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Editorôs note 

 
Faculty of Architecture Research Unit (FARU) of University of Moratuwa, Sri Lanka has organized the 

11th FARU International Research Conference under the main theme of óSustainability for Peopleô and 

focused on envisaging multi disciplinary solutions. The conference provides as a forum for researchers, 

academics, practitioners and students in the areas of architecture, built environment, planning, 

building economics and integrated design. 

 
Theme of FARU 2018 discusses how sustainability expands to a wide spectrum, by envisaging to the 

basic and modern needs of people. Furthermore, it addresses multi disciplinary approaches across built 

environment, construction industry, urban planning and design for people. FARU 2018 opened up the 

platform to discuss this t hrough multi -disciplinary solutions and invited research papers on the 

following sub themes: 

 

- Built environment for people  

- Construction industry for people  

- Urban planning for people  

- Design for people 

 

I wish to congratulate all the authors for their contri bution, sharing their insights that will provide 

ample opportunity for discussion, debate and exchange of ideas, information among the conference 

participant.  

 

Looking forward for a successful conference. 

 

Dr. Sumanthri Samarawickrama  

Director, Faculty of Architecture Research Unit 

Faculty of Architecture, University of Moratuwa, Sri Lanka  
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Abstract  
Knowledge can be defined as a dynamic social construction of reality dependent upon the specific experiences made by 

individuals; it does not already exist in individuals but is continuously produced and revised in a social process.This paper 

seeks to review the role of social networks in knowledge management in the business context of Multi-National Real Estate 

Consultancy Firms (MNRECF) considering knowledge as a social construction. Services provided by MNRECFs depend largely 

on the application of knowle dge and expertise. They are depended on three knowledge areas ï based fundamental resources, 

which are their people; the client relationships; and the intellectual capital. It is the knowledge that extends beyond knowi ng 

how to do a particular job, how to deploy people to make the best use of their talents, how to make decisions that help build a 

strong client base, and how to guide change as markets and conditions change. In the modern economic environment, social 

network concepts have become increasingly interesting to many companies, since the evolution of network relationships 

within and between firms affect most companies. Social networks are used to examine associations and connections between 

individual employees, as well as how companies interact with each other; it is a key ingredient of Knowledge Management 

(KM) in MNRECFs. However, current knowledge is lacking in this area due to limited research undertaken. Therefore, this 

paper aims to explore social networks in MNRECFs based on a literature review and provide an account of relevant KM tools 

supporting social networks. Future research will select case studies to explore the concepts further. 

 
Keywords : Knowledge; Knowledge management; Multi -National Real Estate Consultancy Firms; Social networks; Real 
Cases. 

1. Introduction  

Multinational Real Estate Consultancy Firms (MNRECF) are businesses that operate based on the 

specialized knowledge, extensive experience and expertise of their teams of experts who process 

knowledge of the interplay amongst asset valuation, capital markets, and real estate marketplaces as 

well as issues that affect clientôs day-to-day business operations (Deloitte2013). 

 

Transferring knowledge through one-to-one conversations has been threatened by the increasing 

movement of the consultants of MNRECFs across different countries. In some MNRECFs, expert teams 

are placed in a single centralized location, in one multi-national conglomerate, within their Sri Lankan 

operations, the expert team for the Asia Pacific region is centralized to a single country, which is 

Singapore. Therefore, there is a persistent need in these knowledge-intensive organizations for 

knowledge to be well managed to counter the limitations arising from the common uneven distribution 

of knowledge (Fong & Choi2013). This is echoed by Nissen (2004, p7), who highlights that óóefficient 

knowledge þow is critical to enterprise performance.ôô Despite its integrally critical role, knowledge is 

often not managed in an orderly manner, and its contribution to a firmôs success is usually disregarded. 

These firms may cling to the opinion that investment in knowledge processes is doubtful to increase 

their business, and inadequate to produce proportional financial returns (Fong & Choi2013). However, 

a thorough research, which can show them how knowledge management can largely add value to their 

Organizations, while increasing the performance, benefiting their Clients, lowering their costs and 
increasing profits is worthwhile taking in an era where there is a large tendency for MNRECFs to 
expand their business across many more countries. Since the evolution of network relationships has 
impacted most companies in the modern economy setting, Social Network concept has become the 
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focus of many companies (Seufert, Grogh&Bach1999).Organizationsô tacit knowledge sharing is mainly 
and structurally supported by the Social Networking (Papailiou, Apostolou&Mentzas2005). In 
MNRECFs, members belong to one category or department dispersed in wide spread locations, in the 
above referred example of a multi-national conglomerate, supply chain strategic level members are in 
Singapore whereas operational level members are placed in countries such as Sri Lanka, India etc. 
Therefore, there is a strong requirement for flexible and easy to deploy collaborative KM tools. 
 
Thorough research reveals the value of using knowledge sharing networks in MNRECFs. However, 
there is sparse research regarding this context. This research project aims to evaluate the role of social 
networks in KM within MNRECFs considering knowledge as a social construct.  
 
2. Research question  
 
This research seeks to review the role of social networks in knowledge management in the business 
context of MNRECFs. Since nature of knowledge is not well defined in MNRECFs context, the role of 
social networks in knowledge management is not well understood. This created the knowledge gap for 
this research and emerged the research question for the study. Accordingly, the research question that 
was developed for the study is, óWhat is the role of Social Networks in Knowledge Management in the 
business context of MNRECFs?ô 
 
3. Knowledge & Knowledge Management  
 
Razmerita, Kirchner & Sudzina 2009 define knowledge as a fluid mix of framed experience, values, 
contextual information, and expert insight that provides a framework for evaluating and incorporating 
new experiences and information. It originates and is applied in t he minds of knower. Knowledge is 
progressively more regarded as a survival tool in a dynamic and competitive environment (Laudon and 
Laudon, 2000). Drucker (1993) shared this view and stated in his text, óóPost-capitalist societyôô, that 
óóthe basic economic resource is no longer capital, natural resources, nor labor. It is and will be 
óknowledgeô. Therefore, there is a pressing need in every knowledge-intensive organization for 
knowledge to be well managed in order to cope with the shortcomings arising from the common uneven 
distribution of knowledge in these organizations. This is echoed by Nissen (2004) who emphasizes that 
óóefficient knowledge flow is critical to enterprise performanceôô. In spite of its inherently crucial role, 
knowledge is often not managed in a systematic manner in MNRCFs, and its contribution to firm 
success is commonly overlooked. These firms may hold the belief that investment in knowledge 
processes is unlikely to boost their business enough to generate proportionate financial returns 
(Drucker, 1993). 
 
As stated by Levin & Cross, 2004 ñknowledge Management is refers to identifying and leveraging the 
individual and collective knowledge in an organization to support the organization in becoming more 
competitive; problems with maintaini ng, locating, and applying knowledge have led to systematic 
attempts to manage knowledgeò. Knowledge management systems help create, store, retrieve, transfer, 
and apply knowledge. They can also enable collaboration and communication among knowledge 
workers within and across various domains (Fischer and J. Ostwald, 2001). Traditionally, such systems 
have helped document explicit knowledgeð that is, knowledge thatôs easily codified and articulated, 
such as what is in a user manual. 
 
4. Knowledge Management &  Social Networking  
 
However, organizations are starting to include social networking features in their knowledge 
management infrastructure to capture tacit, social, and individual knowledge as well. Tacit knowledge 
is difficult to codify because itôs ñrooted in action, experience, and involvement in a specific context 
(Alavi and Leidner, 2001). Social knowledge is created by group actions and includes social norms for  
these interactions, and individual knowledge comes from an individual gaining insight aft er completing 
a project/work (Alavi and Leidner, 2001).  Research shows that employees who frequently interact 
transfer knowledge more effectively (Levin and Cross, 2004) supporting the notion that community 
networking is an important part of knowledge managementðespecially for tacit knowledge. Integrating 
social networking into knowledge management systems can increase interactions between employees, 
which can in turn increase their level of trust and encourage more effective collaboration and 
communication (Swan, 1999). Many organizations are thus incorporating  tools such as Microsoft 
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SharePoint into their knowledge management infrastructure to set up websites accessible through 
intranets or the Internet and to help employees create, store, and retrieve documents in various formats 
(Levin and Cross, 2004). 
 
4.1. KNOWLEDGE GENERATION 
Lu and Tsai 2004 states that óóorganizations have to focus on the creation of knowledge to prevent 
existing knowledge from becoming obsolete quicklyôô. Knowledge generation means the knowledge 
acquired by the firm as well as that developed within it. The most direct way that firms use to acquire 
knowledge is to buy it - that is to buy an organization or hire individuals that have it. In addition to 
being purchased, outside knowledge is usually leased or rented (Fontaine, 2006).  By far the most 
common process by which knowledge is generated in MNRCFs is through fusion between knowledge 
networks. Networks of knowerôs, usually talk together in person, on the phone, and via e-mail and use 
groupware technologies to share expertise and solve problems together.  
 
4.2. KNOWLEDGE ORGANISATION AND DEVELOPMENT  
Common practice is for knowledge codification projects to have more specific aims than just making 
knowledge generally available (Beerli. Falk & Diemers, 2003). Mapping corporate knowledge sources 
is an important part of the knowledge organisation process. Once knowledge is found, someone must 
evaluate it to assess its usefulness and importance to the organisation, and to determine its type (Mika, 
2006). Knowledge maps, pointing to people or documents and databases, are widely used in order to 
provide pointers to sources of knowledge (Beerli. Falk &Diemers, 2003).  
 
Organising the richest tacit knowledge in MNRCFs is limited to locating someone with the knowledge, 
pointing the seeker to it, and encouraging them to interact while providing the necessary technological 
aids to enable a rich communication (Beerli. Falk &Diemers, 2003). The assembling of virtual teams to 
work on a project also addresses the same issue. Multimedia computing and the hypertext capabilities 
of intranets provide the capability of effectively capturing at least some meaningful fraction of an 
expertôs knowledge, making tacit knowledge explicit (Fontaine, 2006). Mentoring or apprenticeship is 
often seen as way to transfer tacit knowledge from one person to another (Caldwell, 2006). Another 
effort to support primarily organisation of tacit knowledge are the communities of practice (Fontaine, 
2006).  Communities of practice are also used for knowledge sharing, innovation, and capturing of 
opportunities by the employees in the specific areas (Mika, 2006).  An identified challenge is the very 
loose coupling of the processes that produced the highly structured, explicit knowledge with the owners 
of the tacit knowledge (Heller -Schuh&Kasztler, 2005). In most cases, the management of tacit and 
explicit knowledge was not addresses in a holistic manner (Beerli. Falk &Diemers, 2003). 
 
5. Knowledge Distribution  
 
Transferring knowledge through personal conversations is being threatened by the increasing mobility 
of the consultants in MNRCFs. Field consultants who work daily on the site are less likely to pass on 
knowledge and insight on clients and problems handled to their colleagues. Information technology, 
and in particular intranets and Lotus Notes -based applications are seen as substitutes to personal 
communication although they lack the idea generation capability and serendipity of personal, face-to-
face conversations (Heller -Schuh & Kasztler, 2005). 
 
Tacit and ambiguous knowledge is especially hard to transfer from the resource that creates it to other 

parts of the organization (Heller -Schuh&Kasztler, 2005). Some consultancies are addressing this 

challenge by putting knowledge into circulation and transferring people in and out of the dedicated 

resource (Mika, 2006). Knowledge managers for example, can spend a period of time in one domain 

helping to generate new knowledge before they are replaced by newcomers. However, there exists a 

challenge for most MNRCFs to make knowledge distribution an easier and, if possible, transparent 

process: Consultants should be faced with the minimum possible overhead in sharing the knowledge 

gained in assignments with their colleagues. 

 
6. Social Networks  
 
Social networks are based on the idea that there is a determinable structure to how each person is 
connected to another, whether directly or indirectly (Churchill & Ha lverson, 2005).  Social network 
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consider new means through it an organization members share information, communicate and 
collaborate among others (Seufert et al, 1999]. The term ñSocial Networkò, can be interpreted as the 
social structure between actors, mostly individuals or organizations, as well as between collectives of 
organizations, communities or even societies (Churchill & Halverson, 2005).  A ñSocial Networkò can 
be seen as: ña specific set of linkages among a defined set of actors, with the additional property that 
the characteristics of these linkages as a whole may be used to interpret the social behaviour of the 
actors involvedò (Seufert et al, 1999). Social Network Analysis (SNA), a key technique in many modern 
research fields such as sociology, anthropology, social psychology and organizational studies, analyzes 
social networks through network theory, which views social relationships in terms of nodes and ties 
(Churchill & Halverson, 2005).  
 
Within the MNRCFs, social network concepts have become increasingly interesting to many 
companies, since the evolution of network relationships within and between firms affects them 
(Seufert, Grogh& Bach, 1999). Social networks are used to examine associations and connections 
between individual employees, as well as how companies interact with each other. SNA helps MNRCFs 
to understand how people communicate and cooperate and to identify knowledge flows at the intra-
organizational level as well as the inter-organizational level (Seufert et al, 1999). Several MNRCFs are 
offering services based on SNA, promising optimization of information flow as a way to improve 
efficiency, reduce costs, and improve productivity. 
 
Enterprise social networking appears to refer to social networking sites designed for the enterprise, 
which emulate much of the functionality of social networking sites (Razmerita, Kirchner and Sudzina, 
2009). Enterprise social networking tools offer community and collaboration features like profiles as a 
core component, blogging, bookmarking, RSS, wikis, and the creation of self-defined, self-managed 
online communities (Razmerita, Kirchner and Sudzina, 2009).  
 
6.1. IMPORTANCE OF SOCIAL NETWORKING IN KNOWLEDGE MANAGEMENT  
Social networking among employees constitutes the backbone for tacit knowledge sharing. Moreover, 
social networking is pertinent to knowledge management because of the following two reasons [Seufert, 
Grogh& Bach, 1999]. First, knowledge management should comprise a holistic view of knowledge, that 
is to say, the integration of explicit and tacit knowledge. Secondly, knowledge management should 
comprehensively regard where or rather how knowledge is being created and transferred (Seufert, 
Grogh& Bach, 1999). To focus on explicit knowledge only, or still to take a confined view of work, 
learning and innovation areas would incur the risk of erecting barriers of various kinds, functional and 
hierarchical. Barriers to knowledge management should be overcome by ñnetworkingò, and knowledge 
islands should be cross-linked in order to stimulate the  evolution, dissemination and application of 
knowledge (OôRiain. Zhou,  Li, OôSullivan, Croke&Precup, 2006). Taking advantage of social networks 
in order to improve organisational knowledge management is a highly demanding task that involves, 
among others, understanding their inhibitors and levers, and establishing a set of clearly defined roles 
and expectations (OôRiain. Zhou,  Li, OôSullivan, Croke&Precup, 2006). 
 
6.2. CHARACTERISTICS OF SOCIAL NETWORKS 
According to Seufert, 1999, the main characteristics of social networks are related to the nature of the 
relationships formed within them, the network shape and the mechanisms and forces which affect 
networks development: The relationships between network actors are founded upon personnel 
organizational or technical-organizational interconnections on a long term basis and can be understood 
as deriving from their autonomy and interdependence, the coexistence of co-operation and competition 
as well as reciprocity and stability (Dawson, 2000). The relationships  evolving between actors of social 
networks can be categorized according to contents (e.g. products or services, information, emotions), 
form (e.g. duration and closeness of the relationship) and intensity (e.g. communicate on frequency) 
(Heller -Schuh& Kasztler, 2005). The form and intensity of the relationships establishes the network 
structure.  
 
The shape of the social network is a determining factor for the networkôs usefulness to its individuals 
(Logan & Austin, 2006). Social networks with a lot of connections to individuals outside the main 
network are more useful to their members than smaller, tighter networks, because the participants of 
ñopenò networks have access to a wide range of information and therefore are more likely to have new 
ideas and opportunities (Caldwell, 2006).  
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Social networks can result through internalization or externalization (Woods, 2003). Internalization 
means an intensification of cooperation, while externalization is a limited functional outsourcing, 
which is reached by loosening hierarchical co-ordination mechanisms (Mika, 2006). Both 
internalization and externalization may take place at the same time within a company (Woods, 2003). 
Moreover, they can occur not only horizontally, i.e. on the same level of the value chain, but also 
vertically between actors on different levels of the value chain, e.g. between suppliers and customers 
(Mika, 2006).  
 
Social networks within MNRECFs assembled to accumulate and use knowledge mainly by means of 
knowledge creation and transfer processes, for the purpose of creating value, i.e. knowledge networks, 
can be informal as well as formal (Beerli. Falk &Diemers, 2003). An informal networks is a loosely -knit 
group consisting of individuals who share a common interest and comes into existence bottom-up 
(Fontaine, 2006), while a formal network represents a group of people having a specific issue or a 
problem to solve occurs as a result of a specific goal and its development is prompted by the 
management (Wenger McDermott & Snyder, 2002).  
 
6.3. KNOWLEDGE MANAGEMENT TOOLS SUPPORTING SOCIAL NETWORKS 
Microsoft SharePoint has over 100 million users and offers social networking system capabilities, 
including the ability to selectively establish relationships between contacts and to grant permissi on to 
view selective information posted by users (Klein and Myers, 1999). Users can create a profile page that 
includes their job location, experience, and contact information (Klein and Myers, 1999). SharePoint 
can be used as a collaboration tool in a single organization as well as across organizations. It also 
integrates with other commonly used Microsoft tools such as Microsoft Outlook, thus supporting 
communication and collaboration between employees.  It can be used to collaborate both internally 
between staff members and externally with clients (Klein and Myers, 1999). The SharePoint site is a 
repository of information regarding projects and is a key component of the project management process 
(Klein and Myers, 1999). MNRCFs use SharePoint as an integral part of their social networking and 
knowledge management systems, but itôs just one example of the type of tools available to organizations 
for collaboration, knowledge management, and social networking.  Similar tools that can foster social 
networking include Social text and Jive Software (Fischer and Ostwald, 2001). Knowledge management 
platforms including SharePoint, wikis, and a company portal for collaboration and social networking 
can help teams work together across different time zones and geographic locations while performing 
extensive research and development tasks (Levin and R. Cross, 2004). 
 
In addition to SharePoint, some MNRCFs use Yammer, a social networking site designed specifically 
for internal use in an organization (Levin and R. Cross, 2004). For MNRECFs with employees scattered 
throughout the world Yammer can be used to help employees keep in touch and to foster a sense of 
community. Some of the posts on Yammer are personal in nature, but the vast majority is specific to 
work projects. Employees in MNRCFs frequently use Yammer to get assistance and ideas on how to 
improve their projects (Alavi and Leidner, 2001).  
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7. Conclusion  

In the modern, knowledge-based economy, hardly any company remains unaffected by the evolution 
of network -like relationships within and between firms (Harris, 2006). The complexities in tasks and 
the demand for creative work from the workers have shifted the style of work from, historically, one of 
coordination and cooperation to collaboration and the managementôs focus from the traditional 
ñprocess-basedò framework to a ñteams-basedò network structure [Tsui, 2002]. Employees MNRCFs 
belong to multiple organization  units or even organizations and work in dispersed locations and 
therefore, they have a strong requirement for flexible and easy to deploy collaborative KM tools [Tsui, 
2002]. While in the last years comprehensive sets of tools including a mixture of diffe rent technologies 
supporting communication have increased, the individual components are not always well integrated 
[Harris, 2006]. Since the trend grows among users who are seeking to support a broad range of 
collaboration capabilities for the purposes of  collaborating and sharing knowledge, the integration of 
collaboration technologies is vital [Harris, 2006].  
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8. Recommendations  

Social networking systems pose conflicting challenges by pitting privacy concerns against the ease of 
managing knowledge (Levin and R. Cross, 2004). Although such systems might motivate employees to 
contribute knowledge by developing a sense of community, the inherent complexity of setting security 
policies and controlling the visibility of knowledge managed through these systems poses a significant 
challenge to organizational adoption (Alavi and Leidner, 2001). Organizations need mechanisms to 
protect information without prohibitive restrictions that could dissuade use (Fischer and Ostwald, 
2001). The more democratic characteristics of social networking systems must be balanced with 
organizational hierarchies and access control (Levin and R. Cross, 2004). For example, restricting the 
user base for the social networking system might be an easy mechanism to protect data privacy, but it 
could inhibit wider adoption and open contribution (Alavi and Leidner, 2001). Assigning ownership of 
specific sections to key stakeholders. 
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Abstract  
Neighbourhood planning has always been considered as the key unit of any urban development. The origin of this term has 

been envisaged for a safe, resilient and inclusive society where in residents aim to engage well. However, due to the pressure 

of rapid urbanization and increasing housing demand, often neighbourhood planning fails to embrace the civic demands 

related to women residents. This paper explores womenôs perception on liveability in the residential neighbourhood with 

respect to the built environ ment and civic amenities. A case study has been carried out in two different wards of a tier-2 city, 

Keonjhar, the tribal city of Odisha which holds a unique cultural background.  In this case study a questionnaire has been 

developed on the basis of six physical indicators which define the characteristics of the civic amenities provided in the 

neighbourhood that governs womenôs liveability. A sample of (n=30) women residents of three age groups being interviewed 

to explore the attributes associated with these indicators and how these are affected by the land use, spatial distribution and 

built environment. This paper aims to derive a gender sensitive framework on the basis of womenôs perception to plan better 

and safe residential neighbourhood, which will en hance the quality of life of women residents.  

Keywords :  Gender, Perception, Civic amenities, Urban Planning, Neighbourhood  

 

1. Introduction  
 
Along with the planning guidelines, a successful neighbourhood should also emphasize the human 
dimensions and their expectations to enhance the liveability.(Lynch,1998;Balsas,2004) The concept  of 
neighbourhood which originated in the far west has been int roduced into India post independence. It 
was expected to embed well because it was flexible enough to morph rightly with the indigenous cultural 
values of India (Vidyarthi, 2015). In due course of time many Indian planners have implemented this 
modern concept in planning new cities in India. However analysing todayôs situation, even planned 
urban areas have failed to meet the liveable qualities and are no more safe for the residents.(Jagori, 
2016).The increasing rate of violence against women in public spaces urge for a gender sensitive 
approach of planning for built environment(Dhar,2016).  
 
Generally residential neighbourhoods are planned with the simple notion to house the population 
wherein civic infrastructure is laid as per the given guidelines and norm s. In absence of any clear notion 
about their spatial distribution, it is observed that there are few pockets which are amassed with the 
civic amenities and few portions of the neighbourhood are sparsely fed with the service. 
 
In the planning of Bhubaneswar city, planner O. Koenigsberger introduced óNeighbourhood Unitô with 
an expectation to create mixed communities which would call for a more inclusive and resilient 
society(Vidyarthi,2015; Kalia,1995). As the very first planned city of the state having come into being, 
it was expected to repeat the same ideology of planning for a few more emerging cities. But the core 
essence of neighbourhood planning which believed in safety of the inhabitants and its cultural 
adaptation was lost in the further process of planning. As indicated in the failure of steel city, Rourkela 
(Parida, 2017) the town planning of cities overlooked the need to incorporate cultural variation into the 
planning process. 
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The Town Planning Unit of Keonjhar was established and operated with statutory functions in the year 
1990 after the 3rd five year plan (1961-64). Inspite of being mentioned in the town planning manual 
the recommendation of civic amenities for a neighbourhood as per its population, the spatial 
distribution of civic amenities face rejection from the userôs point of view. The same scenario has 
occurred in the city of Keonjhar making the places of activities almost inaccessible for the city women. 
The disorganised and lack of sensible planning of civic amenities are putting the female residentôs in a 
disadvantageous condition by restricting their access. To establish and explore the womenôs perception 
towards liveability, a group of women (n -30) were interviewed from two different wards of the town 
with respect to the spatial dist ribution and availability of civic amenities.  

2. Background study  

Before plunging into the specific case study of an Indian town, it is apt to understand the overall 
conception of town planning and the factors, which led to the realization of its urgency and planned 
visualization. In the post industrial revolution era th e western world faced the ugliest sporadic growth 
of cities giving rise to unhealthy environment and poor living conditions, which damaged the traditional 
ties of ancient civilization. This situation of human settlement pushed the thinkers to pause and thi nk 
rationally about the betterment of the society and bring out new solutions. In 1920, New York planner 
C.A Perry had proposed the concept of neighbourhood unit which w repeated for almost seven decades 
as the most implemented planning principle. His prop osal was mainly focused on residential 
communities arranged around a central place, where the school was sited along with the playground 
and a small convenient shop at the centre being the heart of the community. The whole arrangement 
was described in a way that it can be covered in 1/4th of a mil, a distance which is easily walkable for a 
child and is approached though safe pedestrian access. The relationship between various design 
elements of the neighbourhood concept can be seen as a multivariate scheme, derived from six 
principles: Size, boundary, open space, institution site, local shop and internal street system (Vidyarthi, 
2015).The interdependency and spatial location of the activities played a major role in designing the 
neighbourhood. Also the hierarchy of roads controlled the traffic movement in and out of the 
neighbourhood.  
 
Neighbourhood concept was not of scientific nature like any hypothesis testing but it was clear 
reflection of the modification in the past design experiences along with the prevailing thought process 
of Perryôs era. On the basis of this development there emerged a new cultural and intellectual belief 
exhibited in the opinion of some American reformists of that period. (Banerjee and Baer, 1984) After 
the mass acceptance of the concept as a standard in American planning society, it started reflecting in 
the other parts of the world with some modifications and creative amalgamation of many native ideas 
of planning. In India also neighbourhood concept started gaining recognition not as a slow sinking but 
as a sudden change. 
 
Post-independence, India faced a challenge in terms of town planning to adopt a new philosophy which 
can liberate Indian planning from British colonial watermark. It was the first Prime Minister Nehru 
who advocated introducing modern concept of planning through which Indian cities would flourish in 
an organized set-up. The first planned city, Chandigarh was set as an example to break the stereotypic 
conception of colonialism and for both Nehru & Le Corbusier it appealed that machine age would be 
responsible to improve the society (Kalia,2006). Unlike Chandigar h, Bhubaneswar, the planned city in 
Odisha rose as a conflict between the traditional Odiya temple culture and modern secularism.  
 
Before Koenigsberger took charge of designing the capital city Bhubaneswar, it was supposed to adhere 
to the philosophy of Julius Vaz whose main intention was to organize a settlement reflecting local 
character. So it was a complex task for the planner to draw a master plan which would deliver modern 
amenities mentioned by the bureaucrats, still retaining the medieval traces. Besides, it was also 
expected to fulfill the dream of a capital city of Odiya people (Kalia, 1994). Koenigsberger also realized 
the composite character of the place and subsequently suggested for a mixed society practicing different 
profession which would give rise to a great economy and cultural diversity. He emphasized to create a 
neighbourhood unit with a residential area large enough to afford modern amenities but, at the same 
time, maintaining a walkable distance to provide the feel of a village where people have better civic 
responsibilities. These units were designed with the facilities reinforced specifically keeping in mind 
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the requirements of children and women. But the decision of making a horizontally expansive city 
accentuated more motorized transport which could not support a walkable neighbourhood.  
 
Koenigsberger did not emphasize on the shopping activity and the location which was contradictory to 
Indian practice of ñBazaarò. There are many more instances, due to the plannerôs thought process the 
western prototype could not fit well to the Indian context, like that of in Keonjhar.  
 
The Town Planning Authority for Keonjhar was constituted by appointing Special Planning Authority 
in 1981. The Planning process was expected to deal with the territorial challenges and unique socio-
cultural background of Keonjhar city.  
 
Keonjhar is a mining city in Odisha with large area of land under the forest belt due to the influence of 
the neighbouring districts which are majorly identified as tribal areas (Mayur bhanj, Sundargarh of 
Odisha & Shinghbhum of Jharkhand).Thus the impact of a high cultural amalgamation is quite visible 
in the language, food habit, culture, rituals which affects the acceptance of social changes. As per the 
state Town Planning Act, the city master plan has been prepared to make provision for planned 
development, expansion & improvement of the city but there is a gap in terms of serving the local 
populationsô needs and spatial distribution of civic amenities. As quoted by Peter Grenell (1980) 
Planning being essential for decision making, it is essential to know what it can deliver and what it canôt, 
which outcomes are culture-specific and what can be absorbed by a society. 
 
As argued by Chris Maser (2010) each community has its unique cultural, physical and political 
identification which makes the community adaptive or revolting to new changes. The deciding factor 
on which sustainability of a community depends is the flexibility of its cultural adaptation. Hence it is 
essential for plans to cater to the cultural practices of the community. As Keonjhar is driven by a more 
introvert cultural set up compared to the capital city, it is mandatory for the planning professional to 
gain the knowledge of its cultural transformation and the cultural car rying capacity to design the built 
environment.  
 
Keonjhar is the 11th urbanized district of Odisha having 14.05% of its population living in urban areas. 
The female population in the district is 49.6% and the female literacy rate is 58% against 78% literacy 
in men. Also as per the census data for labour force participation, the percentage of female participation 
in non-workers category is 70.02% of the total non-workers population. This validates strongly that 
womenôs perception plays an important role in shaping up the planning & provision of civic amenities 
in the city of Keonjhar which will lead to more female participation in the labour force.  
 
There has been adequate amount of literature which advocates the present planning scenario is gender 
neutral which puts women in disadvantage position in the society, hence there is a need of gender 
sensitive approach in planning and designing. Due to rapid urbanization where there is enough stress 
on affordable housing, efficient transportation network and planned infrastructure, spatial planning 
has lost its focus which affects womenôs quality of life.  
 
Along with the reproductive & care taking responsibilities, women today have moved forward to a more 
dynamic life like participating in the countryôs economy. Due to this added duty, women have to travel 
the work place which is not always closer to the shelter, making things difficult.  
 
Women even with the appropriate skills and exposure often choose not to be part of the work force due 
to the unfair travel time between work and shelter and erratic spatial arrangement o f civic 
infrastructure which consume most of their time in fulfilling the basic responsibilities (Kunieda, 
2007) .Women both working and non -working have the responsibility of family and thus their mobility 
pattern and the choice for mode of transport is highly influence by the social construct. The daily trip 
pattern for a woman is multimodal, short and mostly walkable which is very different from men (Tiwari 
et al., 2014). To point out accurately, Gopalan (2005) has argued, social construct in many community 
restricts womenôs movement which affect her accessibility to resources. Even in their own residential 
neighbourhoods where women are expected to have freedom of movement, due to unreasonable travel 
distance and location of activities makes it difficult to pursue. Moreover the safety of women has been 
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challenged frequently in public realm. As per the study of Jagori(2009 -2010), streets and public 
transports are reported as the most unsafe places for women. Hence due to the fear of being a target, 
women found it difficult to access resources which are available for them. 
 
The elements of built environment like, the residential density, street network, landscape, market 
places and their positive attributes are directly pro posal to the liveability of women (Foster, Giles-Corti 
and Knuiman, 2010) .The location of school, park, market, transportation means and their hub decides 
the viability of the neighbourhood. Like mentioned earlier also, the planning guidelines do not provide 
for spatial distribution of amenities and it is left to the planner.   
 
As per URDPFI guidelines, the classification of roads have followed the hierarchy of traffic carrying 
capacity. However, while planning essential details like the length of roads, treatment of side edges, 
pedestrian pathways etc is often missed out.  Similarly, for the educational facilities, the norm has 
emphasized the site next to a play ground or park, but the spatial location of the school with respect to 
the residential neighbourhood is not defined.  

3.  Case study   

It is always discussed in any master planning process, that public participation plays an important role 
in decision making. Urban design should involve a dialogue between the planners and users who hold 
the knowledge of how an existing area works, about its needs & possibilities. (Mumford, 2015) . 
However, in most of the cases it doesnôt happen due to various reasons including lack of awareness 
among public and disinterest of the planning agency. Public participation is often done by the planning 
agencies to fulfil the statutory requirements of the approval process rather a serious commitment to  
take inputs from various stakeholders. Unless usersô perspective is taken into account in early stages of 
planning it is a challenge to incorporate the userôs aspirations. This creates a planning monolith which 
doesnôt offer multiple choices for the users. In order to understand the perception of women about the 
available civic amenities it is critical to recognize their special requirements first which can help 
improve their quality of life.  
 
As described before the case study is carried up in Keonjhar district in two different wards, ward no-12 
(population - 2109) & 13(population- 2353) which are located in the centre of the town. Due to the 
central location of the wards, it is expected to avail all the amenities without any difficulties. However, 
it is not true for the very obvious reason of their location, land use, characteristic of the built 
environment and the influence of socio-cultural aspect. As per the different types, the available civic 
amenities are categorised in basic three different divisions i.e. (i) institutional, (ii) commercial, (iii) 
recreational. Each amenity was evaluated on the basis of availability, safety and accessibility which 
control womenôs choices. 
 
Apart from the qu estionnaire interview, few observations were taken into account to understand the 
urban characteristics of the build environment. Each dimension and their indicators are evaluated on 
the basis of few observational inputs like presence of óguardian eyesô, length of the approach road from 
the shelter, abandoned sites near the activities, loitering of men around the public places, absence of 
activity generators, presence of activities which creates imbalance in urban mix, illumination level at 
public places and access roads, traffic movement in and around neighbourhood, abandoned routes or 
spaces. These are the reasons which are responsible for the decline of the public places.    

3.1 INSTITUTIONAL AMENITIES   

As to serve the population of the neighbourhood there are four schools in close vicinity which falls in a 
range of 700m radial coverage distance. However it takes more than 15-20 minutes for a child to walk 
to the school. In absence of proper hierarchy of roads and thus, many internal roads become channel 
of through traffic. Hence, the pedestrian route taken by schoolchildren is not different from vehicular 
movement. This becomes a matter of concern for the mothers and they are constrained to accompany 
their children as they walk to and from the school.  
 
Mor eover, it is observed that the access road to the school has negative characteristics like high 
boundary walls without any punctuation which does not allow any watching eye on the street. As crimes 
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are opportunistic in nature when people are engaged in their daily activities when they find a potential 
target(Foster, Giles-Corti and Knuiman, 2010)  , these kind of poorly designed built spaces create a 
niche for entrapment (Prevention, Environmental and Guidebook, 2008) . 
 
Crime is directly associated with the absence of natural surveillance (Jacob,1992). 90% women who 
responded to the survey identified similar streets and spaces where they do not prefer to travel to avoid 
being a potential target.  
 
Near the school zone a daily market set up adds traffic stagnation and it increases on weekends. The 
limited road width is incapable to allow traffic flow amidst the informal sector street market. This poses 
additional safety hazard for school going children. 
 
As per the requirement (URDPFI guidelines) there should be a play area associated with the school, 
where children can pursue their recreational hobbies in leisure time. In many cases, due to the prime 
location of the school it becomes difficult to accommodate a fairly spacious play ground in the premises.  

3.2 PARKS AND RECREATIONAL AMENITIES  

Appropriate location and design of parks and open spaces is important to ensure their use by all sections 
of the society. A study in Vienna revealed that most of the girls in growing stage drop out pursuing 
physical activity (Urban Development Vienna., 2013) due to lack of any special zoning in play field 
which would give them a sense of their own space. 
 
Recreational desires have extended in recognition of the fact that satisfactory leisure experiences can 
contribute to self -fulfilment (Broeck, 1984). Hence the userôs expectation demands a recreational space 
with multiple choices and facilities to fulfil their leisure need.  
 
In Keonjhar  town there is only one town park provided at the centre of the city assuming it will satisfy 
the need and enhance the quality of life. As per the study area, this park is located in the radial distance 
of 1.2km which is far from the residential area. The distance of the park is not easy to travel for a child, 
as one has to cross the heavy vehicular zone of the city. Accompanying ownôs children on everyday basis 
for recreational pursuit is a tedious affair for the women of the neighbourhood. As parents of adolescent 
girls want to keep an eye on them for safety concern (Urban Development Vienna., 2013), they do not 
prefer their children to travel far, where they are susceptible for victimization.  
 
Even mothers of small children feel at ease when they find their kids playing in the range of their eye 
spot and ear spot. Hence, it results in converting open spaces or streets in close vicinity of their homes, 
to recreational area. This allows parents to have easy natural surveillance. Spaces if not designed as 
they are designated, get converted or modified as per the userôs demand (Prevention, Environmental 
and Guidebook, 2008) . So the spaces encompassed by the cluster tend to serve as play area for kids of 
the vicinity extending a hand to fulfil  their recreational need. Thus, the mothers have no choice but to 
compromise with the quality of spaces available while choosing the safety factor. 
 
The internal planning of the sole recreational park of the city, in absence of zoning divisions for differe nt 
users offers a few handfuls of choices for users. Play equipments are haphazardly placed leaving no 
space for any other field game. There is no hierarchy of spaces for different age group activities where 
zoning preferring gender sensitive approach is a phantasm. A zoning segregating for the gender neutral 
games and the gender preferred games would actually enhance the usage of the park allowing more 
users of both the sexes. Moreover if spaces would be assigned keeping in mind different age group 
women it would result attracting more female users by their choice and not by obligation. This will also 
allow elderly grandparents observe their grand children playing while they can resume their physical 
activities. 
 
Most of the respondent of growing age (11-20) responded asking for safe, separate zones in the park 
with natural surveillance which will attract the female users to participate actively in pursuing physical 
or even cultural activities. Due to lack of preference in spaces they choose to stay at home compromising 
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with the available resources. Even due to the social construct and introvert society, it does not give a 
free hand to the female to go far from home for sports and games. 

3.3 COMMERCIAL AMENITIES   

This is one of those amenities which is more frequently used by the female residents rather than the 
men to take care of the needs of the family. The nearest planned shopping centre falls in the radial 
distance of 600m which offers a limited choices of products. The central market area is beyond 1.5km 
of radial distance from the target neighbourhood. Moreover, the mode of transportation which is para -
transit in nature is not readily available near the neighbourhood at any point of time. So to avoid 
unnecessary expense women take a trip by walk (Kunieda, 2007)  at the cost of their safety by crossing 
heavy traffic zone. 
 
Even the permeable street layout where there is less variation in traffic movement makes the walkability 
of old women and young females more vulnerable to violence. Though women feel little safer at 
óencounter zonesô(Foster, Giles-Corti and Knuiman, 2010)  but as they go farther from public realm, the 
poor illum inating quality of roads makes its worse to walk safely. The absence of safe pedestrian 
footpath, the edge condition of roads, encroachment of informal sector and lack of segregated lanes for 
pedestrians and vehicular traffic movement creates additional challenges for women of all age to access 
the resources. 
 
Inside the residential neighbourhood small shopping outlets are located to accommodate the need of 
day-to-day demand which is again not approachable easily due to the loitering characteristics of men 
around it. The proximity of the convenient store to the shelter allows strangerôs presence near that area, 
hence enhancing the fear of crime. 
 
As per literature it is stated that people living closer to daily shopping areas which are surrounded by 
strangers, endangered femaleôs life enhancing the chance of victimization(Foster, Giles-Corti and 
Knuiman, 2010) . Hence proximity of activities and the adjacent land use affects a lot on the quality of 
life, depending on its positive or negative characteristics. Adjoining to these convenient shops, vacant 
plots are there which detach the association of natural surveillance abruptly creating a sense of fear. 
 
As per the survey, many college girls reported that they do not feel safe go outside after dark and avoid 
routes where there are more men loitering. Hence, there are design discrepancies resulting spaces 
which enhance unsocial activities affecting the mobility of women in the neighbourhood.  

3.4 SOCIO-CULTURAL BACKGROUND 

Every culture makes the difference between social system and environment, inclusion or exclusion or 
between social expected behaviour and social deviance(Brocchi, 2014).Keonjhar city stands out as a 
distinct cultural set up due to  the influence of native Ho tribe is a branch of Munda which forms an 
eminent part of the total tribal population(44.5%) of the district (Census, 2011).This tribe belongs to 
austro-Asiatic lineage (óTribes of Orissaô, 1990) lives in the villages and forests of the district.   
The daily goods market of Keonjhar is heavily dependent on the tribal people for the availability of fresh 
hand-picked items from the forest which gets an upper hand over the modern super-market. However 
the space allocated for putting up such markets is inadequate and is far from the heart of the city, this 
makes it difficult for women of nearby villages to commute. Hence they end up spreading their 
merchandise on the main road and this restraining the smooth flow of traffic. It would be of great help 
if few permanent planned spaces will be provided in the central area of the market which will not affect 
the traffic movement, allowing the villagers to earn their livelihood and serve the needs of the local 
residents.  
 
As a daily activity, these tribal people are used to prefer alcohol as part of their routine life. Hence the 
neighbourhood is located with small liquor outlets which become hub of unsocial activity after the 
sunset. The open spaces seem to get transformed to open pubs changing the character of the place and 
making them unsafe. This terri fies women from the nearby neighbourhood to pass this area while 
travelling alone or even in groups. Quite clearly many of these issues are related to city management 
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and can be easily implemented by shifting the location of liquor shops away from residential areas.
  

4. ANALYSIS 

                                                                                                                                                                    

 

 

 

 

 

 

 

 

 

 

 

In the study we have considered three basic dimensions i.e, availability of resources, accessibility of 
resources and the safety factor which influence womenôs liveability. 

The study reveals that the availability of the amenities plays an significant role which again becomes 
difficult to access due to the In this context, it was found that the availability of the amenities plays an 
significant role which again becomes difficult to access due to the lack of foresight in spatial planning. 
Moreover, the characteristics of the physical environment, which are not designed as designated, make 
the conditions worse in terms of accessibility of the resources.  

5. Conclusion  

City design is a game of all the stake holders in the same arena with fair shares and responsibilities. 
Every city has its own cultural story which people want to remember their whole lives and celebrate it 
though their life style. Hence it is essential for planners to collect the knowledge about their socio-
cultural background and draw out the expectations of the residents keeping in mind their cultural need. 
Looking at todayôs scenario where womenôs life has been drastically changed and so their expectations 
from the civic amenities, this is the call of time for the planners to shift the focus towards gender 
sensitive approach of spatial planning which will improve the quality of life for all.   
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Abstract  

Landslide is one of the main natural disaster that Sri Lankan intermediate zone faced. In most of the cases, property damage 

and vulnerability of people significantly high compared to the other natural disasters. This mainly occurs due to poor disast er 

forecasting methodologies, lack of early warning systems and preparedness practices. Therefore there is a vital need of 

implementing a model for landslides prediction.  In this research, it supposed to introduce landslide forecasting model based  

on remote sensing methodologies and Artificial Neural Network (ANN). Landslide forecasting modelling has long history in 

many countries and most of the scenarios it was based on the trend line analysis, and liner and non-liner regression analytical 

methods and models. Remote sensing methodologies and technics are doing significant impact on landslides disaster 

evaluation and mitigation process in multiple sectors. Normalized Difference Vegetation Index (NDVI) has shown powerful 

calculation remote sensing techniques to identify vegetation, soil and build -up areas and significant variations of them through 

the raster calculation methods. Hence, these factors were rarely use in existing landslide forecasting models. This research is 

identified the significance of these calculations on landslide forecasting using ANN model with NDVI. The model was 

evaluated using a baseline model. The results of the model expose ability to increase the accuracy than existing landslides 

forecasting models.   

Keywords :  Artificial Neural Network (ANN), Normalized Difference Vegetation Index (NDVI)  

 

1. Introduction  

Landslide is define as earth soil structure moved from its top to bottom due to loss of soils friction. This 
can be occurred due to several phenomenon and can be categorized as manmade and natural causes 
(Weerasinghe & Malalasekara, 2008). As manmade scenarios it can be occurred due to the 
constructions of hill areas, deforestation, resettlement and mining and the other way as the natural 
phenomenon it can be occurred due to the earth quake, heavy rain, wind, and topology and terrain 
system (Bandara, 2005). The particular movements of the soil structure occurred in several ways such 
as fall, topple, slide, spread or flow. This mass movement vulnerable to generate disasters and caused 
to the death of people and property losses (Bandara, 2005). 
 
In the Sri Lankan scenario Landslide can be identify as one of the main disaster which faced by the 
central highlands of the country during the rainy season such as Watawala landslide  in 1992, Hela Uda 
landslide  in 1993,  Naketiya landslide in 1997, Mulhalkele in 1986 and Elapatha, Abepura landslide in 
2003 (Weerasinghe & Malalasekara, 2008). This threaten loss of lives and damaging the property and 
having a significant impact on the countryôs economy. In most of landslide occurrences, property 
damage and vulnerability of people significantly high compared to the other natural disasters. This 
mainly occurs due to poor disaster forecasting methodologies, lack of early warning systems and 
preparedness practices of the people. For the occurrence to the landslide there can be impact several 
phenomenon such as topology, terrain, aspect, curvature and the type of the soil particles of the ground 
which vulnerable to the landslide.  
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Researchers were developed (Subhashini & Premaratne, 2013) Landslides prediction models using 
ANN and GIS. However the accuracy is still low due to the factors that were considered in the models. 
Considering the probabilistic landslide hazard mapping using GIS and Remote Sensing data used 
topographic, soil, forest cover, slope, aspect, curvature, texture, material, drainage and effective soil 
thickness as its considering factors. But most of the data are outdated and have gathered from the 
countries topological database but not the real-time surveys or remote sensing technics. Hence the 
particular research does not considered the vegetation change impact and the build-up area change 
impact to the landslide vulnerability which consider in higher level in this particular proposed research 
(Lee, Choi, & Min, 2004).  Considering the landslide  forecasting modelling has long history in many 
countries and most of the scenarios it was based on the treadling analysis, and liner and non-liner 
regression analytical methods and models (Lee, Choi, & Min, 2004). 
 
In this research, it supposed to introdu ce landslide forecasting model based on Remote Sensing 
methodologies and ANN.  The model identified input as NVDI, distance from roads, distance from 
channels, aspect, slope, profile curvature and slope curvature. This model interstates GIS and ANN to 
incr ease the accuracy and evaluated on one baseline model of (Subhashini & Premaratne, 2013) with 
regards to accuracy.  However, ANN and GIS shows significant accuracy and the predictions which 
made on shows high accuracy compared to the actual ground scenarios and most of the time model is 
flexible to use in environmental based modelling with high significance level.  
 
The proposed model provides valuable insights for landslides prediction. The government can use this 
knowledge to as early warning system for landslide prediction. This paper is organized as follows: 
Section 2 presents Related Works, Section 3 Data Collection and preparation, and Section 4 
Methodology and Results. Finally, Conclusion is discussed in Section 5. 

2. Related Work   

Considering the Sri Lankan topology and the tropical weather condition there can be identify diverse 
environmental hazards are occurred due to many environmental and manmade reasons with the 
diversify terrain system, environmental system and the weather condition (Bandara, 2 005). Mainly Sri 
Lanka can be divided into three climatic zones namely dry zone, wet zone and the intermediate zone 
(Bandara, 2005). Most of the time landslide vulnerability is impacted on the intermediate zone in the 
country due to high elevation and the topology and climatic condition of the area (Weerasinghe & 
Malalasekara, 2008). High precipitation level, informal construction, agricultural pattern and 
neighbourhood development in environmental sensitive areas has risen the impact of the landslide 
occurrence and its vulnerability. Therefor some research institute (NBRO) and government 
departments have demarcate some areas in the intermediate zone as landslide potential areas such as 
Matale, Kandy, Nuwara Eliya, Badulla, Kegalle, Ratnapura, Kalutara, Galle, Matara and Hambantota 
(Weerasinghe & Malalasekara, 2008).  
 
Landslide forecasting modelling has long history in many countries and most of the scenarios it was 
based on the Univariant probability analysisïlikelihood ratio method (Lee, Choi, & Min, 2004) , This 
methodology refers the past occurrence of the landslide and measure the probability to occur future 
landslide with the same module situation and its probability will be differ with its likelihood level. ñA 
landslide occurred in the past because of a landslide-related factor, and future landslides will occur 
because of the same factorò (F, Chung, & Fabbri, 1999). Relatively the particular method easy to predict 
the landslide scenarios with the past available data and the landslide occurrence but the future 
predictions made some sort of a dilemma because of the factors which occurred to the past landslide 
occurrence may not be impacted on the future landslide occurrence or maybe there can be new impacts 
to the future landslide occurrence which is not considered at the past scenario and may be there can be 
hidden factors which influence higher degree of level to occurrence of the landslide. Therefor the 
predictions which made on the particular method made question for predicting future scenarios. But 
this model shows greater impact to the landslide occurrence and their predictions and most of the time 
shows acceptable level of accuracy and data has been validated with the future occurrence or past 
landslide predictions.  
 
The liner and non-liner regression analytical methods (Vujica, 1967), statistical approach considered 
one of the famous method in the landslide prediction process. But this method made some sort of 
contradiction when evaluating the landslide forecasting in the future because of the situati onal change, 
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the spatial differences of the ground and climatic condition change rapidly and sometime itôs not shows 
linearity. Hence the prediction can be vary with the ground morphology and the accuracy might be 
decline.  
 
Relative risk approach (Kamrul,  Habibah, Lea, Afi, & Abdulbasah) and Decision tree algorithm 
(Karunanayake & Wijayanayake, 2016) models. Both models are used to predict landslide forecasting 
but both models shows negative and positive impact to the forecasting landslide impact. Relative risk 
is comparative method to measure the significant of the factors which are impacted to the landslide but 
comparison between the factors made some sort of confusion and may be some factors are be vary with 
the ground situation and the considering envir onment scenario. Decision made tree is route cause 
analytical method that  compromising the root causes to the landslide occur ace and the impact which 
made to the route will be generate the different level of the landslide probabilities. Considering all above 
mention methodologies which are used in early scholars to predict the landslide occurrence shows 
positive and negative c̀ onstrains and it can be seen combine approaches also used to mitigate the 
negative contains of each models and mage the accurate predictions.  
 
However, ANN model shows significant accuracy and the predictions which made on shows high 
accuracy compared to the actual ground scenarios and most of the time model is flexible to use in 
environmental based modelling with high significance level (Subhashini & Premaratne, 2013).  
 
For the occurrence of the landslide past studies have identified several factors that are caused to the 
landslide occurrence as Elevation, slope gradient, slope aspect, curvature, landcover, vegetation, 
distance from road, distance from streams, distance from fault line, geology, soil texture and 
precipitation with different classes (Subhashini & Premaratne, 2013).  
 
Remote sensing methodologies and technics are doing significant impact on environmental disaster 
evaluation and mitigation process in multiple  sectors (Lee, Choi & Min, 2004).  Normalized Difference 
Vegetation Index and Normalized Difference Soil Index and Normalized Difference Built -up Index 
calculations are powerful remote sensing technics to identify vegetation condition and its change, soil 
condition and its change and the build -up areas through the raster calculation methods (Li & Chen, 
2018). For the analytical purposes this research only have considered the NDVI calculation out of the 
other mentioned (NDSI, NDBI) calculations. Hence, this particular research supposed to identify the 
significance of above mentioned calculations on Landslide forecasting modelling with collaboration 
with other identified factors such as Slope, Aspect, Distance from the Road Network, Distance from the 
Stream Network, Profile Curvature, Planeform Curvature (Subhashini & Premaratne, 2013).  

 
 

ὔὈὠὍ
ὔὍὙὙὉὈ

ὔὍὙὙὉὈ
 

(1) 

 
In NDVI calculation  (Afirah, et al., 2018)  NIR represent the near infrared band and Red Represent the 
visible color band and NIR will reflect the vegetation and RED color will absorb because of the 
photosynthesis process of the plant. By analyzing images recorded from visible red and near-infrared  
(NIR) wavelengths, it can determine the coverage of vegetation on the surface of the Earth (Afirah, 
Sharifah, & Asmala).  In the NDBI calculation SWIR represent the short wave infrared which will reflect 
from the buildup areas because of the material type and surface of the structures reflect the short wave 
infrared band. NDBI enables built -up areas to be mapped at a higher degree of accuracy and objectivity. 
The assumption underlying the NDBI method is the spectral reþectance of urban areas in SWIR 
exceeding that in NIR (Zha, Gai, & Ni, 2003).  
 
The Governments and research institutions worldwide have attempted for years to assess landslide 
hazards and risks and to determine their spatial distribution. In this research it is expected to develop 
a model to predict landslides using ANNs and GIS. 

3. Data Collection and Methodology  

The study area is manly focusing on Aranayake GN Division Kegalle District as described in Figure 1, 
which is already affected to the landslide occurrence in 16th of March 2016 and locations were recorded 
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by the National Building Research Organization (NBRO) in Sri Lanka. In Particular area temperatu re 
of the location is varies from 260C to 28oC and annual rainfall from 350 to 400 mm.  

 
 

 

 
 
 
 
 
 
 

 
 

 
 

Figure 2, Study Area and Landslide Locations 
 
The particular research considered the both 25 testing points as the training points to acquire the result 
of the model with all considering factors in the analysis.    
 
As above discussed factors are mainly selected based on the previous research (Subhashini & 
Premaratne, 2013) (Kamrul, Habibah, Lea, Afi, & Abdulbasah)  articles with considering their 
significance level to the occurrence of the landslide in different scenarios (F, Chung, & Fabbri, 1999).  
The data which considered are categorized in two different types, road and streams are in vector format 
and all the other data comes in the raster format. Therefor its need to categorized into one particular 
type and here used methodology was convert all the data to the raster format and then conduct the 
reclassification tool categorized them in to different significance level in ArcGIS 10.6.  The data for the 
considering factors are mainly collected from the satellite imagery as raster and the data were acquired 
from USGS Landsat 8 and 7 data that were used in this study. The data were selected based on the high 
quality of data acquired by the Landsat satellite and the satellite image corrections were done by the 
Qgis 2.18 ï Atmospheric correction tool.  The data were acquired on 27th of November 2001 (Landsat 
7) and the 31th of March 2016 (Landsat 8) also purposing of the comparison Vegetation changes and 
16th May is one of the immediate landslide occurrence Day of the particular location.  
 
 

 

 

 

 

 

 

 

 

 

Table 1, Aspect and Soil Profile Classification Values 

Landslide-causative factors such as slope, aspect, distance from the road network, distance from the 
stream network, profile curvature, Planeform curvature and vegetation change were considered for the 
ANN calculations. For accruing the topographic data, digital elevation model (DEM) were constructed 
with a resolution of 30 -meter and the data were acquired from the Earth Observation Research Center 
/JAXA (Figure 2). From DEM, it is calculated the slope, aspect, profile curvature, Planeform curvature 

Factor  Factor  
Aspect  Value Level  Profile Curvature  Value Level  
Flat 1 (-3.511242) - (-1.242257) 1 
North  2 (-1.242257) - (-0.695514) 2 
Northeast 3 (-0.695514) - (-0.422142) 3 
East 4 (-0.422142) - (-0.230782)  4 
Southeast 5 (-0.230782) - (-0.094096)  5 
South 6 (-0.094096) - 0.015252 6 
Southwest 7 0.015252 - 0.124601 7 
West 8 0.124601 - 0.315961 8 
Northwest  9 0.315961 - 0.698682  9 
North  10 0.698682 - 3.487073 10 
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and the stream network by using Spatial Analysis Toolkit in ArcGIS 10.6. As Table 1 shows the data 
were classified into the different class values by using reclassify tool considering their significance level 
according to their classification values (Lee, Choi, & Min, 2004). As shown in the Table 1: the aspect is 
one of the main factor that impacted to landslide occurrence have been identify in previous studies and 
profile curvature refers the direction of the maximum slope. Positive values refers the convex, the 
negative value refers the concave and the zero refers the linearity of the curvature. (Kamrul, et al., n.d.) . 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
Figure 3, Digital Elevation Model.  

 
According to the previous research (Kamrul, et al., n.d.)  there have been identified slope is one of the 
critical factor to landslide occurrence and when the slope is increase the landslide occurrence 
probability become higher  (F, et al., 1999). The Planeform curvature (commonly called plan curvature) 
is perpendicular to the direction of the maximum slope. Planeform curvature relates to the convergence 
and divergence of flow across a surface. A positive value indicates the surface is laterally convex at that 
cell. A negative plan indicates the surface is laterally concave at that cell. A value of zero indicates the 
surface is linear. (Bandara, 2005). Table 2: shows the Planeform and the slope according to different 
classification level and considered the significance of the factors to occurrence the landslide. The 
Planform curvature (commonly called plan curvature) is perpendicular to the direction of the maximum 
slope. Planform curvature relates to the convergence and divergence of flow across a surface. A positive 
value indicates the surface is laterally convex at that cell. A negative plan indicates the surface is 
laterally concave at that cell. A value of zero indicates the surface is linear (Bandara, 2005). 
 

Factor  Factor  

Planeform Curvature  Value Level  Slope  Value Level  

(-2.525286) - (-0.378822)  1 0.025721 - 2 1 

(-0.378822) - (-0.175473) 2 2 - 6 2 

(-0.175473) - 0 3 6 - 10 3 

0 4 10 - 14 4 

0 - 0.186037 5 14 - 18 5 

0.186037 - 0.389386  6 18 - 21 6 

0.389386 - 3.25887 7 21 - 25 7   
25 - 30 8   
30 - 40 9   
40 - 67.525726 10 

 
Table 2, Planeform and Slope Classification Values 

 
For calculating the impact of the road and the stream network for the landslide occurrence the distances 
are measured based on the Euclidian distance by using the Euclidian distance tool in ArcGIS 10.6 and 
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divided into the different distance categories based on the impact level as shown in the table 3 and 
distance are shown in meters. (Lee, Choi, & Min, 2004) . 
 

Factor  Factor  
Channel  Value 

Level  
Road  Value 

Level  
0 - 100 1 0 - 100 1 
100 - 200 2 100 - 200 2 
200 - 300 3 200 - 300 3 
300 - 400 4 300 - 400 4 
400 - 500 5 400 - 500 5 
500 - 1000 6 500 - 800  6 
1000 - 
1500 

7 800 - 1200 7 

1500 - 
2000  

8 1200 - 1700 8 

3000 - 
9999999 

9 1700 - 2500 9 

337.5 - 360 10 2500<  10 
 

Table 3, Channel Distance and Road Distance 
 

Calculating the significant factor which the particular research is mainly focusing on the NDVI index is 
calculating by considering two satellite images which are obtained with 15 years gap (on 27th of 
November 2001 and the 16th of March 2016) because there cannot be identify rapid land use change of 
the area with short-term year gap. Also for the better visualization and enhanced the accuracy of the 
imageries there also have been used pan sharpening method in Qgis to enhance the accuracy of the 
satellite images (Afirah, et al., 2018). Then after NDVI calculation were run for the both images by using 
the above mentioned calculation. NDVI classification reference the vegetation condition and its health 
condition. Based on the previous studies it has been demarcated as follows (Afirah, et al., 2018) . 
 

 

 

 

 

 

Table 4, NDVI value according to their reflections.  

As shown in the Table 4 the training data are divided into 3 major classes, Low Vegetation, Moderate 
Vegetation and High Vegetation areas. Density of the gray color shows the significance of the 
calculation and itôs divided into main thee classes using reclassification tool as above mentioned 
categories.  Afterwards, the color mapping and labeling of the satellite image for three classes were 
performed.  The process of classification based on NDVI threshold is explained and compared to the 
classified image. As the table 5 shows the vegetation change of 2001 and 2018 was detected from the 
Landcover Change Detection Tool in Semi-Automatic Classification Plugin in Qgis 2.18.  

 

 

 

 

Value of 
NDVI  

Description  Value of 
NDVI  

Description  

0.1 or Less Low NDVI  0.1 or Less Low Vegetation 

0.2 to 0.5 Moderate 
NDVI  

0.2 to 0.5 Moderate 
Vegetation 

0.6< High NDVI  0.6< High Vegetation 
area 
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Table 5, Landcover change from 2001 to 2016 

 
Hence, the particular change also be calculated by using image comparison methodology by using the 
value changes of both layers (2001 ï 2016) in each layer attribute tables two considering years. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4, NDVI Calculation in 2001 and 2016 

 

4. Analysis and Results  

The model was consisted with identified factors, ANN and classify the data in to two classes as 
ñLandslide Occurrenceò and ñLandslide Absenceò as in Figure 4. Using the identified factors model was 
trai ned and the ANN was with seven inputs, one hidden layer with five nodes and two outputs with 
three layered Feed forward. Training data set was normalized to set the value in between one and zero. 
The sigmoid transfer function was used in each layer and trained was used as the training function.  

 
 

 

 

 

 

 
 

 
 
 
 

Figure 5, Model Architecture  
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Model was tested using 25 point for each class. The results has shown in Figure 4:  with compared with 
the baseline model (Subhashini & Premaratne, 2013). 

 

Model  Accuracy  

Proposed Model 92% 

Baseline Model 83% 

 
Table 5 , Model Accuracy 

 
 
Based on the selected factors NDVI highly effected on the change. As in Figure 5 for Landslides occurred 
NDVI is always stable when compared to landslides does not occur.  
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5, Changes of NDVI 

5. Conclusion  

This particular research mainly focusing on to the evaluating the significance of the satellite imagery 
data for the landslide forecast modeling mainly based on the NDVI calculation and its change with the 
years. Considering the base line model (Subhashini & Premaratne, 2013) which was showed 83% of 
accuracy level and the presented Model shows the 92% of accuracy level with the considering seven 
factors specially referencing to the satellite imagery calculated data. Therefore it can be considered 
Remote sensing technics are doing very essential and significant impact to the landslide forecasting 
modeling and the NDVI calculation can be considered as a significant factor for the future landslide 
forecasting practices and simulations.  
 
As limitations of the model there can be identify the low accuracy of the freely available satellite imagery 
data and availability of recordings regarding the disaster vulnerability and occurrence. It also identify 
lack of up-to-date factor details such and soil types, road construction data and land use data etc., in 
developing and underdeveloped countries. Further it can be suggest deep learning network (deep 
neural network) for the future modifications of the proposed model to enhanced it accuracy and 
simulation capabilities.  
 
Hence, this particular research findings would be essential for the future landslide predictions and 
mitigation process for researchers and scientists. Also above mentioned methodology would be useful 
for the developing and under develop countries for their environmental  and urban planning process for 
the sustainable development.  
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Abstract  

People in the modern world spend most of their time in workspaces. Yet these workspaces are rarely designed to promote 

humane aspects. Open plan offices are getting popular despite their effect on people. Recently there is a boost in the local 

information technology field where many young people work. Therefore identifying effects of open plan workspaces on 

workersô job satisfaction has become vital. Vision is the prominent way of experiencing a space and spatial layout decides the 

occupantôs visibility in a space or through spaces, creating sense of privacy and interaction. Even though several organizational 

and environmental factors affect job satisfaction, this paper focuses only on visibility and privacy  levels in open plan offices. 

Visibility graph analysis was recognized as a quantitative analysis tool to measure spatial configuration and a self-reported 

questionnaire survey was launched to collect qualitative measures on user experience. The analysis proves that different open 

plan configurations have different visibility patterns and create different levels of privacy. Higher satisfaction levels are  

reported from software company workers in open plan offices and increased privacy levels are identified in offices having 

individual workstations with different levels of visibility, which promote flexibility and adaptability within the workspace.  

Keywords : Workspace design, Open plan offices, Visibility Graph Analysis, Job satisfaction  

1. Introduction  

When people mention where they óliveô, they often talk about their houses or neighbourhood. But people 
spend their day in workplaces as much as they spend it in their houses. This emphasises the importance 
of designing sustainable workspaces for people to live in. As humans we have a symbiotic relationship 
with the environment; the environment influences our behaviour and we in turn influence the 
environment  (Emberson, 2016). Nevertheless most of the current corporate offices use open plans and 
transparent wall s to encourage interpersonal coordination and communication, symbolize 
organizational transparency, receive daylight and provide views inside and outside ignoring the 
behavioural and psychological effect of the spatial configuration on occupants  (Augustin, 2016)  

Vision is the most prominent way of experiencing a space and spatial layout acts as the basic feature 
which decides the occupantôs visibility level in a space or through spaces. Visibility also suggests sense 
of privacy and level of interaction in a space which affects the perception of space and eventually the 
job satisfaction levels of the workers. Previous studies have suggested that working environments where 
visual and acoustic barriers are low, can be distracting (Veitch, 2012) while increasing awareness of 
colleaguesô activities and shared, amenity-rich common spaces encourage interactions (Allen & Henn, 
2007) . Most of these studies use empirical evidence and show contrasting results. 

The present paper explore the application of space syntax tools to analyse spatial qualities 
quantitatively and investigate the effects of open plan layout on the job satisfaction of IT professionals. 
The study is limited to three software companies located in Trace expert city, Colombo in order to 
control other environmental factors that affect job satisfaction. The organizational and individual 
differences are minimised by selecting similar companies which are engaged in transactional 
knowledge work involving sedentary behaviour and young workers with similar educational 
backgrounds. 

Spatial layout of each case study is analysed using space syntax theory based depthmapX software 
developed by Tasos Varoudis and the knee level of an average person is taken as observation height to 
include furniture as  barriers for permeability. The visibility level of overall layout and individual 
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workstations are considered for the analysis. The individual job satisfaction levels are measured 
through a self-reported questionnaire survey and compared with visibility va lues. 

2. Literature Review - Work, workspace and the worker  

As Churchill (1924) mentioned we make our buildings and afterwards our buildings make us. This 
reciprocal nature often makes it difficult to explore the factors that lead to certain design choices,  
human behaviour and experience. When it comes to workspace design, these design choices can be 
categorised as organizational, social and environmental. Workspace design starts as a response to the 
demands of an organization; the employer wishes to get maximum output from his employee. But it is 
difficult to achieve without considering the environmental comfort of the workers. Nonetheless it is 
during the occupancy stage that we get to observe the compatibility of the workspace with its users. 

2.1. ORGANIZATIONAL DESIGN OF A WORKSPACE 
  
Francis Duffy (1985) defines a building as the framework that permits technology, organization and 
communications to coexist and he further states that architects should know data about technical 
variables, socio technical variables and technical organizational variables when designing a workspace. 
He introduced organization typologies depending on two elements: the nature of work (routine/non -
routine) and the nature of change (slow/rapid). He also predicted that the tendency of workspace is 
towards more rapid change and less routine (Saurin, 2012). Therefore emphasising the need for more 
flexible and adaptive workspace designs. 

Along with the changing nature of the workspaces, office layouts have evolved from elemental solitary 
dens to open plan offices and office clubs. When considering both advantages and disadvantages of an 
open plan layout that have been studied over the past decade, the role of visibility in determining the 
level of communication and privacy can be identified as important.  

2.2. SPATIO-VISUAL PATTERNS OF WORKSPACE LAYOUT 

The idea of patterns or generic relationships in buildings is vastly discussed by Christopher Alexander 
(1977). These work are based on his ñhuman, sensitive and scientificò approach to architecture which is 
a design philosophy that is timely and worthy. F rancis Duffy in his article, Architects and social sciences 
(1968) remarks the relevance of patterns to the job/ worker/ building model.  

Hence spatio-visual patterns are the building blocks that are created in relation to oneôs visual access 
in a space. Visual access can be defined as the degree to which different places and features in an 
environment can be seen and it is a significant physical characteristic of an environment. Moreover in 
1981, Weisman has stated that changes of appearance of an environment, the allowed visual access and 
the complexity of the spatial layout as the psychology relevant physical characteristics of an 
environment.  (Montello, 2007)   

Spatio-visual patterns encourage certain behaviours in a space. Face-to-face communication and 
interaction, privacy, territoriality, control and supervision have been suggested as the psycho social 

Figure 2:  Types of spaces 
corresponding to the styles (Deb, 
2011) 

Figure 1:  Different kinds of 
work styles 

(Deb, 2011) 
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constructs in a workplace by a review done by Mahbub Rashid and Craig Zimring after referring a 
number of empirical literature.  

2.3. ENVIRONMENTAL PSYCHOLOGY OF WORKSPACE 

Working can provide some of the best and some of the worst experiences in life. Many factors determine 
a personôs productivity, stress, and satisfaction at work and among them psychologists have identified 
that the physical environment ha s an important influence on employee productivity and satisfaction.  
(Gifford, et al., 2011)  

Vischer (2008) introduces a model with three  types of environmental comfort; namely physical 
comfort, functional comfort and psychological comfort, to organize the usersô experience of workspace. 
Satisfaction and functional comfort are mentioned as the basic measures to understand building 
performan ces. But she clearly mentions that for achieving more valid measurements on worker 
satisfaction, questions should be asked to check how the specific environment condition has affected 
oneôs ability to work.  

Many studies have tested user satisfaction levels under specific environmental conditions and 
recognized the effects of lighting, mechanical ventilation rates, availability of natural light, acoustic 
environment and furniture on peopleôs preferences. (Vischer, 2008) These studies suggest that 
environmen tal satisfaction is discreetly a measure not only of workspace effectiveness but also on job 
satisfaction. 

The interrelationship between work, worker and workspace is understood through reviewing literature 
and the theoretical framework is developed as shown in the figure 4. 

 

3. Research Question  

Workspaces has become an integral part in peopleôs lives and keep changing in nature. However a 
decline in number of recent workspace research is observed in relation to the level of change, especially 
in local context. Additionally differences in open plan layouts were rarely discussed despite their 
popularity. Therefore it is worthwhile to examine whether spatio - visual patterns of different open plan 
offices have an effect on the job satisfaction level of its users.  

Following set of hypotheses was formulated to clarify the research question and direct research 
methods 

Hypothesis 1 - Different open plan configurations have different visibility patterns.  
Hypothesis 2 - Open plan workspaces with better visibility may increase face to face interaction among 
co-workers. 

Figure 4:  Summary of literature review  
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Hypothesis 3 - Increased visibility level may disturb oneôs sense of privacy at their individual 
workstation.  
Hypothesis 4 - Open plan workspaces with better visibility and privacy will improve task performance 
and group relations ultimately increasing job satisfaction  

 

 

 

 

 

 

 

 

4. Methodology  

Work force engaged in information technology sector jobs keeps growing day by day and lesser number 
of research is done on them. Therefore three software companies located in the same building in 
Maradana trace expert city, are selected as cases studies. The organizational, environmental and social 
aspects are similar among the selected cases despite the different spatial configurations created by 
different workstation arrangements.  

 

The selected case studies; three identical bays number 1, 8 and 11 from company A, B and C respectively 
are measured and drawn to identify different spatial configurations as shown in figure 6.  

Connectivity and visual 
integration measures are taken 
for each case, considering the 
knee level in order to include 
layers for both eye-height 
obstructions (such as walls, 
table partitions) and other 
objects that might block 
permeability such as tables and 
chairs. After importing layout 
plan to depthmapX software,  

Figure 3 Influences of the physical work setting on workers 
(Gifford, 2007a)  
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the grid iss set at 10 x 10 and chair positions are assumed as visibility points at the midpoint along the 
width and attached to each desk. 

Job satisfaction was determined as the dependent variable of the research and the questionnaire was 
designed to measure its variance. To achieve valid measurements on worker satisfaction, questions are 
prepared to check how the visibility levels has affected oneôs ability to work. It is assumed that positive 
privacy, interaction and group relations improve the ability to work and eventually increase job 
satisfaction.  

First five questions checked whether one has enough privacy to successfully engage in daily tasks. Next 
three questions explored the availability of face to face interaction and useful communication. Then 
two questions were included to measure related behaviour. Improved group relations are expected to 
increase satisfaction (Kim & Dear, 2013). Hence next six questions explore the nature of group 
relations. All the items in the questionnaire are to be answered on the same 5 point scale, ranging from 
-2 (strongly disagree) to +2 (strongly agree). 

5. Finding and Analysis  

Number of workers in comp any A, B and C are 91, 76 and 58 people respectively. Out of them only 19 
people responded the questionnaire from company A and 10 people responded from both B and C. 
Among respondents 86% are male and 14% are female. According to the job description 29% of the 
respondents belong to entry level professionals while 42% and 29% are middle level and senior level 
professionals respectively. 

5.1. COMPARISON OF DIFFERENT OPEN PLAN WORKSPACES 

Initially the visibility graph analysis maps produced for company A, B and C are compared to explore 
the accuracy of hypothesis one which is the basic observation behind generating the research question.  
For investigating the expected differences three VGA connectivity maps and integration maps are 
compared and results are as follows. 

  

¶ Different colour patterns show the difference between each company 

¶ Movement within each space is encouraged in different manner. 

¶ In company A, the main entrance to the workspace is located at the point with the highest integration. Most 

of the workstations are easily accessible and visible from the entrance. The shared facilities are also fairly 

accessible. 

¶ In company B, workstations are away from the main entrance while the maximum connectivity is at the 

staircase that leads to mezzanine floor. Accessibility to each workstation is approximately similar.  

Workstation in the boundary has more visual privacy while circulation space has more points which are 

well-integrated. 

¶ In company C, accessibility is diminishing towards the workstations located in the back. Main circu lation 

paths has low connectivity values compared to other cases.Circulation path has become the most integrated 

space while most of the workstations have equal amount of visual connectivity. 

    A                   B                   C 

Figure 7: Connectivity maps 

  A                    B                   C 

Figure 8: Integration maps  
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The data derived from visibility graphs analysis is cross referenced with the data collected through 
questionnaire survey (Table 1). 

 

 

According to the connectivity and integration values obtained from visual graph analysis; company A 
has the widest range of connectivity and integration. Even though it was predicted that higher visibility 
will disturb oneôs privacy; table 7 shows positive privacy level for A. Therefore having a range of 
workstations with different levels of visibility may provide several choices for the workers and increase 
sense of privacy. 

Moreover contrasting values were produced regarding interaction outcomes. Company C with lowest 
integration range had reported the highest interaction rate. This pave the way for another probable 
conclusion. When the range of integration is low the segregation of co-workers into smaller groups is 
limited. This statement is supported by the rating of group relations.  

5.2. WORKSTATION LEVEL ISOVIST ANALYSIS 

Effects of visibility on individualôs functional comfort and satisfaction are studied through comparing 
the isovist area relevant to the respondentôs workstation location with the given responses. Therefore 
each respondent became a subject in the analysis. Twenty responses were received from company (A) 
while ten responses were receive from both companies B and C. 

First the ratings obtained from each individual is tabulated and sum of the values relevant for privacy, 
task completion, level of interaction and group relations are calculated separately. Then the isovist area 
corresponding to each individual is obtained  from isovists area map generated from visibility graph 
analysis and isovist area of each respondent is graphed (Figure 9).  

Finally the workstations with highest and lowest isovist area are compared to test the validity of the 
research hypotheses and results are as follows. 

 

 

Table 6: Comparison of mean values of workspace outcomes with VGA measures 
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A + 0.2 + 0.55 + 3.45 + 7.05 0 - 2000  0 -15 

B - 0.2 + 0.8  + 4.7 + 8.4 0 -1800 0 -14 

C - 0.1 + 0.4 + 4.8 + 6.8 0 -1500 0 -11 

Figure 9: Workstation level isovist analysis of company A 
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In Company A, 
35% workers indicated poor privacy levels and 71% of them were working in points with higher visual 
integration. 30% people were struggling to complete their task and 67% of them were exposed to other 
workers. The person who mentioned to have low level of interaction was located in the least visible 
location out of the selected subjects. Every respondent indicated positive values for group relations. 

In Company B, 
20% workers reported to experience lack of privacy and they were the people who occupied the highest 
visibility points in the office. 60% of the respondents were reported difficulties in task completion and 
60% of them indicated higher visibility. Inte raction levels and group levels were reported positive by 
all the respondents 

In Company C, 
60% of the selected occupants indicated lack of privacy and 67% of them had higher isovists areas. 50% 
of respondents reported to spend more time in their offices t o complete tasks and only 50% of them 
were located in higher visibility locations. 80% of the people with higher interaction levels were seated 
in more visible locations.  

6. Conclusion  

This research is executed to find out the effects of local open plan workspaces on worker satisfaction 
and limited to software development professionals in Colombo. Moreover the research is restricted to 
visual experience of the workers. 

Through referring literature and theories hypotheses are established and outcomes regarding the 
hypotheses are as follows; 

Hypothesis 1: Different open plan configurations have different visibility patterns  

Different colour  patterns produced by visibility graph analysis proved that different open plan layouts 
have different visibility patterns and movement patterns. Therefore can promote different behavioural 
patterns 

Hypothesis 2: Open plan workspaces with better visibility  may increase face to face interaction among 
co-workers. 

Workspace level visibility analysis conducted using individual responses marginally proved that better 
visibility leads to better interaction while suggesting that visibility only will not promote in teraction. 
Comparison between cases proposed that when higher range of integration can segregate co-workers 
into smaller groups and diminish overall interrelationships of the workspace.  

Hypothesis 3: Increased visibility level may disturb oneôs sense of privacy at their individual 
workstation.  

Comparison between cases suggested that having a range of workstations with different levels of 
visibility may provide several choices for the workers and increase sense of privacy while individual 
level analysis supported the hypothesis. 

Hypothesis 4: Open plan workspaces with better visibility and privacy will improve task performance 
and group relations ultimately increasing job satisfaction  

Selected case studies provided higher levels of visibility and considerable amount of workspaces with 
privacy. Therefore all the cases displayed positive satisfaction levels. Therefore it can be concluded that 
open plan workspaces are suitable for software companies in Colombo. 

Finally it can be concluded that open plan workspaces with more flexibility and adaptability in terms 
of visibility improves privacy levels and increases the job satisfaction of software development 
professionals. Moreover the applicability of space syntax tools in workspace design to create visibility 
patterns is verified. 
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Abstract  

Dhaka, the capital of Bangladesh, has grown from a small trading town to a metropolitan city by developing an organic pattern 

spontaneously. Simultaneously rigid  planning developed in line with the inhabitant's aspirations with time. A pattern of house 

form prevailed in the urban houses of Dhaka, which was the product of the social and cultural norms of the people. In 

congested neighbourhoods of Old Dhaka, people have developed the interaction points and sense of place spontaneously. In 

case of the neighbourhoods known as ómohallasô, the streets and the pocket space between the buildings act as social spaces 

of the resident.  

 

With the help of Visibility graph using Depth map , and questionnaire survey, this paper tries to illustrate the relationship 

between socio-cultural aspects of public/private realms using the notion of the social sphere as an investigative tool of the 

concept of social space in óDholaikhalô , a local community (Mahalla ), of old Dhaka. The focus is on how the visual integrity of 

shared community outdoor  space in the congested neighbourhoods of Old Dhaka encourage the residentsô interaction and 

activity. Focusing on urban green spaces, this paper also provides empirical evidence for use patterns that make spatial 

interaction between differe nt social groups possible. The outcome of this research is expected to contribute by understanding 

the visibility relations of the shared community spaces and raising awareness among the architects, policymakers and builders 

regarding the need of socially integrated shared spaces to ensure community interaction and enhancing spatial interaction .   

 

Keywords :  Visibility relation, social integration, neighbourhood (mahalla) of old Dhaka  

 

1. Introduction  

Dhaka, being the capital city of Bangladesh, has undergone through a continual transformation during 

the last few decades. The Old City of Dhaka served as the Mughal capital of Bengal in the 17th century. 

After a period of decline under British rule, the m odern city began to develop in the late-19th century. 

During the Bangladesh Liberation War in 1971, Dhaka emerged as the capital of an independent 

Bangladesh. Dhaka in pre-Mughal  period served as a prominent market centre (from1204-1576). 
Under the Mughal  rule, the Old City of Dhaka grew the banks of the Buriganga River (Gomes and 

Nilufar, 2012).  

Nilufar (2004) has defined Dhaka having two distinct parts as old and new. The historic part, the old 

Dhaka, has an organic morphology and it retains many traditi onal features. The residential 

Neighbourhood of old Dhaka has been locally known as ómohallasô. The neighbourhood is primarily a 

social phenomenon arising from cohabitation in a physical area. Nilufar (2004) gives evidence of 'local 

community' only defined by the territorial boundary, which reflects inhabitants' particular need for 

identity and sense of a place in a city. It extends that such spatial organization can play a positive role 

in social organization.  
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1.1 'Neighbourhood' - a Socio -Spatial Concept  

Mumford, (1968) defined the word óNeighbourhoodô in terms of the people united primarily by the 

proximity of their d wellings in space (Mumford, 1968). Primarily 'Neighbourhood' is a social 

phenomenon rooted in rural society and basically a small, recognisable sub-unit of the city (Glass, 

1948). All these Neighbourhood ideas have two main components: Physical and Social. Rapoport (1977) 

claims that the nature of the meaning and relationships among the elements as well as the associated 

human behaviour differ under different socio -spatial situations.  It is, therefore, believed that in urban 

areas the built environment also plays an important role in the formation of social behaviour pattern 

in the local Neighbourhood areas.   

Sometimes physical boundaries like streets, railroads, parks, canals demarcate the Neighbourhood 

area. Western cities are more likely to orient themselves towards the public spaces and have physical 

barriers like railroads, park and roads However Schoenaues (1981) finds territorial boundaries are 

mostly semi-public realms with local community facilities in the oriental society. Historically in old 

Dhaka óNeighbourhood organisations had a territorial base; a Mohalla  or Neighbourhood was sharply 

bounded and studies on Old Dhaka by researchers claim that morphologically the access street was the 

centre of the Mohallas . (Khan, 1982). A number of localities have a diffused edge being surrounded by 

adjacent localities without any distinctive physical boundary. However, where geographical barriers, 

like a canal or river, appear in close proximity people tend to refer those in some cases. 

 
1.2 Spatial organisation of residential unit in Old Dhaka  

In the context of Dhaka, the urban house form generated from the rural pattern and the morphology of 

the urban house form is the result of various urban forces generated at different phases of growth of 

the city. In the indigenous urban houses of Dhaka, the inner court served private family purposes. This 

earlier urban morphology followed a public -private  domain.  

Gomes (2016) found that the denotation of 'public' and 'private' implied that some form of spatial 

pattern accompanied the separation of women and men into different activities (Gomes, 2016). Some 

spaces are used by the male members extensively and some by female members extensively. Thus the 

Courtyard was the central space of all activities and it acted as the threshold transient semi-public space 

between the habitable rooms (the private territory) and the living room (the public territory).  

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1.1:  Domains in the spatial organisation of old Dhaka (source: Gomes, C.D., 2016) 
 

Traditional Bengali house was organized with the concept of óback and frontô. The street and the street 

facing front side acted as the public side, receiving guests and restricting them to a limited area. The 

male activities were located in this outer zone. The back of the house is associated with service facilities 

and female areas are located in this zone. The female household members were mostly kept confined 

within the boundaries of the house where the courtyard was their breathing space and their universe.  
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1.3 Visibility affecting  Social Interaction in Neighbourhood  

 
Visibility is one of the essential attributes  that make a Neighbourhood social space interactive. Among 

other physical factors like the layout and the location of public spaces, Raman (2010) found that social 

interactions  and social activities are related to visibility from and to the spaces and visual links between 

neighbourhoods. Vanessa et al (2012), in their study of accessibility in a park in Brazil, found the visual 

access or visibility to be an important aspect which makes people feel free to enter a space, whether it 

is safe to enter in it or not. They concluded that  the more visible space is, the more likely it is to be 

perceived as a public space.  

Studies in environmental psychology suggest four basic spatial needs those are culturally determined 

and that are universal to human beings as The need for Privacy and personal space; the need for easy 

access to social interactions and the right to safe and defensible space. According to Oscar 

Newman's Defensible Space (1972), human beings are territorial -they define space and mark them for 

specific uses, create visible or invisible boundaries and defend their territory from unwanted intrusion.  

óNatural surveillanceô is the capacitance of physical design to provide surveillance opportunities for 

occupiers. The physical environment of a place along with its accessibility and the extent of the local 

social ties there, all have an effect on the nature and type of routine activities that take place. These 

routine activities and the image they generate affect occupantsô attitudes towards their territory and 

their territorial behaviour. Occupantsô ability to create defensible space by acting as capable guardians, 

therefore, directly determined by these routine activities.   

Reynald, D. M., & Elffers, H. (2009)  showed that based on ethnographic study and statistical analysis 

an interdisciplinary team of architects and social scientists formulated a model based on the concept of 

defensible space. This concept suggested that by grouping dwelling units in a particular way, by 

delimiting paths of movement, by defining areas of activity and their relation to other areas, and by 

providing for visual surveillance, one could create a clear understanding of the function of a space and 

its intended users with respect to inhabitants and strangers.  

Williams (2005) identified  good visibility, clustering, the inclusion  of defensible space and car parking 

on the periphery of communities, etc. as design principles being crucial to high levels of social 

interaction in neighbourhoods. Williams found the Principles of Designing Neighbourhoods for Social 

Interaction Social contacts to be enhanced in a community when residents have opportunities for 

contact, live in close proximity to others and have appropriate space for interaction. Residentsô ability 

to see and hear others using public spaces outside their home greatly influences their sense of 

community and enables them to observe others with whom they would like to interact. Thus, enabling 

surveillance through community layout and building design is important in terms of encouraging social 

interaction. Shared pathways to activity sites (private units, parking spaces and local facilities) in a 

community also increase the potential for social interaction. Communal spaces provide excellent 

opportunities for social interaction. In terms of their position in the layout of the com munity, facilities 

need to be central and accessible. As key activity sites, communal facilities should be placed on shared 

pathways within residential areas to maximize social interactions. Visibility of communal facilities is 

also important to increase opportunities for surveillance, thus increasing use and opportunities for 

social interaction.  

Like surveillance, Privacy and Visual Dominance guided the domestic spatial organization with control  

of visibility of inner spaces from public areas and restricti on of access of the visitors in the context of 

Dhaka. (Gomes C D, 2015). The doorstep forms a boundary between the private realm of the family, 

away from the scrutiny of others where they can exercise control over outsiderôs involvement in 

domestic affairs, and the public world of wider society. Thus the streets and alleys beside their house 
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become their interactive space in the Neighbourhood. Female members and the children use the lanes 

in the Neighbourhood and the male members the main roads for differen t social interactive activities.  

 
2.0 S pace Syntax:  A Theory and Method of Analysis  

Data on social interactions, and social activities along with perceptions of the built and social 

environment of the neighbourhoods were collected through observations, questionnaire surveys and 

secondary data sources. Neighbourhood design and layout were analysed using visibility graph analysis 

methods. The concept of Social Interaction, which is dependent on the visual relationship, is addressed 

with the visibility graph  analysis in this research. Visibility Graph 1 analyses the extent to which any 

point in a spatial system is visible from any other. In this study Depth map programme 10, developed 

at University College London by Alasdair Turner (2003), is used for analysi ng the visibility pattern of 

the neighbourhoods to interpret Social Interaction level in a quantitative manner. (Turner, et. al., 2001)  

Social Interaction which is difficult to be measured can be interpreted by the accessibility of both 

physical and visual and it is associated with the visibility aspect of the outdoor common shared spaces. 

Visual integration 2 of spaces gives certain numerical values which express that space to be visually 

connected with the adjacent spaces. The more space is visible from the outsiders or visitorôs area the 

less privacy is ensured there as it is more connected visually and thus more interactive. Thus space 

which has high visual integration will be less private and more socially interactive.  

  
Figure 2.1:  Domains in the spatial organisation of old Dhaka  

3. Study and Analysis  

 

The study area Dholaikhal is one of the major drainage canals of Dhaka which had a connection to the 

river Buriganga. Lack of maintenance and disconnection with the river  the remaining parts of the canal 

has become polluted and septic and constituted a serious threat to the health of the citizens living in 

the vicinity of the canal (Md Shehab U, 2002). The study area reflects a strong socio-cultural identity 

of its people which is reflected in the spatial organisation of the neighbourhood. The narrow roads and 

lanes have a human scale and hold different Socio-cultural interactions. The public spaces take on 

special meaning and values, as an extension of household activities and a place for face-to-face contact 

in a mahalla.  

 
3.1.  Activity Pattern Analysis  
 
The Neighbourhood area around the Dholaikhal canal is analysed considering the open Khal  (water 

body). Twenty-two points were identified (shown in Figure 3.1) on the road, open space on the banks 

of the canal and three neighbourhoods on the right and left the side of the Khal  (water body).  

 

 
1 Visibility refers to Visual information provided to the observers at any given location. The graph gives certain numerical 

values of each space which expresses the visual connection of that space with the adjacent spaces.      

2 Visual integration is similar to global integration describes the relative visibility of a point location to all the other points 

within the space. The measure is essentially a normalized version of the mean depth of the visibility graph (Turner and 

Penn, 1999; Tuner, 2001; Turner, et. al., 2001).  
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The study is conducted in two levels:  

1) Studying the Visibility in global scale and  

2) Studying the Visibility in a local neighbourhood area.  

 

Different activities of the residents in these areas were observed and analysed in detail with 

questionnaire survey which is compared with the visual i ntegration values of the spaces those are used 

as social interaction for different groups in different time. The activities are shown in Table 3.1.  

3.2. SYNTACTIC ANALYSIS  
 

In this study Neighbourhood areas in Dholaikhal of old Dhaka is studied syntactical ly using VGA. Visual 

integration value of the points considered as socially interactive of the whole area as it is in the present 

state ( Case A) is compared with the second case (Case B) with a few streets added with the open Khal  

(water body) area which is shown in Table 3.2 and  Figure 3.3(a).   

 

Table 3.1: The activities in the Dholaikhal Area   

 Activity in different Points   

1 
This nodal point acts as a temporary bazaar. The road alongside 
the canal meets with the main road at this point.  

R
o

a
d
 2 

At this point the narrow alleyway as actually a daytime bazaar 
beside the canal which creates a public space for the people. 

3 This point is the starting point of a mahalla . 

4 This point is a nodal point of four roads.  

5 
At this point,  a Hindu temple has been found acting as the focal 
point of social interaction of the community.  

6 
There are a local restaurant, a saloon and some grocery shops at this 
point. Social interaction between male persons, young people and 
children can be found at this point.  

K
h

a
l 

(w
a
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r 

b
o

d
y
) 7 

This road alongside the canal acts as an active social space which is 
public in nature.  

8 Children play at the buffer space between the canal and the road. 

9 
The narrow alleyway starting from point  2 has been blocked by a 
dwelling unit.  

10 

There are few pocket spaces beside the canal but because of the 
lacking of the proper connection these spaces act as the negative 
spaces. The community people use these spaces for waste dumping. 
So the spaces lose the potentiality for being a social space. 

11 
The alleyway has been blocked at this point by a dwelling unit. 
People can reach the canal through this dwelling unit which isnôt 
visible at all.  

12 
This narrow alleyway also has been blocked by a dwelling unit. The 
interaction between female dwellers can be found because of the 
placement of water source. 

N
e
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h
b
o

u
rh

o
o

d
 -

1 

13 
This nodal point acts as an active social space for the community. 
Temporary food stalls can be found at this point and people gather 
around it.  

14 
Because of the restriction of vehicular movement the streets act as 
a safer place for the childrenôs play. 

15 
Another backyard pocket space having the potentiality for being a 
social space alongside the canal. 

16 
At this point, a Hindu  temple can be found. During morning and 
evening, this nodal point acts as an active social space. 

N
e

ig
h
b
o

u
rh

o
o

d
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2
 

17 
The grocery store in the mahalla  is another point of social 
interaction.  

18 

This point entered from the secondary road isnôt visible but acts as 
an active social space for 3-4 families living around it. The 
common space is used for storing water, drying cloths, gossiping 
and childrenôs play space. 

19 
Several pocket spaces between the buildings act as a safer play 
area for the children. This point is that kind of pocket space. 
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2
0  

A pocket space between the buildings acts as a social interaction 
point.  

N
e

ig
h

-3
 

21 Children are playing in the pocket space between the buildings.  

22  A small grocery store at the nodal point of two narrow alleyways. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.1: Map of Dholaikhal area showing the study areas/points  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.2: Different Point with Photographs (Source: Produced from the Authorsô Field survey 2018) 
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Table 3.2: Visual Integration value (VI) of different points in two case study areas  
 

 

Locatio

n 

Poin
t  

Case A VI Case B VI Location Point  Case A VI Case B VI 

Road 

1 8.64 9.38  Neighbourhood

-01 

12 4.93 5.76  

2 7.96 8.02  13 5.00 5.83  

3 7.37 7.84  14 5.48 5.96  

4 6.87 7.11 15 2.71 4.23  

5 4.90 4.95  Neighbourhood-

02 

16 3.08 3.08 

Khal 

6 5.65 5.7 17 2.46 2.46 

7 6.92 6.94  18 1.74 1.74 

8 6.86 6.90  19 2.46 2.46 

9 6.09 6.21  Neighbourhood

-03 

20 3.30 3.30 

10 4.17 4.96  21 4.55 4.56 

11 3.34 3.71 22 4.58 4.57 

  
                                                                            
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.3:  a) Visual Integration (VI) of different points in two case study areas.    
                      b) Visual Integration (VI) of Neighbourhood 2.  

 

Study leads to findings that: 

¶ The roads have the highest VI values and are used as public areas (Point 1, 2, 3, and 4) and with lower 

VI are in neighbourhood areas and are more private in nature (Point 5).  

¶ The space along the waterfront  has higher visibility and the VI is comparatively higher in right side 

bank (point 6, 7, 8) where neighbourhood 2 and 3 are located. These spaces are used mostly for 

different social activities by the people of this two neighbourhood . The left side bank (point 10, 11) 

has comparatively lower VI than the other side. When the four disconnected roads in this area are 

connected with the waterfront  area the integration value increases in these points. 

¶ Neighbourhood 1 is located on the left side of the open Khal  (water body). The roads in this area 
(points 12, 13, 14, 15) have lower VI value compared to the main roads (Point 1, 2, 3, and 4) and are 
more private in nature. Different social interactions of the female and childrenôs take place in these 
lanes of the neighbourhood. VI of these points increases when the four dead-end roads are connected 
with the open Khal area which is clearly visible in the VI values of points 12, 13, 14 and 15 in case B. 

 

Fig 3.3(a) 

Fig 3.3(b) 
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4. Conclusion  
 
In congested neighbourhoods of Dholaikhalô in Old Dhaka, people have developed the interaction 
points and sense of place spontaneously. Different social activities take place in the pocket space 
between the buildings and streets act as social spaces of the resident. Visibility of these spaces has an 
imp act on the social activities of these spaces. The more space is visible from the outsiders or visitorôs 
area the less privacy is ensured there as it is more connected visually and thus more interactive. Thus 
space which has high visual integration will be less private and more socially interactive. 
 
The main roads are used as public areas and have the highest VI values. The space along the waterfront  
has higher visibility and have higher VI respectively. These spaces are used mostly for different social 
activities by the people of the neighbourhoods around. When the disconnected roads in this area are 
connected with the waterfront  area the integration value increases in the neighbourhood and confirms 
that open space especially attributed with a water body increases visibility and different social 
interactions of the female and childrenôs and increase social integration. 
 
 Focusing on urban open green spaces, this paper studies spatial interaction between different social 
groups in the neighbourhood of Dholaikhal  area of old Dhaka. As visual characters of these social 
spaces have an effect on its use and social interaction, the findings of this study will contribute in 
creating awareness among the architects, policymakers and builders regarding the need of socially 
integrated shared spaces to ensure community interaction and enhancing spatial interaction .  
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Abstract  
Mass housing is used to provide not only a home but a social structure for communities. People celebrate their lifestyle using 

available spaces in these mass housings. This research aims to understand how spatial perception act on the placemaking 

process in this open spaces. This research mainly focuses on middle income housing which ensure the applicability of outcome 

to a broader spectrum. These communities may override designerôs idea for a space and built their own. It is pertinent to create 

a middle ground between these informal place making process and formal design practice of professionals. Research was 

carried out by analyzing the activities in these open spaces through a photographic survey. Then different case studies were 

compared to accomplish the outcome. According to research findings dwellers prefer a more centralized establishment plus 

close proximity of nodes. When dwellers can experience the open space as one whole it act positively. When open spaces of a 

housing scheme failed to depict a sense of territoriality it becomes vulnerable to negative social influences. These patterns 

were clearly visible in all three case studies. 

 
Keywords:   placemaking, spatial perception, mass housing, middle income.   

 
Introduction  
 
Across the globe towns and cities become congested of overpopulation. Multi story housing schemes 
are one way to answer this issue. In Sri Lanka most of these housing schemes are based around Colombo 
with a variety of ethnic groups living in them which support to enhance the finding s of this study. The 
open spaces of this housing schemes which facilitate the interaction within the community becomes the 
soul of these communities. Functionality and aliveness of these spaces provide strength to community 
life. We often see these communities ignore designerôs intention for a spaces and built their own. In this 
process sometimes there are abandoned spaces which are hazardous. In this study author mainly focus 
on how the spatial perception impact on this placemaking process. Study is based around middle 
income housing because in ñDeath and Life of Great American Citiesò jane Jacobs explain how middle 
income dweller is the most effective point to anchor a society and elevate the quality of life of it. The 
expected outcome of the study is to provide guidance in future development to in cooperate these 
placemaking process by community at the design stage of a project. To proceed further it may be helpful 
to understand the concepts of ñPlacemakingò, ñHouseò and ñPlaceò.     
 
Introduction to ñPlacemakingò 
 
Placemaking can be identified as making spaces in to places which can be used by people. ñThe way in 
which all of us as human beingsô transformation of the place in which we find ourselves in to places in 
which we liveò(Lombard, 2014) . Placemaking is more than mere happening of a place it goes beyond 
than that. Placemaking is an important aspect for designers because people which deal with that space 
bear the responsibility of enabling the space in to a place.  

 
Scholars Idea about ñPlacemakingò 
 
One way scholars elaborate placemaking is by take it in to account as a process which make places out 
of spaces. 
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ñ Placemaking is the process which a space in a location is made meaningful to an individual or 
a groupò (Dayaratne, 1992) 

 
ñ In some ways, it appears that places are not created or made at all. Rather it may be seen that 

certain parts of the urban environment acquires a potential for becoming special through the existence 
of certain behavior patterns or through having significant attributes for them. Once in existence this 
potential can be realized or enhanced by the designer. ò (Sime, 1985) 

 
ñ Placemaking must be involved with creating something special out of or within space.ò (Sime, 

1985)ñ Placemaking is fundamental to human habitation and occur whenever people will inhabit a piece 
of ground or space ò (Dayaratne, 1992) 

 
ñ Architecture is the both product and process of human habitation, and attempts are made to 

develop mechanisms and methods of designing spaces which can grow with people and their attitudes 
and therefore becoming meaningful places. ò (Habraken, 1972) 

 
On the other hand some scholars argue placemaking as an tool for converging people and 

generating an experience through that. 
 
ñ Place is center of meaning, an organized world of meaning, constructed by experience. ò (Tuan, 

1977) 
ñ Enabling places is what in contrast, all of the best architecture should aspire to even if this is 

different to achieve without the involvement of the dweller themselves. ò (Dayaratne, 1992) 
 
ñ Man is manôs greatest joy. Design for him. ò (Gehl, 1987) 
ñ What attracts people most it would appear is other people.ò (Whyte, 1980) 
 
ñ The sight of people attracts other people is something that city planners and city architectural 

designers seem to find incomprehensible. They operate on the premise that city people seek the sight 
of emptiness, obvious order and quite. Nothing could be less true. The presence of great number of 
people gathered together in cities should not only be frankly accepted as a physical fact they should also 
be enjoyed as an asset and their presence celebrated. ò (Jacobs, 1961) 
 
Concept of House  
 
House is the single unit of the existence of man. it is the place he live and has the ability to control and 
live. It is the closest place to his heart. The house make a human being feel secure. Further people build 
attachment to this material entity. Over time with the attachment build up through daily interaction 
then it becomes the symbol of their existence. ñ People feel proud and happy to be living in them and 
would not give them up for anything because they are their houses, because they are the products of 
their lives because the house is everything to them. The concrete expression of their place in the world, 
the concrete expression of themselves. ò (Christopher, 1987). House is the center of dweller which he 
finds at ease. ñ As One experience the meaningful events of existence, a place become a center of action. 
ò (Norberg-Schulz, 1980).  
 
Concept of Place  
 
The discussion of ñ concept of place ò began far back as the era of Greek philosophy in the history. In 
that era the great philosopher Aristotle explained the concept of place as, ñ Where dimension of people 
relationships to physical environment conjuring a feeling of belongingness. ò According to some 
scholars place can be understand as the activities which take place on a certain space that give a certain 
atmosphere to a space in simple terms ñ happening of a place ò which creates a personal attachment to 
a space. 
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Figure 6, Places as a part of space  
(Compiled by author)  

 
Theoretical Framework  

 
 
 
                    
 
 
 
 
 
 
 
 
 
 
 

 
 
Place making can be quite diverse in a housing scheme. Even though place making is quite a qualitative 
process. To understand and analyze it among different case studies and come to a conclusion research 
process need a quantitative approach. In search of theoretical and quantitative method to assess the 
quality of an open space to placemaking point towards the book ñ Cities For People ò. In it Jan Gehl 
develop a method which he use to assess the quality of an open space. First he breakdown activities 
under three categories. Through the quantity of people involved in each group of activity it can conclude 
the impact of space on generating activities. 
 
Necessary Activities 

 
ñ Necessary activities are an integrated, non-optional part of every day. Here we have no choice. 

Activities that people have to undertake. Going to work or school, waiting for the bus, bringing goods 
to customers. These activities take place under all conditions. ò (Gehl, 2010)  
 
Optional Activities  
  
 ñ Optional activities are recreational and fun. City quality is a decisive perquisite for this 
important group of activities like this. Walkers are tempted to stop to enjoy the weather, places and life 
in the city, or people emerge from their buildings to stay in city space. Chairs are dragged out in front 
of houses and children come out to play. ò (Gehl, 2010) 
 
Social Activities 

 
ñ Social Activities include all types of contact between people and take place anywhere people 

go in city space. Social activities include a wide spectrum of diverse activities. People exchange greetings 
and talk to acquaintances they meet. New topics and common interests can be discussed. 
Acquaintanceship can sprout. ò (Gehl, 2010) 

Figure 7, Graphic representation of the connection 
(Source: Cities for People) 

Space 

Places 
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Graph express a qualitative idea about the space. This graph can be used to compare two case studies 

and get a deeper understanding. And understand the impact of spatial perception on placemaking with 
in a one case study by comparing the quantity of different groups. This also help to achieve a deeper 
understanding. Next topic explain the methodology to achieve this. 
 
Methodology  
 
The objective was to understand the above process and formulate some pointers for future designers 
such as landscape architects and architects. The research was carried out in a quantitative process using 
a photographic survey conducted by author. 
 
The outcome of the photographic survey was then analyzed under three different groups of activities. 
And through that formulated a one graph for each case study which can express the quality of its open 
spaces. Then these were compared with itself and each other and through an analytical process came 
to findings of how spatial perception effect on placemaking in open spaces. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Case Studies  
  
The case studies were selected capturing different aspects of middle class housing schemes. Which were 
both in Colombo municipal council area and outskirts of Colombo. Both vertical development and 
horizontal development were selected in variation of diffe rent scales.  
 
Soysapura Housing Scheme at Ratmalana 
 
 

 
 
 
 
 
 
 

Figure 8, Formulated graph for 
soysapura housing scheme 

(Compiled by Author)  

Selecting Case Studies 
Selecting three housing schemes among middle class housing 
schemes around Colombo that has diverse properties. Which will 
give a more applicable outcome to the study 
 

Discussion 
Building up a discussion based on the outcome of the case study 
analysis. This pave the way to a deeper understanding of how 
spatial perception impact on place making process and achieve a 
better outcome of this study 
 

Conducting a photographic survey  
To calculate each and every personôs activities in open spaces 
under earlier mentioned three groups.  
 

Creating a graph for each case study based on the photographic 
survey 

Summarize the quality of the space to just one graph. By 
formulating this graph it gives the ability compare among case 
studies and even asses the each case study on its own.  

 

Necessary Activities 09 

Optional Activities 77 

Social Activities  17 
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Mattegoda Housing Scheme at Mattegoda 
 
 
 
 
 
 
 
 
 
 
Andorson Flats at Narahenpita 
 
 
 
 
 
 
 
 
 
 
Dominance of Centralized Organization in Open Space in Building a Good 
Neighborhood  
 
Social activities are the ones that build up relationship among the members of a community which 
ultimately make way for a good lively neighborhood. As noticed in the case studies the only housing 
scheme that has signs of good neighborhood with good social life is Soysapura housing scheme. It has 
a good amount of social activities in compare with other activities.  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

Figure 6, Dominance of soysapura housing scheme in social activities  
(Compiled by Author)  

 

The thing to notice is Mattegoda housing scheme has a much larger foot print compared to Soysapura 
housing scheme which with much more open spaces. But Soysapura housing scheme has more social 
activities than Mattegoda housing scheme.  
 
The reason for this is the centralized organization of dwellings around the central open space. It provide 
accessibility and permeability for dwellers and hence create a place which can be attached socially to 
dwellers.  
 

 

Necessary Activities Optional Activities Social Activities 

Figure 9, Formulated graph for 
mattegoda housing scheme 

(Compiled by Author)  

Necessary Activities Optional Activities Social Activities 

Figure 10, Formulated graph for 
anderson flats 

(Compiled by Author)  

Necessary Activities Optional Activities Social Activities 

Necessary Activities Optional Activities Social Activities Necessary Activities Optional Activities Social Activities 

Soysapura Housing Scheme 

Mattegoda Housing Scheme Anderson Flats 
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Figure 7, Centralized organization of soysapura housing scheme 
 (Compiled by Author)  

 
 
Centralized Organization  
 
This is a much stable and concentrated composition which accompany 
secondary spaces around a large dominant central space. These secondary 
spaces might have same function or different from each other. Same way they 
can be identical in form and space or differ. This flexibility of secondary spaces 
allow central space to respond to varying conditions. 
 
Social Decay Due to Lack of Territoriality  
 
The most noticeable thing in the study concluded in Anderson flats where 
its absence of social activity in open spaces of it compared to other case 
studies. The reason for that is the bad social influences such as drug abuse 
and thievery in surrounding neighborhood. According to literally sources it 
was a well-functioning housing scheme before this ill fate. Even though it 
is currently occupied by the families of military personal. People doesnôt get 
out much and the open spaces can be taken as examples for dead spaces. 
 
As the author identified the reason for this dead spaces is the social decay 
caused in the absence of territoriality. This housing scheme doesnôt have 
much for demarcation of boundaries in physical form or psychological 
form. Boundaries are mostly consist of roads which are publically 
accessible. The other factor is itôs rather fragmented with a few blocks being 
located separately and this void again become a catalyst for said process. 
So according to analyze when there is a lack of territoriality and fail to  
demarcate boundaries for outsiders. Itôs possible for bad factors to 
influence the social life of dwellers in a middle class housing scheme 
 
 
Territoriality  
 
ñ The territoriality makes life easier and secure. This need for security may be one of the reasons why 
man had to demarcate ñplaceò. ò (Rapoport, 1969). So we can understand the territoriality aspect of a 
partic ular place contributes to its secure quality. Naturally we feel comfortable in demarcated spaces 

Figure 9, Negative social 

impact on anderson flats 
(Compiled by Author)  

Figure 8, Illustration of a 
centralized Organization 
(Source: Form, Space and 

Order)  
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thus man establish his belongingness to a certain place considering its territoriality because he feel 
comfortable and secure.  
 
 
 
 
 
 
 
 
 
 
 

Figure 10, Demarcated boundaries in a neighbourhood 
(Source: Genius Loci) 

 
 
Decreasing of Activities in Clustered Open Spaces  

 
When consider about optional activities which are recreational activities. Those are a direct impression 
of quality of a space. Noticeably there is a lacking of users of optional activities in Mattegoda housing 
scheme compared to Soysapura housing scheme. This is quite unique considering Mattegoda housing 
scheme has a much bigger foot print and more open spaces which directly support recreational 
activities. 
 
 
 
 
 
 
 
 

Figure 11, Decrease of activities in clustered open spaces 
(Compiled by Author)  

 
 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

Figure 12,Comparison of open spaces 
(Compiled by Author)  

 
So by comparing the layout of both schemes reveal that Mattegoda housing scheme has much more 
scattered set of open spaces while Soysapura housing scheme has a one big dominant open space. 
Because of this scale this space has a character more than spaces of Mattegoda. The other thing is one 
activity of this space can create a chain reaction and attract many more people to this space and make 
it alive. Because spaces becomes alive from edges to center as Jan Ghel mentioned in his book ñ Cities 

 

  

Necessary Activities Optional Activities Social Activities 

Mattegoda Housing Scheme 

Necessary Activities Optional Activities Social Activities 

Soysapura Housing Scheme 
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for People ò. On the other hand open spaces of Mattegoda housing scheme lacks a character to space 
due to small sizes. Furthermore it require more catalyst activities than a one single open space since 
there is no direct linkage between them. So because of above conditions having one relatively big open 
space is better in a middle income housing scheme rather than having few small ones.    
 
Close Proximity of Nodes Increasing Social Activities  
 
Between Mattegoda Housing Scheme and Soysapura Housing Scheme it is clear that there is an increase 
of social activities. This is noticeable because mattegoda has relatively much more open spaces and due 
to that should have been more socially function. The other thing to know that also is mattegoda housing 
scheme also has a bigger foot print. Anderson Flats wasnôt taken into account due to its absence of social 
activities caused by outside factors. 
 
 
 
 
 
 
 
 
 
 
 
So through this comparison itôs clearly visible there is a substantial lack of social activities in Mattegoda 
Housing Scheme. Now we will look in to where social activities were present in Soysapura Housing 
Scheme. 

 

 
 
 

It can be identified that all the places that has substantial social activities are close to nodes of the 
premises. Next analyze the difference of position of nodes between these two case studies.  

 

 
 
 

Necessary Activities Optional Activities Social Activities 

Mattegoda Housing Scheme 
Necessary Activities Optional Activities Social Activities 

Soysapura Housing Scheme 

Figure 15, Comparison of nodes close to open spaces 
(Compiled by Author)  

Figure 13, A comparison of social activities 
(Compiled by Author)  

Figure 14, Social active spaces 
(Compiled by Author)  
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From comparison itôs clearly visible that Soysapura Housing Schemeôs location of nodes are much 
denser close to open spaces. In contrast nodes of Mattegoda housing scheme is much wider spread 
compared to its relative bigger footprint. So through this analysis come to the conclusion that a denser 
position of nodes close to an open space lead to improve the social activities of a middle class housing 
scheme. 
 
Nodes 
 
Buildings, spaces that are the focus of pedestrians and can be physically 
entered. Which are the organized focal points and from which the person is 
travelling. Nodes can be junctions, places where transportation has a break, a 
crossing or merging of paths or they can simply be gathering spaces such as a 
public square or a hangout corner. Most nodes are both junctions and 
concentration.   
 
 
 
Conclusion  

 
Looking in to  how spatial perception impact on placemaking in open spaces of middle class housing 
schemes and create a clear picture about it was interesting. The findings of the research explain how 
itôs important to consider placemaking process in a neighborhood. It is evident that in a central 
organization makes the best possible scenario. In one particular case study clearly expressed that how 
lack of placemaking in a neighborhood can cause to social decay and establishment of negative factors 
for lives of dwellers. 
 
At the end of the study finally was able to formulate some pointers through analytical process on my 
collected and processed data. Author expect these can be guidance to future designers who are going to 
develop middle income mass housing. Author believe most of them are still applicable to other forms 
of housing also.  
 
When designing dwellings designers also have to think of the dweller who is entangled with a social life. 
Because humans naturally live in groups. So its great important to understand thi s in design of 
dwellings. Itôs not just what you designing. You have to look at the big picture. How little and little 
pieces come together and form a society in a neighborhood. This is the most vital message that Author 
expect to deliver through this research. 
 
Reference  
 
Christopher, A. (1987). A New Theory of Urban Design . Oxford: Oxford University Press. 

Dayaratne, R. (1992). Supporting Peopleôs Placemaking. Tyne: Newcastle University. 

Gehl, J. (1987). Life Between Buildings: Using Public Space . New York: Van Nostrand Reinhold. 

Gehl, J. (2010). Cities for People. Island Press. 

Habraken, J. (1972). Supports: An Alternative to Mass Housing . London: The Architetural Press. 

Jacobs, J. (1961). The Death and Life of Great American Cities . New York: Random House. 

Lombard, M. (2014). Constructing ordinary places. Progress in Planning , 94, 10ï17. 

Norberg-Schulz, C. (1980). Genius loci: towards a phenomenology of architecture . New York: Rizzoli.  

Rapoport, A. (1969). House form and culture . New Jersey: Prentice-Hall.  

Sime, J. (1985). Creating places or designing spaces? In Place and Placemaking. Melbourne. 

Tuan, Y.-F. (1977). Space and Place. London: Edward Arnold Publishers Ltd.  

Whyte, W. H. (1980). The Social Life of Small Urban Spaces. Conservation Foundation. 

 

  

Figure 16, Abstract 
illustration of a node  
(Source: Image of The 
City) 



FARU 2018 - Proceedings 

59 

 

Samarawickrama, Sumanthri, et al (eds), 2018, ñSustainability for people - envisaging multi disciplinary solutionò: Proceedings of the 11th 

International Conference of Faculty of Architecture Research Unit (FARU), University of Moratuwa, Sri Lanka, December 08,  2018 Galle  
pp. 59ï65. ©  

 
 

POSSIBILITY OF RECYCLING PLASTICS FROM MUNICIPAL SOLID WASTE (MSW) 

AND THEIR POTENTIAL APPLICATIONS IN CONSTRUCTION INDUS TRY  

JAYATHILAKA W.M.D.S. 1, CHANDRASENA N.2, PREMACHANDRA J.3 & HALWATURA R.U. 4 
1,3,4University of Moratuwa, Moratuwa, Sri Lanka  
2Sri Lanka Land Reclamation and Development Corperation , Rajagiriya, Sri Lanka  
1dilinisandarekha@gmail.com, 2nadeeshachandrasena@gmail.com, 3jagathp@gmail.com , 4 rangikauh@gmail.com  

 

    

Abstract  
The rate of resource consumption today is more than the rate of generation in natural resources. In developing countries, 

municipal solid waste (MSW) is a growing problem due to heterogeneous composition, non-biodegradability of plastic waste, 

lack of recycling facilities, high cost of waste collection, transportation and management and the environmental problems 

arising from the dumping of waste. Plastics widely used in the food packaging industry. The waste of growing plastics in urban 

areas presents health and environmental problems. . Construction materials play a key role in construction projects. At the 

moment, most of the projects focus on the development of construction materials that use waste. The objective of this article 

is to review the possibility of recycling the plastics that are generated in the MSW and its possible applications in the 

construction industry. This paper discusses the composition of MSW and plastic waste components in Sri Lanka. Primary, 

secondary, tertiary and quaternary technologies are considered for the recycling of plastic waste and plastic waste applications 

in the development of innovative construction materials. The use of municipal waste generated in Sri Lanka for the 

manufacture of construction materials will help reduce the problems associated with waste in the country. As a sustainable 

solution to this problem, the development of construction material with waste material is a possible option to address this 

problem. Recycling can be beneficial, since its energy efficiency reduces the waste generated, reduces the problems related to 

waste in the country, and studies have investigated the use of waste for construction in the industry.  

 
Keywords :  Municipal solid waste, P lastic waste, Construction material, Recycling waste  

 

1. Introduction to waste  

Population growth and urbanization have increased the municipal solid waste (MSW) quantity in Sri 
Lanka. Numerous types of waste management techniques which are currently in use (such as land 
filling, composting, anaerobic digestion, incineration, etc.) do not seem to be sufficient enough, 
considering the rate at which waste is generated in Sri Lanka. The solid Waste collection is done by 
Municipal Councils, Urban Councils, Pradeshiya Sabha and the private sector in the country. In Sri 
Lanka daily collection amount of solid waste is 3242 MT. The collection of SW in Western Province is 
around 1783 MT, which includes 1284 MT collected from Colombo District. Per capita, daily generation 
of solid waste are 0.8 kg/person for Colombo district, 0.7 kg/ person for Municipal councils, 0.6 
kg/person for Urban councils  and 0.4 kg/person for Pradeshiya sabas.(Hikkaduwa et al., 
2015)(Poulakis and Papaspyrides, 1995). Considering other local authorities, the largest amount of 
MSW collection and generation is at Colombo area due to increasing urbanization, high population 
density with a high rate of population growth. According to the "Pilisaru" National Solid Waste 
management programme in Sri Lanka in 2012, the composition of the Municipal Solid Waste is as 
follows (Central Environmental Authority, 2008) . 
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Figure 1, MSW compositions in Sri Lanka 
 

According to Figure 1, the largest composition of MSW is short-term biodegradable waste, which is 
more than 50% of the total amount. Polyethylene, soft and hard plastic account for around 10% of the 
total, which is the second largest waste regarding quantity and one of the world's most problematic 
waste due to non-biodegradability.  

2. Waste management in Sri Lanka  

Any country should have a proper waste management system to minimize the social and environmental 
effects of waste. In developing countries, most of the MSW generated end up in open dumps, causing 
many environmental problems. Emissions, leachate generation, heavy metals in the leachate, soil 
contamination surrounding waste landfills are the main problems due to landfilling (Bandara and 
Hettiarachchi, 2003) . Therefore, an effective waste management system is needed for the country. The 
primary considerations of a waste management system are; waste generation, waste collection, and 
transportation, intermediate treatments, final disposal of waste (Malwana, 2008) . 

2.1. WASTE GENERATION 

Solid waste generation in Sri Lanka is mainly due to household and industrial activities. Minimization 
of waste generation will eventually minimize the load on the other components of a waste management 
system, and hence the cost is reduced. According to the waste management hierarchy, the waste 
management options include; avoiding waste, reducing waste, reuse, and recycling of waste, recovering, 
and final disposal of waste(Africa and Outlook, 2012). The most preferred options are avoiding and 
reduction of waste because avoidance and reduction of usage can impact the production capacities in 
the product and obviously the final disposal quantities.  Reuse and recycling eliminate waste disposal 
quantities by maximizing the value of materials . 

2.2 WASTE COLLECTION AND TRANSPORTATION 

In Sri Lanka, Municipal Councils, Urban Councils, and Pradeshiya Sabhas responsible for solid waste 
collection and management in the country. In local authorities, there are more than 8000 employees 
employed with special dumping trucks, four -wheeled tractors, two-wheeled tractors, hand carts and 
other equipment for waste collection. For waste segregation, ministry of environment has used national 
colour codes for waste collection containers; Green ï Biodegradable waste such as kitchen waste, 
garden waste and food waste, Blue ï paper waste, Orange ï Plastic waste, Red ï Glass waste, Brown ï 
Metal and coconut shells (Malwana, 2008) .  Normally, municipal solid waste is collected and 
transported to dumping places like Kerawalapitiya and Meethotamulla.  

2.3 INTERMEDIATE TREATMENTS AND WASTE DISPOSAL FACILITIES  

There are no proper waste disposal facilities in Sri Lanka. As a result, most of the solid waste collected 
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will be disposed of using open dumping. Organic waste which consists of naturally degrading organic 
compounds can be converted into methane, compost and some of the organic waste can be fed animals. 
Paper and cardboard waste which is made out of organic waste can be recycled or reused. It can be 
composed if recycling or reuse is not possible. Paper and cardboards printed using ink may require 
some caution. Glass, metals, and plastic wastes can be recycled, re-used or may be used for other 
purposes as well. After discarding, the glass will be subjected to slow mechanical degradation due to 
silicate (SiO2) and turned into the sand after and many decades. Other silicate materials such as 
ceramics are inert materials, and some materials may contain heavy metals. Therefore mechanical and 
chemical degradation will happen to degrade those materials into the sand. Polythene/ soft and hard 
plastic waste/ shopping bags are major problem in the country (Zon and Siriwardena, 2000) .  

3.  Plastic wastes in MSW  

Plastics are synthetic polymers originating from crude oil. P lastics often used for packaging purposes 
because of its properties such as light weight, availability of different types, etc. The most common 
plastic types found in MSW are; Polyethylene (1. High-density polyethylene (HDPE), 2. Low-density 
polyethylene (LDPE)), Polypropylene (PP), Polyethylene terephthalate (PET), Polystyrene (PS) 
(Meran, Ozturk and Yuksel, 2008) (Sulyman, Haponiuk and Formela, 2016) .Polyethylene (PE) or 
Polythene is a thermoplastic polymer used in varieties of applications. It has a simple chemical formula 
of (C2H4) n, and it can be used for packaging of grocery bags, shampoo bottles, toys, piping, bullet 
propping vessels, etc. (Rahimi and García, 2017). Polyethylene is classified into various categories. 
Among those, the most important grades of polyethylene are low-density polyethylene (LDPE), linear 
low-density polyethylene (LLDPE), and high -density polyethylene (HDPE) (Version, 2015).Poly bags 
which are made out of polyethylene pellets are manufactured using blown film extrusion method. 
During the manuf acturing process, PE is subjected to many additives such as anti-block agents, slip 
agents, and UV inhibitors. PE is a semi-crystalline polymer used for varieties of applications due to low 
cost and ease of fabrication. PE can be either a homogeneous polymer or a copolymer (Gopura, 2008) . 
Polypropylene is a polymer made of propylene monomer, which is used for various applications such 
as packaging, etc. Thermoplastic resin with semi-crystalline structure, opaque and tough elastic 
properties increase the use of PP in packaging applications. Propylene is a tough, rigid plastics 
produced using radical or catalytic polymerization  (Meran, Ozturk and Yuksel, 2008) . Polymerization 
of PP is done using gas phase or liquid phase. PET is a transparent thermoplastic polyester with good 
mechanical properties, good chemical resistance, dimensional stability under variable load, and good 
gas barrier properties. PET is used for bottle manufacturing, thermally stabilized films and production 
of fibers in textile industry (Sulyman, Haponiuk and Formela, 2016) .  

4. Recycling and recovery of plastic solid waste  

Plastics usage increases daily due to its easiness, light weight, low cost and other benefits such as 
processability. As the consumption increases, waste generation also increases proportionally. Due to 
lack of recycling and reuse of plastic waste, final disposal quantity is increased, and hence, obviously 
environmental and other problems will rise. Plastic waste recycling promotes the conservation of raw 
petrochemicals and energy. However, there are many constraints which limit the plastic waste recycling 
economically and technically. Contamination of plastic waste with other materials which can damage 
the equipment being used for the processing, plastic waste feedstock not being homogeneous, variation 
due to factors such as time, location, etc., plastics are varied with polymer grades, etc (Rebeiz and Craft, 
1995). There are four main methodologies for plastic waste recycling and recovering; Primary method 
- re-extrusion, Secondary method ï Mechanical, Tertiary method ï Chemical, Quaternary method - 
Energy recovery (Lettieri and Baeyens, 2009) (Poulakis and Papaspyrides, 1995). Plastics which has 
similar properties to the original ma terial is used in this method by re-introducing to the extrusion 
cycle. In-plant recycling which is re -introduction of scrap materials to the processing cycle is falling to 
the primary method. Ex: - Injection Molding. Mechanical recycling involves the reco very of plastics 
form waste for re-use in the manufacturing process. This method is applicable only for the single 
polymer plastics such as PP, PE, PS, etc. The existing stages of mechanical recycling of plastics are; 
Cutting/Shredding, Contaminant Separat ion, floating, Milling, Washing and drying, Agglutination 
using pigments and additives, Extrusion, Quenching and granulation (Aznar et al., 2006) . 
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Chemical recycling or feedstock recycling refers to the transformation of plastic polymers using heat 
and other chemical agents to convert them into monomers or other hydrocarbons (Aznar et al., 2006) . 
When mechanical recycling is not feasible, chemical recycling is used to convert waste plastics into 
different products. Chemical processes such as gasification cracking, liquefaction, etc. are obtained to 
depolymerize the plastics into oil.  Chemical processes that used to recycling the plastic waste are; 
Thermolysis refers to the treatment of plastic waste using heat with a controlled environment of 
temperature without presenting a catalyst. It can be divided into three major categories; Pyrolysis, 
Gasification, Hydrogenation  (Lettieri and Baeyens, 2009)(Aznar et al., 2006) .  In pyrolysis method, 
thermal cracking is done using an inert atmosphere. The gas which is having high calorific value and 
high purity can be produced using wide variations of waste streams. The gas produced can use in gas 
engines, boiler applications without doing flue gas treatments. Considering both pyrolysis and 
gasification methods produce solid, liquid and gas phase. Degradative extrusion: In this method 
thermop lastics are break down into low viscosity molecular by introducing steam, gas, oxygen or 
catalyst as needed. Chemical depolymerisation: Plastic polymers react with chemicals to depolymerize 
them into the monomers which can be used to produce new polymers for the production of polymers 
or fuels. Depending on the chemical agent methanolysis, hydrolysis, ammonolysis, and glycolysis are 
the most common methods used for condensation polymers such as PET (Aznar et al., 2006) .  

 
Using incineration MSW volume is reduced by generating energy in the form of heat, steam, and 
electricity.  Incineration create s several of environmental problems such as air pollution due to the 
emission of CO2, NOx, SOx, and generation of airborne particulars such as VOCs (Poulakis and 
Papaspyrides, 1995)(Cheng and Hu, 2010).  

4.1 MECHANICAL AND CHEMICAL RECYCLING OF PLASTIC WASTE 

PE and PET are an addition and condensation polymers respectively, which cannot be easily recycled 
using chemicals. For PET bottle recycling mechanical and chemical methods are used. In mechanical 
recycling waste is collected, sorted, washed and conditioning the plastics to get clear grades of PET 
which can be mixed with virgin PET materials. Plastic conversion techniques which used in mechanical 
recycling are Extrusion molding, Injection molding, Blow molding, Vacuum moulding, Inflation 
molding (Kowalska, Wielgosz and Pelka, 2002). 
 

Table 1 , Waste LDPE and PVC from the packaging and cable industry are used for the production of different products. 

Raw material Product Techniques 

¶ < 50 wt% of  LDPE from 
cable insulation  

¶ >50 wt%  of comminuted 
rubber scrap 

¶ <0.1 wt% of blowing 
agent 

 

Porous  hoses Extrusion 
molding  
(Temperature 
should not 
exceed 190 oC) 

¶ PP with various 
compositions of 
Phosphogypsum instead 
of talc  

Vehicle parts Extrusion of 
granulate and 
injection 
molding  

¶ PVC compositions with 
phosphogypsum as filler 

Flooring  Calendaring 

 
 
Polyolefin (HDDPE, LDPE, and PP) can be dissolved using solvents such as xylene and toluene. LDPE 
can be dissolved using solvents such as benzene, toluene, chlorobenzene, isooctane, xylene, and 
trichloroethylene. Except isooctane other solvents are more suitable for dissolution of LLDPE. But the 
problem is above mentioned all the solvents are hazardous, and benzene is less suitable due to its safety 
precautions (See figure 2). Cyclohexane is also used for dissolution of HDPE in higher temperatures 
(Poulakis and Papaspyrides, 1995)(Wong, Ngadi and Abdullah, 2014). 
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Figure 2, LDPE dissolution rates using different solvents (Wong, Ngadi and Abdullah, 2014) 

Pyrolysis of plastic is done using a variety of reactors: fluidized bed reactors, batch reactors, and fixed 
bed reactors. Conical spouted bed reactor (CSBR) is a fluidized bed reactor using for large-scale plastic 
waste pyrolysis because of its low bed segregation, lower attrition compared to bubbling fluidized bed 
(D. S. et al Achilias, 1995). Catalytic pyrolysis using fixed bed reactor with a catalyst gives aliphatic 
hydrocarbons which can be used as a feedstock for refinery oils or plastic production. PET can be 
recycled using hydrolysis, glycolysis, aminolysis, alcoholysis, and acidolysis which using the reagents 
water, glycols, amines, alcohols, and acids respectively (D. S. Achilias, 1995). Plastics such as PET and 
nylon can be recycled using chemical depolymerization method.  

5. Plastic waste used in construction industry  

In the market, plastics provide a variety of applications. According to the European market, most of the 

plastics produced are used for packaging applications. Building and construction sector is the second 

largest consumer in the market. Automotive, Electrical and electronic  applications, agriculture  

applications, household and consumer products are having a high  demand for plastics (óPlastics ï the 

Facts 2014 / 2015 An analysis of European plastics production , demand and waste dataô, 2015). Long 

life span and light weight increase the popularity of plastics used for construction applications. Plastics 

used in the construction industry for the applications of pipes and ducts, insulation purposes, windows 

profiles, flooring and wall coverings, lining, fitted furniture. Utilization of waste materials in the 

construction industry is one of a viable solution for the waste plastics found in MSW. Recycling of 

waste materials gives varieties of advantages such as energy conservation, reduce landfilling, cost, etc. 

In onstruction industry plastics wastes can be used in two ways; Reusing of components, Recycling of 

waste into the production of building materials (Bolden, Abu-Lebdeh and Fini, 2013).  

 

 

 

 

Figure 3, Plastic waste usage and recycling in the construction industry 

 
In construction industry recycling methods of construction applications are the chemical modification, 
thermal processing, and fillers. Hydrolysis and pyrolysis are used to recycle plastics in the chemical 
modification to produce products such as bathtubs, automobile parts using the PET. In thermal 
processing, mechanical recycling methods are used to produce new products such as panels fibers for 
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carpeting, etc. (Bolden, Abu-Lebdeh and Fini, 2013). Recycled plastic mostly used for modification of 
asphalt and concretes, embankments and as an aggregate (Jassim, 2017). This method is using to fill 
the material in the applications. Cost, education, envir onment issues, quality of the material, 
contamination, separation issues, types of equipment, storage, availability, market are some challenges 
for recycling of materials.   
 

Table 2, Summary of recycled waste used in construction industry. 

 
Waste Material Purpose Reference 

Waste plastics such as  PET 
bottles partial substitution 
for fine aggregates 

For modification of asphalt,  
cement, and concert  

(Bolden, Abu-Lebdeh and 
Fini, 2013) 

Waste HDPE packages 
includes bottle such as 
shampoo and food 
containers  

Mixed with Portland cement to 
produce light weight cement 
replacing sand with fine PE 
waste 

(Appiah, Berko-Boateng 
and Tagbor, 2017) 

Waste HDPE a PP blended 
with the bitumen "in -situ."  

Sing melt-blending technique 
bitumen was modified for road 
construction  

(Rausch and Rausch, 
2009)  

Glass and High Impact 
Polystyrene  

Modification of cement 
mortars  

(Yesilata, Isēker and 
Turgut, 2009)  

Waste PET bottles and 
rubber pieces 

Thermal insulation 
enhancement in concrete  

(Yesilata, Isēker and 
Turgut, 2009)  

6. Conclusion  

A large quantity of MSW is generated in Sri Lanka due to human activities in household and domestic. 
Plastic waste is the second largest in terms of composition in MSW which is a major problem in MSW. 
Disposal of plastic can cause serious environmental problems. The impact can be minimized through 
the recycling of plastic wastes into various applications. Resource conservation, energy conservation, 
and pollution minimization are other advantages of recycling plastics. Use of waste polymers for 
construction industry will help to reduce the production  cost, modification in the quality of the product, 
and etc. Most of the recycled plastics are used for modification of asphalt and concrete.  

7. References  

Achilias, D. S. (1995) óRecent Advances in the Chemical Recycling of Polymersô. 

Achilias, D. S. et al (1995) óRecent Advances in the Chemical Recycling of Polymers (PP, PS, LDPE, HDPE, PVC, PC, Nylon, 

PMMA)ô, pp. 1ï62. 

Africa, S. and Outlook, E. (no date) 2 nd South Africa Environment Outlook.  

Appiah, J. K., Berko-Boateng, V. N. and Tagbor, T. A. (2017) óUse of waste plastic materials for road construction in Ghanaô, 

Case Studies in Construction Materials. Elsevier Ltd., 6, pp. 1ï7. doi: 10.1016/j.cscm.2016.11.001. 

Aznar, P. et al. (2006) óPlastic waste elimination by co -gasification with coal and biomass in fluidized bed with air in pilot 

plantô, 87, pp. 409ï420. doi: 10.1016/j.fuproc.2005.09.006.  

Bandara, N. J. G. J. and Hettiarachchi, P. J. (2003) óEnvironmental Impacts Associated with Current Waste Disposal Practices 

in a Municipality in Sri Lanka ï A Case Studyô, pp. 19ï26. 

Bolden, J., Abu-Lebdeh, T. and Fini, E. (2013) óUtilization of recycled and waste materials in various construction 

applicationsô, American Journal of Environmental Sciences, 9(1), pp. 14ï24. doi: 10.3844/ajessp.2013.14.24. 

Central Environmental Authority (20AD) óNational Solid Waste Management Program In Sri Lankaô. Available at: 

http://www.cea.lk/web/en/component/content/article?id=136:pilisaru -project-integrated-solid-waste-management-

programme-si. 

Cheng, H. and Hu, Y. (2010) óMunicipal solid waste (MSW) as a renewable source of energy: Current and future practices in 

Chinaô, Bioresource Technology. Elsevier Ltd, 101(11), pp. 3816ï3824. doi: 10.1016/j.biortech.2010.01.040.  

Gopura, R. A. R. C. (2008) óANALYSIS AND SIMULATION OF A POLY BAG MANUFACTURING SYSTEMô, (December). 

Hikkaduwa, H. N. et al. (2015) óSustainable Approaches to the Municipal Solid Waste Management in Sri Lankaô, 6th 

Internati onal Conference on Structural Engineering and Construction Management 2015, (December), pp. 1ï12. 

Jassim, A. K. (2017) óRecycling of Polyethylene Waste to Produce Plastic Cementô, Procedia Manufacturing. The Author(s), 

8(October 2016), pp. 635ï642. doi: 10.1016/j.promfg.2017.02.081. 



FARU 2018 - Proceedings 

65 

 

Kowalska, E., Wielgosz, Z. and Pelka, J. (2002) óUse of Post-Life Waste and Production Waste in Thermoplastic Polymer 

Compositionsô, 10(1), pp. 83ï92. 

Lettieri, P. and Baeyens, J. (2009) óRecycling and recovery routes of plastic solid waste ( PSW ): A reviewô, Waste Management. 

Elsevier Ltd, 29(10), pp. 2625ï2643. doi: 10.1016/j.wasman.2009.06.004.  

Malwana, C. (2008) óSolid Waste Management in Sri Lankaô, Economic Review:, (July), pp. 34ï37. 

Meran, C., Ozturk, O. and Yuksel, M. (2008) óMaterials & Design Examination of the possibility of recycling and utilizing 

recycled polyethylene and polypropyleneô, 29, pp. 701ï705. doi: 10.1016/j.matdes.2007.02.007. 

óPlastics ï the Facts 2014 / 2015 An analysis of European plastics production , demand and waste dataô (2015), pp. 1ï34. 

Poulakis, J. G. and Papaspyrides, C. D. (1995) óThe Dissolution Reprecipitation Technique Applied on High-Density 

Polyethylene .1. Model Recycling Experimentsô, Advances in Polymer Technology, 14, pp. 237ï242. 

Rahimi, A. and Garc²a, J. M. (2017) óChemical recycling of waste plastics for new materials productionô, Nature Reviews 

Chemistry, 1(6), p. 0046. doi: 10.1038/s41570-017-0046.  

Rausch, J. L. and Rausch, J. L. (2009) óPOLYETHYLENE-CYCLOHEXANE SYSTEM USING GRAVIMETRIC SORPTION 

ANALYSIS byô, (May). 

Rebeiz, K. S. and Craft, A. P. (1995) óPlastic waste management in construction: technological and institutional issuesô, 

Resources, Conservation and Recycling, 15(3ï4), pp. 245ï257. doi: 10.1016/0921-3449(95)00034 -8. 

Sulyman, M., Haponiuk, J. and Formela, K. (2016) óUtilization of Recycled Polyethylene Terephthalate ( PET ) in Engineering 

Utilization of Recycled Polyethylene Terephthalate ( PET ) in Engineering Materials : A Reviewô, (November 2015). doi: 

10.7763/IJESD.2016.V7.749. 

Version, D. (2015) Mechanical recycling of plastic packaging waste Mechanical Recycling of Plastic Packaging Waste. doi: 

10.6100/IR783771. 

Wong, S. L., Ngadi, N. and Abdullah, T. A. T. (2014) óStudy on Dissolution of Low Density Polyethylene (LDPE)ô, Applied 

Mechanics and Materials, 695, pp. 170ï173. doi: 10.4028/www.scientific.net/AMM.695.170.  

Yesilata, B., Isēker, Y. and Turgut, P. (2009) óThermal insulation enhancement in concretes by adding waste PET and rubber 

piecesô, Construction and Building Materials. Elsevier Ltd, 23(5), pp. 1878ï1882. doi: 10.1016/j.conbuildmat.2008.09.014.  

Zon, L. Van and Siriwardena, N. (2000) óGarbage in Sri Lankaô, Intergrated Resource Management Program Wetlands ,Sri 

Lanka, (October). Available at: http://environ mental.scum.org/slwaste.  

 
  



FARU 2018 - Proceedings 

66 

 

Samarawickrama, Sumanthri, et al (eds), 2018, ñSustainability for people - envisaging multi disciplinary solutionò: Proceedings of the 11th 

International Conference of Faculty of Architecture Research Unit (FARU), University of Moratuwa, Sri Lanka, December 08,  2018 Galle  
pp. 66ï73. ©  

 
 
IMPROVE INTRINSIC PROPERTIES OF WALLING MATERIALS TO CREATE 

OCCUPANT COMFORT  

GALKANDA. H 1, UDAWATTHA. C2  & HALWATURA. R 3 
1,2,3Department of Civil Engineering, University of Moratuwa, Moratuwa, Sri Lanka  
1himahansi.galkanda@gmail.com , 2udawatthe@gmail.com , 3rangikauh@gmail.com  

 

Abstract  
Buildings and architectural spaces are built for occupant comfort. Thus tropical climatic condition is the worst climate to 

achieve the occupant comfort. Tropics are favourable for bio receptive activities such as fungus and moss. Fungus and moss 

produce mycotoxins, spores and fragments which are toxic to occupants. However, the relationship between buildings 

envelops and bio receptivity should be studied prior to find a sustainable solution. This study was conducted to understand 

the relationship with intrinsic properti es of wall construction materials and the bio receptivity. The study was conducted after 

studying several intrinsic properties of walling materials such as organic matter content, surface roughness, water absorption 

and pH value according to laboratory test standards. Fungus and moss growth standard tests were conducted in the real world -

controlled environment. Results of this study showed that surface roughness is the significant intrinsic property on bio 

receptivity. According to the test results fungus and moss growth on walling materials has a reciprocal connection with surface 

roughness values and no growth occurs on wall plasters where the surface is smoother. This study concluded that covering 

walls with cement plaster can reduce the growth of moss and fungus on tropical homes. Therefore smooth, plastered surfaces 

are best for homes with occupant comfort. But the cost of plastering might prevent poor families from acting on this concept.  

Therefore it is necessary to develop sustainable, cost effective and environmentally  friendly wall, smoothing materials and 

techniques.  

Keywords : Intrinsic properties, Fungus, Moss, Occupant comfort, Walling materials  

1. Introduction  

From the beginning of mankind  used temporary and permanent shelters to secure their protection from 
extreme environmental and external conditions. With the civilization,  conditions of shelters have 
developed and improved while making shelters as one of the major requirements of people. In the 
prehistoric time man used shelters with primitive technologies as primitive caves and it has developed 
with the time and development (Gray 2010, Singh et al. 2016). Therefore, primitive caves have 
developed to Kajan huts and to modern structural buildings. In present building construction sector is 
mainly focusing on building occupants comfort.  
 
With the population growth and urbanization  building constructions have developed and the average 
time that people spend in indoors has increased rapidly. There are two types of buildings as residential 
and commercial and it is found that people spent more than 80% of their lifetime , inside buildings (Al 
horr et al. 2016, Ismail et al. 2010, Moya et al. 2018). Therefore people expose to indoor environmental 
conditions more time of their lifetime  and indoor environmental quality directly effects on buil ding 
occupants health and comfort (Dylag 2017, Moya et al. 2018). Present building construction sector 
mainly focusing to improve indoor environmental conditions in order to create occupant comfort. 
Thermal, acoustic, visual, chemical, biological and air quality of the indoor environment should be  
improved in order to create occupant comfort (Al horr et al. 2016) . 
 
Building walls have a significant role in indoor environmental quality control to improve occupants 
comfort, as building walls are the boundary which separates indoor and outdoor environments of 
buildings (Moya et al. 2018, Udawattha et al. 2018). The external surface of building walls directly 
expose to outdoor environments while inte rnal surface exposes to the indoor  environment. Building 
walls create the building envelop which act as a thermal and acoustic barrier and create thermal and 
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acoustic comfort inside the building (Degrave-Lemeurs et al. 2018, Udawattha & Halwatura 2016) . 
Indoor air quality is one of the most important factors which directly contribute to improving  
occupantsô healthiness. Indoor air quality is affected by abiotic agents; such as dust, wall covering, 
volatile organic compounds, chemicals, paints and etc, and biotic agents; such as fungus, moss, 
bacteria, rat droppings, birdsô droppings, pollen and etc (Haleem Khan & Mohan Karuppayil 2012) . 
Under tropical climatic conditions, which consist of high humidity building walls tend to biological 
growth such as fungus and moss (Pranjic et al. 2015, Hoang et al. 2010). 
 
Under favorable conditions such as moisture, optimal temperature and presence of organic matter, 
walling materials of buildings tend to fungus and moss growth. Therefore under tropical climatic 
conditions, water leaks and wetting of walling materials results in fungus and moss growth on the 
internal  wall surface (Pranjic et al. 2015, Ozolins & Jakovics 2014). Presence of fungus and moss on the 
internal  wall surface creates occupants discomfort in buildings (Dylag 2017). Fungus and moss growth 
create biological agents in the indoor environment which results in occupants discomfort (Haleem 
Khan & Mohan Karuppayil 2012) . 
 
Aspergillus, Penicillium, Mucor, Rhizopus, Aureobasidium andCladosporium fungus species are the 
common fungus species identified in indoors (ŧukiewicz-Sobczak et al. 2015, Mycol et al. 2016). Fungus 
and moss produce spores, Mycotoxins, volatile organic compounds and pollens as their metabolic 
products and release to the indoor  air. And those products create adverse health impacts to occupants; 
such as allergies, respiratory problems, asthma, sick building syndrome, acute and chronic disorders 
(Dylag 2017, Baxi et al. 2016, Haleem Khan & Mohan Karuppayil 2012) . Not only health effects but the 
effect of fungus and moss cause to reduce building occupantsô physical fitness, mentality and 
productivity of their work (Kumar & Verma 2010) . To avoid fungus and moss growth in the indoor  
environment of buildings most commonly use chemicals in the present.  
 
Existing moss on walling materials is removed by removing moss and spraying chemicals. Zinc 
chloride, zinc sulphate and copper naphthenate are the most effective chemicals used to control moss 
growth (Ramsay 2003) . Ammonium sulphate uses to burn out of the existing moss on walling materials. 
Some pesticides and herbicides also used to kill existing moss and inhibit the re-growth for a period of 
time (Safiuddin 2017; Ramsay 2003).To control the existing fungus growth on walling materials 
commonly use chemicals. Most commonly used anti fungus additives are sodium polyborate, 
iodopropinylbutylcarbamate  (IPBC) and dichlofluanid (Hoang et al. 2010). But those additives have 
short-termeffect on the fungus prevention and also chemicals are not safe for human health and the 
environment.  
 
Chemical treatment is not a safe, sustainable and environmentally friendly method to control fungus 
and moss growth on walling materials; because the use of the chemicals in the chemical treatments is 
toxic to the environment and to humans. Chemicals like zinc chloride, zinc sulphate and copper 
naphthenate are toxic and runoff of the chemicals can results damages to plants, animals and physical 
structures. Ammonium sulphate is a toxic chemical and also damage to the walling material by 
corrosion (Ramsay 2003). Application of chemicals and antifungal additives inside the buildings 
reduces indoor air quality while adversely affect on occupantsô health and reduce occupant comfort in 
the building (Rogawansamy et al. 2015, Kumar & Verma 2010, Zabka et al. 2014).  
 
Fungus and moss growth control using chemical additives is not a sustainable and safe prevention 
method (Safiuddin 2017).Therefore the sustainable solution  is required to prevent fungus and moss 
growth in the indoor environment of buildings. This study is conducted to study intrinsic properties; 
such as organic matter content, surface roughness, pH value and water absorption, of walling materials; 
such as bricks, cement blocks, cement stabilized earth blocks, cabook blocks, mud concrete blocks and 
geo-polymerized earth blocks, and wall plasters; such as cement slurry plaster and rough cement 
plaster, and to identify significant intrinsic properties on fungus and moss growth in order to find a 
sustainable solution to fungus and moss growth to create occupant comfort in buildings.  



FARU 2018 - Proceedings 

68 

 

2. Research Methodology  

2.1. MATERIAL SELECTION  

Bricks, cement blocks and cabook blocks were selected as the most common walling materials used in 
the tropical  region. And also the novel green walling materials as cement stabilized earth blocks, mud 
concrete blocks and geo-polymerized earth blocks were selected as test materials. To complete the study 
the most common wall finishers such as rough cement plaster and cement plaster also included to the 
material list of the study.  

2.2. TESTING INTRINSIC PROPERTIES OF WALLING MATERIALS 

2.2.1. Organic matter content  
Organic matter content is the fraction of the material that consists of plan t or animal tissue in various 
stages of decomposition. organic matter content provides required nutrients for the bioreceptivity while 
increasing the water holding capacity of the walling materials (McCauley et al. 2017).  
 
Organic matter content of walling materials was tested according to ASTM D2974-00 standards 
(Udawattha et al. 2018, ASTM International 2000) . Powdered walling materials were oven dried at 
1000C for 24 hours and then burnt in a muffle furnace at 440 0C for 48 hours (Figure 1). Organic matter 
content was calculated according to ASTM standard using measured weight values of samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 1, Testing of organic matter content 
 
2.2.2. Surface roughness 
Surface roughness of the material is directly effect on the bioreceptivity of the material; because surface 
roughness effects on the water absorption surface area and the wetted surface area of the material 
(Cuzman & Tiano 2011). Surface roughness values of walling materials were tested by 3D scanning the 
material surface (Udawattha et al. 2018). 
 
2.2.3. Water absorption  
Water is the main requirement for living organisms for  their metabolic activities. Walling materials 
absorb water when they are immersed in water or subject to a high relative humidity environmental 
condition and wetted walling materials increase the material bioreceptivity (Hoang et al. 2010, 
Karagiannis et al. 2016). 
 
Water absorption was tested according to ASTM C272/C272M ï 12 test standards (ASTM International 
2012). Walling material samples were oven dried at 1000C for 24 hours and the weight, length, height 
and width were measured. And the samples were horizontally immersed in water for 24 hours and the 
weight was measured (Figure 3). Then water absorption of each material was calculated (Udawattha et 
al. 2018). 
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Figure 3, Water absorption test 
 
2.2.4. pH value 

pH value is determine by the concentration of the available hydrogen ions (H+). pH value is measured 
on a negative logarithmic scale of hydrogen ion concentration (Grubb et al. 2007). Biological growth 
on walling materials is sensitive to the acidity, alkalinity or neutral condition of the material. Fungus 
and moss species vary with the pH value; because some species prefer acidic conditions and some prefer 
alkaline conditions while rest of  others prefers neutral conditions (McCauley et al. 2017; Grubb et al. 
2007) . 
 
pH values were measured according to ASTM D4972-95a test standards (ASTM International 2007) . 
Powdered walling materials were dissolved in distilled water in the ratio of 1:2 and mixed for 30 
minutes in a shaker. After 1 hour pH values were measured using a pH meter (Figure 4) (Udawattha et 
al. 2018). 

 
 
 
 
 
 
 

 
 
 
 
 

Figure 4, Measuring pH value  

2.3. MOSS GROWTH TEST 

2.3.1. Sample construction 
Mud concrete blocks (Arooz & Halwatura 2018)  and geo-polymerized earth blocks (Udawattha & 
Halwatura 2018)  were cast and other materials were collected from the market. Concrete beam with 
25cm height was constructed as the base and painted a bituminous paint on the top to prevent moisture 
absorption from the ground. 1m x 1m walls of each walling material were constructed on the beam with 
a small roof to prevent rainwater accumulation on walls (Bui et al. 2009) . Two brick walls were 
plastered with rough cement plaster and cement slurry plaster.  

 
2.3.2. Application of moss culture media and evaluation  
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Moss culture media was prepared by blending Existing moss, buttermilkand  water in the ratio of 1:2:2. 
The mixture was painted on wall samples with a paint brush. Moss covered area of each wall was 
measured weekly and the color change due to the moss growth was compared using photos (Udawattha 
et al. 2018). 

2.4. FUNGUS GROWTH TEST 

2.4.1. Sample construction 
Fungus test was conducted according to the ASTM D3273-94 test standards. Walling material samples 
were constructed with the size of 150mm x 100mm x 7mm (Udawattha et al. 2018). 
 
2.4.2. Fungus culture preparation  
Potato dextrose agar media was used as the growth media for the fungus culture. Fungus spores were 
transformed to the sterilized growth media using an inoculating loop. The growth media containing 
petri dish was incubated for 7 days. 

 
2.4.3. Environmental chamber preparation  
Glass environmental chamber was filled 1 inch from the bottom using fungus growth media which was 
prepared by mixing topsoil , compost and coir dust. Then the media was wetted and the chamber was 
incubated for 24 hrs. After that,  the prepared fungus culture was transferred to the growth media in the 
environmental chamber and incubated for 14 days. After 14 days test specimens were vertically hanged 
in the chamber (Figure 5).Fungus growth on each sample was observed weekly and rated the fungus 
growth area according to the ASTM D3273-94 standards (Table 1). 

 
 
 
 
 
 
 
 

 
 
 
 

Figure 5, Samples testing in the environmental chamber  

 
 

Table 1, Fungus growth rating criteria 
 

Rating  Fungus covered area  

0 No fungus growth 

1 0 ï 10 % 

2 11 ï 30 % 

3 31 ï 60 % 

4 61 ï 100 % 

3. Results and Discussion  

Intrinsic properties such as organic matter content, surface roughness, water absorption and pH value 
of each walling material variation shown in Figure 6. According to the statistical analysis of the results, 
there is a positive correlation between surface roughness value and fungus and moss growth of each 
material (Figure 7).  
 
According to the color variation comparison of walling materials due to moss growth results show that 
moss growth increase with surface roughness value of the material (Figure 8). And also the results 
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showed that no moss growth appeared on cement slurry plaster and rough cement plaster and fungus 
growth are lowest on plasters. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6, Intrinsic properties variation  

 

 

 

 

 

 

 
 
 

 
 
 
 
 
 
 

Figure 7, Fungus and moss growth variation with surface roughness  
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Figure 8, Moss growth variation with surface roughness 

4. Conclusion  

Fungus and moss grow on walling materials in tropical climatic conditions but wall plastering can 
protect walling materials from fungus and moss growth. Fungus and moss growth increase with the 
increase of surface roughness value of walling materials. Covering walls with plaster can reduce the 
growth of moss and fungus on tropical homes. Therefore smooth, plastered surfaces are best for homes 
with occupant comfort. But the cost of plastering might prevent poor families from acting on this 
concept. In the present, the most common wall smoothing and finishing material is cement plaster. But 
it cannot be recommended as a sustainable solution due to the adverse environmental impacts of 
cement production. Therefore it is necessary to develop sustainable, cost effective and environmentally  
friendly wall, smoothing materials and techniques.   
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Abstract  
Walking, aside from mobility is also recognized as a means to stay physically fit while increasing social interaction, promoting 

community wellbeing and reducing stress on the environment. This has thus led to a growing area of study focused on the role 

of the physical environment in promoting the activity of walking. However, not many researches are done with reference to 

micro environmental features. There is even fewer evidence which suggests that associations between walkability and walking 

may vary according to different ages. This study argues that walking can be influenced by micro environmental features but 

preference for environmental features are likely to differ across different age and gender groups. Data on the preference were 

collected through questionnaire survey from three different age group with the use of manipulated models of pedestrian path. 

Descriptive and inferential statistics were used for analysis. Amongst the 21 micro environmental variables derived, the 

preference of óengaging natureô, ócolourful signsô and ówall paintingô, decrease when age increases whereas ówater faucetsô, 

ópresence of peopleô and ósurface condition of the footpathô, increases with age. Features such as ówide pathô, óseparation of 

trafficô and óvegetationô were preferred mostly by Children and Elderly. The findings of this study help understand how micro 

environmental factors can influence user perceptions of quality, this will further help planners, architect and health worker s 

to understand pedestrianôs preference and design paths that not only influence walking in all age groups but also be enjoyed 

by all.  

Keywords :  Age groups, environmental psychology, pedestrian, preference, walkability.  

1. Introduction  

Walking is the most basic and prevalent mode of transport and it has been a necessary means of 
mobility since the start of human history. Today walking is not only considered as a means of mobility 
but it is also recognized as a means to stay physically fit, strive for sustainability and reduce stress on 
the environment. According to modern dictionary a person walking is termed as a pedestrian. 
Pedestrians form the largest single road-user group. With rapid urbanization and motorization most of 
transportati on planning is centered around vehicle and its space requirements. When the planning 
process gives priority to the car, the product may seem devoid of human scale. As a result, those moving 
around the city on foot or on a bicycle may find urban spaces monotonous, with long straight lines and 
corresponding buildings (Andersen, 2009). Walking compared to the heavy use of private vehicles, 
have multiple benefits of reducing traffic congestion, air pollution, and fuel consumption while 
increasing physical activity, social interaction, and community safety and well -being.  
 
Walking and environmental features can also be linked to active living and public health. Researches 
such as those done by (Day, Boarnet, & Alf, 2006) suggests an intriguing link between public health 
and urban planning that supports active living. The role of the physical environment in promoting or 
limiting physical activity is a growing area of study. This have resulted in many researches on the built 
environment and physical activity being fragmented across several fields, including urban planning, 
architecture, environmental psychology, recreation/leisure studies, and public health (Day, Boarnet, & 
Alf, 2006).  
 
The activity of walking is influenced by many different factors. This research will focus on two: by 
pedestrian characteristics and the built environment. The connection between them will be done 
through environmental psychology while looking through different psychological characteristics in the 
different age groups. The overall study it forms through this aspect will bring new perspective as such 
researches are not very common. Understanding the needs and characteristics of pedestrians and 
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factors that affect pedestrian travel is important when designing pedestrian facilities. When the likes, 
preferences and peculiarities of the users, created under the influence of the userôs developmental 
psychology are taken into consideration, designed spaces will be enjoyed more often by the most users 
(Ozer & Baris, 2012). 
 
This research will answer whether different age groups have different preference when it comes to 
micro environmental factors of pedestrian path, whether the preference change with gender and 
whether we can have a generalize pedestrian model that fits all age groups. The research was done in 
three level: -literature review, preparation of sample preference models, field survey and analysis. 
Micro environmental factors that influence walking in different age groups was compiled through 
literature review. Based on it three models preferred by each age group and a model that is for all was 
made using 3-D computer software. All four models were based off on Bandaranayake road, connecting 
university of Moratuwa and Katubedda Junction. The models prepared were then used in questionnaire 
survey to collect data. The data gathered was analyzed using descriptive and inferential statistical 
analysis. 

2. Theoretical background   

óPedestrianô includes all non-vehicular mobility including those who use wheelchairs, guide dogs or 
other mobilit y aids. Pedestrian can be characterized based on factors such as ability and age. Walking 
can be influenced by the character of the pedestrian as well as the perceived and objectively determined 
environmental attribute (Humpel, Owen, & Leslie, 2002). The e nvironmental attribute can fall into two 
broad categories: macroscale, consisting of structural features such as street inter-connectivity and land 
use mix; and microscale or details that can affect the experience of being active in a place, such as 
aesthetics and sidewalk design. A research done by (Ratnayake, Silva, & Warusavitharana, 2017) 
discusses that environmental cues such as indivisibility of road segment, physical upkeep, presence of 
people, distribution of householdsô effects on pedestrian feeling of safety.  
 
Another research done by (Cain et al., 2014) examines associations of microscale attributes with 
multiple physical activity measured across four age groups. The research supports the ecological model 
principle of behavioral specificity. Age -related changes in experience and behavior can be supported by 
developmental psychology. Piaget and Erik Erickson view of development psychology provide an 
account of development throughout the life span. On the other hand, environmental psychology is the 
study of transactions between individuals and their physical settings. In these transactions, behavior 
and experiences are changed by their environments depending on their developmental age. This 
relationship can ultimately improve human environments, by d evising practical methods, design and 
planning that are receptive to the findings of environmental psychology (Zube & Moore, 1987).  

3. Methodology  

3.1. CASE STUDY AREA 
The case study area is based on Bandaranayake road, connecting the University of Moratuwa and 
Katubedda Junction. The existing road is 1.4 km long starting from the university to Katubedda 
Junction and it lacks a proper continues pedestrian path. Theoretically, it will take a minimum of 15 
mins to walk, but most students prefer to ride the bus instead. The path also contains environmental 
characteristics that vary as we walk. The study area was also chosen based on its convenience and 
familiarity.  

3.2. MODEL MAKING   

The four 3D models of Bandarayanake road were made to assess preference of pathway by different age 
groups. Each model has a set of micro environmental features that are fitted for each age group derived 
based on previous researches. One extra model containing elements that are supposed to be fit for all 
age groups were also made resulting in a total of four models. The model was made using Revit, 
Sketchup and AutoCAD software. Model for the elderly contain the following micro environment 
features: sidewalk evenness, separation from traffic, an obstacle on the sidewalk, traffic volume, speed 
limit, traffic calming device, overall upkeep, vegetation, benches, one vehicle.  
 
Model for adults contain the following micro environment features: artistry and attractiveness of the 
shops and store windows, bicycle lane, shade, cleanliness and upkeep, the presence of people, few 
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vehicles. The model for children focusses contain the following micro environment features: engaging 
nature, colourful signs, wide path, aboriginal artwork, fun places to rest, sculptural elements, and 
playability of street. Lastly, model for all age groups contain the following micro environment features: 
attractive architecture, comfort features (shade trees, benches), more pedestrian crossings, water 
faucets and local cafés/shops.  

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3. DATA ANALYSIS   
Data collected through questionnaire survey was analyzed through descriptive and inferential statistics 
such as the use of correlation and regression analysis and graphical analysis. Descriptive characteristics 
of the samples were calculated using software IBM SPSS statistics 23. Cross-tabulation and chi -square 
analysis were used to look for a relationship between age group and their preference of micro 
environmental features as both variables fall under categorical data. Further to assess the validity of 
the analysis p-value was referred. Further correlation analysis was done for variables which appeared 
significant.  

4. Results  

From the questionnaire survey, 43.6% of the samples were collected from nearby schools, 21% of 
samples were collected from the university and rest 35.4% were collected from the Bandaranayake 
street. Among them 120 participants belonged to age group of children (less than 18), 110 participants 
belonged to the age group of adults (19-59), and 45 belonged to an elderly group (60 and above). As for 
the gender distribution, 155 identified themselves as male and 120 identified themselves as female. 
Table 7 till 18 in annexe presents the socio demographic characteristics, physical function, social 
support and participantôs use of the pedestrian path of the sample.  
 
From the responses received regarding the obstruction faced while walking in their day to day life, bad 
weather (sun and rain) accounted for 32% of the response, safety accounted for 24.4% and no proper 
facilities accounted for 11.6%. When asked about Bandaranayake road specifically, 7.81% of the 
responses were positive responses. The rest 92% of responses were negative concerning walkability. 
When computing micro environmental features in the total  sample ópedestrian path separated from 
trafficô was the most preferred feature with a score of 492 with 550 being the maximum possible score 
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Figure 11 Model for elderly  

 
 
 
 
 
 
 
 
 
 

 
Figure 12 Model for adults  

 
 
 
 
 
 
 
 
 
 
 

 
Figure 13 Model for children  

 
 
 
 
 
 
 
 
 
 
 

 
Figure 14 Model for all  
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for all feature. It was followed by óless traffic volumeô (460), ócleanliness and upkeepô (449), for which 
there was not much difference in score. The features that scored the lowest were óSculptural elementsô 
(157), and óPresence of street vendorsô (153).  
 
Amongst the micro environmental variable, chi -square shows that few features show significant 
relationships (p=0.000) with age groups. The preference of variable óengaging natureô, ócolourful signsô, 
ówall paintingô, ófun places to restô and ósculptural elementsô have weak negative correlation of r = -0.455, 
-0.246, -0.290, -0.400, and -0.172, respectively this tells us that their preference decreases when age 
increases. óAttractive architectureô has the weakest negative correlation (-0.074). On the other hand, 
óplayability of streetô and óbicycle laneô, has a strong negative correlation of r = -0.501, -0.503 
respectively. óWater faucets' has a weak positive correlation of r = 0.070. As for ópresence of people' and 
ósurface condition of the footpath', they have a strong positive correlation of r = 0.536, and 0.557 
respectively. A positive correlation means its preference increases with age. Variable such as óWide 
pathô, óseparation of trafficô and óvegetationô are a special case as their relationship direction is quadratic 
its preference increases in children, decreases in adult and increases again in elderly. 
 
The analysis of age group against the 3-D model of four streets overall resulted in 49.6% of participants 
choosing model B as their first preference, 30.3% of participants choosing model C as their second 
preference, 29.6% of participants choosing model A as their third preference and 41.6% of participants 
choosing model D as their least preference. This tells us that the order of B-C-A-D is the most common 
order of preference. Most preferred B dues to reasons such as separation of path from the road, 
aesthetically pleasing, wall paintings, statue, comfortable, trees for shade and benches for seating, and 
foot prints.  
 
The environmental feature computed against age groups shows that all age group ranks ósafetyô (69.1%) 
as the most important followed by óaccessibilityô (36.0%), ócomfortô (36.3%) and ópleasurability' 
(52.0%). Therefore, the order of preference for the majority of the participants is ósafety ï accessibility 
ï comfort ï pleasurability'. When computing variable ógender' against ómicro environmental' 
preference resulted in 15 out of 21 parameters of micro environment having no relationship with 
gender. Features like óengaging nature', ówall paintings', sculptural elements, ówater faucets' and ólocal 
cafes and shops' were found to be given more importance by male than females. Whereas, features such 
as ófun places to rest' were more inclined towards females. However, p-value with of 0.082 model 
preference didnôt change with gender.  

5. Discussion  

 
Currently, there is a lack of research conducted that study the associations between walkability and 
physical activity according to different life -stages. The current study and its methodology aim to 
examine the preference of micro environmental features in the pedestrian path by different age groups, 
and their reasoning can be explained based on environmental psychology. This can serve as useful 
inputs for urban planning in understanding and designing pedestrian path as planning is done for the 
betterment of people. Further, as the case study is Bandaranayake road which lacks a proper pedestrian 
path, the findings of this study can be used by authorities to provide one that can be enjoyed by all. 
 
Amongst the micro environmental derived variables, the preference of óengaging natureô, ócolourful 
signsô, ówall paintingô, ófun places to restô, óplayability of streetô, óbicycle laneô and ósculptural elementsô 
decreases when age increases. They are mostly liked by children and these findings can be referred back 
to developmental psychology. Theory such as that of Piagetôs theory of intellectual development states 
that active discovery learning environments are essential to enable children to explore, manipulate, 
experiment, question and to search answers for themselves. Objects of such shade are stimulating and 
interesting.  
 
A study conducted by Wansink and Kevin Kniffin and Mitsuru Shimizu of London Metropolitan 
University also found that kids prefer lots of choices and colours. Micro environmental variables 
mentioned as such provide a source of stimulus to explore, learn and enjoy for children. For example, 
ócolourful signsô, ówall paintingô, and ósculptural elementsô provide stimulus for cognitive development, 
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ófun places to restô and óplayability of streetô provide for the social development and óplayability of streetô 
and óbicycle laneô provide for physical development. 
 
Preference of micro environmental such as ówater faucetsô, ópresence of peopleô and ósurface condition 
of the footpathô, increases with age. They are mostly preferred by those belonging in elderly age group. 
A variable such as ópresence of people' can be related to the perception of safety and ósurface condition 
of the footpathô to physical fitness this may be because elderly are physically frailer and have difficulty 
in recovering (Skogan, 1978). óWater faucetsô may be due to the fact that when people get older, body 
water content decreases and the risk of dehydration increases.  This can also be connected to their 
higher rate of chronic illness which makes it difficult for the body to b alance and manage body fluid 
(Ratnayake & Butt, 2018; Frangeskou, et al., 2015; Ranasinghe et al.,2016).  
 
Variable such as óWide pathô, óseparation of trafficô and óvegetationô are preferred more by Children and 
Elderly. The preference of ówide pathô and óseparation of trafficô are also related to safety and can be due 
to the fact the participants in these groups are the most functionally limited and more likely to use 
walking aids. Safety was also ranked the most by both children and elderly among the environmental 
feature. The four 3-D models made use various combination of the derived micro environmental 
features. From all the age groups majority like model B, which was designed to appeal towards the age 
group of children. The common reasons given for their preference was that model B looks, is 
aesthetically pleasing and it looks comfortable. Choosing model B can also be due to people not liking 
monotony psychologically as stated in (Anderson, 2009) .  

6. Conclusion  

In conclusion, the findings of this stud y can be used to make potential modifications to real life settings 
regarding which micro environmental features to be prioritized. It can be used to design an 
environment with conditions that can not only provoke walking but also ensure safety and enjoyme nt. 
While this may be true there are also certain limitations, first of all, the study was conducted within a 
small range of area with a limited number of people and time, and therefore, the data collected was 
limited. Second, though three age groups were taken, the ages of the participant within each group is 
skewed. Third, since 3-D models were used there is a need for natural experiments to confirm the 
findings. The results may thus differ in different places and people. Future research may be carried out 
with a larger sample, consideration of both day and night can be explored and different socio-economic 
variables such as income and ethnicity can be reflected.  
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Abstract  
As a country which is on its developing process, it is not enough to play their role as they were programmed. People should 

have better opportunities and time to deploy their ideas for a better tomorrow.  Sri Lankan city spaces, which had already been 

planned, face many difficulties because of haphazard development and Urban sprawl effect. The lack of understanding of the 

urban context has caused numerous issues, with crime being one of them. There are various key factors which identify society 

and crimes, some of which allow understanding of the nature of spaces in principles. The method applied in this research is 

based on three steps. The UCL DepthmapX is used to simulate the integration of the spaces in a selected area of study, followed 

by CPTEDP (crime prevention through environment design principles) and urban design principles being applied in these 

specific spaces where the simulation was conducted. Finally, a correlation was established with daily crime patterns and the 

above qualitative and quantit ative analysis of the spaces.  The final results indicated correlation between environment and 

crime. The pedestrian traffic/movement and social network have a direct connection with crime pattern. In this case only 

robberies, devastations and housebreaks are considered. Kotahena was selected as the case study; which almost has the same 

social characteristics within its urban space. The objective of the research is to find out how the city space and its 

neighbourhoodsô respond to crime incidents. Landscape characters have been chosen to identify the change of the crime 

patterns with the cityscape. It is expected to come up with recommendations to apply crime prevention principles and urban 

design principles. The integration patterns of city are aligned with crime events and the landscape attributes. The cognitive 

movement can be understood by the software and a crime pattern can be formed. The inadequate attribute of space, identified 

by CPTED principles can be formed to reduce identified crime incidents thro ugh designing and a proper planning solution.   

 

Keywords :  Space syntax, Crime patterns, Integration, Spatial configuration.   

 

1. Introduction  

Industrial and economic base contributes towards culture through economic factors, decreasing 

comfort and social play.  In the process the environment gets neglected because there no focus on it. 

These circumstances create natural chaos for living being and poor quality of the land, leading to the 

neglect of comfort ability and the space for ñlivingò. (Alam, Islam, & Golam, 2008) .  

The city spaces are built with its background network (driven by society and the culture) and foreground 

network (the structure formed to maximize the movement). A city is built with centers of foreground 

network. The most segregated spaces which are built in backyard of urban neighbourhoods have less 

attention rather than integrated spaces, and the intention to crime is naturally built up in these areas. 

But those are composed of some attributes of society. The social attributes can vary according to the 

context, and according to the Burgess Zone model the characteristics of society can vary in between the 

spaces,   which can be identified by analyzing the spread of urban growth.  

2. Research Issue and objectives  

There are special characteristic of a space which contribute less towards Felony (murders/ well 

analyzed crimes), but contributes more to Misdemeanor (robbery/ hurts).  Crimes such as 
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misdemeanors happen instantly, when the propensity is developed by the space itself, giving the 

opportunity for cert ain types of criminal activities.  

The research questions are stated as: 

Why criminals choose specific spaces in order to perform crimes? Are people are not aware of such 

spaces? What is the link between crime and environment? Does the same patterns and attributes cause 

crime incidents in urban spaces in the Sri Lanka?   

The neighbourhood spaces which are oriented with pedestrian movement is considered in this study. 

While investigating crime,  the Police use  an approach  which relates to the particular space, which will 

be taken into  consideration  through this study.    

The main objective of the study is to check, how the residential open spaces,    with their   spatial 

structure and the route system influence criminal activities on its territory.   

2.1 LIMITATIONS OF THE STUDY  

The study is focused on both quantitative and qualitative factors which can be considered while 

understanding the urban landscape and its relationship to criminal activities. Most of the crimes are 

generated by the nature of the society, a factor that was not taken into consideration... Though this 

study is focusing on special qualities, different types of urban neighborhoods and deferent layouts have 

been selected. Further, as mentioned before felony is not considered for this study. 

3. Theoretical background and theoretical framework  

Previous research done on crime and urban spaces have followed deferent methods, depending on 

formation of social interactions and unique characters of the area. Most of them have been conducted 

in spaces designed for that purpose. But the normal urban spaces which have evolved due to backwaters 

and palimpsest influence should have a different relationships with crime. These causes form the 

environment which encourage crime and build social harm approach.  

CPTED (crime prevention trough environment design) principles also focus on effects and the 

functionality of the design principles. CPTED was originally formulated by criminologist C. Ray Jeffery. 

As a more limited approach to crime, defense and neighbourhood, the term ñdefensible spaceò was 

developed concurrently by architect Oscar Newman to understand the social interaction and the 

designing methods. Natural surveillance, natural access control and territorial behavior is checked in 

each selected spaces.  

Jane Jacobs (1961), in The Death and Life of Great American Cities,  discusses the intention of crime 

and the safety issues of an urban context relating with building formations and human behavior ñThe 

eye on the streetò. Mostly the streets and network of the streets correlating with these issue. (Jacobs, 

1961) Elizabeth wood, Crime prevention philosopher  (Wood, 1967), believed that crime can be 

prevented with connectivity and understanding between the residents. According to Defensible space 

theory, offenders do not have reasons for being in private or semi-private spaces, even restricted public 

spaces distinguish the spaces between public and private, and it is possible to exert a measure of social 

control in order to reduce the potential for crime.  

The development of space syntax method by University College London by Prof Bill Hillier is an 

applicable observation to identify the human integrations and the quality of the space . After the space 

is considered as a quantitative factor, it is easy to understand the use and the function of the space. This 

methodology is used to clarify the issues built in urban spaces with applying the real data, such as crime 

incidents and principl es.  
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3.1. CONNECTIVITY OF THE OPEN SPACE  

The linkage between street networks and connected open space made at certain streets become more 

usable. It causes to build a healthy environment between the social and natural elements. (Hillier, 2014)  

As Hiller explains, the form of the space is created by its buildings or streets that are either linear, 

convex or concave. It controls the human behavior on a certain space. The density, income of the people, 

type of activities, usage, comfort, and visual quality can differ from  space to space. Space syntax analysis 

methods corresponds with the properties and factors that control the urban structure and the social 

behavior on the urban layout.   

Draft meaning of the space syntax measures to identify the space as a quantity factor, in analysis  

Integration  ï how people are likely to be in the area 

RA  (relative asymmetry) R2 ï numerically key aspect of the space. 

(0 ï high functional, 1 ï low functional)  

Mean depth R2  ï how depth or shallow a space connect to another space 

Connectivity ï number of neighbourhoods connected to a one space 

Choice  ï movement flow through the space (high ï shortest path, low ï longest path) 

4. Methodology  

 

 

 

 

 

 

 

 

 

This research has focused mainly on the neighbourhood interaction and their changes and 

characteristics based on the context. Connection between onsite crime incidents and human integration 

has a direct link that consideration helps to apply the principles  on the case study. The underlying 

theoretical framework is discussed in the Literature review.  

Basically the research is done under 3 sub objectives. Each objective focus on methods which are used 

to study the research issue. The methodology is as follows. 

1. Obtain crime data and crime map from Police department to clarify the crime pattern,  

2. Use the space syntax simulation on each spaces to check whether the attributes of the crime events 

(connectivity, alternative paths, integration, and special def initions) are aligned to the real situation.  

3. Finally the CPTED principles and urban design principles are checked in selected areas in Kotahena 

open space to understand the reasons for the crime issues and form a criterion on selected attributes of 

the space.     

 

Figure 1, The method of study (Source: Ranasinghe A) 
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5. Method of case study selection  

The case study selecting procedure was done through two stages. The first stage was in selection of the 

crime potential spots and identify the urban forms of the selected spaces. The data was taken from local 

police department. Then the Space syntax map was used to check the correlation with empirical data. 

Kotahena consists of a radial urban form which is based with an integrated street network. The radial 

pattern of Kotahena causes an increase in human movement in all the spaces. It has both residential 

and working class zone. Basically every zone is in its transitional period. The neighbourhood spaces act 

as separate blocks. Kotahena is a multi-cultural as well as a multi-functional area, though there are 

majority of Tamils, the race diversity is high. Th is area is a major crime spot in Colombo region. There 

are various social and economic reasons for those incidents. While investigating the crime spots, it can 

be discovered that there are specified location for specific crime styles. Though those spaces have the 

same social and economic background, each individual space has deferent type of attributes. The 

frequency of the crime events are higher in some of these location.   

6. Kotahena as the study context (Case no 1)  

As the selected criteria of analysis, the crime map of Kotahena is generated, based on the misdemeanor 

incidents. Data from 2018 January to 2018 May is presented in the map. According to the crime map, 

most of the incidents took place in Prickerings RD, Jinthupitiya RD, New Chetti St and Sangamiththa 

Mt. There have been a high incidence of Devastate in Prickering road and high incidencel of robberies 

in other areas. The movement pattern is almost the same in both sectors divided by the main road. A 

clear change of the crime pattern can be identified witin the context of the study area.   The incidents 

which had happened on the generative spaces can be seen in the map. 

 

 

 

 

  

Figure 2, The crime map (Source: Kotahena police department, edited Ranasinghe A)  

Jinthupitiya  

prickerings 
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6.1 CASE NO 2 ï PRIKERINGS RD  

Case study #2 is selected as Prickerings RD. This is located in Zone 2 (according to Burgess Zone 

model). It consists of both residential spaces and industrial spaces. This has created   different 

characteristic to the neighbourhood. According to the police reports the Devastate incidents had 

happened around a space in-between residential and industrial area. Prickerings RD located in 

Kotahena West region. Majority are Tamils. But most of the residential blocks are occupied by Sinhala 

people. Itôs connected to Kotahena Street and the main road. 

6.1.1 Analysis of the case study ï Prickerings RD   

 

 

 

 

 

 

 

 

 

 

 

Figure 3, Space syntax simulation  
(Source: Ranasinghe A) 

Figure 3, Comparison of urban design principles, data formed by Space syntax.  
(Source: Ranasinghe A) 



FARU 2018 - Proceedings 

85 

 

 

The space syntax simulation was performed under the selected case study area to understand the 

human integration of the space as a quantitative element in order to compare with the CPTEDP and 

urban design principles.  

The space is totally an open space. That is the reason for the same node count. (Physical features that 

emphasize cognitive movement). The RA (functionality) is quite the same. The space totally focus on a 

certain functions. The huge variety of integration is a representation of the narrow and wide areas 

within the space. The sector 1 doesnôt match with S.S method. There is a conflict with the quantitative 

quality of the space. It may cause to crate the diversity of the space, as found in sector 5. At the second 

stage of the study, the space is analyzed with CPTED principles and urban design principles. 

Table 1 

  

 

 

 

 

 

 

 

 

The space has only a tree cover which naturally guarded. The area hasnôt any natural boundaries. But 

temporary boundaries can be seen, they have no any connection with previous crime situations. The 

visual permeability is quite debatable. It will be discus sed with Space syntax findings. This is a 

government owned space. So any organized security couldnôt be observed. But there is quite good 

surveillance than other spaces around this area. Two neighbourhood areas located around this. So a 

high movement is formed. Most of the people who passed the area has less encourage to use the space 

as alternative root. The space is act as a backyard of the area, windows and doors have been covered.   

6.2 CASE#3 ï JINTHUPITIYA  

Case study #3 is selected as Jinthupitiya. This is located in Zone 3, which consists with residential and 

working class. Most of the neighbourhood blocks are located in this area. Those are located at least one 

boundary facing the main road. According to t he police reports the Robbery incidents has taken place 

around an abounded space. 

Jinthupitiya located in Kochchikade North region. Majority is occupied by Tamil People. However, this 

area consists with Sinhalese, which clearly demonstrate the harmony between different religions. 

Further, area considered is located in the middle of the grid from the block.  

6.2.1 Analysis of the case study ï Jinthupitiya   

The space syntax simulation done under selected case study area to understand the human integration 

of the space. And understand the space as a quantitative quality in order to compare with the CPTEDP 

and urban design principles. 

Application of CPTED principles  
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Mostly this space is functioning according to the space syntax methods, still the space is under the 

opportunities for crime according to the local police data. It is checked with applying the CPTED 

principles.  

Table 2 

 

 

 

 

 

 

 

 

This space is located inside a neighbourhood block.  As a result, the access though this space is totally 

controlled. As expected this space is guarded with gates and locks. The windows are face towards the 

space.  Visually it has much permeability. Few natural tree covers has been observed, and the space is 

used as an alternative root. Therefore it is quite vivid that the accessibility to outsiders has been 

eventually grown higher.. Such feature is a beneficial for assailants.. According to the data, half of each 

attributes identified in Jinthupitiya. There are 75% of good attributes which prevent crime. The space 

is 25% vulnerable to Crime. The space have guarded well with surveillance and people. 

7. Comparison of the Space syntax data and princi ples  
 
Majority of Positive points in physical attributes are covered with Jinthupitiya  (Case#3) space. A high 
deference in ground cover can be seen between both spaces. Prickerings RD (Case#2) mostly devastates 
incidents as mentioned before which causes the movement of the victim. It seems that a place which 
has  
 

Figure 4, Space syntax simulation (Source: Ranasinghe A) 

 

Application of CPTED principles  
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Table 3 

Comparison of Urban design principles, data formed by space syntax 

 

Less contribution to design principles is more vulnerable and it encourages the assailantsô territory. 

And the space has formed according to principles has developed rooting for Robbers. The nature of the 

incidents can be defined as follows. 

House brake ï Static space 
Devastate ï The victim is moving  
Robbery ï The assailant is moving   
  

Majority of Positive points in physical attributes are covered with Jinthupitiya (Case#3) space. A h igh 

deference in ground cover can be seen between both spaces. Prickerings RD (Case#2) mostly the 

Devastate incidents as mentioned before it cause the movement of the victim. It seems that a place 

which has less contribution to design principles is more vulnerable and it encourage the assailantsô 

territory. And the space has formed according to principles has developed rooting for Robbers 

Table 4 

Comparison of urban design principles, data formed by Space syntax 

 

Variety represent by the average of RA (relative asymmetry). High RA implies the low functionality, 

whereas the low RA replicates high functionality. Case #3 shows the requirements for high 

functionality. Which means the Variety of Case #3 is higher than case #2. 
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Legibility is the factor that shows the humanôs cognitive understand about the physical attributes such 

as nodes, edges, paths. The nods can be identified through the space syntax measures. This shows that 

the high legibilityby (Prikerings Rd Case#2).  

Table 5 

Comparison of Urban design principles, data formed by space syntax 

 

This demonstrates where the design principles have positive value has a positive value on crime 

prevention. The deference between the rates are increased than urban design principles. But the crime 

frequency is quite high in these spaces. There is a conflict between the incidents. Devastate is more 

harm than robbery, but it has opened more opportunities for robbery even this space (Jinthupitya 

Case#3) has good CPTEDP and UDP.  

That describes that more the design principles have been applied supports for every ones act especially 

Assailants and robbers. robbers. This shows that low urban design principles and CPTEDP applied 

spaces open for more harmful approaches of Crime such as Devastate than Robberies. 

Table 6 

Comparison of CPTED principles 

 

As above both Crime-Space syntax analysis and Principles-Space syntax analysis describe only two 

similarity. Other attributes are act opposite of each other. Both spaces show plus as well as negative 

points. Both spaces are poor with regard to area of space and the movement (RA vs Integration).  

Jinthupitiya Case#3 is exceeding the minimum requirement while Prickerings Case#2 is exceeding its 
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maximum requirements. Though each space act opposite, both has a negative outcome. But the 

alternatives and choices have increased on both.  

When considering the space syntax analysis, Case#2 describes that the most integrated space (most 

movable space) is separate from the others. Case#3 describes that both integrated and segregated 

spaces connect each other. (Mean depth vs Integration). This shows that Casse#3 has physical quality 

on every space. It may cause to encourage the high frequency of robberies.  

Jinthupitiya Case#3 has more plus points of CPTEDP and urban design principles. And high frequency 

of crime. Prickerings Case#2 has less CPTED and urban design principles and less frequency of crime, 

but more harmful approach is complained from here.  

The special configuration of Case#3 helping the movement of assailant and victim. Case#2 open 

opportunities for function  of assailant and vulnerable for victim.   

Spaces positively association with CPTED and UDP has a very good movable space for assailants after 

a crime is done.  

Spaces negatively associated with CPTEDP and UDP have created a cover for assailants, to watch, stay 

and plan because it is vulnerable for visitors.  

8. Conclusion  

Most of the time the Space syntax simulated data was coincidental with crime data and the movement. 

But conflicts with identified space syntax methods.. Those were the reasons for unbalance of physical 

attributes. E.g. some places havenôt been given proper space when considering the movement. Those 

could be reasons for the crime incidents. This research show how a poor quality of space can affect the 

social configuration. Even there are urban neighbourhood and plenty of eye on streets. If those types of 

patterns could be changed, the effect of the incidents should have been changed.      

Causes of crimes are still valid even if the CPTED principles and Urban design principles are applied in 

certain spaces. But a deferent pattern of the intention to crime can be identified in certain spaces. The 

place where has positive outcome, has complain robberies but the place where has negative outcome, 

has complained devastate. Where the negativity has increased the harm and vulnerability is high. The 

real considerations such as onsite checking and the simulation outcome were crossover each other, it 

was a clue that there is a problem in the space. The simulation outcome is used to predict the movement 

of human and the quality of the space in order to having an answer to the reasons for certain criminal 

activities. 

8.1 RECOMMENDATIONS  

A strong connection in between integration and certain measures could be identified, such as choice, 

Relative asymmetry and Mean depth. When relatively checking the spaces with Depthmap, the flow of 

spaces could be visually checked. This is a simulation. The real considerations such as onsite checking 

and the simulation outcome were crossover with each other, and it was a clue that there is a problem in 

the space. The simulation outcome is used to predict the movement of human and the quality of the 

space in order to having an answer to the reasons for certain criminal activities.  

The simulation is the best way to identify and predict the outcome of the movement. And the principles 

can be applied to check the change of the real world. ArcGIS and Landscape integration method can be 

applied in order to get clear outcome of the relationship between crime and space or movement and 

space and also to be used as a data base. These can be applied to predict the civilization patterns (e.g. 

ancient city structures) as well as to predict the designed outcome of spaces through a layout analysis.   
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Abstract  
 

One of the main issues of the thermal discomfort inside buildings is heat gain from building envelope. As a remedy, active 

cooling solutions such as air conditioners are commonly used. But that can never be admired owing to the contribution of 

excessive energy usage and environmental pollution. Hence, passive cooling solutions such as building thermal insulation can 

be taken as a fruitful solution. Since about 70% of heat gain of buildings occur through roofs, thermal insulation of roofs takes 

a prominent place in the aforesaid matter. As a result of rapid urbanization and population growth, the amount of usable land  

for building constructions is very low and the constructions have to be done on a very limited space. There, flat concrete roofs 

provide additional working spaces and the possibility  of future vertical developments with other benefits such as extra 

robustness and the        cyclonic resistance to the structures. Anyhow, utilization of flat concrete roofs is       unpopular due to 

the thermal discomfort in the immediate space beneath. Addressing this drawback of ordinary flat concrete roofs, a new roof 

slab insulation system introduced having the capability of achieving more than 75% of heat gain reduction. Thermal 

performance comparison between the novel system and existing roof slabs confirmed the effectiveness of the new system. 

Further, 50mm thick vegetation was added on top of the novel slab system and thermal performance was compared. Results 

showed 20% of peak cooling load reduction from new slab system and 21% of peak cooling load reduction in a summer day 

under tropical conditions when it was vegetated.   

Keywords : Roof slab insulation, Thermal Comfort, Cooling Load, Thermal Insulation, Vegetated slabs  

 
1. Introduction   

The burning issue, global warmth has affected every nook and corner of the globe (Miezis, Zvaigznitis, 
Stancioff, & Soeftestad, 2016) and it has negatively affected the thermal comfort inside buildings. 
Hence, a number of researches are being carried out for finding long lasting solutions for the matter. 
Recent studies show that, if no necessary steps are taken to reduce the emission of CO2 and other 
greenhouse gasses (GHG) to the atmosphere, the average surface temperature of the earth will rise 
about 1.1 oC- 6.4 oC by the end of 2100 (Aditya et al., 2017). On the other hand, due to the adverse 
climatic  changes the severity and the intensity of natural disasters such as cyclones, snow melting, 
floods and droughts will be increased (Vázquez Rowe, Kahhat, & Lorenzo-Toja, 2017).   
 
In many cases, active cooling solutions such as air conditioners are commonly used to maintain the 
internal thermal comfort of buildings. But that practice can never be encouraged owing to the 
contribution of excessive energy usage and environmental pollution. One of the best solutions to 
overcome this thermal comfort issue is admitting passive cooling techniques which focus on reducing 
heat gain/loss of buildings to enhance the indoor thermal comfort through a way of less energy 
consumption (K amal, 2012). In there, building thermal insulation plays a major role. Though this 
consumes additional initial investment, it may be paid back within a reasonable time span (Dwaikat & 
Ali, 2018; Robati, McCarthy, & Kokogiannakis, 2018; Sterner, 2000). One of the main ways of 
increasing internal temperature of buildings is solar heat gain through the building envelope. Since 
about 70% of total heat gain of buildings occur through roofs (Vijaykumar, Srinivasan, & Dhandapani, 
2007) thermal insulation of roofs takes a major part in thermal insulation of buildings.   
When the aforesaid cyclonic effects are considered, having flat concrete roofs instead of ordinary roofs 
provide extra robustness to the structure due to its self-weight (Halwatura & Jayasinghe, 2009 ). 
Further, having flat concrete roofs will provide extra working space as well as the easy provision of 
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future vertical  developments addressing the scarcity of usable lands for constructions (K Nandapala & 
Halwatura, 2017; Kasun Nandapala & Halwatura, 2016).  
 
When the roof slab is heated due to the direct exposure of sunlight , the immediate  space beneath 
becomes thermally uncomfortable. Thus, lower degree of thermal comfort of ordinary flat concrete 
roofs has affected the less popularity of them (Halwatura & Nandapala, 2014).   
 
There are several techniques used in terms of roof thermal insulation, such as applying cool paints (C. 
Romeo and M. Zinzi, 2013), using a variety of insulation materials in roofing (K. Manohar, 2012) and 
using rooftop vegetation (S. W. Tsang and C. Y. Jim, 2011). As a fruitful substitution for those systems, 
a novel roof slab insulation system was introduced addressing both issues, thermal discomfort inside 
buildings and cyclonic effect. In this study, the thermal performance of th e newly introduced roof slab 
insulation system will be compared with existing flat concrete roofs. Further, the thermal performance  
of the novel slab insulation system under a 50mm thick vegetation layer on top of the slab will be 
investigated and the frui tfulness of the innovation  will be proved.   

  

2.  Objectives     

The ultimate objective of the study is to check the effective thermal performance  of novel roof slab 
insulation system. The specific objectives are;  

1. To compare the thermal performance of new roof slab insulation     system with existing flat 
concrete roofs.  

2. To check the thermal performance of novel system with and without a vegetation layer  
3. To find the peak cooling load reduction which can be achieved by the newly designed system 

with and without a vegetation layer  

3. Thermal performance comparison between new roof slab insulation system, existing 
flat concrete roof and vegetated roof slab  

3.1. METHODOLOGY ADAPTED  

Small-scale physical model testing was used to fulfil the objective. The used models are as shown in 
Figure 15. In there, one model was with an ordinary flat concrete slab of 125mm thick and other 
models were with the new roof slab insulation system with and without 50mm vegetation on top of 
the slab. The details of the new roof slab insulation system are as shown in Figure 16. 

 
 
 
 
 
 

Figure 15, Physical models constructed for thermal performance comparison  
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Uninterrupted set of temperature readings were taken during continuous five days at ten -minute 
intervals until a constant ambient temperature was  obtained using GL820 Midi Data Logger. The 
average temperature of each hour was calculated removing outliers and adjusted temperature readings 
of slab top and slab soffit were used in the comparison.  

3.2. RESULTS  

The experiment was conducted over a period of 24 hours during continuous five separate days. One 

graph representing whole five-day results was prepared considering the temperature values with 

minimum standard deviations. Figure 3 shows the graphical representation of slab soffit and slab top 

temperature readings of the model with an ordinary flat concrete roof over a time period of 24 hours, 

Figure 4 shows the graphical representation of slab soffit and slab top temperature readings of the 

model with the newly designed roof slab insulation system over a time period of 24 hours. In there, as 

shown in Figure 16, 25mm thick Expanded Polystyrene (EPS) layer with the thermal conductivity of 32 

mW/mK was used as the thermal insulation barrier. Figure 5 shows the variation of slab top and soffit 

temperature readings of the new roof slab insulation system when there is a 50mm vegetation layer 

contained with an ordinary grass layer with a height about 60mm.  

 

All the results were taken in 2nd week of September 2018 in Sri Lanka under tropical climatic conditions.  

 

 

  

  

  

  

 

 

 

 

 

 

 

 

Figure 17, Slab top and slab soffit temperature readings of the model with an ordinary flat concrete 
roof over a period of 24 hours 

Figure 16, Newly designed roof slab insulation system (Kasun Nandapala & Halwatura, 2016) 
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Figure 18, Slab top and slab soffit temperature readings of the model with new roof slab insulation 
system over a period of 24 hours 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
Figure 19, Slab top and slab soffit temperature readings of the model with a vegetated roof slab 

insulation system over a period of 24 hours 
 

 

 

Self-insulation characteristics of the flat concrete roof due to the effect of thermal mass can be seen 

through Figure 17. However, in the case of the ordinary  flat concrete roof, the slab soffit temperature 

has reached 45.5 oC which can be considered as a higher value which definitely results in thermal 

discomfort. When the novel slab insulation system was treated with a 50mm thick vegetation layer, the 

slab top temperature values show an outstanding  reduction .   

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

20

25

30

35

40

45

50

55

60

T
e

m
p
e

ra
tu

re
 (o
C

)

Time of the day (h)

 Slab top

 Slab soffit

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

20

25

30

35

40

45

50

55

60

T
e

m
p
e

ra
tu

re
 (o
C

)

Time of the day (h)

 Slab top

 Slab soffit



FARU 2018 - Proceedings 

95 

 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 20, Slab soffit temperature readings of the considered three models over a period of 24 hours 
 
 
 
Figure 20 clearly elaborates that the maximum slab soffit temperature at the presence of new roof slab 
insulation system has limited to 30.5 oC which can be considered as a satisfactory value. That value 
shows a further reduction to 29.1 oC at the presence of 50mm thick vegetation layer.  
 
At the presence of the new roof slab insulation system, the slab soffit temperature lies between 25.9 oC 
and 30.5 oC. It is a very satisfactory condition comparing  with the situation of the ordinary  flat concrete 
roof. Since the temperature further goes down when it comes to the human occupation height, 
utilization as well as the capacity of air conditioners can be effectively mitigated . Anyhow, the vegetation 
layer has limited the slab soffit temperature i n between 27 oC and 29.1 oC. But it is a slight difference 
from the  performance of novel slab without vegetation and will be clearly discussed with respect to 
cooling load reduction under section 4.  

 
 

 
 

 

It has been proven in a previously done study by one of the authors that, this kind of systems are having 
a heat gain reduction  about 75% (Halwatura & Jayasinghe, 2008). According to the above results and 
since the new system was developed considering drawbacks of existing slab insulation systems, it can 
be predicted that the new roof slab insulation system is having a heat gain reduction more than 75%.   

4. Peak cooling load reduction of the system  

4.1. METHODOLOGY ADAPTED  

A computer simulation was performed using the software package ñDesign Builder V5ò to find out 
the cooling load reduction of a selected office building. A typical 15m x 15m office building was used 
since previous literature is available for such a building. Other housing elements ware included with 
less influence since the main objective was to study the heat gain effect through the roof. In there, 
external walls were selected to be 225mm thick ordinary brick walls, no windows were placed in East 
and West walls, and windows in North and South directions were shaded with 1m overhangs by means 
of preventing direct solar radiation penetration. The model used in the simulation is as shown in Figure 
21. 
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4.1. RESULTS   

  Cooling required (kW)  

Time of  Uninsulated  Roof slab  Roof slab insulation system  

the day (h)  slab  insulation system  +50mm vegetation on top  

1 51.0030 55.2007 56.153 

2 50.5711 55.0891 56.2200 

3 48.4080  52.9293 54.1391 

4 46.0967 50.6569 51.9040 

5 44.2352 48.8192 50.0772 

6 42.4248 46.9857 48.2246 

7 41.4340 45.8303 47.0408 

8 40.2569 43.3924 44.5793 

9 52.1464 52.4538 53.4592 

10 53.4525 49.2790 50.1252 

11 59.9516 51.1731 51.6680 

12 66.0990  53.1785 53.2508 

13 70.0835 57.4962 54.5302 

14 75.7483 60.7652 56.7003 

15 81.1211 60.7652 59.6103 

16 83.8256  64.0852 62.7123 

17 83.6048  67.1330 65.7241 

18 74.0339 62.0511 60.7000  

19 73.0867 67.3199  66.3531  

20 68.8214 66.1350 65.5401 

21 65.9136 64.0991 63.8983 

22 61.6634 61.5979 61.7556 

23 56.9902 58.7270 59.1940 

24 52.4503 55.6461 56.3776 

 
Figure 21, Virtual model used in computer simulation  

Figure 21 office building shown in Figure 21 was analyzed in ñDesign Builder V5ò to figure out the 
cooling load requirement to obtain neutral human comfort conditions on a typical summer day. Here, 
neutrality temperature was used as 26oC which has been mentioned as a reasonable value for tropical 
conditions (Jayasinghe, Attalage, & Jayawardena, 2002).  

 
Table 7, Cooling load demand over a period of 24 hours 
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The cooling energy requirement of aforesaid building at the presence of thermally insulated slabs and 
thermally uninsulated slab are as listed in   

Table 7. The cooling load reduction calculation is as mentioned below;  
  

Cooling load reduction with respect to novel slab system without vegetation and ordinary uninsulated 
roof slab  
  

Cooling load reduction = [1- (67.3199/83.8256)] x 100% = 19.69% å 20%  
  

Cooling load reduction with respect to novel slab system with vegetation and ordinary uninsulated 
roof slab  
  

Cooling load reduction = [1- (66.3531/83.8256)] x 100% = 20.84% å 21%  
  

Calculations show a 20% cooling load reduction due to novel roof slab insulation system over ordinary 
flat concrete roof slabs. The value gets a positive advancement about 1% due to the vegetation layer. But 
such a vegetation requires additional investment as well as proper maintenance. Since the cooling load 
difference is about 1%, roof slab insulation system without any vegetation can be chosen as the most 
fruitful solution.  

3.  Conclusion  

The newly designed roof slab insulation system can be used to fulfil both requirements; indoor thermal 
comfort of buildings and cyclonic resistance addressing the key drawbacks of ordinary flat concrete 
roofs.  
 

Since the comparison with literature data deviated that novel system can achieve more than 75% heat 
gain reduction under tropical climatic conditions and it was proven through performance analysis that 
new system provides about 20% cooling load reduction on a typical summer day it can be concluded 
that newly designed roof slab insulation system is suitable for addressing existing indoor thermal 
comfort issues of countries under tropical climatic conditions in an energy efficient manner providing 
extra cyclonic resistance to the structure too. At the presence of new roof slab insulation system,  
requirement of air conditioning equipment will be reduced and expected human comfort condition can 
be fulfilled with low capacity air conditioning equipment.  
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Abstract  

Scheduling is the most critical aspect to be considered in construction planning. When the project is slipping over its plann ed 

schedule, delay becomes reality. Delays in construction is one of recurring problem that can challenge on successful delivery 

of projects. Also delays are subjected to generate a considerable amount of financial losses to the contractors. Accordingly, if 

such situation is encountered the contractors are usually compelled to accelerate the projects. Previous researchers have 

stressed schedule compression as a commonly used approach to expedite the construction to recover lost time due to delay or 

to meet revised deadline during an extended project duration. However, when expedite the project, though the time saved, 

other performance parameters are often sacrificed for the sake of remaining ahead of the schedule. Therefore, this research 

aims to explore the impact of schedule compression on successful delivery of Sri Lankan construction projects. To accomplish 

the aim, ten semi-structu red interviews were conducted with experts including Quantity Surveyors, Contract Administrators, 

Project Managers and Engineers. Subsequently, the gathered information was analysed rigorously through content analysis 

and explored that, acceleration through schedule compression creates negative, positive and neutral impacts on project 

performance parameters in terms of cost, quality and health and safety. 

Keywords : Schedule compression; Construction delay; Performance parameters; Impacts; Sri Lanka.  

1. Intr oduction  

Construction can be defined as a cannonading industry that preforms a vital role in rapidly growing 
global economy (Uthpala and Ramachandra, 2015). According to Gao, Song and Webb (2015), there 
should be a proper time management to survive within  the construction industry for the contractors, 
since most of the projects are met with the challenge of stringent timelines or the threat of exorbitant 
damages for delay. Thus, contractors are usually compelled to accelerate the projects using schedule 
compression to expedite the construction in order to recover the lost time due to a delay or to meet 
revised deadline during an extended project duration (Ssemwogerere, 2011).  

Bakry, Moselhi and Zayed (2014) expounded schedule compression as an effort to reduce construction 
project durations for the purpose of recovering delays. Eden and Howick (2001) mentioned that, when 
the time available to complete activities associated with a construction is perceived to be far shorter 
than required, project performance is suffered. Henceforth, this research aims to explore the impacts 
of schedule compression on successful delivery of Sri Lankan construction projects.  

2. Literature Synthesis     

Time is the essence of a construction contract (Arditi, Cheung and Shi, 2001). Further to authors, when 
the contractors fail to complete their construction within a specified contract period, delay becomes the 
reality in a project. Thus, the contractorsô rate of performance for the remaining construction work have 
to be increased by schedule compression in order to overcome delay (Gunatilake and Theivendran, 
2015). Various terminologies are used for schedule compression in the construction industry as project 
acceleration, expediting and project time crashing (Bakry et al, 2014; Roofigari-esfahan, 2011). Chang, 
Hanna, Lackney and Sullivan (2007) expounded that, schedule compression is an effort to reduce 
available time to complete a project. 
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Schedule compression can be broadly classified into two as planned and unplanned schedule 
compression (Mansur, Mohamed and Putra, 2003). Apart from that, it can be classified into two as 
mandated acceleration and constructive acceleration (Chang et al, 2007). Further to authors, mandated 
acceleration occurs when the owner requests an earlier completion than agreed while constructive 
acceleration occurs due to requirements of the contractor. Mubarak (2015) stated that, need of 
expedition may occur due to several situations. In terms of parties involved in a project, both the 
contractors and the owners frequently need to compress the project duration (Bakry et al, 2014). 
Contractor is basically compelled to accelerate for the purpose of recovering delays, avoiding penalties, 
avoid adverse weather condition and to have benefits from early delivery (Bakry, et al, 2014; Mubarak, 
2015). On the other hand, owner needs to compress project duration to address market demand and 
achieve business opportunities (Hanna and Noyce, 1998; Mubarak, 2015).  

Compressing project duration is performed by means of schedule compression techniques (Gao et al, 
2015; Gunatilake and Theivendran, 2015). The Construction Industry Institute (CII) has suggested 
more than ninety techniques for schedule compression (Mubarak, 2015). In Sri Lankan context, 
Gunatilake and Theivendran (2015) have identified eleven techniques which are mostly used to perform 
schedule compression. Schedule compression is a challenging task to project teams where there is a 
need to reduce project durations (Alshibani and Moselhi, 2013).  

Previous studies have identified that though the compressing project duration save the time achieving 
time performance, it challenges on successful delivery of construction projects creating impacts on 
other performance parameters. Ankrah and Proverbs (2005)  emphasized that, performance in the 
construction context may be approached from two perspectives as,  

Á Business performance of organisations. 
Á Project performance.  

Evaluating the successful delivery of construction projects has traditionally been grounded to industry 
accepted parameters as cost, time, quality, productivity and safety (Hughes, Tippett and Thomas, 
2004). Axiomatically, if the construction is completed on time, within the budget, without any 
accidents, accordance with specified quality and overall client satisfaction, that project can be 
acknowledged as a well performed one (Abdalrahman, Pakir and Omran, 2012; Chan and 
Kumaraswamy, 2002).  

Typically, project performance parameters can be defined from the óIron Triangleô where time, cost and 
quality are placed at the heart of the success of a project (Atkinson, 1999; Pillai, Joshi and Rao, 2002). 
Nevertheless, Chan A.P.C and Chan (2004) have expounded several parameters other than indicated 
in iron triangle that use to evaluate project performance. Accordingly,  the most resent literature 
publications (2000 -2018) on project performance were reviewed to explore the most significant 
parameters to evaluate the project success as indicated in Table 1. 
 

   Author/  
         Authors  
 
 
Parameter  

A1 A2  A3  A4  A5  A6  A7 A8  A9  A10  Occurr
ence %  

Time o  o o o o o o o o 90% 

Cost o  o o o o o o o o 90% 

Quality  o o o  o o o o  o 80% 

Health & Safety o o o  o o o o o  80% 

Client satisfaction o o 
 

o 
 

o o o  o 70% 

Productivity   o  o   o o   40%  

Contractor 
satisfaction 

  o  o 
 

 o   40% 

Design team 
satisfaction 

  o  o o  o   40% 

Functionality    o  o   o   30% 

Profitability     o    o   20% 

Table 8: Review of Performance Parameters 
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[Sources : A1 (Abdalrahman, Pakir, and Omran, 2012), A2 (Junnonen and Kärnä, 2016), A3 (Chan A.P.C and 
Chan , 2004), A4 (Aouad, Cooper and kagioglou, 2001), A5 (Willar, 2017), A6 (Ngacho and Das, 2017), A7 
(Anumba, Beatham, Hedgess and Thorpe, 2004), A8 (Akintoye and Takim, 2002), A9 (Proverbs and Xiao, 2003), 
A10 (Ankrah and Proverbs, 2005)]  

According to above review, cost, time and quality are prominent as indicated in iron triangle. Health 
and safety and client satisfaction are also in the front line having a higher occurrence while the other 
parameters are at the bottom line over the average. Delivering projects within the stipulated completion 
date is one of the basic parameters of measuring the successfulness of a project (Aigbavboa, Mukuka 
and Thwala, 2015). Generally, in terms of performance, the main focus of schedule compression is 
achieving time performance. Accordingly, the study to be continued exploring the impact on other 
performance parameters highlighted above while trying to have time performance in a situation of delay 
to recover lost time as a result of delay or to reach revised deadline during a time extension.  

3. Research Method  

This research was aimed to carry out an in depth study on the impacts of schedule compression on 
project performance in the Sri Lankan construction projects. The qualitative research approach was 
followed steering ten semi-structured interviews targeting experts who have experience in schedule 
compression including contract administrators, project managers, engineers and quantity surveyor s in 
contractor category for the purpose of collecting reliable data. Profile of respondents is detailed in Table 
2. Finally, the gathered information was analyzed rigorously through manual content analysis to derive 
conclusions and recommendations. The findings are discussed in the subsequent section.  

Table 9: Profile of Interviewees 

 
 

Respondent  Profession  Designation  Field of Expertise  Industry 
Experience  

Respondent  
(R1)  

Quantity  
surveyor 

Contract  
Administrator  

Contract  
Administration  

40 years 

Respondent  
(R2)  

Quantity  
Surveyor 

Project Quantity 
Surveyor  

Quantity  
Surveying 

18 years 

Respondent  
(R3)  

Quantity  
Surveyor 

Project Quantity 
Surveyor 

Quantity  
Surveying 

5 Years 

Respondent  
(R4)  

Civil Engineer  Director - Projects Project  
Management 

25 years 

Respondent  
(R5)  

Civil Engineer  General Manager Project  
Management 

21 Years 

Respondent  
(R6)  

Civil Engineer  Project Manager Project 
 Management 

16 Years 

Respondent  
(R7)  

Civil Engineer  Project Manager Project  
Management 

23 Years 

Respondent  
(R8)  

Civil Engineer  Planning Engineer Project Planning 10 Years 

Respondent  
(R9)  

Civil Engineer  Deputy General Manager 
- Compliance 

Quality Assurance and 
Quality Control, Health 
and Safety 

28 Years 

Respondent  
(R10)  

Facilities  
Manager 

Health and Safety 
Engineer 

Occupational Health 
and Safety 

12 years 

4. Research Findings  

The content analysis was carried out on the collected data for the purpose of exploring the impacts of 
schedule compression on project performance in terms of the most prominent performance 
parameters.  

4.1. MEANS OF SCHEDULE COMPRSSION IN SRI LANKAN CONTEXT 

As stated by previous researchers, expedition of projects through compressing duration is performed 
by means of schedule compression techniques. Thus, this research was carried out focusing on the 
schedule compression techniques mostly used in current Sri Lankan construction industry. Total 
number of eleven schedule compression techniques used for the expedition of construction projects 



FARU 2018 - Proceedings 

102 

 

were identified through literature review and two numbers of schedule compression techniques were 
added by experts making the total number of techniques in to thirteen as shown in Table 3.  

Table 10: Mostly Used Schedule Compression Techniques 
 
 

 
 

From  Literature Review  

Detailed Project Planning  

Working overtime  

Sub-contractor and joint ventures 

More detailed sub-contractor schedule  

Construction sequencing 

Staff project with most efficient crews  

Employ additional workers  

Optimal material management for critical items  

Participative management 

Increase supervisor to worker ratio  

Provide employees with incentives 

From Expertsô Interview 
Use pre-fabricated components 

Shift work  

4.2. IMPACT OF SCHEDULE COMPRESSION ON PERFORMANCE   

The time, cost, quality and safety parameters are inter-related. Failure of one aspect may lead the 
unsuccessfulness of another. The findings of the research portrayed that there are some crucial aspects 
which affect the cost, quality, health and safety performance and client satisfaction while using schedule 
compression techniques to achieve time performance.  

4.2.1 Detailed project planning  

Detailed project planning impacts negatively on the cost performance by creating increment in cost due 
to additiona l resources than planned. Additional resource requirement includes labour and plant 
excluding material. Further, compressing project duration using this technique impacts health and 
safety performance in both aspects of physical and psychological. Hard schedule creates mental stress 
on workers and it makes possibility of accidents as the workers may lose concentration on the safety 
plan. Proper detailed project planning improves the quality performance. It stresses to follow correct 
practices and ensures strength, functionality and finishing even in a situation of delay. However, 
industry is not aware on the ways of impacting on client satisfaction while adopting this technique for 
acceleration.  

4.2.2 Working overtime  

Working overtime subject to generate adverse impacts on cost performance through generating 
additional cost for salary, project facilities, general services and transportation. Fatigue and tiredness 
during overtime period lead to lose concentration on safety plan and quality policies. According ly, it 
increases possibility of accidents and demotivates the workers imposing negative impact on health and 
safety performance both physically and psychologically. Also, it creates adverse effect on the quality 
performance creating defects in construction. Additionally, awareness on the way of impacting on client 
satisfaction while using overtime is lacking in the industry.  

 
4.2.3 Use sub-contracts and joint ventures  

All apparent additional costs are covered by sub-contractor package and there is a slight negative 
impact on cost due to additional administrative cost required by this technique. Sub -contractor team 
basically depends on the main contractorôs safety procedures. When more parties are involved in the 
project with different disciplines, unfamilia r safety culture is created for the workers and it increases 
the possibility of accidents. Accordingly, this technique impacts adversely on health and safety 
performance. Using sub-contractors and joint ventures impacts adversely on quality performance due 
to mismatch between working style of project contributors and the main contractor creating inaccuracy 
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of work, low strength and less functionality. Impact on client satisfaction is unclear due to lack of 
awareness in the industry on that area. 

4.2.4 More detailed sub-contractor schedule  

More detailed sub-contractor schedule impose a positive impact on cost performance during 
acceleration. Possibility of increment in cost for further delays is avoided by this technique maintaining 
a baseline for the work through scheduling all the sub-contractorsô work. Also, when details are more, 
risk factor goes down and as a result of that, possibility of accidents is reduced. Accordingly, it affects 
health and safety performance positively. Further, more detailed schedule clearly defines the quality 
policies. Thus, preparation of in -detail schedule, rather than giving just scope to the sub-contractors 
improves the quality ensuring functionality, finish and accuracy of work. However, industry is not 
aware on the impact created by this technique on client satisfaction.  

4.2.5 Construction sequencing 

Construction sequencing creates significant impact on cost performance of the project. Shuffled 
sequence requires additional storage, labor and plant rather than planned for the moment. On the other 
hand, there is an additional cost due to wastage. Also, this technique impacts on health and safety 
performance due to unfamiliar sequence. It increases the possibility of the accidents. Moreover, 
shuffled sequence may lead to quality drop in project. In this technique also contractors are not aware 
on the ways that impact client satisfaction.  

4.2.6 Staff project with most efficient crews  

Staff project with most efficient crew accelerate the project increasing the rate of progress with high 
efficiency level of staff. But the contractor has to pay more for the salaries and additional facilities 
required by the staff and it impacts on cost performance negatively. Staff with efficient employees is 
beneficial to have higher productivity. However, it may psychologically impacts on the employees due 
to stress originated via high workload. Additionally, employees with higher efficiency level subject to 
ensure quality without any defect by following correct construction practices. Even though the 
contractors use this technique to accelerate project, they are not aware of the impact of this technique 
on client satisfaction.  

4.2.7 Employ additional workers  

The term additional workers implies additional cost itself. There is increment of cost due  to salaries, 
additional facilities, general services and transportation. Accordingly, employment of additional 
workers create adverse impact on cost performance while acceleration. Employing additional workers 
for acceleration add a risk factor to the health and safety performance through probable accidents as 
the additional workers are unfamiliar with the site safety culture. Allocation of additional workers over 
the optimum number may allow to casual chats between workers. Consequently, workers may lose 
concentration on the work and it creates adverse impact on quality performance. Apart from that 
industry is not aware on the impact on client satisfaction by employing additional workers in 
acceleration.  

 4.2.8 Increase supervisor to worker ratio  

Increment in supervisors negatively impacts on the cost performance by increasing cost due to salaries, 
additional facilities and general services. On the other hand, this technique has a negative effect on 
health and safety performance in aspect of psychology since more supervision imposes high workload 
and mental stress on workers. However, increasing supervisor to worker ratio improves the quality of 
construction. When supervision is more, quality is ensured through stressing to follow correct 
construction pract ices and it ensures the quality. There is a lack of awareness on impact of this 
technique on client satisfaction in terms of performance.  

4.2.9 Provide employees with incentives 

Incentive schemes are always subject to create negative impacts on cost performance as it is associated 
with a monetary bonus. Workers get payment upon the completion of a target. So they focus only on 
completion of work and lose concentration on safety procedures resulting possibility of accidents. Also 
improper incentive schemes demotivate workers. Accordingly, providing incentives has a negative 
impact on health and safety both in aspects of physical and psychological. Further, losing concentration 
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on quality policies imposes adverse impact on performance by dropping quality. However, awareness 
on client satisfaction while using this technique is lacking.  

4.2.10 optimal material management for critical items  

This technique imposes a positive impact on cost by minimizing wastage and avoiding further delays. 
As this is a strategy associated with material management, neutral impact is created on the health and 
safety performance. Apart from that, this technique impose a positive impact on quality performance 
ensuring that the quality material are used in construction. However, there is a lack of awareness on 
client satisfaction while using this technique.  

4.2.11 Participative management  

Participative management is a management strategy which is done by using in-house resources. 
Therefore, neutral impact is created on the cost performance. However, this technique impacts on 
quality and health and safety positively as more experienced workers know the way of doing their 
specialized work in the optimum way within implemented safety plan and quality policies. Apart from 
that, there is a lack of awareness on impact of this technique on client satisfaction in terms of 
performance. 

4.2.12 Use pre-fabricated components  

There is a significant impact on cost when using pre-fabricated components as it incurs an additional 
cost due to transportation of components. Also, there is a requirement of heavy equipment for handling 
them. On the other hand, use of pre-fabricated components impacts on health and safety performance 
adversely by creating a hazardous environment at site due to heavy equipment. In terms of quality, this 
technique negatively impact on quality performance as there is a possibility of defects in joints of pre-
fabricated components due to lack of knowledge on pre-fabricat ion technology. However, industry is 
not aware on the impact created by this technique on client satisfaction. 

4.2.12 Shift work  

There is an increment in additional cost due to salary, transportation, additional facilities and general 
services required to provide for workers during shifts. Accordingly, there is a significant adverse impact 
on cost imposed by shift work. Apart from that, during night shifts, workers lose focus on quality 
policies and safety plan due to sleepiness imposed by working out of circadian rhythms of people. This 
creates adverse impact on health and safety performance by increasing possibility of accidents and 
quality performance by dropping quality. There is a psychological impact due to continuous nightshifts 
as well. However, awareness on the way of impacting on client satisfaction while using shift work is 
lacking in the industry.  

5. Conclusions  

Schedule compression is used by contractors to recover lost time and to meet deadline of extended 
project duration. However, while using schedule compression techniques, performance is impacted in 
terms of cost, quality and health and safety. Most of the techniques create negative impact on 
performance parameters and some of techniques impose positive impact. These explored impacts are 
summarized in Table 4. 

 
 

Cost Performance 
Health and Safety 

Performance 
Quality Performance 

N
e
g

a
ti
v
e
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p
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c
t Detailed Project 

Planning 

N
e
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e
 Im
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t 

Detailed Project 
Planning 

N
e
g

a
ti
v
e
 I
m

p
a

c
t Use Pre-fabricated 

Components 
Working Overtime  Working Overtime  Working Overtime  
Use Sub-contracts 
and Joint Ventures 

Use Sub-contracts 
and Joint Ventures 

Use Sub-contracts 
and Joint Ventures 

Staff Project with 
Most Efficient 
Crews 

Provide Employees 
with Incentives  

Employ Additional 
Workers 

Table 11: Impact of Schedule Compression Techniques on Performance Parameters 
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Construction 
Sequencing 

Construction 
Sequencing 

Construction 
Sequencing 

Employ Additional 
Workers 

Employ Additional 
Workers 

Provide Employees 
with Incentives  

Shift Work  Shift Work  Shift Work  
Use Pre-fabricated 
Components 

Use Pre-fabricated 
Components 
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s
it
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e
 I
m

p
a

c
t 

Detailed Project 
Planning 

Increase 
Supervisor/Worker 
Ratio 

Increase 
Supervisor/Worker 
Ratio 

Increase 
Supervisor/Worker 
Ratio 

Provide Employees 
with Incentives  
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t Optimal Material 

Management for 
Critical Items  

Participative 
Management 
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More Detailed 
Sub-contractor 
Schedule 

Staff Project with 
Most Efficient 
Crews 

P
o
s
it
iv

e
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a
c
t 

More Detailed 
Sub-contractor 
Schedule 

Participative 
Management 

More Detailed 
Sub-contractor 
Schedule 

Optimal Material 
Management for 
Critical Items  

Staff Project with 
Most Efficient 
Crews 

Optimal Material 
Management for 
Critical Items  
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Abstract  

Adaptive Reuse is the process to improve environmental, social and financial performance of buildings. Reuse of existing buildings, 

especially as a result of performance upgrades has been identified with a significant impact on the sustainability of built environment. 

Application of adaptive reuse with green building concept is known as difficult and lacks attention in the field of research. Further, the 

potential to implement Green Adaptive Reuse has become uncertain as the way of implementing specific design, build practices for green 

buildings is still unknown. Thus, this research is aimed at developing a framework to implement design and built practices for green 

adaptive reuse of existing buildings. A qualitative research approach was followed for this research with semi-structured nterviews 

involving nine (09) local expert professionals and one (01) international expert professional. The findings were analyzed using content 

analysis method.  Physical, Economics, Functional, Technological, Social, Legal and Political were identified as major design criteria, 

which related to green building practices. Further, the findings included with barriers and strategies for the implementation of green 

adaptive reuse for existing buildings. Considering the Sri Lankan context, this study developed a framework as a guide for the 

implementation of green adaptive reuse for existing buildings. Moreover, government involvement, conducting social awareness 

programmes, developing skilled professionals, empowering the regulations, provisions of tax concessions through government intervention 

were highlighted as strategies to mitigate barriers of green adaptive reuse. Finally, a framework was developed for the implementation of 

green adaptive reuse concept for existing buildings. 

 

Keywords: Adaptive Reuse- Green- Existing Buildings- Design and Built Practices-Barriers and Strategies 

1. Introduction  

Reuse can be described as something special, unique and often expensive, and adaptation can mean 
rehabilitation, refurbishment or repair work, not necessarily involving the use of change s (Holyoake & 
Watt, 2002) . Therefore, it can be reasonably justified that adaptation is a way to extend the life of a 
building and thus extend its sustainability through a combination of improvement and conversion 
(Lowe, 2004) . Adaptive reuse can be identified as a process that improve the environmental, social and 
economic performance of any building (Langston, et al., 2008) . Adaptive reuse the process of 
converting an obsolete or invalid project into a new project that can be used for different purposes, and 
it is the bypasses the wasteful demolition and reconstruction process (Department of Environment and 
Heritage [DEH],  2004) . JL Architects (2015) points out that the  key advantage of adaptive reuse is the 
opportunity to create a sustainable and uniquely designed structure that nods in history and current 
purposes. 
 
The new building construction consumes many raw materials, energy and produces high carbon 
emissions. Buildings are more than 40% of global energy each year, producing one-third  of global 
greenhouse gas emissions (GGE) (United Nations Environmental Programm [UNEP], 2009) . Reuse of 
existing building stocks, especially due to performance upgrades, has been identified as having a 
significant impact on the sustainability of the built environment  (Bromley, et al., 2005) . According to 
Reed and Wilkinson (2008), there have been developments in the building design and construction 
phase that can reduce energy waste and reduce carbon dioxide (CO2) emissions, however, there are 
major problems with existing building stocks.  
 
Most of existing stocks are in poor condition and operating efficiency is very low, such as high-energy 
consumption  (Ma, et al., 2012). The adaptability of a building depends on its design, materials, form 
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and extent to which the build ing is suitable for its purpose (Remoy & Wilkinson, 2012) . In the past 
decade, the concept of building adaptive reuse has become important, as work in public and private 
organizations requires more creative and flexible workplace design changes (Douglas, 2006). 
 
According to the Myers and Wyatt (2004),  Sustainable development raises the importance of buildings 
as economic, social and cultural capital and should not be wasted. As described by Getty Conservation 
Institute, Current research efforts are advocate the integration of green environmental design into the 
adaptive reuse of existing buildings (Getty Conservation Institute [GCI], 2011) . Only a few places have 
been mentioned for about green adaptive reuse of buildings and their green design and built practices. 
Due to the limited research published on green adaptive reuse in existing buildings, particularly in 
terms of sustainability, the proposed review is expected to provide the basis for future research in this 
contemporary and controversial area. 
 
The aim of this research was to implement design and built practices for green adaptive reuse of existing 
buildings in built environment. The objectives were identified as, (i) To identify the design and  built 
practices for green adaptive reuse of existing buildings, (ii) To determine the barriers of design and 
built practices for green adaptive reuse of existing buildings, (iii) To investigate the strategies to 
implement design and built practices for th e green adaptive reuse of existing buildings and (iv) Develop 
a framework to implement design and built practices for the green adaptive reuse of existing buildings.  

 

 2. Literature findings  

2.1 CONCEPT GREEN ADAPTIVE REUSE OF EXISTING BUILDINGS 
In an age of climate change, adaptive reuse is important to future because must maximize wealth and 
utility to minimize resources and environmental impacts (Gorgolewski, 2008) . "Green adaptive reuse" 
is an effective way to extend the life of the facility and reduce the carbon footprint while helping to 
protect the value of important heritage that defining cultural development. The concepts of "Green 
Adaptation and Reuse", including the principles of green renovation of his toric buildings and 
technology to improve performance while preserving heritage and cultural values (Langston , 2010). 
Through green adaptive reuse process of building, sustainability and climate change can be promoted 
by reducing CO2 emissions (Bullen, 2007) . However, this is an important strategy for adaptive reuse. 
Practitioners increasingly combine sustainable design with adaptive reuse of existing buildings to 
create a green adaptive reuse area (Thomsen & Van der Flier, 2006) . Furthermore, further research 
and advocacy are needed to develop guideline and strategies increasing the green adaptive reuse of 
buildings.  
 

2.2 DESIGN AND BUILT PRACTICES FOR GREEN ADAPTIVE REUSE OF EXISTING BUILDINGS 
 
The architectural and structural integrity of the building must be maintained while adding modern 
features (Loonen, et al., 2001). In addition, it is necessary to check the settlement of the foundation and 
the adequacy of was carried new load conditions. The structural properties of building materials, 
including soil, must be tested. Retrofitting modern pipelines, HVAC systems, and electrical and 
communication systems requires sophisticated surgery on existing skin and skeletons in historic 
buildings (UNEP, 2009). Meeting modern regulatory requirements such as fire safety, safety and 
disability to reduce the historical appearance of buildings is a major challenge (Wilkinson, et al ., 2012). 
The removal and safe disposal of toxic substances is a strict requirement. All of these barriers are best 
handled by the careful planning of architects, engineers and builders before beginning the 
implementation of adaptive reuse projects (H ein & Houck, 2008). Designing a building for adaptability 
can reduce the generation of significant construction waste during building renovation  (Adeyemi, et al., 
2014). 
 
2.3 BARRIERS OF GREEN ADAPTIVE REUSE OF EXISTING BUILDINGS 
One challenge that architects and engineers face when designing for adaptive reuse is designing a high 
performance building while maintaining the independence of the systems and features that enhance 
adaptability, such as redundancy, robustness, and ease of access, repair and replacement (Saleh & 
Chini, 2009) . Shipley, Utz, & Parson (2006) suggested that this technical challenge requires a wide 
range of renovation and refurbishment technologies. In addition,  they are almost always accompanied 
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by higher cost challenges. The exhibits harmoniously restored all the structures of the building and 
restored them to their original freshness  (Mathieu, 1999). Furthermore, Table 1 is presented three (03) 
main barriers according to the Haritos & Lam (2010).  
 

Table 1 - Main Barriers  

Main Barriers  Description  

Cost  Construction elements and materials are usually not designed to facilitate their complete 
removal, which makes them difficult and costly to salvage 

Safety issues  They are not been considered easy to remove in their design to get main elements, 
especially by trying to remove the tertiary and secondary elements and then 
disconnecting them often leads to high risk 

Integrity issues  The fitness for purpose (or reuse) of construction elements and materials may be 
questioned as their strength and integrity may have been compromised from adverse 
loading effects, during their history of operation, or a s a result of the removal process 
itself.  

Source (adapted from Haritos &Lam, 2010) 

3. Research methodology  

According to the Taylor (2005), the advantages of qualitative approach as could focus on specific set of 
people, in depth study on broad topics, offer greater latitude in selecting topics and representing the 
views and perspectives of the people. Therefore, qualitative approach was selected to explore the 
concept vigorously. Because of the lack of applicability of the green adaptive reuse concept in Sri Lankan 
build environment, drawing a large sample of respondents for data collection was constrained. Hence, 
qualitative approach was undertake for this research. Within the research in concern, expert interviews 
were taken as the data collection sources (Kothari, 2004) . Semi-structured interviews were select for 
this research because it elicits more elaborate and purposeful answers from the respond to the research 
questions. There expert interviews were used to accomplished set whole objectives of this research. In 
Sri Lankan green adaptive reuse of building context, expert professionals with both practical and 
theoretical knowledge were limited. Ten (10) professionals, who were experience of adaptive reuse, 
green building concept and design and built practices in construction industry.  

Content analysis is the procedure for the categorization of verbal or behavioral data for the 
purpose of classification, summarization and tabulation  (Creswell & Creswell, 2018). This refers to 
compiling and interpreting of collected data based on the research techniques used and form of data 
collected. For that, study was carried out by conducting the semi-structured interviews. Therefore, this 
research, content analysis was taken as the data analysis technique. The QSR NVivo 12 software is to 
be used for the data analysis process. 

 
4. Research findings and analysis  
 
4.1 DESIGN AND BUILT PRACTICES FOR GREEN ADAPTIVE REUSE OF EXISTING BUILDING 
Design and built practices for Green Adaptive Reuse of existing buildings are discussed, while reviewing 
seven (07) design criteria, which were identified from literature. In literature review, Design criteria 
have to be applied on the reused projects, thus could be implemented several points (Naguib, 2015). 
Those are, Long Life (Physical), Location (Economics), Loose Fit (Functional), Low Energy (Technical), 
Sense of Place (Social), Quality Standard (Legal) and Context (Political). The design and built practices 
identified under each design criteria was structured and supported by ñNVivo 12ò data analysis 
software. 

 
Table 2 - Design and Built practices in green adaptive reuse of existing buildings 

 
Design and Built practices in green adaptive reuse of existing buildings  

1. Long Life (Physical)  

Consider Easy to maintenance 
Consider the various geometries of the building before doing the design and innovation 
Define building capabilities to save operational resources 
Identified the structural integrity of the building (Purpose identified, brief identified, volu me and safety identified) 

Identify the climate changes 
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Identify the differential settlement and substrata movements  
Indigenous workmen and quality craftsmanship  
Look buildingôs history for inspiration 
Preserve the structure of historic building  
Resuscitating the structural masonry shell and infusing it with a modern core  
Reuse the existing materials 
Select the durable materials and assets 
Using eco-friendly materials  
Using green resources and materials (Eg: Green Roof, Walls) 
Using recyclable materials 

2.  Location (Economics)  

Consider the built area, spatial proportion and enclosure, site access, parking and other facilities 
Consider the location and distance of the urban or major city  
Consider the planning constraints  
Consider the transport and other infrastructure facilities in area  
Design the plot size according to the landscape 
Land in use highest and best 
Minimum damage to the tree  

Using Geothermal heating and cooling 
Walkable distance to many public uses or services (Centrality) 

3.  Loose Fit (Functional)  
Design the building as a flexibility  
Design the space, as a divisibility, elasticity, multi functionality  
Design the structural grid as the ideal and economic limit of the span and fully interchangeable 
Design the vertical circulation  
Space capabilities are changed according to the new requirements 
Using multifunctional furniture  

4.  Low Energy (Technical)  
Design the indoor and outdoor courtyard ï open area, gardens  
Design the thermal mass, sunshades and automated blinds 
Dismantled to open the building to allow it to naturally daylight and improve air circulation  
Ensure cross ventilation 
Equitable green space allocation 
Increase the ambient air intake 
Installation the BMS system for the building services  
Solar installation for getting the energy  
The rainwater retention system collects and stores as much rainwater as possible 
Using external stone paving 
Using the double screen windows for western side 
Using the glazing for sunlight glare control and regulate internal temperature.  
Using the unique cooling system 
When the light is too high or too low, automatic control and artificial lighting are ready to enter  

5.  Sense of Place (Social)  
Design the building , according to the local and social communities 
Design the building according to the human scale, then consider the anthropometrics. 
Indigenous materials to conserve authenticity  
Networking parks  
Preservation of natural landmarks (Eg; large trees, sacred trees, rocks) 
Prevent social and cultural attributes and value 
Protect the historical aesthetic appearance of the buildings 
Provides comfort and convenient facilities  
Using the reusable materials with original appearance of the historic building  
Visual coherence and organization of the built environment using the landscape 

6.  Quality Standard (Legal)  
Check the air quality 
Design hygiene and a clean environment  
EMPôs ( Environmental Management Practices) implemented during the project based on significant environmental impact 
anticipated  
Green building Comprehensive Assessment System for Built Environment Efficiency  (CASBEE), SL ï Green building 
Council , UK - LEEDS  
Provision for high standard workmanship  
Provisions for fire safety 
To control the noise level, using the sound insulation materials  
Using safety regulations 
Using the environmental performance measures 
Using the hazard and risk management plan 
Using the non-hazardous materials 
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7. Context (Political)  
Consider the Ecological Footprint  
Follow the government and archaeological department Guidelines , principles and legislation  
Get the community interest and participation  
Green zoning ( Environment conservation and protection zones) 
Want the urban master plan.  

 

4.2 BARRIERS OF GREEN ADAPTIVE REUSE OF EXISTING BUILDINGS 
The converting Adaptive Reuse Buildings with Green Building Status is seem as a difficult task and can 
be identified as an area that lacks attention because their common barriers. According to the 
interviewees, such barriers can be identified in Green Adaptive Reuse of Existing Buildings. In the 
literature review, three (3) barr iers were mainly identified including, cost, safety issues and integrity 
issues. In addition, interviewees discussed the barriers of Design and Built Practices for Green Adaptive 
Reuse of Existing Building in seven (7) categories. The Figure 4.9 illustrated the barriers of the design 
and built practices for Green Adaptive Reuse of Existing Buildings under each design criteria, which 
were structured and supported by ñNVivo 12ò data analysis software. 

Table 3 - Barriers of Green Adaptive Reuse of Existing Buildings 

Barriers of Green Adaptive Reuse of Existing Buildings  

1. Long Life ( Physical)  
Cannot easy to disassembly 
Lack of awareness  
Lack of flagship project 
Lack of motivation to adapt green  
Lack of old materials (Eg: tiles or brick)  
Over structures 
Termite breakage 
The facility has significant embedded physical life (or residual value) and structural integrity  
The frame of doors and windows cannot be find in market 
Time allocation problems  

2.  Location (Economics)  
Financial risk  
High opportunity cost  
High repair and maintenance cost 

3.  Loose Fit (Functional)  
Fault building design  
No side or back yard 
Outdated of equipment  
Poorly arranged floor plan  
Raised the leaks , Damage the building (Eg: with plant growth and water seepage) 

4.  Low Energy (Technological)  
Inadequate space available to accommodate modern building services. 
Inflexibility to accommodate new information technology  
Limited local technical ï know- how  
No structural drawings and mechanical and electrical drawings  

5.  Sense of Place (Social)  
An expensive building in a neighborhood where a new uses for the industrial plant which cause a loss in property values 
because no one wants to in that building 
Lack of knowledge about the GARB concept 
The communities against changing the heritage and culture of the property 
The existing function or purpose of the facility has become inappropriate due to changing social expectations and/or market 
needs 

6.  Quality Standard (Legal)  
Over protected 
Regulation barriers  
Unpredictable and difficult to predict due to lack of information about the future development and confidentiality of 
government policies 

7. Context (political)  
Archeological building protected  
High control over historical ï building reuse (modification)  
National building protected  
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4.3 STRATEGIES TO IMPLEMENT DESIGN AND BUILT PRACTICES FOR GREEN 

ADAPTIVE REUSE OF EXISTING BUILDINGS 
Barriers faced by the Green Adaptive Reuse projects throughout the design criteria (Physical, 
Economics, Functional, Technological, Social, Legal and political) were identified via the semi 
structure d interviews conducted with the experts of Adaptive Reuse Buildings (Refer Section 4.2). 
Strategies adopted to overcome each barrier of design and built practices of green adaptive reuse of 
existing buildings were elicited from the experts during the inter views and literature review.   

 

Table 4 - Barriers and Strategies 
 

 

Among the identified barriers, this considers critical barriers such as barriers which are repeated in 
different design criteria and highlighted the barriers by experts.  Table 4 presents the critical barriers 
of Green Adaptive Reuse Building projects along with the strategies. Strategies adopted to overcome 
the critical barriers faced by Green Adaptive Reuse Building projects.  
 

5. Conclusion  

The research findings and their entire outcomes can be achieved research objectives and finally 
research aim. The findings of the research, indicate a new concept to the Sri Lanka construction 
industry and society. The less awareness of the community and less government involvement is the 
major problems because of the undeveloped the GARB concept in the construction industry. Overcome 
the barriers of the GARB concept would be making the proper design and built practices for Green 

Barriers  Strategies  

Lack of old materials  ¶ Proper management system 

Lack of awareness  ¶ Conducting social awareness programmes 

¶ Developing skilled professionals 

¶ Provided training programme for the workers  

Time allocation 

problems  

¶ Implementation the time action plan  

¶ Implementation the time line  

Lack of flagship 
project  

¶ Management support and commitment  

¶ Conducting workshop 

Lack of motivation to 
adapt green  
 

¶ Conducting the awareness programme 

¶ Provided training programme  

Financial risk  ¶ Create a policy and use it consistency 

High repair and 

maintenance cost  

¶ Simplify the procedure  

¶ Optimize the equipment  

¶ Review training practices  

¶ Prepared maintenance schedule 

¶ Right technology and get warranties and insurance 

Fault building design  ¶ Assigned professional with proper skills and experience about Green Adaptive Reuse 

Building concept  

Over protected  ¶ Government involvement  

¶ Provisions of tax concessions through government intervention 

¶ Empowering the regulations  

Limited local 

technical ï know - 

how  

¶ Using new technology 
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Adaptive Reuse of Existing Buildings. Further, the findings included with barriers and strategies for the 
implementation of green adaptive reuse for existing buildings. Considering the Sri Lankan context, this 
study developed a framework (Refer Annexure I) as a guide for the implementation of green adaptive 
reuse for existing buildings.  
 
6. Recommendations  

In this research identified Design and Built Practices for Green Adaptive Reuse of Existing Buildings. 
In Sri Lankan construction industry, have not the framework for Adaptive Reuse or Green Adaptive 
Reuse. Professional in construction industry wants to proper framework for an adapted green concept 
for the adaptive reuse of existing buildings. Through the research, it was recommended to consider 
suggestion strategies. Government involvement, conducting social awareness programmes, developing 
skilled professionals, empowering the regulations, provisions of tax concessions through 
government intervention were highlighted as recommended to green adaptive 
reuse of existing buildings. 
 
The research exposed scenarios pertaining to the Green Adaptive Reuse of existing buildings within 
design and built practices. Nevertheless, the Green Adaptive Reuse is a subject, which is developed with 
the time, and there are immense of scenarios yet to be discussed and exposed. These proposals are 
recommended as ideal proposals for further researches on Green Adaptive Reuse of existing buildings 
can be performed with the necessary adjustments.  

¶ Test the validity of the Design and Built Practices for Green Adaptive Reuse of existing building 
developed framework to Construction industry in Sri Lanka  

¶ Cost Benefit Analysis (CBA) of significant Green Adaptively Reused of existing building projects 
¶ Implementing the assessment process for Green Adaptive Reuse of existing buildings  
¶ Facilities Management (FM) role in Green Adaptive Reuse of existing buildings 
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Abstract  
 

Facilities Management (FM) is frequently described as an integrated approach to operate, maintain, improve and adapt the 

buildings and infrastructure of an organization to create an environment that strongly supports primary objectives of that 

organization. The FM discipline emerged out of practice because of a clear need to focus on elaborate facilities, which critically 

support the activities of most of todayôs organizations. Business organizations consider supply chain and logistics performance 

as important elements for the achievement of competitive advantages. In this context, FM plays a signiýcant role in managing 

and operating diverse types of constructed facilities for logistics and warehousing. In fact, it assures the successful 

management of the whole warehousing system, which includes both, building, utilities, and material handling equipment. 

However, limited literature is available in this area to set the importance of FM within this context, and very little analys is has 

been carried out to understand the importance of FM to create the conditions for improved performance of logistic and 

warehousing. Therefore, this study aims to provides a comprehensive review of the FM function in the logistics and 

warehousing arena in Sri Lanka which is identifi ed as a potential logistics hub in South-East Asia and Indian sub-continent 

region.  

Keywords :  Facilities Management; Facilities; Logistics; Sri Lanka; Warehousing  

1. Introduction  

Facilities Management (FM) has been recognized as a crucial service for business organizations during 
the recent past decades (Scupola, 2012). FM is frequently described as an integrated approach to 
operate, maintain, improve and adapt the buildings and infrastructure of an organization in order to 
create an environment that strongly supports primary objectives of that organization. FM functions 
help to enable successful business activities of an organization and further it helps to achieve itsô 
employeesô expectations related to day to day operations. (Lavy et al., 2010). As per (Tucker and Pitt, 
2009), the term FM can be referred to integration and alignment of the non -core services which are 
required to operate and maintain a business. The crucial factor behind the increasing attention of FM 
concept is mainly due to its abili ty to save costs and generate efficiencies. 
 
The discipline of FM is being effectively being practiced even within various facilities related to logistics 
and warehousing. The key focus of FM within these types of facilities is to operate and maintain them 
throughout the building life -cycle. Even though the FM concept is properly recognized as a benefiting 
factor for logistics and warehousing industry in overseas countries, the importance has not been 
recognized within the local context. 
 
FM scope covers the full service of the warehousing system, which includes building, utilities, and 
material handling equipment. Despite increasing recognized importance of FM as an integrated 
component of business operations, most companies in the logistics and warehousing business in Sri 
Lanka complain about the rising cost of maintenance of industrial and logistic facilities. Management 
of such companies frequently pursue to cut operation and maintenance spending by reducing repair 
interventions to a minimum and by delayi ng preventive maintenance actions, leading to a cascade of 
extra costs in the medium and long term (De Marco et al., 2010). 
There is very little study has been conducted to identify the role of the FM function in the ýelds of 
logistics and warehousing. Within the context of developing Sri Lanka as a logistic hub, it is important 
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to conduct an analysis to understand the importance of FM to create the conditions for improved 
performance of logistic businesses. Therefore, to address this research gap, this paper highlights the 
relationship of the FM function in the logistics and warehousing arena.  
 
To unveil the connection between the both FM and logistics business in the Sri Lankan context, the 
paper is structured as follows. Relevant literature review is demonstrated under the main topics; óSri 
Lanka as a Logistics Hubô; óPerformance measurement in logistics operationsô; óPerformance 
measurement in FMô; óMaintenance of warehousesô and óOutsourced FM contractsô. Finally, 
implications and conclusions are drawn t ogether with future research directions.  

2. Sri Lanka as a Logistics Hub  

Logistics industry has evolved over years by re-engineering organizational cost structures to become 
more competitive and face the competition arising due to globalization. The focus in 1970ôs was towards 
ódistribution managementô which evolved to integrated logistics management in 1980ôs and then to 
supply chain management in the 1990ôs. The three-decade evolvement was from market share of 
customer in 1970ôs to share of customer in 1990ôs through the focus on creating operational efficiency 
of the organizations.  
 
The annual global logistics cost is estimated to be USD 3.5 trillion. The annual logistics cost of any 
country is estimated to be with 9% - 20% of its gross domestic production. This explains why the nations 
and organizations are increasingly focusing on improving the efficiency of their logistics operations.  
 
Today the logistics industry is faced with the challenges of pricing pressure, high cost of operations, low 
return on investment and pressure from customers to continuously improve efficiency. In thi s back 
drop the role of the service providers have become very important to complete the supply chain 
integration. With South -East Asia becoming a major player in the global economy the logistics industry 
is seen to be growing at a very fast rate in this region when compared to the other regions worldwide.  
As a region, East-Asia Pacific tops the list in Logistics Performance Index (LPI) that includes Singapore, 
Japan and Hong Kong. With the growth of business in South East Asia, organizations are looking to 
expand their business operations to the region. Further, Sri Lanka is ideally being located between two 
of the fastest growing economies in the world; India and China, it has the unique advantage of becoming 
a regional logistics hub in the South-East Asia and the Indian sub-continent.  
 
Sri Lanka possesses a natural advantage of geographically being strategically located in South-East Asia 
and the Indian subcontinent. This geographical location has given the country a natural advantage 
which only few other nations has the privilege of enjoying. In the aviation industry Sri Lanka is located 
in the shortest point of the then called kangaroo route; in maritime Sri Lanka is just 10 - 12 nautical 
miles deviation from the main East West maritime route. Sri Lanka  generally does not face any major 
natural disasters such as cyclones, earth quakes, tornadoes or even labour disputes that cause long term 
shut down of countryôs logistics operations.  Therefore, logistics can play an important role in Sri 
Lankaôs competitiveness as a business location and that will add more industrial value to the economy. 
 
With international trade expected to grow rapidly in the coming decade, led by economic expansion of 
BRIC ï Brazil, Russia, India and China, air and sea ports located closer to those markets are expected 
to face capacity issues. This situation creates an opportunity for new air and sea ports to develop in the 
region and some of those upcoming air and sea ports to even emerge as hubs. These opportunities 
become even greater when the geographical sites are in the main air and sea routes. In addition, the 
expansion of BRIC economies is likely to change the origin and destination of manufacturing and 
consumption patterns of goods and services.  
 
A regional logistics hub provides its customers a one stop centre for obtaining logistics services 
including customerôs deliveries when required, warehouse with or without free zone facilities, 
integrated with supply chain and transparency through using of information communication 
technology. It also provides exporters and importers with facilities to handle multi country 
consolidations at a single location on duty free basis. It will also provide other value added facilities 
such as cool, cold and chilled room facilities, vendor managed inventory services, post-delivery 
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inspections facilities, yard management, sterilization, fumigation, inventory management, haulage, 
distribution services, freight and customs brokering services. Given this back ground, there are greater 
opportunities for establishing Sri Lanka as a logistics hub in South-East Asia and Indian sub-continent 
region. 
 
However, according to the Logistics Performance Index (LPI), Sri Lanka is ranked at 89 th position in 
the world ranking which is way below compared to other r egional countries. It is also noted that Sri 
Lanka is not ranked within the top 10 amongst the middle -income earning country category falling 
below India and Pakistan. Countries that top the LPI rankings are major global transport and logistics 
hubs, like Singapore, or the base of a strong logistics service industry, such as Switzerland. 
 
Therefore, in order to be successful as a logistics hub, Sri Lanka has to monitor and improve its logistics 
operations performance while formulating strategies to keep dis tinctive competitiveness advantage in 
such a changing market environment. 

3. Logistics operations performance  

Over the last decade, the role of logistics in most businesses has increased in both scope and strategic 
importance. The Council of Supply Chain Management Professionals (2007) deýne logistics 
management as ñthat part of supply chain management that plans, implements, and controls the 
efficient, effective forward and reverse þow and storage of goods, services and related information 
between the point of origin and the point of consumption in order to meet customersô requirementsò. 
Initiatives such as supply chain integration, quick response and just -in-time, inventory control have 
revolutionized not only the way companies manage their logistics activities, but also how they run their 
entire business. The highly competitive environment along with customersô demand has forced 
companies to continuously evaluate, improve and re-engineer their logistics operations (Gotzamani et 
al., 2010). Companies have started to consider supply chain and logistics performance important 
elements for the achievement of competitive advantages (Harrison and New, 2002).  
 
As per Wong and Karia, (2010), Logistic Service Providers (LSPs) have to measure their performance 
based on ýve strategic resources; physical, human, information, knowledge and relational resources to 
achieve competitive advantage. óPhysical resourcesô include tangible assets required to perform logistic 
tasks. Therefore, building structures and associated building engineering systems can be considered as 
óPhysical resourcesô. Human resources are referred to as workforces who are skilful and experienced in 
performing logistics tasks and building up and maintaining customer relationship. Knowledge 
resources are the abilities to gaining access to rare resources and relational resources are meant as the 
abilities to build up long -term working relationship with key suppliers and customers.  
 
Therefore, it is logical to state that the performance of the built enviro nment and the operators and 
occupants associated in the logistics and warehousing business decides the performance of the logistics 
operations in any given country. In a broader aspect, improved performance of the People, Processes 
and Places associated in the logistics business could enhance the performance of the logistics industry 
at national level. 
 
The International Facility Management Association (IFMA) defines FM as a profession that 
encompasses multiple disciplines to ensure functionality of the built environment by integrating 
people, place, and processes. This is everything from buildings and parking lots, to parks and utility 
lines, and they all need to be managed effectively.  All facilities must be managed in order for them to 
operate according to their purpose. 
 
4. Performance measurement in facility management  

FM services were ýrst provided in the 1960s in the USA, and they were fully developed in 1970s; but it 
was only in the 1980s that such FM market developed in Europe (Salaris, 2002). The FM function is 
mainly associated with building facilities and auxiliary services; it include s activities such as building 
maintenance, utilities management, gardening, surveillance, cleaning, etc. (Ancarani and Capaldo, 
2005). The importance of measuring the performance of the FM function becomes evident because 



 FARU 2018 - Proceedings 

 

119 

 

costs associated with maintenance represent the largest ones for an organization after the cost of 
personnel and the cost of the production assets. This proves further the need for FM to be part of the 
business model.  
 
Key Performance Indicators (KPIs) in FM are associated with cost of operations, maintaining and 
running a facility, revenue generated space usage and management, environmental, health and safety 
issues (Enoma and Allen, 2007). Some of the most important KPIs pertaining to FM are: client 
satisfaction, cost effectiveness, response time, service reliability, health safety, environmental 
compliance, staff commitment, client -service provider relationship, and information and technology 
application.  
 

Hinks and McNay (1999), conducted a survey on the most important KPIs that should  be considered in 
the different performance dimensions, namely: equipment provided to meet business needs, correction 
of faults, management of maintenance, reliability, effectiveness of helpdesk services, and standard of 
cleaning. Lavy et al. (2010) propose a list of KPIs classiýed under the following categories: ýnancial, 
physical, functional, and survey based. They state that a strong FM approach provides needed support 
to the organizationôs mission, the realization of future facility requirements, greater cost efýciency, and 
the ability to anticipate results of current management decisions. On the contrary, poor FM could result 
in inadequate facilities to support functioning, not contributing to the organizationôs mission, cost 
inefýciencies, and unavailability of the facility for future needs.  

 
Maintenance of physical assets is one of the key function of FM. Performance of the Maintenance 
Management executed by the FM teams directly affects the overall performance of the logistics 
business. Warehouse maintenance is one of the key area falls under the FM division in the logistics and 
warehouses industry. 

5. Warehouse maintenance  

The scope of warehouse operations in terms of location, size, and type of equipment addresses whether 
the maintenance plan has its own in-house maintenance, or it depends more on contract services. 
Regardless of the source of repair, two responsibilities of warehouse maintenance must be achieved: 
safe and reliable operations of material handling equipment and maintenance of facilitie s, grounds, 
utilities, plumbing, heating, air conditioning, security system, ýre protection, etc. (Smith and Tomkins, 
1998).  
 

Maintenance of built assets is often considered as a cost burden (Sherwin, 2000) and organizations are 
reluctant to spend, aiming  at preserving the condition of their assets (Chew et al., 2004). Maintenance 
should be considered not only as a mere source of cost, but rather as a way for potential gain (Taillander 
et al., 2011). Therefore, FM professionals should consider the business implications of their actions 
before large maintenance programs are designed and carried out. Moreover, it is possible to monitor 
the impact of any action against key business drivers through feedback mechanisms (Jones and Sharp, 
2007). By identifying the  true strategic goals of maintenance and by implementing a well-formulated 
strategy, companies can optimize the return on investment of their maintenance expenditure (Salonen 
and Bengtsson, 2011). The measurement of maintenance performance appears to be very important 
and tracking the performance of maintenance operations should be a key management issue.  

 
As a measure of improving the performance of maintenance operations of built assets, outsourcing FM 
function is popular among other countries.  

6. Outsou rcing Facility Management  

Organizations have been increasingly turning to outsourcing in an attempt to enhance their 
competitiveness, increase proýtability, and refocus on their core business (Burdon and Bhalla, 2005). 
Outsourcing is often seen as a critical business capability that enhances companyôs overall proýtability. 
It allows managers to leverage resources and capability by concentrating on core competences that 
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create value for the companyôs customers (Yoon and Naadimuthu, 1994). As a matter of fact, logistics 
companies usually perform a mix of in -house repair and contract maintenance on their physical assets. 
Some maintenance activities are carried out by the warehouse staff, others are serviced by a supplier, 
especially in case of actions requiring equipment or skills that the plant personnel do not have. The way 
maintenance contracts are managed often depends on customary practice, corporate culture, and 
available human resources of the management team (Lai and Yik, 2007).  
 

Many organizations, both in the public and private sectors, are increasingly outsourcing their asset 
maintenance jobs. FM services are usually long term and involve frequent contacts between supplier 
front -line staff and client end-user. This is especially applicable to long life equipment maintenance 
contracts (Datta and Roy, 2010). Contract design in FM varies considerably depending on the 
contracting partiesô scope of the contract and type of relationship. A complete FM contract comprises 
numerous documents that specify responsibilities, KPIs and compensation principles (Kadefors, 
2008). Al -Turki (2011) underlines the potential beneýts of outsourcing maintenance activities such as 
reduced total system costs, better and faster work done, exposure to outside specialists, greater 
þexibility to adopt new technologies, and more focus on strategic asset management issues.  

7. Critical analysis and future research directions  

The analysis of the presented literature shows that FM has been considered as a way of managing cost 
efýciency. FM can bring value towards organizational effectiveness, through management and the 
improvement of physical assets and related services (Noor and Pitt, 2009). Effectively planned FM 
services can create signiýcant business returns in the context of logistics business. As competition 
intensiýes, and as change accelerates, many leading organizations are re-evaluating the contribution 
that FM makes to business success (Goyal and Pitt, 2007). Firms are realizing that there is a critical 
need for proper maintenance of facilities and assets (Meulen et al., 2008). Industrial plants and 
equipment are becoming technologically more advanced, and at the same time more complex and 
difýcult to control. In addition, just in time, lean and agile manufacturing and logistics, and the use of 
automated storage and retrieval systems have made logistics assets increasingly vulnerable to risks and 
susceptible to diverse consequential effects due to breakdown (Holberg, 2001).  
 
Moreover, with the growing dependence on technologies for most of logistics business operations, it is 
important to develop appropriate maintainability and reliability strategies to ensure that these 
organizations can deliver high quality and dependable services to their customers (Madu, 2000). FM 
should be included and positioned as a strategic support function and FM strategies should be aligned 
with the core activities of logistics service provider organizations. Goyal and Pitt (2007) argue that the 
relationship between organizational stra tegic (core business) and operational (non-core business) 
activities is vital in FM. FM needs to be recognized at the boardroom level. Hence, to be effective 
maintenance actions should be consistent with business strategy; in this way, it can be more proactive 
in contributing to the competitive advantage of a logistics companies (Pintelon et al., 2006).  
 
Alsyouf (2006) states that at least 14 percent of potential improvements on the return on investment 
(ROI) are directly related to the contribution of the  maintenance function to lost proýts. Similarly, 
Salonen and Bengtsson (2011) show that the awareness of maintenance as a driver of the companyôs 
proýtability increment. In particular, many companies have decreased the downtime due to corrective 
maintenance, which is more expensive than the time used for preventive maintenance. In this context, 
Blanchard (2004) demonstrates that a large percentage (e.g. 70 percent for some systems) of the total 
life cycle cost for a given system is due to operating and maintenance activities.  
 

De Marco and Mangano (2011) prove that a few factors associated with the operational characteristics 
of the logistics business have a signiýcant impact in improving the logistics service level. In addition, 
maintenance cost has an inþuence on the logistics service level performance. Thus, it is crucial to 
maintain both building components and logistics equipment to avoid expensive and ineffective 
managerial practices. These ýrst results underline the importance of maintenance for the logistics 
service level performance. They support the notion that increased investment to preserve maintenance 
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status of the building and service components of warehouses is very likely to lead to improved 
performances of the logistics service level.  

8. Conclusion  

The aim of FM is the improvement of the effectiveness and efýciency of physical assets and workplace 
to contribute to enhancing operational business performance. In this context, improved logistics 
performance via FM and maintenance services is a signiýcant factor to achieve continued competitive 
advantage. The logistics industry is aware of the role of maintenance in improving the reliability of 
systems and improving performance of the organizations. Nevertheless, there is a need to spend and 
invest more in maintenance, since the status and the role of maintenance are not highly recognized. 
 
Appropriate strategies for FM can generate proýts and can be an important source of competitive 
advantage is growing (Sherwin, 2000). Therefore, maintenance is playing a role on the strategic 
operational planning process: it is not only responsible for the reliability and the safety of the assets, 
but it can also fulýll environmental requirements.  
 
Sri Lanka is ideally located in the growing Asia ï Europe, Asia ï North America trade lanes and this 
provides enormous opportunities for the country to position herself as a regional logistics hub and to 
gain a fair share of the logistics trade moving via this region. The regional logistics hub will also enable 
manufacturers, importers and exporters to consolidate multi -country warehouses in a single location. 
 
In order to face the challenges of the future, it is a must that Sri Lanka repositions herself by adopting 
policies which maintain, reinforce and improve its competitive position, not only as a port and airport 
but holistically as an economic entity. In this backdrop focusing on logistics hub is a strategy worth 
investigation as an economically emerging country. The success of a regional logistics hub cannot be 
measured only through the number of Twenty Equaling Units handled at the ports or tonnages moved 
through the airports but it need to focus on the quality of logistic services provided as well. In competing 
with other low -cost margins operators and to achieve sustainable advantage a regional logistics hub 
should focus on providing high quality and efficient logistics services. This paper suggests to adapt FM 
concept as an important support function which could enhance the logistics performance of the 
emerging logistics hub-Sri Lanka.   
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Abstract  

Urban Wetland Park at Nugegoda was examined under this study. The work investigated three objectives. Effectiveness of 

different ground surface finishes to the microclimate (positively or negatively), wind pattern (wind directions and wind 

velocity) of the selected area to find out the effectiveness of wind pattern to the microclimate and the effectiveness of 

surrounding area over the wetland park, considering the build mass, traffic struck area and the water body. Temperature and 

relative humidity were obt ained using HOBO data logger. Wind velocity was measured by anemometer and wind direction 

was measured using compass. The work observed an increase of air temperature in the investigated park by 5.34 0C above 

corresponding ambient air temperature. The heat which was generated in built mass, came attached to the air flow and it 

caused a rise in the temperature of park. Zone 01 and zone 02 records 2.5 0C higher temperature than zone 03. Zone 01 and 

02 are directly exposed to the build mass, but in-between zone 03 and road area has a vegetated land. This vegetated land has 

caused a temperature drop in zone 03. The work highlights the significance of vegetated land as a buffer zone for negative 

effect from built mass. Surface cover is a significant factor which determines the deviation of temperature within a park.  

Keywords: Microclimate, Ground surface cover, Surrounding environment, Thermal comfort  

 
1. Introduction  
ñWetlandsò are water-rich natural areas that occur along rivers and in deltas. Those are the same places 
where most urbanization occurs. Urban expansions and the correspondingly lower groundwater levels 
put pressure on wetlands and associated nature, around the world. (Ehrenfeld, 2000). Currently, most 
of the wetlands are being cumulated because of human activities. As a result of decreasing these 
wetlands, the temperature of urban context is being increased. This will affect human behavior, as Li et 
al. (2018) mentioned atmospheric variables, such as temperature, precipitation, and sensible and latent 
heat fluxes are important for human society. Integration of gree n spaces in urban planning and building 
designs may, therefore be essential for adaptation to and mitigation of thermal impacts of both local 
and global warming processes (Feyisa et al., 2014).  
 
ñMicroclimateò is the climate near the ground, that is the climate in which plants and animals live. It 
differs from the macroclimate, which prevails above the first few meters over the ground, primarily in 
the rate at which changes occur with elevation and with time. Whether the surface is bare or vegetated, 
the greatest diurnal range in temperature experienced at any level occurs there. Temperature changes 
drastically in the first few tens of millimeters from the surface into the soil or into the air. Cha nges in 
humidity with elevation are greatest near the surface (Norman J. Rosenberg, Blaine L. Blad, Shashi B. 
Verma, 1983). Temperature, humidity, atmospheric pressure and wind speed influence the cooling 
function of urban wetlands, while solar radiation m odifies the humidification function of urban 
wetlands. Nowadays there are some constructed wetlands that can be seen in urban areas and also there 
are some wetlands which are partially converted to the man-made wetland parks. There are some 
important facto rs which directly affect the microclimate in the wetland. The ground surface cover is 
one crucial factor. There were many kinds of materials that are used as ground cover. Turf, paving, 
sand, concrete, timber, rubble, and different kinds of hard materials are used on constructed wetland 
parks. These materials are directly affecting to the micro-climate in surrounding areas. (Huang, Li, 
Zhao, & Zhu, 2008, p.8) . 
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2. Objectives of the study  
The primary objective is to, fin d out how the ground surface cover has an effect on the microclimate, 
according to the materials which are used for ground surface finishing such as rubble, interlock paving, 
concrete, soil, sand, lawn. Then to study the temperature and relative humidity ( RH) variation of areas 
which are covered by above mentioned materials.   
 
Another objective was to study the effectiveness of wind pattern over the microclimate.   
 
3. Effects of Urban Cool Island and Water -cooling island (WCI)  
As Du et al. (2016) mentioned, Urban Cool Islands (UCI) have great interest of mitigation of UHI and 
according to the previous researches verified that parks and greenspaces can provide UCI effects. A 
water body had exact water-cooling island (WCI) value. Wilson et al. (2003) mentioned that, a water 
body has high thermal capacity, low thermal conductivity, radiance (Costanza et al., 1998, Chang et al., 
2007, and Cao et al., 2010, as cited in Du et al., (2016) and Zhou and Shu, (1994) found that a water 
body absorb less heat than buildings and other surfaces. Nevertheless, water area (WA) is a limited 
resource. Designing of water bodies can give a value to adjustment of micro-climate in landscape 
planning.  
 
4. Outdoor thermal comfort and micro -climate  
Thermal comfort of highly dense built area is different from that of highly vegetated park area. 
According to Gaspari & Fabbri (2017), outdoor thermal comfort depends on some inter -related factors 
such as characteristics of built environment, the relations hip between materials and energy use, global 
climate change and local micro-climate. 
 
5. Impact of Surface cover on air temperature  
According to Johansson, Emmanuel, & Rosenlund (2004) mentioned that, concrete, asphalt and stone 
materials which have high heat capacity, absorbed solar radiation in urban surfaces will be stored in 
the material. Also, that study mention ed that, surface material properties have such a big influence over 
the urban climate. 
 
The physiological equivalent temperature (PET) is a thermal index derived from the human energy 
balance and PET is preferable to other thermal indexes like the predicted mean vote because of its unit 
(°C) (Matzarakis, Mayer, & Iziomon, 1999) . According to Deb (2010), PET can be calculated simply by 
the software RayMan, which is made freely available by its author. 
 
The ground surface finish and surrounding area also affects the microclimate of a wetland. Build mass, 
water, and the roads are main factors of surrounding environment. The microclimatic conditions are 
also affected by the wind. The research question will be on whether the effect on the microclimate of a 
wetland is being affected by the ground surface cover and the surrounding area and if so, how the 
phenomena takes place.  
 

Table 12,  Ranges of the physiological equivalent temperature (PET) for different grades of thermal perception 

by human beings and physiological stress on human beings.  

(Source: Matzarakis and Mayer, 1996) 
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6. Method and selection criteria of Urban wetland park, Nugegoda  
Nugegoda is a highly urbanized suburb, situated near Colombo metropolitan region. It is a collection 
of commercial and residential buildings, and a densely congested and traffic struck road network. 
Different materials are used as a surface cover such as rubble and interlock paving, concrete and cement 
structures, lawn, sandy soil, and vegetation. The pilot study on this area shows extensive difference 
from ambient climate data. The park records higher temperature values.  
 
An extensive difference can be observed with the materials that were used in the park. Front area is 
mainly covered by hard landscape materials than upper parts of the park. End portion of the park has 
been covered with concrete sleepers as ground cover (Figure 1, Place G). Middle part of the park shows 
no difference apart from the seating.  The park is mainly divided into three zones known as Zone 01 
(Place A, Place B, Place C), Zone 02 (Place D, Place E), and Zone 03 (Place F, Place G). Considering the 
surface cover and surrounding environment, the places are selected to collect the data in each zone. As 
shown in figure 1; 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 1, Three zones and data collected places called A, B, C, D, E, F, and G. 

 
 
6.1. ENVIRONMENT OF ZONE 01, 02 AND 03 
Front area of the park is named as a zone 01 (Figure 1). Different surface materials such as rubble, 
interlock paving, lawn, concrete and cement surfaces can be found. Place A (Rubble and interlock 
paving area), B (Concrete and cement surface area, water fountain area), and C (Lawn area) were 
selected according to above surfaces. The water fountain is in operation only within the hours of    
1800H ï 2000H daily.  Middle part of the park is named as zone 02 (Figure 1). Water body acts as an 
immediate surro unding and the ground surface is compacted sand mix soil. The middle area of the 
jogging track is selected as Place D and junction which is located in end of the zone 02 is selected as 
Place E. Zone 03 is the end portion of the park. This area is mainly covered from vegetation, concrete 
sleepers and rubble are used as a surface cover in northern end of the park. In this zone, places are 
selected according to the surface material.      Place F is covered with compacted sand mix soil area and 
Place G is covered with concrete sleepers and rubble area. 
 
7.2. DATA MEASUREMENT PROTOCOL 
The climatic data are taken from those sites along with 15-hour duration on 15th of July 2018, since 6 
am to 9 pm. HOBO data logger (Temperature, humidity), Anemometer (Wind speed) are used to collect 
data. Data that are to be collected under outside data management are used as the input of the ñRayMan 
Pro 2.1ò software for thermal comfort calculations and Microsoft excel was used for data analyzing and 
forming graphs.  
 
7. Field study at Urban wetland park, Nugegoda  
 
7.1 VARIATION OF MICRO-CLIMATIC PARAMETERS IN ZONE 01 
7.1.1 Directly proportional correlation among air temperature and wind velocity in zone 01  
 

 

 

Zone 01 Zone 02 Zone 03 
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Figure 2, Temperature and Wind Velocity variation with ambient temperature and ambient Wind Velocity of 
Zone 01. Highest temperature is recorded as 36.81 0C in Place B 

 
In Zone 01, wind speed is higher than the ambient wind speed. The graph indicates that from 6am to 
10am, temperature of A, B, C places are rising up. The highest temperature is recorded at 11am. From 
10am to 1pm, wind speeds of all three places are were recorded to be at their highest and the same 
scenario with temperature as well. After 3pm, the temperature and wind speed gradually begin to 
decrease. After 6pm, the wind speed is lower than 1m/s and the temperature has gone lower than the 
ambient temperature. This shows a correlation between temperature and wind speed in Zone 01. 
 
7.1.2. Zone 01 records higher wind velocity values than the ambient  
Figure 3 indicates that, there is lesser variation of wind direction. The wind directions are limited in 
between south-west and west-north -west. According to the ambient wind speed, highest wind speed is 
recorded as 7.72 m/s. But it was recorded 11.9 m/s as highest wind speed in zone 01. There is a 4.18 
m/s difference among ambient and zone 01 wind speed values. In this situation, the local climatic 
effects are dominated than the global climate conditions. The pressure fields are created around the 
park. As a result, wind velocity is higher than the ambient wind velocity, around the park area.  
 
 

Figure 3, Windrose analysis of zone 01. Wind direction is south-west and 11.9ms-1 is the highest wind speed. 

 
7.1.3. Impact of the ground surface cover on increasing air temperature in zone 01  
The temperature values of places in zone 01 can be arranged as C < A < B (Lawn area < Rubble paved 
area < Water fountain area) according to the ascending order. Area is covered by rubble and interlock 
paving, near the main road and build mass, place B area is located in close proximity with the water 
fountain area and it is fully covered with hardscape materials such as concrete and cement surfaces and 
also, place B area is covered by lawn. Pattern of the temperature variation of place A and B are equal 
unlike place C, because, the materials of that places are equal unlike place C.  
 
7.2 VARIATION OF MICRO -CLIMATIC PARAMETERS IN ZONE 02  
8.2.1. Correlation among air temperature and wind velocity in zone 02  
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Figure 4, Temperature and Wind Velocity variation with ambient temperature and ambient Wind Velocity of 
Zone 02. Highest temperature is recorded as 36.05 0C in Place E. 

Figure 4 indicates that from 7am to 10am, the wind velocity was raised up and the temperature also 
behaves according to the wind speed. At 9am, place E records 6.63 m/s and place D records 9.07 m/s 
as their wind speeds. Place D is higher than place E from 2.44 m/s. At that time, the air temperature 
records place E as 28.08 oC and place D as 29.56 oC. Place D is higher than place E from 1.48 oC. It 
shows that when the wind speed is high, the temperature also rises up in two places in same zone. After 
1pm, place D wind speed shows a significant downturn until 5pm. The temperature of place D also 
began to decrease. The temperature is decreased by 6.77 oC.  There is a directly proportional correlation 
among the temperature and wind speed after 1pm. After 4pm, all the temperatures are coming to a 
same value, but there is an extensive deviation among ambient and zone 02 wind speed values. Ambient 
wind speed is higher than the zone 02 wind speed. But there is an inversely proportional correlation 
among ambient temperature and wind velocity, and directly proportional correlation among zone 02 
temperature and wind velocity. 
 
7.2.2. Impact of wind direction to the air temperature in zone 02  
Temperature in the Zone 02 is higher than the ambient. The wind has come from a direction in 
between west-south-west and west directions by crossing the build mass, water body area, and traffic 
struck area (Figure 4). Because of that, heat came attached to the air flow and it caused a rise in 
temperature of Zone 02. Thus, the rise of wind speed has no significant use over the park.  
 
7.3. VARIATION OF MICRO-CLIMATIC PARAMETERS IN ZONE 03  
7.3.1. Directly proportional co -relation with wind velocity and temperature of place G  
 
The figure 5 indicates that there is an extensive difference between place F and place G wind velocity 
values. The figure 5 shows that the temperature pattern of both places are equal, but the levels of 
temperature values are different from each other. But after 10am, the pattern is changed. Wind velocity 
of place F was decrease by 5.88 m/s, but the temperature value of place F does not show any change in 
its pattern. But place G records highest temperature at 11am. At that time, the wind velocity of place G 
was also higher. It was recorded as 11.37 m/s. 

Figure 5, Temperature and Wind Speed variation with ambient temperature and ambie nt Wind Velocity of Zone 
03. Highest temperature is recorded as 32.78 0C in Place G at 11am. 
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Within 11am to 1pm time period, the wind velocity and the temperature did not show any extensive 
variation in place G. The temperature of place G varied in between 32.78 oC and 32.39 oC. Wind speed 
varied in between 11.37 m/s and 10.93 m/s. After 1pm, wind speed of place G has begun to decrease 
gradually and be equal to place F wind speed at 5pm. Accordingly, wind velocity does not affect the 
temperature of place F. There is a co-relation with wind velocity and temperature of place G.  
 
7.3.2. Impact of wind direction to the air temperature in zone 03  
 

 
Figure 6, Windrose analysis of zone 03. Wind direction is west and 10.77 ms-1 recorded as the highest 

 
Temperature of the zone 03 is higher than the ambient temperature (Figure 6). The figure 6, wind rose 
analysis indicates that the wind came from a direction in between west-south-west and west-north -
west directions by crossing the build mass, water body area, and traffic struck area. Because of that, 
heat came attached to the air flow and it caused a rise in temperature of zone 03. The rise of wind speed 
has no significant use for the park. But when place F is considered, the wind velocity does not affect to 
the temperature. Most prominently, surrounding and surface cover affects it.  
 
7.4. PATTERN OF THE TEMPERATURE VARIATION IN BETWEEN ALL ZONES IN THE PARK 
AND AMBIENT VALUES  
There is an extensive difference in between zones in the park and ambient temperature patterns, but 
the zones show a slightly similar pattern. The levels of the temperatures are different from each other. 
The highest temperatures are recorded at 11am in all zones. Zone 01 and zone 02 has a low difference 
as 0.3 oC, but zone 01 and zone 03 has extensive deviation. It shows a difference of 2.52 oC. According 
to above statements, there is a significant temperature difference in between zone 01 and zone 03. The 
ambient highest temperature is recorded at 3pm, but the three zones of park has recorded the highest 
at 11am.  
 
7.5. IMPACT OF SURROUNDING ENVIRONMENT, WIND SPEED AND DIRECTION TO THE 
UPSURGE OF RELATIVE HUMIDITY  

 

Figure 7, Temperature and RH variation of all zones in the park.  
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7.5.1. Behavior of temperatures 
Results indicate that, the temperature of place F is independent from wind direction and wind velocity. 
The surrounding environment and ground surface cover are mainly affecting it. Marsh  area, water 
body, trees and water plants act as the immediate environment. This has a negative effect on the wind 
flow. Because of that it caused to increase the RH level. The ground surface cover is the main cause to 
the temperature of place F. The pathway surface is covered with compacted sand mix soil. The place G 
surface is made by concrete sleepers and rubble. Generally, the specific heat capacity of concrete is 
higher than soil. (Johansson et al., 2004) 
 
The Figure 7 indicates that the temperature of place G is beginning from a lower point than place F. But 
after 11am, place G temperature is higher than place F. It shows that, the place G is getting time to 
absorb heat than place F. According to above arguments, surrounding area and surface cover has a high 
influence over the variation of the temperature pattern of zone 03.  
 
7.6. CORRELATION BETWEEN AIR TEMPERATURE AND WIND VELOCITY OF ALL ZONES 
The wind velocities of all zones are different from each other. Zone 03 is recorded to have lowest wind 
velocity values. Wind speed of Zone 01 is higher than wind speed of zone 02. Then consider about wind 
speed values and temperature pattern of zone 02, a directly proportional co -relation can be identified. 
Within 8am to 10am time period, a subsidence of wind velocity values in all zones is seen. The 
temperature values also behave according to that variation. There is a directly proportional co-relation 
among the temperature pattern and wind pattern of the park.  
 
According to the study, the wind is directed to the park from south -west direction. The wind came by 
crossing the build mass, and traffic struck area. Because of that, heat came attached to the air flow and 
it caused a rise in temperature of park, but zone 03 indicates lower temperatures than other two zones. 
There is vegetation in between build mass and zone 03. The wind came to the zone 03, after crossing 
that vegetated land. It can be suggested that, the vegetated land has acted as a buffer zone to the zone 
03 (Figure 8).  
 
 
 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Figure 8, Wind direction is coming to the park by crossing heat dense area. 

 
 
7.7. THERMAL COMFORT OF THE PARK ACCORDING TO THE PET 
Highest temperature is recorded at 11am and minimum temperature is recorded at 7pm of the park. 
Because of that, PET value is calculated to find the thermal comfort of the park, relative to the ambient. 
According to table 01 and figure 9, both ambient PET values are in between 230C and 290C. According 
to that, it has ñSlight heat stressò 
 
The park shows extensive difference from the ambient temperature. In the day time, all the zones are 
above 290C as a PET value. According to ranges of the PET values, it shows ñWarmò as thermal 
perception and ñModerate heat stressò as grade of physiological stress. At the night time also, it is the 
same in zone 02 and 03, but zone 01 indicates ñSlightly warmò and ñSlight heat stressò level. 
 
 
 

Zone 01 Zone 02 Zone 03 
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Figure 9, PET value of the park and PET value of the ambient 

 
 
8. Conclusion  
The analysis concludes that there are different temperatures recorded in different ground surfaces. All 
the temperatures of zone 01 are higher than the ambient. There is an inversely proportional correlation 
between ambient temperature and wind velocity, but temperature of all zones and wind velocity has a 
directly proportional correlation. Zone 02 has the same ground surface. But temperature pattern differs 
from each other. Also, humidity level of zone 02 is higher than zone 01 and place D is more humid than 
place E. It is because place D is surrounded by water than place E. It proves that though the ground 
surface cover is equal, temperature and relative humidity are influenced by surrounding area. Zone 03 
is showing a different pattern of temperature variation than the two other zones and it records the 
lowest temperature in the park, however that is also higher than the ambient. When considering the 
surface temperature of the selected places, an inequality formula can be formed as below. 
 
 
Lawn < Concrete sleeper paved area < Rubble paved area < Soil and sand mixed< pathway <  

Water fountain  
 
 
Wind is directed from south -west and wind came by crossing the build mass, and traffic struck area. 
Because of that, heat comes with the air flow. That is the cause to increase the temperature of park, but 
different surface covers are reacting against the increase of temperature. Zone 01 and 02 are directly 
influenced by surrounding build mass to increase the temperature, but average temperature of zone 01 
is little bit higher than zone 02, becausesurface cover is different than zone 01. Temperature of Zone 
03 shows an extensive drop down when compared with the two others. It can be suggested that, wind 
which came crossing the vegetated area is the cause to the reduction of air temperature of zone 03. That 
vegetated land act as a buffer zone to zone 03. According to the thermal comfort level of the park, it is 
in Moderate heat stress level in the day time. In all three zones, zone 03 shows the least stress level 
when compared with other zones. 
 
The study shows that, surrounding area and surface cover are more important to micro-climate of a 
wetland park, which is located in an urban context. Ground surface cover has an effect over the increase 
of air temperature of the park. Surface cover is a factor that has affected the heat coming from the 
surroundings. A vegetated surface cover can give a positive impact to heat coming from surrounding. 
For future design proposals, it can be suggested that, if there is any park in an urban area, a buffer zone 
in between built mass and park and vegetated surface covers will be helpful to mitigate the heat coming 
from surrounding. Apart from this case study, there is a possibility for future researches to be conducted 
with the aim of finding whether other public parks of the country are within this comfortability level or 
not.  
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Abstract  

The built environment is a highly complex ecosystem that involves many interdependent systems. To ensure the optimum 

working built environment the inc reasing emphasis on building performance is influencing building design, its processes and 

practices. As a result the silver lining between the appearance and performance of building design is blurring and distinctions 

between geometry and analysis is getting lesser. Now to what extent performance actually influences design and what 

performance means in architecture has become a major concern as there has been a shift of orientation in architectural theory 

and practice, from what the building is to what it does. Making a built environment most workable and energy efficient - these 

two have become the most important issues to address while designing a building in any location because thatôs what will 

make the inner ecosystem run better for a better world altogether.  For instance, a building, situated in a particular location, 

which is zero energy efficient and has optimum work environment can be completely proved unsuitable and even harmful in 

another context. Therefore it is mandatory to realize the contextual impact on the building itself whereas analyzing the 

buildingôs impact on the environment within and outside is equally important. This is when the emerging emphasis on SBD 

(simulation based design) in architecture for better building performance becomes absolute. With the help of simulation based 

analysis at early design stage a building design can evolve more efficiently in performance towards users and environment 

thus ensuring sustainability. In this paper, a comparative analysis of a buildingôs built environment in two different contextual 

situations has been done with the help of different simulation software (e.g. Ecotect, Vasari) to find out the necessary changes 

to make that buildingôs design adaptable, in terms of form, fa­ade, orientation, material etc, for those respective contexts. 

 

Keywords : Built environment; building performance; contextual architecture; sustainability; SBD (simulation based 

design) 

 

1. Introduction   

A very recent approach towards architecture is the emerging preference of building performance above 

every other aspect in architectural design. Little has been written about performance in architecture. 

Yet this term performance has been widely used by owners designers, engineers, cultural theorists, etc. 

Performance in architecture increasingly matters; however, it means different things to different 

people. Utilizing digital technologies of quantitative and qualitative performance -based simulation to 

ensure optimum building performance has become a very useful technique towards sustainable 

environment. In this new information and simulation driven design context, multiple dimensions of 

architectural design from spatial, social and cultural to purely techn ical (structural, thermal, acoustical, 

etc) aspects can be addressed. The increasing emphasis on building performance from the socio 

Cultural context to building physics is influencing building design, its processes and practices, by 

blurring the distincti ons between geometry and analysis, between appearance and performance. By 

integrating the design and analysis of buildings around digital technologies of modeling and simulation, 

the architectsô and engineersô roles are increasingly being integrated into a relatively seamless digital 

collaborative enterprise from the earliest, conceptual stages of design. This overall process certainly 

holds the positive impact of the designers being able to predict the built environmentôs impact on both 

the dwellers and the climate of the surroundings.  
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Figure 1. Building performance simulation model with input and some resulting output ( Source: Wikipedia)  

2. Background  

Ensuring sustainability while designing a building has always been a challenge as high quality indoor 

environment and acceptable costs do not come hand in hand easily. Besides with the industrial 

development, using local materials successfully have been added to the sustainability factor. As a result, 

the design decisions of a building have to be more accurate and more performance based and therefore 

the emerging emphasis on simulation based analysis at early stage of building design to ensure 

optimum workable built environment canôt be denied. 

 

This paper documents the adaptability process of a residence, designed by a master Architect, from one 

context to a different context that has both social and climatic differences. The overall impact of context 

variation on building itself has been analyzed and discussed in this paper thoroughly with possible 

adaptable solutions for the specific project.  

3. Objectives  

Contemporary architecture is now facing that era where sustainable building design and building 

technology is fundamental for the growth of it ( Henry H Glassie, 2000).  Practicing architects are being 

considered responsible to design buildings that are environmentally sustainable with the change in the 

global concern regarding the use of energy and resources (Wines and Jodidio, 2000; Cox, 2009; 

Friedman, 2012). In this study key aspects of sustainable architecture practice with the help of different 

energy simulation software based analysis have been discussed.  

Simulation Based design concept has several objectives to be followed in this field-  

¶ Better concept promotion  

¶ Standardization of input data and accessibility of model libraries  

¶ Standard performance assessment procedures 

¶ Better embedding of SBD 

¶ Identifying drawbacks of SBD implementation  

http://www.worldcat.org/search?q=au%3AGlassie%2C+Henry+H.&qt=hot_author
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4. Methodology  

The study was conducted through content analysis and different simulation based analysis of the 

selected building;  

¶ Content analysis: Relevant research works, books and literature were reviewed to get a general overview of 

how simulation based analysis has been utilized in different contexts while designing energy efficient 

buildings and the percentage of simulation usage in the early stage of design. 

¶ Site analysis: Both of the sites (Fort wayne, Indiana and Dhaka, Bangladesh) have been analyzed with the 

help of simulation software Ecotect and necessary changes have been made based on the analysis result in 

terms of form, facade, orientation and plan.  

 
5. Literature Review  
Historically, the use of simulation on practical problems is undertaken, predominantly, by specialized 

environmental systems engineers or research groups (commercial, government funded or academic), 

usually focused on specific problems [McElroy et al 1999]. This situation gives rise to simulation 

exercises being undertaken, generally, later on within the design process (scheme or detail design stages 

[RIBA 1995]) with the purpose of validating design decisions. This situation is due to the limited 

availabil ity of resources for simulation work at early design stages and limited understanding of the 

benefits of using simulation by design team members. However, changes in procurement methods and 

legislation have provided strong incentives for the use of simulation within architectural practice. The 

use of simulation facilitates better understanding of the design problem with respect to energy 

performance, often highlighting poor performance of design concepts: the need to change designs to 

mitigate this under -performance at the later design stages can be costly. 

 

Design tools have traditionally been constructed by reducing the complexity of the underlying system 

equations in an attempt to lessen the computational load and the corresponding input burden placed 

on the user. Some portion of the system may be neglected (e.g. long wave radiation exchange), time 

invariant values may be assigned to some system parameters (e.g. material thermal properties) or 

simple boundary conditions may be imposed (e.g. steady state or steady cyclic). Within a simulation 

program such assumptions are heresy. Instead, a mathematical model is constructed to represent each 

possible energy flow path and their interactions. In this sense simulation is an attempt to emulate the 

reality. This i s an evolution of different tools to predict real time experience of the dwellers of a building. 

In order to ensure the optimum result itôs necessary to-  

 

Å obtain an appropriate level of knowledge of the issues of computer modeling within practice 

Å develop a robust understanding of how, where and when simulation can be used 

Å develop of collaboration between key individuals within practice.  

Å identify potential drivers for the increased use of simulation. 

Å Creating interface/software development to increase functionality and ease of use. 

 
5.1. COMPARATIVE SITE ANALYSIS AND FINDINGS 

The study has been done in two different sites considering the different environmental impacts on the 

building. The Hanselmann House by Architect Michael Graves in Fort Wayne, Indiana has been taken 

as a case and firstly the built environment at that site has been analyzed. Then the site considerations 

have been altered according to the context of Dhaka, Bangladesh. Based on the analysis results 

necessary changes have been made in building plans and façade to gain optimum built environment 

results.  
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Figure 2. Comparative light analysis of Hanselmann House by Michael Graves considering two site contexts 

(Fort wayne, Indiana and Dhaka, Bangladesh) simultaneously  

(Source: Author, simulation software: Ecotect)  

 

From the data comparisons, some basic differences can be identified at a glance such as the highest 

temperature gain and lowest temperature fall in the two contexts throughout the year. Moreover the 

precipitation ratio varies way differently in Dhaka than Fort Wayne.  

 

The climatic condition in Dhaka is more humid and temperature gain is high. Dhaka experiences a hot, 

wet and humid tropical climate.  Dhaka has a tropical wet and dry climate . The city has a 

distinct  monsoonal season, with an annual average temperature of 25 °C (77 °F) and monthly means 

varying between 18 °C (64 °F) in January and 29 °C (84 °F) in August. Nearly 80% of the annual 

average rainfall of 1,854 millimeters (73.0 in) occurs during the monsoon season which lasts from May 

until the end of September. 

 

While in Fort Wayne, Indiana gets 37 inches of rain, on average, per year. In summer, around in July 

the temperature gets high up to 84 degrees and in winter around 17 degrees in January. 

 

Further building analysis based on light, thermal comfort and wind flow shows the possible spaces 

within the building to be modified. Therefore identification of belo w facilitated spaces was easily 

achievable and design decisions at early stage of design became more authentic. 
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Figure 3. Comparative wind and thermal analysis of Hanselmann House by Michael Graves considering two site 

contexts (Fort wayne, Indiana and Dhaka, Bangladesh) simultaneously  

(Source: Author, simulation software: Ecotect)  

 
 

6. Necessary Adaption and Modification of Building Layout  
 
To ensure contextual architecture, based on the analysis data derived from the simulations zoning 

layout of the building has been changed. As the simulations show that, following the context of Fort 

Wayne, Indiana , location of void spaces within the building has been designed and functions relevant 

those locations have been placed respectively. But the same design becomes obsolete considering the 

context of Dhaka for functions within the building such as the master bed room, the kitchen and the 

openings. 

 

6.1. CHANGES IN THE FACADES 

 

In this study, to ensure the building is optimum energy efficient necessary modifications in the building 

façade have been made according to the analysis data derived from Ecotect.  

 

For instance, analyzing the wind flow pattern and thermal comfort level, it is suggested to ensure cross 

ventilation through maximum functions preferably within which the dwellers spend most of their time. 

Considering the site context, orienting the building void in the south east corner can be the preferable 

solution to ensure maximum wind flow reception. Locating the major functions on the upper floors and 

the service functions in the ground floor level is suggested to ensure proper wind flow through those 

functions.  

first floor annual thermal distribution 
site: Indiana

first floor annual thermal distribution 
site: Dhaka

ground floor wind velocity

1rst floor wind velocity

1rst floor light analysis

1rst floor comfort analysis

ground floor thermal analysis
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Figure 4. Layout modification of the building for Dhaka  based on the climatic analysis from simulations 

(Source: Author, simulation software: Ecotect)  

 

 
 

Figure 5. Window detail modification of the building for Dhaka based on the climatic analysis from simulations 

(Source: Author, simulation software: Ecotect)  

 




















































































































































































































































































































































































































































































































































































































































































































