metrics in both 
approaches are either ‘lagging’ or ‘leading’. Lagging consists of product 
oriented indicators which measures outputs of the end result and leading is 
concerned with the process and internal organisational endeavours aimed at 
ensuring that sustainable built environment is achieved. This study however, 
conducted qualitative evaluation and used leading metrics in evaluating the 
role of learning method in sustainable construction knowledge transfer. The 
rational is that, effective learning pedagogy facilitates practice embedding 
within a professional discipline, which also benefits project implementation 
towards a healthy built environment. Table 3 presents measurement 
variables of Sustainable Construction Practices (SCT.) Three hypotheses 
developed from three individual learning methods are postulated. However, 
all three methods are unitised (as ‘learning methods’) to obtain a generic 
hypothesis. Those hypotheses state that there is no significant correlation 
between learning methods efficacies and learning and transfer of sustainable 
construction practices. 

Table 3: Indicators of SCP at Organisation and Project Levels
Authors Indicators of Sustainable Practice 

Development
Laing (2015) Environmental responsibility (SCT1)
Gajdzk (2010); GEC (2015) Commitment towards employee’s well-being 

(SCT2)
Kolleck (2010) Use of locally sourced materials (SCT3)
Flanagan (2007); Laing (2015) 
and Fiksel (2015)

Sustainability integration (SPD4), and risk 
minimisation (SCT5), Transparency and 
accountability (SCT6). 

Katon (2008) Level of efficiency, effectiveness and 
innovation (SCT7)

Laing (2015) Level of productivity (SCT8)

METHODOLOGY

The study employed survey research design using structured questionnaire 
as data gathering instrument. Questionnaire administration was carried-
out using Google Form and person-to-person contact because of the 
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need to consult widely, and to enhance the response rate. The choice of 
these approaches was predicated guide to using research in sustainability 
programmes or studies which observed that research in sustainability 
programmes falls into three major types namely basic research, applied 
research, and action and participatory based research (Department 
of Environment and Climate Change NSW[DECC], 2009). Further, 
DECC (2009) noted that out of all research methods and their attendant 
data collection tools, the survey research method involving the use of 
questionnaire and interview was the most commonly used approach. In 
addition, previous related studies on sustainability issues have adopted this 
research method and data collection instrument (Niroumand, Zain & Jamil, 
2013; Chin-Shan, Kuo-Chung & Chi-Chang, 2016). The respondents were 
subdivided into two groups based on questionnaire administration medium 
namely: the online group and those reached through self-administration. 
The online group were contacted using information obtained from various 
databases of professional bodies. The second group was reached using the 
directory of registered professionals (architecture, building, engineering, 
and quantity surveying) with Green Building Council of Nigeria (GBCN) 
The study was conducted in six cities across three geo-political zones, 
including the Federal Capital Territory-Abuja, Nigeria. The determination of 
population sample engaged purposive sampling, and the sample size of 206 
was applied in the study. The choice of purposive sampling was informed by 
the need to engage professionals with specific ‘purpose’ that is, those with 
‘vested interests’ in sustainable construction. To determine professionals 
with vested interests, registration with GBCN was used. Across the regions 
and Federal Capital Territory covered in this study, feedback was obtained 
from 206 professionals only. 

The questionnaire consists of nine questions (both demography and 
objective of the study.) Five-point Likert scale where, 5 being most preferred 
or effective and 1 least preferred or not-effective was adopted to construct 
the questionnaire. The Likert scale was used to determine stakeholders’ 
preference of learning method for embedding SCP, and efficacies of learning 
methods on knowledge transfer. Construct reliability was determined by 
conducting Cronbach alpha test (see result Table 4.) Because each variable 
group contained less than ten items; inter-correlation treatment was applied, 
and this ensured that some variables and learning methods obtained alpha 
values greater than 0.6 (Pallant, 2010). Canonical correlation analysis 
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tool was applied to determine the hypotheses of the study. The efficacy of 
learning method was determined using Mean Item Score (MIS). Canonical 
correlation analysis was selected to measure the relationship between 
learning methods and SCP knowledge transfer because the tool has the 
ability to compare multivariate using several dependent variables. Canonical 
models were interpreted using multivariate test of significance, Eigen values 
and correlations co-efficient; and dimension reduction analysis (Abeysekera, 
2014; Chaghooshi, Soltani-Neshan & Moradi-Moghadam, 2015.) The 
validity of hypotheses was determined using critical p-value. The result of 
the null hypothesis was rejected where p is less than 0.05; and accepted, if 
p is greater than 0.05. 

The limitation posed by the use of purposive sampling technique 
is acknowledged. The sample frame was however, well defined and the 
administration was carried out at random. The established procedure is 
reproducible using its clearly defined research strategy and valid statistical 
conclusion. Lack of clarity of the direction or meaning of sustainable 
development practices reported in previous studies (Tomkiewicz, 2011; 
Hakkinen & Belloni, 2011) which could result in low response rate portend 
a notable limitation to the study.

RESULTS AND DISCUSSION

Descriptive Statistics of Variables and Respondents’ 
Demographic Information

A total of 64 valid questionnaires were retrieved and analysed to 
obtain 31% response rate. Received questionnaires were screened for 
completeness of response to determine fitness for analysis. This response 
rate is valid, and is within acceptable threshold, established for construction 
management researches (Hoxley, 2008).The response rate is attributed to the 
nature of the study, which primarily requires respondents’ understanding of 
their learning needs, and in-depth knowledge of Sustainable Construction 
Practices (SCP). The sample comprises built environment professionals 
with quantity surveyors and architect constituting 56%, Engineers and 
Builders 44% (see Table 4)Averagely, 25% of the respondents participated 
from each category of practice (contracting, academic, public sector and 
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consultancy.)The combined proportion of public and contracting sector 
participants is 51%. Over 83% of the study samples are registered members 
of the respective professional bodies, while 70% had averaged eight years’ 
practice experience. The high proportion of registered professionals with 
relevant years of experience portrays that the data collected are suitable to 
make valid inference regarding the research problems examined. 

Table 4: The Respondents Characteristics
Respondents Practice
 Engineers 22% Consultancy 17%
Architects 28% Contracting 26%
Q. surveyors 28% Academic

Public sector
22%
35%

Builders 22% Experience
Registration 0-5% 24%
Registered 83% 6-10 years 70%
Probationers 17% Above 10 years 6%

Cronbach Alpha was computed to measure reliability of measurement 
variables. The objectives were to evaluate the level of absolute agreement 
in respondents’ rating and to determine the extent in which selected 
ideologies represent the construct measured. The result presented in Table 
5 indicates that experiential and andragogy learning methods have high 
external and internal reliability with Cronbach Alpha values approximated 
as 0.7. These alpha values lie within acceptable thresholds for accepting 
the reliability of research instrument (0.60; Pallant, 2010). However, the 
averaged alpha value for symbolic interactionism is below the acceptable 
benchmark (0.471 < 0.70). The implication is that, the ideologies of symbolic 
interactionism lack coherence to measure the efficacies and performance of 
SCP knowledge transfer. The mean item scores of each learning ideologies 
are also significantly high (3.167–4.667). The standard deviation also 
indicates two trends similar to reliability/validity test. The standard deviation 
for symbolism interactionism portrays homogeneity, and this indicates 
tremendous variation from the population mean, and discrepancies in 
respondents’ perception. Experiential learning and Andragogy however, 
show heterogeneity with no significant deviation in perception of 
respondents and deviation from population mean (0.890; 0.880). Similarly, 
measurement variables for SCP knowledge transfer (SCT1-8) also obtained 
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high Cronbach values and an averaged standard deviation of 0.916. The 
meaning also portrays insignificant variance in perception.

Table 5: Descriptive Statistics of Variables in the Study
Code Learning Ideologies C. Alpha MIS Std. D

Andragogy 

0.640

AN1 Self-directed learning 3.167 1.339
AN2 Learning by shared experience 4.667 0.594
AN3 Focus on knowledge needing 

improvement
4.280 0.826

AN4 Job needing knowledge application 
and urgent

3.611 0.978

AN5 Learning by partnership (tutor and 
learner)

4.556 0.616

AN6 Learning resource formed by learner’s 
experience

4.222 1.060

Experiential Learning

0.694

EL1 Learning as a process than outcome 4.167 0.985
EL2 Learning is continuous and anchored 

on experience
4.444 0.856

EL3 Ability to balance learner’s view with 
others

3.833 1.150

EL4 Ability to acclimatize real-life cases 4.278 0.894
EL5 Interaction between people and 

environment
4.500 0.857

EL6 Learning as knowledge generating 
process

4.556 0.616

Symbolic Interactionism 

0.471
SI1 Learning by perception 3.667 0.840
SI2 Self-esteem in learning 3.500 1.339
SI3 Self-awareness and self-image vital in 

learning
3.833 0.985

Sustainable Practice Development

0.740

SCT1 Efficiency in practice 4.330 0.686
SCT2 Effectiveness in practice 3.500 1.339
SCT3 Level of practice development 3.720 1.127
SCT4 Level of integration 4.060 0.998
SCT5 Environmental responsibility 3.940 0.872
SCT6 Practice economy 4.110 0.832
SCT7 Level of innovation 4.220 0.646
SCT8 Practice risk minimisation 4.110 0.832

MIS = mean item score; Std. D = standard deviation; C.Alpha = Lee Cronbach Alpha
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Tests of Hypotheses

The canonical correlation analysis was applied to determine the 
following dimensions of the study: (1) whether andragogy, experiential, 
and symbolic interactionism’s empirical variables represent expressed 
individual learning improvement method for theoretical SCP (SCT1-8); (2) 
to evaluate the extent in which learning ideologies (variables) agree with 
learning methods (constructs); and (3) to determine whether individual 
learning methods can improve SCP. These dimensions are explored in the 
following sections. 

Efficacy of Andragogy to Improve Learning of Sustainable 
Construction Practices 

The test in this section determines whether Andragogy can improve 
learning and transfer of Sustainable Construction Practices (SCP) knowledge. 
The hypothesis states that, there is no significant correlation between 
Andragogy and SCP. The general fitness models - Wilk’s multivariate test is 
significant (p < 0.05 - F (48, 23.74) = 0.002 – Table 6). This result is less than 
the critical p-value, hypothesis one is therefore rejected. The inference is that 
a significant correlation exists between andragogy and learning and transfer 
of SCP knowledge at 95% level of significance. The canonical correlation 
and Eigen value also show that, the canonical model for andragogy is 
adequate. The most significant canonical correlation co-efficient is 0.961; 
explained variance for AN1-6 is 60.68%, and an Eigen value of 12.323 were 
also obtained. The high correlation co-efficient supports the appropriateness 
of the rejected hypothesis and further buttresses that, andragogy is adequate 
to learn and transfer SCP knowledge. The above inference is explained by 
60.68% (4 out of 6) ideologies. Dimension reduction analysis result also 
indicates that, five out (83.33%) of six canonical roots obtained significant 
F-values (F = 1.316, 0.982, 0.743, 0.578, 0.220, > 0.05 and 0.042) greater 
than 0.05.
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Table 6: Impact of Andragogy on SCP Learning and Knowledge Transfer  
Andragogy 
Multivariate Tests of Significance
Test Name P –value Appox. F Hypoth. F Error DF Sig. of F
Wilks 0.002 1.316 48 23.74 0.237
Eigenvalues and Canonical Correlations
Root No Eigen Value Pct. Cum. Pct. Canon. Cor Sq. Cor
AN1 12.323 60.683 60.683 0.961 0.925
AN2 4.661 22.952 83.634 0.908 0.823
AN3 1.875 9.230 92.865 0.808 0.652
AN4 1.220 6.005 98.87 0.741 0.550
AN5 0.216 1.061 99.931 0.421 0.177
AN6 0.014 0.068 100 0.117 0.014
Dimension Reduction Analysis
Roots Wilks L. F-value Hypoth. DF Error DF Sig. of F
1 to 6 0.002 1.316 48 23.74 0.237
2 to 6 0.023 0.982 35 23.46 0.529
3 to 6 0.127 0.743 24 22.14 0.761
4 to 6 0.365 0.578 15 19.73 0.858
5 to 6 0.812 0.220 8 16.00 0.982
6 to 6 0.986 0.042 3 9.00 0.988

Wilk’s  L. = Wilk’s Lambda; F = F-value; Hypoth DF. = hypothesis Degree of Freedom; Error DF = Error Degree of Freedom; Sig. of  
F = Significance of F value; Cum. Pct. = Cumulative Percentage; Pct. = Percentage; Canon. Cor. = Canonical Correlation; Sq. Cor. = 
Square correlation

Efficacy of Experiential Model to Improve Learning of 
Sustainable Construction Practices

This section determined hypothesis two, and the hypothesis states that 
there is no significant correlation between experiential learning and SCP 
knowledge transfer. The canonical model characteristics for experiential 
is similar to the result for andragogy. The Wilk’s value is less than the 
critical p-value (F (48, 23.74) = 0.001 – Table 7). The analysis therefore 
created relevant multivariate for experiential learning, and hypothesis 
two is rejected. This implication is that, a significant relationship exists 
between experiential learning and SCP learning and knowledge transfer 
at 95% level of significance. The most significant canonical correlation 
co-efficient of roots 1 to 6 is 0.971; explained correlation is 62.14%, while 
the Eigen value of 16.752 was obtained. The implication is that, 62.14% (4 
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out of 6) experiential learning ideologies significantly support the inference 
that, experiential learning and SCP learning and knowledge transfer are 
correlated. The p-values for all ideologies of experiential learning are also 
greater than 0.05. This is an indication that, the strong positive correlation 
between experiential learning and SCP knowledge transfer is significant. 
The tests of correlation significance (dimension reduction analysis) provide 
further grounding of the canonical model adequacy for experiential 
adequacy. Six (100%) ideologies underlying explaining experiential learning 
generated six roots and all six roots are significant learning ideologies for 
SCP learning and knowledge transfer.

Table 7: Impact of Experiential Model 
on SCP Learning and Knowledge Transfer  

Multivariate Tests of Significance

Test Name P –value Appox. F Hypoth. F Error DF Sig. of F

Wilks 0.001 1.663 48 23.74 0.09
Eigenvalues and Canonical Correlations
Root No Eigen Value Pct. Cum. Pct. Canon. Cor Sq. Cor
1 16.752 62.14 62.14 0.971 0.925
2 5.77 21.401 83. 541 0.923 0.823
3 2.973 11.028 94.57 0.865 0.652

4 1.024 3.797 98.367 0.711 0.55

5 0.400 1.483 99.85 0.535 0.177

6 0.040 0.15 100 0.197 0.014
Dimension Reduction Analysis
Roots Wilks L. F-values Hypoth. DF Error DF Sig. of F
1 to 6 0.001 1.664 48 23.74 0.090
2 to 6 0.013 1.225 35 23.46 0.307
3 to 6 0.085 0.945 24 22.14 0.556
4 to 6 0.339 0.630 15 19.73 0.817
5 to 6 0.687 0.414 8 16 0.896
6 to 6 0.981 0.121 3 9 0.945

Wilk’s  L. = Wilk’s Lambda; F = F-value; Hypoth DF. = hypothesis Degree of Freedom; Error DF = Error Degree of Freedom;  Sig. 
of  F = Significance of F value; Cum. Pct. = Cumulative Percentage; Pct. = Percentage; Canon. Cor. = Canonical Correlation; Sq. Cor. 
= Square correlation.
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Efficacy of Symbolic Interactionism to Improve Learning of 
Sustainable Construction Practices 

This section determines the last hypothesis, and the hypothesis states 
that, there is no significant correlation between symbolic interactionism 
and SCP knowledge transfer. The Wilk’s Lambda is greater than andragogy 
and experiential learning (0.076 – Table 8). Hypothesis three is accepted. 
The implication is that, no significant relationship exists between symbolic 
interactionism and SCP learning and knowledge transfer at 95% level of 
significance. The most significant canonical co-efficient is 0.899; explained 
variance of 75.52%, and an Eigen value of 4.199 were obtained. The 
canonical correlation co-efficient and Eigen value in this method are the 
overall least. The variance in this method is also significant compared to 
andragogy and experiential learning. Absent of correlation between both 
dimensions represents about 76% of the sample population views. The 
test of correlation significance also indicates that, the three ideologies 
are also significant (1.247, 0.395 & 0.729 > 0.05). Therefore, symbolic 
interactionism does not support sustainable construction learning and 
knowledge transfer. 

Discussion of Findings

The canonical correlation analysis determined three dimensions in the 
study as reported in the tests of hypotheses. The three canonical models 
represent isolated perspectives of individual learning method and provide 
the same information about learning of sustainable construction. The 
performance of two-out-of-three learning methods is however, sufficient 
to theoretically learn and propagate SCP to stakeholders in the built 
environment. The implication suggests that, having multiple dimensions 
in a study could be procedurally convenient, but do not often support 
theoretical paradigms. Therefore, it is imperative for variables of a study 
to adequately satisfy measurement conditions to qualify for adoption in 
theory building. Abeysekera (2014) shared this opinion, and insisted that 
scientific knowledge exists only where an appropriate variable concept is 
adopted as the pathway to theory building. 
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Table 8: Impact of Symbolic Interactionism 
on SCP Learning and Knowledge Transfer

Test Name
Wilks

P –value
0.076

Appox. F
1.247

Hypoth. F
24

Error DF
20

Sig. of F
0.307

Root No Eigen 
Value

Pct. Cum. Pct. Canon. Cor Sq. Cor

1
2
3

4.199
0.846
0.372

77.519
15. 613
6. 868

78.471
93.132

100

0.899
0.458
0.271

0.807
0.458
0.271

Dimension Reduction Analysis
Roots Wilks L. F Hypoth. DF Error DF Sig. of F
1 to2
2 to 3
3 to 3

20.900
0.395
0.728

0.307
0.676
0.558

14
6

16
9

0.767
0.754

Wilk’s  L. = Wilk’s Lambda; F = F-value; Hypoth DF. = hypothesis Degree of 
Freedom; Error DF = Error Degree of Freedom; Sig. of F = Significance of F 
value; Cum. Pct. = Cumulative Percentage; Pct. = Percentage; Canon. Cor. = 
Canonical Correlation; Sq. Cor. = Square correlation

Five out of six ideologies supported the efficacy of andragogy as 
an effective model for learning and transfer of SCP and knowledge. The 
implication is that, for effective transfer of SCP learning, seeking SCP 
knowledge must be self-directed. Based on shared experience, and driven 
by the desire to improve construction practice. Other ideologies require 
that, learning must be stimulated by job opportunities, and also emphasises 
instructor/learners’ partnership. Insignificant 0.42% of the correlation variate 
accounts for the result of AN6. AN6 suggests that learners’ experience 
should not form part of the learning resources. This result is a surprise, 
since personal involvement underscores individual learning. The implication 
is that 83.33% of the measurement variables (Roots 1-5) account for 
stakeholder acceptance of andragogy as an effective strategy to learn and 
embed SCP. 

The six ideologies in experiential learning significantly support the 
learning of SCP and knowledge transfer. The inference from this result 
is that, learning must be perceived as a process rather than focus on the 
outcome, continuous but hinged on experience, not as when need arises, 
and must promote balance-in-view between parties (learner and instructor). 
Learning must also include the use of real-life practice, promote interaction 



124

Malaysian Journal of Sustainable Environment

between people and environment, and above all, learning must generate new 
knowledge (innovation).  Experiential learning ideologies tend to align more 
with SCP knowledge embedding by directly aligning SCT8 (innovation), 
SCT1 (environmental responsibility), and SCT2 (commitment to employees’ 
well-being-social sustainability). The ideology EL5 (‘interaction between 
people and environment’) clearly addresses environmental and social 
responsibility goals of SCP. The method also inculcates industry role in 
encouraging learning and the need for practical demonstration of learning 
in real-life projects. However, increasing penchant to the use of exemplary 
projects in the construction industry draws attention to possible shortcoming 
in the use of this learning method. This practice is widely criticised for the 
inability to prioritise resource constraints that clearly prohibits SCP uptake 
in real-life (Gleeson & Thomson, 2012).

Symbolic interactionism represents a significant departure from other 
methods evaluated in this study. The method exhibits no relevant efficacy to 
promote SCP learning. Its ideologies do not represent effective mechanics 
for SCP dissemination. These include freestyle learning (learning by way 
it is perceived), recognising self-esteem and promoting self-awareness and 
self-image.

The review of the outcome of the study portrays heterogeneity 
(67% of the learning methods and 90% of their ideologies) is effective to 
improve learning and transfer of SCP knowledge. The varying perception 
exhibited by varying level of performance of the results is also relevant. 
The understanding, practice, and framing of sustainability in real-life also 
tend to vary (Boyd & Schweber, 2012). The differing level of performance 
of the learning models suggests that, no learning model is a perfect fit to 
embed SCP. Therefore, the need to cross fertilise the underlying ideologies 
of the significant learning methods is identified.

CONCLUSION

The construction sector is challenged by knowledge and skills dearth. This 
problem is peculiar to Sustainable Construction Practice (SCP).  Learning 
at individual and organisational level remains one of the mechanisms 
for improving the status quo. Although, traces of adoption of formal and 
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informal learning models exist in related literature; empirical narratives 
of their performances are however sketchy. Some of the learning models 
also have prohibitive cost and focus mainly on large organisational settings 
thereby neglecting the peculiarity of individual learning needs. This 
study investigated whether learning methods can improve or influence 
the uptake of SCP. The objective was to evaluate the efficacy of three 
interrelated learning models (andragogy, experiential learning and symbolic 
interactionism) on the propagation of SCP. Two methods, andragogy and 
experiential learning showed significant efficacies to improve learning and 
propagation of SCP in the built environment. Based on the established result, 
the study concludes that andragogy and experiential learning methods are 
appropriate learning models to improve sustainable construction practices. 
However, to achieve optimal result in the use of these models, a combination 
of methods and cross fertilisation of their underpinning philosophies could 
generate superior performance.

Beyond the promotion of sustainable construction practices, the 
learning models established to be effective in the study could be explored in 
the uptake of sustainable designs and innovative practices in the construction 
industry. However, since the efficacy of learning method relies on its ability 
to translate learned skills to real-life application, future research may 
wish to model the extent to which significant learning models can predict 
sustainable construction learning performance when successfully embedded 
within professional practice. 
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ABSTRACT

All mosques need to be equipped with facilities for people with disabilities 
(PWD) in fulfilling with the requirements of the Malaysian Standard Code 
of Practice (MS) on Access of Disabled Persons. However, most mosques 
in Malaysia do not fulfil these requirements in terms of providing facilities 
for the PWDs. This adversely affects the PWDs to engage in the social and 
economic mainstream. The research aim is to classify the conformity of 
disabled facilities provided at Fi-Sabilillah Mosque, Cyberjaya in Selangor. 
The two research objectives were established (1) to identify the spectrum 
of disabled facilities provided at the Fi-Sabilillah Mosque, Cyberjaya in 
Selangor and (2) to determine the compliance of the disabled facilities as 
outlined in the MS. Purely qualitative methods were adopted in terms of 
visual study, audit survey and a semi-structured interview with the architect. 
A condition audit checklist was established using document analysis method 
on three main documents. The findings indicate 58% of the facilities are 
available and follow the MS, 13% items were available but not comply 
with the standard measurement and 29% of the disabled facilities are not 
available within the mosque. Therefore, it can be stated that there is poor 
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design, weak enforcement and lack of awareness among the stakeholder, 
local authority and the designer of the mosque regarding the disabled 
facilities. Therefore, enforcement is a priority to ensure the needs and right 
of the disabled user are considered in designing a mosque.

© 2018MySE, FSPU, UiTM Perak, All rights reserved

Keywords: Green, Mosque, Sustainability, Disability

INTRODUCTION

Well-designed buildings will meet the needs and functions of a building. 
Divided spaces need to meet the needs of an activity and thus, provide a 
comfort to the space user. The building involving the use of civilians such 
as assembly, education, entertainment and worship needs special design as it 
involves users of different ages and capabilities. Asiah Abdul Rahim (2014) 
stated that mosque is not just “places of prayers”, but a place to conduct 
any activity and programme such as religious talk, seminar, wedding, and 
solemnisation. Besides that, certain mosques offer complementary functions 
such as nursery/daycare, religious school/madrasah, and bazaar for business 
purpose and also for accommodation purpose. In modern terminology, 
mosque serves as a community center. Serving as a community center, a 
design of a mosque must also cater a design for a place of socialisation, 
a place of da’wah, a place for meetings and deliberation and as a place of 
education. As a community center, mosques will be visited by different 
levels of society of different ages and capabilities.

In Malaysia, the mosques are managed by the Department of Islamic 
Development Malaysia (JAKIM). JAKIM was established with the objective 
to ensure that Islamic teachings are spread to the entire community, to 
develop a credible leadership and produce a well-trained, competent, 
dedicated and wise management team and develop the management system 
based on Islamic values and ethics. There are 6,311 mosques registered 
with JAKIM. 

According to the Malaysian Department of Social Welfare, year by 
year there was an increase of numbers of people with disabilities. In 2015, 
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it was 365,677 and increased to 409,269 in 2016. This means that the 
requirements of PWDs need to be considered especially at a public place like 
a mosque. Therefore, during the initial design stage, it is compulsory to take 
into account all user category requirements including the accessibility and 
facilities for people with disabilities (PWD). As mentioned by Rahim et al. 
(2015), having said masjid is for all, able and disabled person, accessibility 
is a crucial matter that must not be condoned in its design and planning. 
In accordance with Hussein and Yaacob (2012), removing barriers and 
delivering access are key needs for disabled persons in Malaysia to achieve 
social fairness in all areas including access to public facilities, amenities, 
services and buildings, public transport facilities, education, employment, 
information, communication and technology, cultural life, recreation, leisure 
and sport. 

People who have disabilities frequently experience the problem 
in lifestyle and also are restricted to their own activities and societal 
involvement. People with disabilities usually need special aid in a variety 
of parts to help them in adapting into an ordinary lifestyle, for example in 
education, housing, work, and social benefits (Teng et. al, 2013). Regarding 
this problem, this research was meant to classify the conformity of disabled 
facilities provided at the Fi-Sabilillah Mosque, Cyberjaya in Selangor that 
received a Platinum rating in the year 2016. In line with this aim, two 
objectives were established to operationalise the research which is to identify 
the spectrum of disabled facilities provided at the mosque and to determine 
the compliance of the disabled facilities provided as outlined in the MS. 
Therefore, this study seeks to inform the local authority and designers to 
improve the design and enforce the user-friendly disable design.

LITERATURE REVIEW

Persons with disabilities (PWD)

According to International Classification of Functioning, Disability, 
and Health (ICF) defines disability as “the outcome or result of a complex 
relationship between an individual’s health condition and personal factors, 
and the external factors that represent the circumstances in which the 
individual lives”. Disability might be characterised as being an intricate 
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phenomenon that involves both biomedical qualities of somebody’s body 
or mind and the effects of the physical, social and environmental context 
of an individual existence. In Malaysia, as indicated in Law of Malaysia 
Persons with Disabilities Act 2008 (Act 685), the person with disabilities 
is defined as “those who have long-term physical, mental, intellectual or 
sensory impairments which in interaction with various barriers may hinder 
their full and effective participation in society”.

The Persons with Disabilities Act 2008 (Act 685) (PWDA) pointed 
out that PWDs should have the equal rights to access and use all facilities 
and services like a normal person. The rights of the PWDs in the current 
development cannot be overlooked (Jayasooria, et al (1997); Kennedy and 
Hesla (2008). By referring to Malaysian Standard (MS) under Uniform 
Building (Amendment) By-Laws (UBBL) 1991, it is compulsory for all 
public buildings to provide access and facilities for PWDs. According to 
Kamaruddin (2007) and Hikmah (2012), the implementation of these codes 
of practice has always been highlighted. Soltani et al. (2012) contrarily 
reported that the equal accessibility and facilities for this group are still 
lacking. PWDs are also meant to use public amenities such as mosque, 
public transportation, the shopping mall in their daily routine. 

Categories of the person with disabilities

There are many different types of disabilities. According to Guideline 
and Space Standards for Barrier Free Built Environment for Disabled 
and Elderly Persons (1998), the target group is composed of four major 
categories as described in Table 1.

Table 1: Group of disabled person  

Categories Description 
Non ambulatory Impairments that, regardless of cause or 

manifestation, for all practical purposes, 
confine individuals to wheel & chairs.

Semi-ambulatory Impairments that cause individuals to walk 
with difficulty or insecurity. Individual using 
braces or crutches, amputees, arthritics, 
spastics & those with pulmonary & cardiac 
ills may be semi-ambulatory.
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Sight Total blindness or impairments affecting 
sight to the extent that the individual 
functioning in public areas is insecure or 
exposed to danger.

Hearing Deafness or hearing handicaps that might 
make an individual insecure in public areas 
because he is unable to communicate or 
hear warning signals.

According to Harrison (2007) in Code on Accessibility in the Built 
Environment, a person with disabilities may be categorised to wheelchair-
bound, sensory disabled, ambulant disabled, and the temporarily disabled 
group as described in Table 2.

Table 2: Categories of Disabled People; Source: Code 
on Accessibility in the Built Environment Harrison, 2007)

Categories Description
Wheelchair-bound People who are unable to walk, either with 

or without assistance and who depend on a 
wheelchair for mobility.

Sensory Disabled Those who experience, partially or totally, 
impaired sight or hearing.

Ambulant Disabled People who are able, either with or without 
personal assistance, to walk provided that 
convenient facilities such as handrails are 
available.

Temporary Disabled People who are sick or victims of an 
accident. Pregnant women are also 
included in this category.  

Relevant legislation, statutory and guidelines

Various acts and legislation have been initiated for PWDs rights in 
developed (Roulstone & Prideaux, 2009), and also for developing countries 
(Parker & K.J, 2001). In Malaysia, the establishment of act and legislation 
are also accompanying with MS Code of practice and guidelines as referring 
to Table 3.
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Table 3: Malaysian Act, Standard, and guideline for Disabled Persons 

Malaysian Act Descriptions
The Persons with Disabilities 
Act 2008 (Act 685)

The Persons with Disabilities Act 2008, take 
place in December 2007 where it is the first 
representing law regarding PWDs charity and 
welfare in Malaysia. Provision of persons with 
disabilities must be given the right to access 
and use of public facilities, buildings, amenities 
and services provided to the public on an equal 
basis with people without disabilities is under 
Part III of Act 685.

Uniform Building (Amendment) 
By-Laws (UBBL) 1991

This requirement is stated in the UBBL which 
is under the Street, Drainage and Building Act 
1974. Under the amendment of section 34A in 
UBBL, it is mandatory for buildings to provide 
access to enable the PWDs to get into, out of 
and within the premises. This section is subject 
to new buildings as well as existing buildings. 
The period of improvement in the existing 
building is within three years.

Malaysian Standard Descriptions
Malaysian Standard 
1184:2002, Code of Practice 
on Access for Disabled 
Persons to Public Buildings 
(First Revision)

This standard supersedes MS 1184:1991. This 
Malaysia Standard specifies the necessary 
requirements for elements of buildings and 
related facilities so as to permit access 
by Person with Disabilities (PWD). This 
requirement applies to all public buildings that 
may be used by PWD.

Malaysian Standard 
1183:1990 Code of Practice 
for Means of Escape for 
Disabled Persons

Code of Practice for Fire Precautions in the 
Design and Construction of Buildings (MS 
1183) issued by SIRIM. It offers exceptional 
standards of planning, action, and requirement 
to be complied with in providing fire 
precautions in designing public buildings in 
order to ensure the safety of disabled persons, 
especially during the fire.

Malaysian Standard 
1331:2003, Code of Practice 
for Access for Disabled 
Persons Outside Buildings 
(First Revision)

This code revised the provisions on designing 
appropriate facilities at external buildings for 
disabled people to ensure they can assess and 
use it as meant for. After the date the Code of 
Practice is published in the State Gazette, all 
submission of building plans from each state 
must meet the requirements. This standard 
supersedes MS 1331:1993.
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Malaysian Standard MS 
1184:2014 Universal design 
and accessibility in the built 
environment - Code of practice 
(Second revision)

This Malaysian Standard replaces MS 
1184:2002 and MS 1331:2003. This MS 
provides a spectrum of requirements and 
guidance for elements of construction, 
assemblies, components, and fittings which 
the standards relate to the constructional 
aspects of access to buildings, in term of 
standard circulation and in case of emergency 
evacuation.

Other Guidelines Description
Universal design and barrier-
free environment

The existence of barrier-free guidelines and 
technical standards mainly focus on wheelchair 
users only (JICA 2009).

Furthermore, referring to design guidelines for Green Building Index 
(GBI) in Malaysia, there are no requirement criteria for universal design. It 
would be advantageous for the building itself if the criteria of social design 
are implemented parallel with the environmental design. 

Universal design in public building

Universal design is referring to the term of ‘design for all’ that includes 
the disability people with temporary physical injury or illness, pregnant 
woman, children and elderly (Australian Government, 2013). Universal 
design also refers to the design with a barrier-free environment that enables 
people with disabilities to move safely and freely, while at the same time 
to use the facilities independently within the built environment (Ministry 
of Urban Affairs & Employment India, 1998).

In order to create the barrier-free environment, most of the countries 
provide their own guideline for designing the public space or building that 
would be applicable and facilitate for all users. The public building includes 
office buildings, commercial buildings, residential, recreational, assembly 
halls, hospitals and health facilities, public transportation area, libraries, 
sports buildings, public transit buildings, religious buildings, government 
administrative buildings, educational buildings, religious buildings, banks, 
shopping complex. (Mohd Isa et al., 2016; Bashiti & Rahim, 2016;  Bodaghi   
& Zainab, 2013; Ministry of Urban Affairs & Employment India, 1998).

  
For the extension, several studies revealed that disabled people express 
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their frustration with public building design. Previous research findings 
found the facilities in a few public buildings are in a poor state, provide 
minimum access of equipment, existing facilities are not designed and in 
compliance with the required design, and the absence of space for a disabled 
person. This scenario was based on evidence of a study at a university library, 
shopping complex and also Muslim mosque (Kportufe, 2015; Soyingbe, et 
al. 1998; Bodaghi, et al. 2013). 

Mosques refer to the place for ritual prostration and is also a religious 
activity centre where seminars, teaching and learning of Al-Quran, Hadith 
and Sunnah are held for Muslims. (Mansoor & N.F.A. 2016; Abdul & 
R.A, 2014) the universal design in public building is essential not only 
for disabled people but also for the elderly, children and pregnant women. 
However, a considerable amount of literature has been published on 
universal design in public masjid. Studies by Asiah Abdul Rahim (2014) 
and Utaberta et al. (2017) revealed the same result as most of the person 
with the disability in Malaysia express their frustration in masjid design. 
Furthermore, having a universal design is important because the masjid is 
the most visited place at any time by people (Asiah Abdul Rahim, 2014). 
Therefore, providing the accessibility for all Muslims either able-bodied or 
disabled is important for their comfort and safety to perform the prayer at 
Masjid (Asiah Abdul Rahim, 2014) especially in the most visited mosque.  

Even so, previous studies mostly reported on the general public 
buildings, there is still a lack of studies on awarded buildings such as Green 
Building Index (GBI). Therefore, this study evaluated the GBI building by 
limitation to the masjid as Muslims are the majority in Malaysia according 
to Utaberta et al. (2018).

METHODOLOGY

In general, this study commenced with three main steps which included audit 
checklist, observation study, and a semi-structured interview. This study 
required two days to complete the data collection. The study commences 
with observation and checklist auditing for the first half of the day. Next, 
the semi-structured group interview was done after the lunch hour on the 
first day. The interview session was attended by the architects, project 
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manager and director in a semi-formal meeting at their consultant firm. The 
observation and checklist auditing was conducted the next day.

The direct observation on existing facilities referred to the developed 
audit checklist (refer to Table 4). The checklist was established using 
document analysis method on three main documents which include The 
Persons with Disabilities Act 2008 (Act 685), UBBL 1991 and MS. 
Moreover, the checklist was divided into four sections: key standards; key 
measurement; availability and remarks. 

For key standards, the checklist complies with 10 division element of 
disabilities facilities which are PWD parking with eight key measurement 
standard, walkway three key measurement standard, ramp and kerb six 
key measurement standard, doorway/main entrance two key measurement 
standard, guiding block/ tactile four key measurement standard, handrail four 
key measurement standard, staircase five key measurement standard, prayer 
area four key measurement standard, disable toilet six key measurement 
standard and signage four key measurement standard. 

The key measurement of existing disable facilities was measured using 
the measuring tape provided by the faculty. This method was conducted to 
compare the existing measurement of facilities with the key measurement 
standard in the case study. Therefore, the result of this study will also discuss 
the compliance of the key measurement standard of the case study. 

Table 4: Observation Checklist at Masjid Fi-Sabilillah, Cyberjaya

Key 
Standards

Key Measurement standard Availability Existing 
dimension 
evaluation 

PWD 
Parking

Located at the main entrance

The route should be less than 50 m

Parking space 5400 mm x 3600 mm
Transfer area beside the car(1200 
mm)
With adequate width (2400 mm)
There is a vertical signage indicating 
the parking
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Located on the flat surface
Enough space for the wheelchair 
user to manoeuvre

Walkway surface with non-slip 
Clear width (min 1200 mm-enable 
wheelchair)
Properly connected

Ramp and 
kerb

Ramp consists of landing (min-width 
1200 mm) at the interval of not more 
than 600 mm length of a ramp)
Space of non-slip
Enable wheelchair user (1200 mm 
min-width) 

Proper gradient (max 1:12-min 1:20)

Provided with handrails at the both 
sides
Upstand is provided at both sides 
(min height of 150 mm)

Doorway/ 
main 
entrance

Doorway width is adequate for the 
wheelchair user (min 900 mm width) 

The threshold is levelled with step 
ramp (if any)

Guiding 
block/ 
Tactile

Installed at a proper location

Each block is installed adjacent to 
one another
Contrast in colour
Detectable underfoot

Handrail Fixed with proper height at ramp 
(min 840-900 mm in height

At ramp/stairway - extended 300 
mm in length at both sides
Contrast in colour
Surface with non-slip grip

Staircase Tread with the non-slip surface
Tread width (260-300 mm)
Riser height (max 180 mm)
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Handrails provided at both sides

Landing and floor contrast in colour/
brightness/texture to the stairs

Prayer 
area

Ablution area accessible to the 
wheelchair user
Door width accessible to the 
wheelchair user
Step ramp at the door 

Floor with the non-slip surface
Disable 
toilet

Have adequate space for the 
wheelchair user (min 2000 x 3400 
mm and for ambulant disable min 
1200 x 2400 mm) 

Handrail is provided
Water closet – pedestal (450 mm 
460 mm height)
Wash hand basin (800-830 mm 
height)
Accessible tap with flexible hose

Adequate door width (1200 mm for 
the wheelchair user or 900 mm for 
ambulant disable)

Signage Clearly shows the direction/
information
Signage
Signage is equipped with braille 
instruction
Signage is installed at the proper 
location; Parking area, Walkway, 
Main entrance/doorway, Toilet/
washroom

An interview was done as “a meeting where a reporter obtains 
information from a person, as a meeting with another person to achieve 
a specific goal, and more generally, as a conversation with a purpose” 
(Kvale, 2006). According to Edwards and Holland (2013), a semi-structured 
interview is where the researcher has a list of questions they want to cover 
in the interview, an interview guide. Therefore, the purpose of conducting 
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the interview with the designer and project manager of Masjid Fi-Sabilillah 
was to gather information on the background of the project and to explore 
the reasons of not complying with the key standard measurement in their 
design. The interview was digitally voice recorded.

The result from the observation and audit checklist was then analysed 
by using descriptive analysis to determine types of facilities provided and the 
compliance of each of the facilities provided at the mosque as to compare 
with the Malaysian Standard measurement. 

Case study

Firstly, the case study referred to GBI certified masjid as shown in 
Table 5. From the list, Masjid Fi-Sabilillah, Cyberjaya was selected as a 
case study. This was due to the first masjid being awarded for GBI and 
holds the platinum GBI rating. 

Table 5: Provisional Certified Masjid

GBI Masjid GBI Rating Validity Date 
Masjid Cyberjaya Platinum 18th December 2014 - 17th 

December 2017

Masjid Ara 
Damansara

Gold 10th April 2015 - 9th April 
2018

Fi-Sabilillah Mosque is the first contemporary and sustainable (green) 
design mosque in Malaysia. The work on design began in early 2012 was 
inspired by the National Mosque and completed in 2015 to cater to 8,300 persons.  

The accommodation consists of classrooms, zakat payment counter, 
dining area, funeral room and office. The green criteria in the mosques are 
the low E glass panel used to minimise the heat from the sun entering the 
mosque. Natural cooling is also provided from an elevated water feature that 
can be seen from the inside of the main prayer hall. Moreover, the rooftop 
area will be covered with solar panels to generate renewable energy and to 
shade the area from the hot sun. It will be one of the first mosque in Malaysia 
to have a covered rooftop prayer area. Other than that, the water harvesting 
system has been integrated for comprehensive landscape irrigation system 
and for grey water usage (ATSA Architect Sdn Bhd, 2016). Ergo, in the 
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excitement of achieving a complete mission of sustainable building, facilities 
for PWD were unintentionally ignored.

Limitation of the research

In the beginning, it is quite challenging to get the reliable data for 
this study. Due to time and cost constraints, the data was collected by the 
researcher.  Meanwhile, the observations took place in the morning, therefore 
the users were mostly ordinary able-bodied people who used the masjid. On 
the contrary, using the real disabled person as stated by (Bashiti & Rahim, 
2016) would have made the study more reliable. This study only covers 
10 key standards for disabilities facilities as listed in the audit checklist. 
Therefore, the remaining facilities were not covered in this study. 

RESULTS AND DISCUSSIONS

The results on existing disable facilities provided at Fi-Sabilillah Mosque, 
Cyberjaya are in Table 6. The findings revealed that from ten key standards, 
only eight key standards were available, meanwhile, another two were 
unavailable which include signage and guiding block or tactile. 

Table 6: Available Disabled Facilities at Fi-Sabilillah Mosque, Cyberjaya

Key Standards Availability
PWD Parking /
Walkway /
Ramp and kerb /
Doorway/ main entrance /
Guiding block/ Tactile x
Handrail /
Staircase /
Prayer area /
Disable toilet /
Signage x

Notes : (/) Available (X) Not available 

PWD Parking

Focusing on PWD parking, from eight key measurement standards, 
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only five elements were available (refer to Table 7). From these five 
key measurements, only one was not in standard dimension. From the 
observation at PWD parking (refer to Figure 1), the existing parking space 
is inadequate for the wheelchair user to manoeuvre off from the car. This 
situation also happened in the previous study by Mohd Isa et al. (2016) at 
public transport station. Moreover, there is also no transfer area beside the 
car that will make it difficult to the user if two cars are parked closed to each 
other.  Signage for parking is provided and in good condition. However, the 
connection from the parking area to the main entrance is inadequate as the 
existing route dimension is 3000 mm compared to the standards dimension 
which refers to less than 50 000 meter (refer Figure 2).

Table 7: Analysis of Disabled Parking  

Key Measurement standard Compliance Remarks
Located at the main entrance /
The route should be less than 
50 m

/ Existing 3000 mm from the 
parking to the main entrance

Parking space 5400 mm x 
3600 mm

x Existing 2500 mm x 4800 mm

Transfer area beside the 
car(1200 mm)

x Not provided

With adequate width (2400 
mm)

x Not provided

There is a vertical signage 
indicating the parking

/

Located on the flat surface /
Enough space for the 
wheelchair user to manoeuvre

x Not provided

Notes: (/) Comply (X) Not Comply
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Figure 1: Disable parking 

(Source: Author)

Figure 2: Disable parking route to the main entrance
(Source: Author)

Walkway 
The existing walkway is within the standard dimension and connected 

from the parking to the main entrance (refer to Table 8). However, the 
existing walkway was not designed with guiding block or tactile. Both 
situations will cause harm and make it difficult to the blind user.   

Table 8: Analysis of Walkway

Key Measurement standard Compliance Remarks

surface with non-slip x Not provided

Clear width (min 1200 mm-enable wheelchair) / Existing 1300 mm
Properly connected /

Notes: (/) Comply (X) Not Comply
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Ramp and kerb
Design of the ramp is within the standard (refer to Table 9 and Figure 

3). However, it was observed that the handrails are provided only at one 
side of the ramp and the dimension of the handrail also did not meet the 
standard (refer to Table 10). A study by (Mohd Isa et al. 2016) also found 
handrails were only provided on one side at public transport station. The 
existing measurement was only 390 mm height compared to the standard 
which 890-900 mm. Thus, with this height, it might cause difficulties to the 
disable user to stand. The threshold was also levelled with the step ramp 
which makes it easy for the wheelchair user (refer to Figure 4) but was only 
found at one location within the masjid. This application was supposed to 
be provided for the whole area of the masjid for the easy movement of the 
wheelchair user.

Table 9: Analysis of Ramp and Kerb  
Key Measurement standard Compliance Remarks
Ramp consists of landing 
(min-width 1200 mm) at the 
interval of not more than 600 
mm length of the ramp)

/ Existing landing length 1700 mm 
x width 1600 mm, interval length 
4800 mm and next interval 3600 
mm

Space of non-slip /
Enable wheelchair user (1200 
mm min-width)

/ Existing 1600 mm

Proper gradient (max 1:12-
min 1:20)

/ Existing 1: 13 

Provided with handrails at the 
both sides

x Existing only at one side

Upstand is provided at both 
sides(min height of 150 mm)

/

Notes: (/) Comply (X) Not Comply

Table 10: Analysis of Handrails 
Key Measurement standard Compliance Remarks

Fixed with proper height at ramp (min 
840-900 mm in height

/ Existing height 390 mm

At ramp/stairway- extended 300 mm in 
length at both sides

x Not provided

Contrast in colour /
Surface with non-slip grip /

Notes: (/) Comply (X) Not Comply
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Figure 3: Ramp with one side handrail with existing height is 390 mm

(Source: Author)

                      
Figure 4: Threshold is levelled with step ramp

(Source: Author)

Doorway/main entrance
Doorway and the main entrance met the standard requirement (refer 

to Table 11). However, at the main entrance, the tiling was designed with 
the slip surface (refer to Figure 5). There was also no proper signage for the 
users at the main entrance which makes it difficult to find their way. The 
previous study by Asiah Abdul Rahim et al. (2015) also commented on no 
significant signage at Masjid Sultan Idris Shah, Ipoh. There is also a lack 
of threshold at the doorway and main entrance which made it difficult for 
the wheelchair user to move within the mosque. 
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Table 11: Analysis of Doorway/Main Entrance 
Key Measurement standard Compliance Remarks

Doorway width is adequate for 
the wheelchair user (min 900mm 
width) 

/ Existing width 2900 mm

The threshold is levelled with step 
ramp (if any)

/ Existing not apply for the 
whole door

Notes: (/) Comply (X Not Comply

Figure 5: main entrance with slippery tiles 
(Source: Author)

Staircase
Staircase at the main entrance has no handrail (refer Figure 6) and 

tactile signage. This situation is also present at Ikea Damansara according 
to  Bashiti & Rahim (2016). For handrails, the minimum height standard 
measurement is 840 mm to 900 mm compared to the existing height which 
is 390 mm. The measurement is totally unsuitable to the disabled user and 
also to the normal user because it is dangerous, especially to children. This 
danger is present especially at the staircase uplift to the first level (refer  
Figure 7). There is also poor design at the staircase (refer Table 12) as the 
height of the handrails is below standard and can cause children to easily 
fall down from the second floor. The tiles chosen by the designer also had 
a slippery surface that can cause harm to the users.    
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Table 12: Analysis of Staircase

Key Measurement standard Compliance Remarks
Tread with the non-slip surface /
Tread width (260-300 mm) / Existing 270 mm

Riser height (max 180 mm) / Existing 150 mm
Handrails provided at both 
sides

/ However, at the main 
entrance’s stairs, there is no 
handrail

Landing and floor contrast in 
colour/brightness/texture to the 
stairs

/

Notes: (/) Comply (X Not Comply

     
Figure 6: Stairs with no tack tiles and handrail

(Source: Author)

Figure 7: Stairs to the lecture hall with no tack tiles 
and handrail with existing height is 390 mm

 (Source: Author)
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Prayer area
One innovation which is the ablution item was installed at the main 

entrance (refer Figure 8). However, the item was not installed in the women’s 
area. Moreover, the ablution room also did not provide the special space 
for the disabled user to take the ablution. The floor at the praying area was 
also not installed with the non-slip area. This can harm the blind user (refer  
Table 13 and Figure 9). Furthermore, the floor was also slippery especially 
during the rain and during the maintenance service.   

Table 13: Analysis of Prayer area
Key Measurement standard Compliance Remarks
Ablution area accessible to 
the wheelchair user

/ Only one item installed, ablution 
area not provided at women 
area

Door width accessible to the 
wheelchair user

x Existing ablution area installed 
at the main entrance 

Step ramp at the door x Not provided

Floor with the non-slip surface x Not provided

Notes : / Comply  X Not Comply

Figure 8: Ablution installation
(Source: Author)
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Figure 9: Slippery floor tiles at the prayer hall
(Source: Author)

Toilet for the disabled
At the toilet for the disabled, it was observed that the water tap 

is installed with the standard fix hose where it will be difficult for the 
wheelchair user (refer Table 14 and Figure 10). There is also inadequate 
signage for direction to the toilet, which might affect not only for the 
disabled user but also to the typical visitor. Besides, during the day of the 
data collection, the door was locked and was only opened during the Friday 
prayer. This situation might cause difficulty to the disabled user who visits 
the masjid during the day. 

Table 14: Analysis of Disabled Toilet
Key Measurement standard Compliance Remarks

Have adequate space for the 
wheelchair user (min 2000 mm x 
3400 mm and for ambulant disable 
min 1200 mm x 2400 mm)

/ Existing 2000 mm x 2500 
mm

Handrail is provided /
Water closet –pedestal (450 mm 460 
mm height)

/ Existing height 450 mm

Wash hand basin (800 mm - 830 
mm height)

/ Existing height 900 mm

Accessible tap with flexible hose x Tab not flexible
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Adequate door width (1200 mm for 
the wheelchair user or 900 mm for 
ambulant disable)

/ Existing 900 mm

Notes: (/) Comply (X) Not Comply

                                     
Figure 10: Disable toilet

(Source: Author)

Signage
It was clear that signage was not provided within this masjid (refer 

Table 15). There is no way of finding the direction to the toilet (refer 
Figure 11), parking area, walkway, washroom, disable toilet and main 
entrance. Moreover, the masjid was also not equipped with tack tile and 
braille instruction (refer Table 16). This condition will make it hard for 
the disabled person as well as the abled-bodied user. According to Mohd 
Isa (2012), these difficulties will especially affect the visually or hearing 
impaired user when they are traveling alone. Poor signage design also is 
proven by the previous study (Mohd Isa et al. 2016; Asiah Abdul Rahim et 
al. 2014; Bashiti & Rahim, 2016; Asiah Abdul Rahim et al. 2015; Soyingbe 
et al. 1998) in public building. 

Table 15: Analysis of Signage
Key Measurement standard Compliance Remarks

Clearly shows the direction/
information

x Not provided

Signage x Not provided

Signage is equipped with 
braille instruction

x Not provided
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Signage is installed at the 
proper location; Parking area, 
Walkway, Main entrance/
doorway, Toilet/washroom

x Only available at disable 
parking

Notes: (/) Comply (X) Not Comply

Table 16: Analysis of Tactile
Key Measurement standard Compliance Remarks
Installed at the proper 
location

x Not provided

Each block is installed 
adjacent to one another

x Not provided

Contrast in colour x Not provided
Detectable underfoot x Not provided

Notes: (/) Comply (X) Not Comply

Figure 4: Casagrande chart classification of the soil samples
(Source: Author)

Interview session

An interview was conducted with the architect and project manager 
about the facilities for the disabled and standard measurement for the 
masjid. From the interview, the architects explained the item that was 
unavailable in the mosque. It was mentioned that the item was suggested 
during the preliminary design. However, as requested by the client, the item 
was omitted due to the restriction budget for this development. Regarding 
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the disabilities facilities item that was available but not comply with the 
Malaysian standard, the architect mentioned that the measurement is referred 
to as standard by the local authority itself. This can be concluded that the 
guideline established by the local authority might not refer to the MS. 

CONCLUSION AND RECOMMENDATIONS

To conclude, the findings from the study indicate that the disabled facilities 
in this study still lack user-friendly facilities for the disabled user. These 
situations might be due to the poor design, lack of awareness and less 
enforcement from the local authority and the designer. The most critical part 
is the signage and braille signage is not installed causing difficulty for all 
users. It is recommended that the design for the public not only focuses on 
normal people but also for the elderly, children, pregnant women, and parents 
with a baby stroller. Even though there are design guidelines specified for 
the PWDs but finally it is the client’s decision to provide the requirements 
in the building based on their budget. It shows that the owner has the option 
of not providing the PWDs requirements in the building. In the future, the 
designer, policymakers, and local authorities need to enforce the policy 
regarding the design for PWD to serve the person with disability according 
to their rights and needs. Furthermore, it is beneficial if the PWD’s criteria 
become one part of the GBI. Future research might be useful for developing 
PWD’S criteria in GBI assessment. This will make the user satisfied when 
the building design considers both the environment and social design. Next, 
future research also can be done to assess the understanding and knowledge 
of PWDs among the local authorities and designer. 
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ABSTRACT

The assessment of the service life of concrete structures using the durability 
design approach is widely accepted nowadays. It is really encouraged 
that a simulation model can resemble the real performance of concrete 
during the service life. This paper investigates the concrete carbonation 
through probabilistic analysis. Data regarding Indonesian construction 
practice were taken from Indonesian National Standard (SNI). Meanwhile, 
data related to Indonesian weather condition for instance humidity and 
temperature are taken from local Meteorological, Climatological and 
Geophysical Agency from 2004 until 2016. Hopefully the results can be a 
starting point for durability of concrete research in Indonesia.
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INTRODUCTION

The adoption of American Concrete Institute (ACI) 318-11 regarding 
“Building Code Requirements for Structural Concrete” (ACI, 2011) as 
a reference for Indonesian Standard SNI 2487:2013 (SNI, 2013) opens 
a great opportunity for Indonesian concrete construction community 
to become accustomed to durability issues in material and structural 
concrete design. SNI 2847:2013, explicitly mentioned the categories and 
class of environmental exposure. It also explains the requirements of 
concrete materials for every exposure class. Exposure class S regulates 
the requirements of concrete materials in the environment susceptible to 
sulfate. Concrete structures directly in contact with water are required to 
refer to exposure class P. And last but not least, Exposure class C controls 
the requirements related to rebar corrosion protection of reinforced concrete 
structures (Prabowo, 2017).

It is common in Indonesian concrete design practice that the structural 
engineering aspect mainly focused on the feature of the material strength 
(e.g. fc and fy). Next step, the dimensions of structural elements are 
determined based on design loads. It is certainly quiet important, but it 
cannot be assured that the structures can still be used during their design 
service lives. The reinforced concrete structures are frequently forced to 
stop functioning before their service lives achieved. It is not caused by the 
worse anticipated design loads but rather due to material deteriorations of 
the structural components. They can be in a form of concrete cover cracks 
or spalls and rebar corrosion related to environmental exposure.

Durability issues become more and more important. It is true for 
infrastructures that generally have a long design service life. It must take 
into account safety factor, serviceability, durability, and ease of repair in its 
structural design process (FIB, 2012). The repair and maintenance scenario 
should be determined in the early stage of design. It should be set that the 
structures can be guaranteed to achieve their design service lives (Verma, 
Bhadauria & Akhtar, 2014). The process of cumulative deterioration of 
concrete structures can be found in (Binder, 2013) where durability approach 
design can be seen in (Altmann & Mechtcherine, 2013). 
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Degradation mechanisms affecting the performance of concrete have 
a lot of types. Carbonation is one of them. Carbonation is physicochemical 
process causing corrosion of reinforced concrete structures’ rebar. 
Abundant researchers have attempted to obtain carbonation model which 
is uncomplicated and can be easily implemented. The well-known model 
for durability design is the DuraCrete approach (DuraCrete, 2000). Further, 
in order to utilise its practical usage for real situation, “Model Code for 
Service life Design of Concrete Structures” detailed the DuraCrete model 
(FIB, 2006).

FIB Bulletin 34 stress the point on a full probabilistic method (Gulikers 
& I.S. Oslakovic, 2014). It is essential for Indonesian user to become 
acquainted with the mathematical model used for reinforced concrete 
structures durability design. Proper knowledge of the fundamental physics is 
also necessary. It is also important to investigate whether the model resulting 
in the suitable condition for Indonesian tropical climate after some related 
parameters were inserted.

Model Code 2010 is the successor of Model Code for Service Life 
Design of Concrete Structures 2006 (FIB, 2012). In this code, the structural 
design should take into account the functional, environmental, and 
economic aspects. ISO 16204 recognised concepts developed by Federation 
Internationale du Beton (FIB) in 2012. This standard is the combination of 
ISO 2394, ISO 13823 and Model Code 2010 (ISO, 2012).

LITERATURE REVIEW

European Union funded two projects that develop Full Probabilistic 
Approach. Firstly, DuraCrete has generated a full probabilistic design 
method for the modelling of carbonation induced corrosion of uncracked 
concrete. Then, research project Durable and Reliable Tunnel Structures 
(DARTS) slightly customised the method (FIB, 2006). Limit-state equation 
is the basis for the approach. The equation can be seen as follows (Equation 
1).

( ) ( ) ( )1
,02c e c t ACC t Sx t k k k R C t W tε−= ⋅ ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅

 (1)
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With: xc(t) = carbonation depth at the time t [mm], ke = environmental 
function [-], kc = execution transfer parameter [-], kt = regression 

parameter [-], 
1

,0ACCR−

= inverse effective carbonation resistance of concrete 
[(mm2/years)/(kg/m3)], εt = a normal distributed error term [-], Cs = CO2 
concentration [kg/m3], t = time [years], W(t) = weather condition [kg/m3].

Table 1: Variable quantification in the carbonation model
Parameter Description Unit Source for quantification

RHreal Relative humidity of 
the carbonated layer

[%] BMKG Supadio Airport
(weather station)

RHref Reference relative 
humidity

[%] Predefined, RHref = 65

fe Exponent [-] Predefined, fe = 5.0
ge Exponent [-] Predefined, ge = 2.5
tc Period of curing [days] Indonesian Standard (SNI)
bc Exponent of 

regression
[-] Predefined

µ = -0.567; σ = 0.024
kt Regression 

parameter
[-] Predefined

µ = 1.25; σ = 0.35
RACC,0

-1 Inverse effective 
carbonation 
resistance of 
concrete

[(m2/s)/(kg/
m3)]

SNI and FIB Bulletin 34

εt Error term [(mm2/
years)/(kg/
m3)]

Predefined
µ = 315.5; σ = 48

Cs CO2 concentration [kg/m3] Predefined, Normal Distribution 
(ND)
µ = 0.00082; σ = 0.0001

t Time [years] Design service life, SNI

to Time of reference [years] Predefined; to = 0.0767

pSR Probability of driving 
rain

[-] BMKG Supadio Airport
(weather station)
for interior, pSR = 0

ToW Time of Wetness [-] BMKG Supadio Airport
(weather station)

bw Exponent of 
regression

[-] Predefined, ND
µ = 0.446; σ = 0.163

 Source: FIB, 2006
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The sources of parameter quantification can be seen in Table 1. Most 
of them come from FIB Bulletin 34 (FIB, 2006). Several parameters also 
give chance to Indonesian climate as input values. Each parameter in Table 
1 will be explained below.

Relative humidity of the carbonated layer (RHreal) data can be 
supplied from the nearest weather station. The weather station data which 
were daily mean value has to be evaluated. This variable should apply 
restricted distribution with an upper limit. This is due to the fact that the 
relative humidity varies by definition utmost in a range of 0% < RH ≤ 
100 %. A right-skewed distribution is in general appropriate to describe 
RHreal, especially in European climate conditions. The lower limit of RH 
might significantly different from zero. It depends on the area. It is likely 
reasonable in such a case to describe the data set by means of a distribution 
function with an upper and a lower limit using Beta-distribution or Weibull 
(max)-distribution for instance. 

Reference relative humidity (RHref) has to be selected in relation 
to the test condition for determining the carbonation resistance of the 
concrete. The reference climate for the recommended ACC-test method is 
T=+20°C/65%RH. Therefore, RHref is quantified as RHref [%]: constant 
parameter, value: 65.

The parameters ke, kc, and W(t) can be described by means of the 
following equations (Equation 2 until 4).

1
100

1
100

ge
fe

real

e fe
ref

RH

k
RH

   −    =  
  −       (2)

7

cb
c

c
tk  =  

   (3)
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( )
2

( )

bw
SRp ToW

otW t
t

⋅

 =  
    (4)

A curve fitting procedure of the actual data test is used to determine 
the parameters fe and ge. The best values for those parameters are 2.5 and 
5.0 respectively.

The variables tc and bc have been quantified as follows. Parameter 
tc is a constant parameter represent the period of curing. It is chosen based 
on Indonesian Standard SNI 03-2847-2002 (SNI, 2002) and common 
construction practice in Indonesia. For instance, the period of curing is 
seven days for normal concrete. Parameter bc is an exponent of regression 
following a normal distribution. It has a mean value of -0.567 and standard 
deviation of 0.024.

The variable (kt) is a regression parameter which considers the 
influence of test method on the ACC-test. It follows a normal distribution 
with a mean value of 1.25 and standard deviation of 0.35.

The inverse carbonation resistance (RACC,0-1) is a parameter 
following a normal distribution. This parameter is quantified based on test 
data. If in a certain condition where data is not available, the following table 
can be used for orientation purposes (Table 2).

Table 2: RACC parameter quantification (FIB Bulletin 34, 2006)
DRCM,0 [m2/s] w/ceqv.

1

cement type 0.35 0.40 0.45 0.50 0.55 0.60
CEM I 42.5 R n.d.2 8.9.10-12 10.0.10-12 15.8.10-12 19.7.10-12 25.0.10-

12

CEM I 42.5 R +FA 
(k=0.5)

n.d.2 5.6.10-12 6.9.10-12 9.0.10-12 10.9.10-12 14.9.10-

12

CEM I 42.5 R +FA 
(k=2.0)

4.4.10-12 4.8.10-12 n.d.2 n.d.2 5.3.10-12 n.d.2

CEM III/B 42.5 n.d.2 1.4.10-12 1.9.10-12 2.8.10-12 3.0.10-12 3.4.10-12

1 equivalent water-cement ratio, hereby considering FA (fly ash) or SF (silica fume) with the respective k-value (efficiency 
factor). The considered contents were: 22 wt.-%/cement; SF: 5 wt.-%/cement.

2 n.d. – chloride migration coefficient RACC,0-1 has not been determined for these concrete mixes.
(Source: Fib Bulletin 34, 2006)
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The value of RACC,0-1 in Table 2 is determined by the unit [10-11.
(m2/s)/(kg/m2)]. Converting RACC,0-1 into the respective unit for the 
deterioration model [(mm2/years)/(kg/m2)], a multiplication factor has to 
be applied.

The error term (εt) is parameter considering inaccuracies which occur 
conditionally when using the ACC test method [(mm2/years)/(kg/m2)]. 
It follows a normal distribution which has the mean value of 315.5 and 
standard deviation of 48.

Parameters kt and εt fulfill all the differences between specimens 
tested at ACC conditions and the structure tested under natural carbonation 
conditions. Differences in compaction and water movements due to vibration 
between test specimen and structure are not quantified so far since compared 
specimen tested at ACC condition and natural condition were compacted 
identically.

The CO2 concentration parameter (Cs) of the ambient air represents 
the direct impact on the concrete structure. The following equation describes 
this impact (Equation 5). 

,atm ,S S S emiC C C= +  (5)

Where: Cs = CO2 concentration [kg/m3], Cs,atm = CO2 concentration 
of the atmosphere [kg/m3], and Cs,emi = additional CO2 concentration due to 
emission sources [kg/m3]. Increased CO2 concentration can be applied e.g. 
to road tunnels or when combustion engines are used. For usual structures, 
Equation 5 can be reduced to following equation (Equation 6).

,atmS SC C=  (6)

The actual CO2 content in the atmosphere has been identified to be 
in a range of 350–380 ppm. This related to the concentration of 0.00057 
to 0.00062 kg/m3 respectively. Its standard deviation is almost flat with a 
maximum value of 10 ppm. Cs,atm parameter follows a normal distribution 
with a mean value of 0.00082 and standard deviation of 0.0001.

The weather parameter (W) in Equation 4 considers the meso-climatic 
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conditions due to wetting events of the concrete surface. The weather 
functions compose of two model variables. The first is the exponent of 
regression (bw) and the other is the time of reference parameter (to). The 
quantification of these variables is as follows. Parameter exponent of 
regression (bw) is following a normal distribution which has a mean value 
of 0.446 and standard deviation of 0.163. Meanwhile, parameter time of 
reference (to) is a constant parameter which value is 0.0767.

The parameters time of wetness (ToW) and the probability of driving 
rain (pSR) are parameters related to the effect of rain events on the concrete 
with respect to its carbonation resistance depends on the orientation and 
the geometrical characteristics of the structures. These two variables are 
quantified as follows. Parameter time of wetness (ToW) is the average value 
of rainy days every year. A rainy day is quantified by a minimum amount 
of precipitation water of hND = 2.5 mm every day. The nearest weather 
station data will be valuable for the quantification of ToW. The parameter 
probability of driving rain (pSR) is the average wind direction distribution 
during rain events. Based on the data from the nearest weather station, wind 
direction during rain events can be determined by carried out an evaluation. 
The quantification of the pSR parameter can be given in Table 3.

Table 3: pSR parameter quantification

Parameter 
distribution

Value Description

constant Based on 
data

If vertical elements are treated pSR has to be 
evaluated from weather station data

constant 1 If horizontal elements are treated 
constant 0 If interior structural elements are treated

(Source: (FIB, 2006))

The design service life parameter (tSL) determine the carbonation 
depth and almost every variable related to it. Indicative values for the design 
of service life are given as in Table 4.
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Table 4: Indicative values for the design service life
Design 

service life 
tSL [years]

Examples

10 Temporary structures (structures or parts of structures that 
can be dismantled with a view to being re-used should not be 
considered as temporary)

10-25 Replaceable structural parts, e.g. gantry girders and bearings
15–30 Agricultural and similar structures
50 Building structures and other common structures
100 Monumental building structures, bridges, and other civil 

engineering structures
Source: FIB, 2006

METHODOLOGY

The method utilized for carbonation depth prediction incorporates the data 
collections and statistical analysis of secondary data. These data mainly 
derivate from Indonesian Standard (SNI) for aspect related to concrete 
properties and taken from local Meteorological, Climatological, and 
Geophysical Agency (BMKG) in Pontianak, Supadio International Airport 
(IATA: PNK, ICAO: WIOO), West Kalimantan Province, Indonesia (BPS, 
2017). 

Data coming from BMKG were Relative Humidity (RH) and 
Temperature (T) taken every month during the year 2004 until 2016. These 
data were average values of relative humidity and temperature of each month 
during the observation years. The RH and T data were processed by using 
descriptive statistical analysis. Using bar chart, the processed data can be 
seen as follows (Figure 1 and Figure 2).
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Figure 1: Average monthly relative humidity during years 2004 – 2016

Figure 2: Average monthly temperature during years 2004 – 2016

Data in relation with SNI among others: tc, cement type and w/c ratio 

for the determination of 1
,0ACCR−

 values, and t for design service life. SNI 
03-2847-2002 regulates that the period of curing is seven days for normal 
concrete and three days for concrete with high early compressive strength 
(SNI, 2002). According to SNI 7394:2008, the average value for w/c ratio 

is 0.55 for low rise building and housing (SNI, 2008). Then,
1

,0ACCR−

values 
can be obtained by using Table B1-2 in FIB Bulletin 34 (FIB, 2006). It is 
common in Indonesian building practice to assume that buildings will last 
for 50 years. These values will be chosen as design service life for predicting 
carbonation depth. The calculation of concrete carbonation depth can be 
summarised in the following flowchart (refer Figure 3).

Mean Value

CEM I, t = 50 years, RHreal = 85.5%
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Figure 3: Flowchart for concrete carbonation depth calculation

RESULTS AND DISCUSSIONS

Time of curing, design service life, and RHreal were the essential parameters 
in carbonation models. Time of curing modeled from one days until seven 
days. Design service life was chosen from 0 to 50 years where RHreal 
were simulated from 65% to 90%. The first model (Figure 4) was the time 
of curing vs. carbonation depth. Parameters such as Cement type I (CEM 
I), time of service life, and RHreal were kept constant. Second simulation 
(Figure 5) was design service life vs. carbonation depth. Cement type I (CEM 
I), RHreal, and time of curing were kept constant in this simulation. Third 
simulation (Figure 6) was RACC vs. carbonation depth. This simulation 
kept RHreal, time of curing, and time of service life remain steady. Last 
simulation (Figure 7) was RHreal vs. carbonation depth. This simulation 
kept Cement type I (CEM I), time of curing, and time of service life remain 
unchanged.
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Figure 4: Time of Curing vs. Carbonation Depth

Figure 4 simulated relation between time of curing and carbonation 
depth. As can be seen, carbonation depth significantly declined as the time 
of curing rose. For common Indonesian practice of seven days curing, 
carbonation depth read at around 12 mm. The curve fitting shows that the 
quadratic equation gives the best fit for the model with a coefficient of 
correlation (R2) equals to 0.9848. In accordance with the time of curing, 
carbonation depth can be expressed as: 

( ) 20.252 3.2937 23.009c c cx t t t= − +
 (7)
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Figure 5: Design Service Life vs. Carbonation Depth

CEM I, RHreal = 85.5%, tc = 7 days

RHreal = 85.5%, tc = 7 days, t = 50 years
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The relation between design service life and carbonation depth can be 
observed in Figure 5. The carbonation depth increased considerably as the 
design service life became longer. It reached the highest value at around 
12 mm for 50 years service life. The procedure of curve fitting confirms 
that the quadratic formulation offers the best fit for the simulation with a 
coefficient of correlation (R2) equals to 0.9774. The carbonation depth can 
be formulated as design service life dependence as follows.

( ) 20.0038 0.4 1.096c SL SLx t t t= − + +
 (8)

y = 0.0012x + 8.1997
R2 = 0.9896
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Figure 6: RACC vs. Carbonation Depth

Figure 6 simulated relation between RACC and carbonation depth. 
As can be seen, the carbonation depth significantly is proportionally rose as 
RACC developed. For common Indonesian practice of CEM I, carbonation 
depth read at around 12 mm. The curve fitting demonstrates that the linear 
equation gives the best fit for the model with a coefficient of correlation 
(R2) equals to 0.9896. In accordance to RACC, carbonation depth can be 
expressed as: 

( ) 0.0012 8.1997c ACCx t R= +  (9)

CEM I, tc = 7 days, t = 50 years
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Figure 7: RHreal vs. Carbonation Depth

It is also interesting to examine Figure 7. It relates the RHreal and 
carbonation depth. The carbonation depth decreases at the same time as 
the RHreal climb up. Relative humidity from BMKG (RHreal = 85.5%) 
related to carbonation depth at around 12 mm. The procedure of curve fitting 
confirms that the quadratic formulation offers the best fit for the simulation 
with a coefficient of correlation (R2) equals to 1.000. The carbonation depth 
can be formulated as design service life dependence as follows.

( ) 20.012 1.274 11.177c real realx t RH RH= − + −  (10)

All parameters including time of curing, design service life, RACC 
and RHreal which were simulated against carbonation depth showed similar 
values at around 12 mm. It should be noticed that the simulations were 
predicting the carbonation depth for the interior structural elements. This 
implied that weather exponent parameter is set to one. This weather exponent 
opens a good opportunity to incorporate the other Indonesian climate-related 
variables, for instance, the probability of driving rain and time of wetness.

CONCLUSION

Numerical carbonation depth simulations based on the full probabilistic 
design approach have been carried out. Some Indonesian tropical climate 
parameters and concrete material properties from the Indonesian standard 
(SNI) have been provided during the simulations. 
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Based on the results, following conclusions attained:

1. Input variables such as time of curing, design service life and RHreal 
which were set to Indonesian conditions showed convergence results.

2. The curve fitting procedure shows that quadratic equation best fit the 
results from input parameters such as time of curing, design service 
life, and RHreal. For RACC parameter, a linear equation is adequate.

3. There are still chances to incorporate the other Indonesian climate-
related variables, such as the probability of driving rain and time of 
wetness in further researches.

4. It is also essential to examine the predefined values in the formulation 
especially its compatibility aspects with Indonesian construction 
practice and the Indonesian climate condition in general.
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ABSTRACT

This paper presents mould prevention strategies that should be applied in 
the library buildings. Library constructed in tropical climatic conditions 
must be moisture controlled from fungi or mould growth on any potential 
material. In order to identify the magnitude and the causes for mould 
growth, comprehensive research was carried out within three libraries in 
Malaysia universities. Aspergillus, Penicillium, Stachybotrys's and fungal 
had been identified as a common mould growth found. Thus, the growth of 
mould on the building elements such as walls and floors carpets, books, 
air conditioning parts of the surrounding library areas will be inevitable 
unless prevention strategies applied. Four strategies have been identified 
as possible mould prevention strategies in the library building.

© 2018MySE, FSPU, UiTM Perak, All rights reserved
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INTRODUCTION

Mould created on various building elements and materials produced spores 
which are harmful to the end users in the library. Therefore it is important 
to eliminate the mould and fungi in an indoor library environment. Thus, 
from the health point of observation, the presence of mould on books could 
create a possible source of health risks to those working in the libraries 
and the users, especially those that are used to putting their hands in the 
mouth before flipping through the pages of books (Bankole, 2010). In 
addition, the remediation and action should be carried out immediately 
when the sign of mould appear in the building. Failure to do this, it will 
cause the risk of exposure of mould spores in the building. The five critical 
environmental factors for the growth and development of moulds in library 
collections will be determined by the presence of mould spores, the source 
of nutrients, adequate moisture, the conducive temperature for a particular 
mould, and limited air circulation (Adan Olaf CG & Robert, 2011; Isaksson, 
Thelandersson, Ekstrand-Tobin & Johansson, 2010; Rahman, Rasul & 
Khan, 2008) 

The most important factor in the preservation of library collections is 
the maintenance of proper environmental conditions. The various design 
including operations and maintenance problems have been identified as 
the causal factors to the infestation of mould in the building (Maisarah 
Ali, 2010). Therefore, the prevention strategies including design and 
maintenance of the library buildings are needed. This paper presents part 
of PhD research and focusing on the prevention strategies to overcome the 
mould growth in an indoor library environment. 

LITERATURE REVIEW

The library design and layout play important roles in minimizing mould 
growth and its effect on the users. Preservation Advisory Centre, United 
Kingdom had produced a guideline for mould outbreak in the library and 
archive collections (Emma, 2012). These guidelines are useful for librarians 
in terms of providing mould information and its lifecycle, requirement of 
good indoor environment and material storage guidelines (Child, 2011). 
These including several precautions and guides for preventing moulds 
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in the indoor libraries such as materials place, storage, protection from 
water, dirt and dust and regular inspection material on lower shelves. The 
American Society of Heating, Refrigerating and Air-Conditioning Engineers 
(ASHRAE) also developed a classification for the preservation of books in 
the indoor climate that can be applied in the indoor library environment. 
In practice, fumigation has become the regular cure for books assumed 
to control insects or fungi or books in which an insect or fungus had 
been observed but not recommended because of human health concerns 
(Weaver-meyers, Stolt, & Kowaleski, 1998). Preventing and treating mould 
infestation in the library building should preserve human health first and 
its collections. 

Therefore, several guidelines and strategies had been developed from 
literature and guidelines from relevant authorities and also from the result 
of the case studies to ensure indoor library environment free from mould 
growth from assessment as shown in Figure 1.

Figure 1: Prevention and Control of Mould Growth in Library Building
Guidelines for Mould Prevention and Control

There are several guidelines developed and published for the protection 
of public health from health risks due to dampness, associated microbial 
growth and contamination of indoor spaces. The guidelines are based on a 
comprehensive review and evaluation of the accumulated scientific evidence 
by a group of experts. The International Federation of Library Associations 
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(IFLA) had developed principles of care and handling of library material 
in 1998. These principles consist of the preservation and conservation 
of library material including the aspect of library environment with a 
section on handling mould growth. In 2008, American Industrial Hygiene 
Association (AIHA) published a book titled, ‘Recognition, Evaluation 
and Control Indoor Mold’ in which produce comprehensive guidance for 
industrial hygienists on the topic of mould assessment (Prezant, Weekers 
& Miller, 2008). 

In addition, The World Health Organization (WHO) in 2009, had 
developed and published guidelines for indoor air quality focusing on 
dampness and mould in the indoor environment (WHO, 2009). The 
guidelines cover the aspect of mould growth and its relation to health 
effects associated with dampness, assessment methods, moisture control 
and ventilation and evaluation of human health risks and guidelines.

Preserve Books, Collations and Archives

The use of chemical fungicides and fumigants, while often temporarily 
successful, is not normally acceptable as they have limited efficiency, may 
be toxic, and have the potential for damaging collection items. The use of 
chemical fungicides and fumigants does not address the underlying problem 
of poor environmental control or building defects (Child, 2011). Long-term 
prevention of mould and control of outbreaks is only possible by the effective 
environmental control to ensure that conditions are unsuitable for growth.

Ventilation System Control 

The ventilation system control by using comprehensive utilisation of 
the following ways can achieve effective control of mould contamination. 
The specific criteria for ventilation systems that required in reducing the 
risk of mould growth as stated in WHO (2009) guidelines are as follow:

1. Ventilation air should be distributed and used effectively in the 
building.

2. Air used for ventilation should be clean.
3. Ventilation should be provided to a building in an energy-efficient 

way.
4. Ventilation should be controllable by the occupants.
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5. Quality control in design and construction.
6. Maintenance of ventilation systems.

Preventive Maintenance

Preventive maintenance that involves fixing things at the earliest sign 
of deterioration has a better chance of minimising the potential for major 
moisture and mould disasters (Small, 2009). An air-conditioning system that 
does not receive proper maintenance can be more harmful to book collections 
(Reis-Menezes, Gambale, Giudice & Shirakawa, 2011). Therefore, planned 
maintenance and properly funded preventive maintenance programmes are 
essential to prevent and control mould growth in the library building. The 
inspection should always include identification of the source of moisture 
or water ingress into the building.

METHODOLOGY

This research adopted a qualitative-dominant design with the inductive 
procedure. The data gathered in the natural and real situation of three selected 
case studies. The sites were surveyed with the following criteria:

1. The collection of library building characterisation data based on direct 
inspection and interviews with library officers; 

2. The library characterisation including measurement of temperature 
and humidity, lighting and air conditioning systems; 

3. Physical examination of the building and inspection of sites that has 
been wetted or showed mould growth; and 

4. Mould sampling and analysis as shown in Table 1 and Figure 2. 
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Table 1: The Summarised of Sampling Perform in Library Buildings
Method IRC PTAR1 PSZ Purposed

Coriolis  Air Sampler  √ √ √ Mould Identification

Settling Plates Air 
Sampling

√ √ √ Mould Identification

Swab Test (IAQ 
Mold)

√ √ √ Mould Identification

Swab Test √ √ √ Mould Identification
Carpet Sampling x √ x Mould Identification

Figure 2: Mould Identification and Quantification Process

In this research, semi-structured interviews and open-ended interviews 
have been adopted. An interview schedule was set up, and questions were 
designed before the interviews were conducted. The interviews were 
conducted with two different personnel of University management: the 
chief librarian and the maintenance personnel that involved in maintaining 
the library building. During the three case studies investigation, interviews 
with the librarian of selected libraries were conducted. The question-answer 
session was held formally before the researcher did the measurements. The 
questions started with general matters, then moved to a particular issue 
regarding mould growth. 

The question aims to get feedback about the libraries environments, 
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problems and experience. The information from them may help the 
researcher to know the scenario happen to the libraries about the condition 
of building physical and mechanical and ventilation condition. 

The questions are focusing on ventilation system review, HVAC 
system in libraries and maintenance aspects. The researcher gathers data and 
confirmation of possible causes of mould growth. In addition, information 
on the water or moisture symptoms from past and current leaks, spills and 
condensation; review ventilation and note apparent mould, and area with 
mouldy and musty odours been reviewed during the session.

RESULTS AND DISCUSSION

The three libraries experienced with mould growth especially on the books, 
air conditions outlet and ceiling. The type of mould found are Aspergillus 
sp., Penicillium sp. and Stachybotrys sp. However, only Rhizoctonia Solani 
sp. found in library B due to the existence of soil inside the building. The 
prevention strategies that can apply to these three case studies.

Adopting Guidelines for Mould Prevention and Control

There are several guidelines and procedures should be adopted by the 
library management for mould prevention and control such as:

1. International Federation of Library Associations (IFLA) – principles 
of care and handling of library material.

2. American Industrial Hygiene Association (AIHA) – Recognition, 
Evaluation and Control Indoor Mold.

3. World Health Organization (WHO) – Dampness and Mould: 
Guidelines for Indoor Air Quality.

4. Occupational Safety and Health Administration (OSHA).
5. Ministry of Health Malaysia – Guidelines on Mould Control and 

Remediation in Healthcare Facilities.  
6. Public Work Department, Malaysia – Guidelines on the Prevention 

of Mould Growth in Buildings.

From the case studies, it revealed some the guidelines and procedures 
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not been followed by the library management. This situation beyond control 
such as operation and maintenance work is operated by the other department. 
Therefore, backlog maintenance due to certain reasons and mould growth in 
the library. Another example, the temperature and relative humidity of the 
libraries as stated in the guidelines by International Federation of Library 
Associations (IFLA) recommended 18°C to 20°C air temperature and 50% 
to 60% relative humidity (RH) in the indoor library environment. However, 
the result of the three case studies as shown in Table 1 below indicated that 
these guidelines not been followed and a higher risk of mould growth.

Table 1: Average Data of Temperature, Relative humidity 
and Lux for Three Libraries

Elimination Sources of Moisture

It is vital for any library no matter what its size to avoid from any 
source of moisture. Whether they be natural or man-made. Many of guideline 
had stress on this matter. It is clear mention that the entrance of water or any 
incursion into buildings that are damaged, poorly designed, or improperly 
maintained, is the main source of mould growth and its associated building-
related illness (Occupational Safety & Health Administration, 2006). The 
thing needs to take into account are to identify and eliminate sources of 
dampness, high humidity, and moisture to prevent mould growth. 

The analysis result data for Library A, B and C show all libraries 
experienced with mould growth especially on the books, air conditions 
diffusers, ceiling and carpet. One of the main causes of the existence of water 
that contribute to mould growth within the library buildings. The results of 
both libraries such as Library B and C show the similar problem of severe 
moisture penetrate into the building. They had experienced on roof system 
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failure, therefore, the upper floor presence mould at many places especially 
on the ceiling and a few places on the wall and floor. The most interesting 
finding was the collapse of the ceiling at Level 5 of Library C and the water 
raindrop at those level during visual inspection as shown in Figure 1.

Figure 1: Leaking Roof Cause Ceiling Damage, 
Moisture and Mould Growth at Level 5 of Library C

Library B had an experience of the failure of rainwater downpipe and 
flat roof system. The improper maintenance work such as clear out the dry 
leaves and debris slow the rainwater get through the pipe. The dry leaves 
and debris in the area of flat roof gutter is not been cleared and start to block 
the drain especially during heavy rain. These should be cleared out during 
a regular maintenance schedule. Therefore the water intrusion from the 
rainwater downpipe (RWDP) in the timber column contributed moisture 
inside this library as shown in Figure 2.

Figure 2: Roof and RWDP Failure Cause Timber Column Damage, 
Moisture and Mould Growth at Library

The symptoms such as wet or damp spots, non-mouldy materials 
should be cleaned and dried as soon as possible. As mention in  Occupational 
Safety and Health Administration (OSHA), preferably within 24-hours 
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to 48-hours of discovery of the symptom. Prevention of moisture due 
to condensation also found in the libraries. To prevent this situation the 
management of the library need to increase the surface temperature of the 
material where condensation is occurring or by reducing the moisture level 
in the air. 

In addition, the library building should be checked routinely for water 
leaks, problem seals around doors and windows, and visible mould in moist 
or damp parts of the building. All conditions that could be causes of mould 
growth should be corrected to prevent future mould problems. 

Planned Preventive Maintenance

One of the main causes of mould growth within library buildings is 
poor maintenance. As mention before, the potential growth of mould is 
moisture and the key to mould prevention is moisture control. Therefore, 
the important initial step in prevention is a visual inspection of the libraries 
and the execution of maintenance work as planned. Regular inspection of the 
building envelope and drainage systems should be made to guarantee that 
the system is in working order. From the case studies, it found that corrective 
maintenance is not been carried out at Library B and C building. The work 
included reducing the moisture level in the air, repairs leak, cleaning and 
service air-conditioning outlet.

The guidelines on the prevention of mould growth in buildings 
by Public Work Department highlighted the importance of operation 
and maintenance stage. The maintenance work should be planned and 
carried out by a competent person and the execution of maintenance work 
should be planned earlier and works carried out at a predetermined time. 
The ventilation and air conditioning system should be monitored and 
measurement of its performance to ensure the ventilation and temperature in 
indoor library adequate and not causes the mould growth. Microbial growth 
on wet surfaces in air handling systems is a major source of pollution in old 
library buildings such as Library B and C. Moisture-related on ventilation 
and air conditioning components such as cooling coils and humidification 
systems when poorly maintained, can be a source of mould growth and 
microbial contaminants that effect in library users. 



189

         Mould Prevention Strategies for Library

The importance of cleaning of this systems as stated in many guidelines 
and standard should be followed by the library management. Therefore, all 
ventilation systems in the three case studies require regular inspection and 
maintenance.

Preserve Books, Collations and Archives

From the visual inspection of the three case studies, it found that 
some of the books on the book rack especially at crawls area are identifying 
with mould symptom on the book cover such fuzzy spot or powdery. This 
condition due to the area of crawling spaces got less of light, exposed to 
dust and humid. The relative humidity condition at 61% to 80% was one 
of the factors that contributed to the humid in the ambient and therefore 
mould growth at a certain area in this three libraries. It also due to the books 
immobile or recess at the same place and did not get decent airflow. The 
mould growth on the books cover is shown in figure 4.

Figure 4: Mould Growth on the Binder Books in the Libraries

In addition, it was found that some of the books on the book rack 
located on the ground floor are identifying with dust on the book cover. The 
books were also swelling and shrinking. The relative humidity condition 
at 61% to 76% was one of the factors that contributed to the humid in the 
ambient and therefore, mould growth in a certain area at library A, B and C. 
The moisture exists on the books surfaces due to the condition of relative 
humidity more than 60% of the recorded data. 
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It is interesting to note that in all three cases of this study found the 
mould like to grow on the dark colour binder book. The binder books or 
cloth book made from organic material. As mention in a previous research 
paper, the nutrient of the mould is the thing that made from organic due to 
the mould does not have any chlorophyll and, therefore, cannot produce 
their own food. However, any building material can turn as a substrate for 
mould to grow on, as well as concrete masonry as long as dust and debris 
exist. The mould still needs moisture and warmth to grow but they prefer 
darkness. The study found that almost all darken the colour of binder book 
has the presence of mould. Another important finding was that there is no 
symptom of mould growth found on the bookbinder cover has a bright 
colour such as orange. Therefore, it is important for the library management 
to ensure the books and archives been preserved as the required guidelines.

CONCLUSION

This paper justified the importance of prevention and mould control in the 
library building. Data analysis and findings that have been discussed shows 
that there are requirements and guidelines not be followed by the library 
management to reduce the mould growth in the existing libraries. The 
elimination of moisture in the library building is an integral part of reducing 
and preventing mould growth. Therefore, planned preventive maintenance 
should be carried out for the physical aspect of the library building including 
regular maintenance of the ventilation and air-conditioning system. The 
method of preserving books, collations and archives in the library should 
follow the guidelines and procedure recommended by the various agencies 
and library authorities. Failing to apply this requirement result to the risk of 
books and archives damage and possibilities of uncontrolled mould growth 
in the indoor library environment. 
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