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Editor 's Note 

 

FARU (Faculty of Architecture Research Unit) has been bringing 

together academics, students and professionals to share research 

outcome and knowledge in the field of built environments. This yearôs 

theme, ñmaking built environments responsiveò, focuses on multi-

dimensional responsibilities of the designers of built environment. 

This conference is focused on discussing the need to make our living 

indoors and outdoors responsive in many ways which involves socio-

cultural needs, economic sustainability, psychological and physical 

needs, environmental sustainability etc. The conference is organized 

around several main topics involving urban environments, energy 

sustainability and human comfort, design technology, materiality, 

economizing space, knowledge and education on current practices, 

historic environments and practice.         

 

Negligence of our responsibilities when creating built environment for 

people is making our living environments vulnerable, people 

uncomfortable and transforming our built environments less 

responsive for the needs. Since we spend most of our time indoors, 

making built environments responsive to our needs and nature 

becomes essential. However, with the development economies and 

advancement of sciences, there are many ways of minimizing 

problems but such responsiveness is less visible in current practices. 

Within this context, the conference of this year invites us to critically 

think of our responsibilities as stakeholders of the built environments 

and observe outcomes obtained so far through responsive built 

environments encouraging us to take a step forward towards a holistic 

approach.  

 

Through the two day conference of FARU 2015 we will realize that 

research on built environments and their impacts on the behavior and 

comfort of people are immense and the need for promoting a research 

culture among design professionals and academics. This in turn 

influences policy makers and other government agencies to promote 

and facilitate research on built environments. 

 

In order to achieve this target, we should have the research skills and 

courage to start thinking needs of people and response through 

innovative design and economic solutions. Research will help in this 

way to a greater extend more meaningfully. Finally, we will be able to 

discourage all inappropriate attitudes and be free to design responsive 

built environments. 
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KEYNOTE ADDRESS 1 

 

 

DIGITA L DESIGN REALITIES AND FUTURES  

Educating Architectural Scientists  

PROFESSOR MARC AUREL SCHNABEL 

Victoria University of Wellington, Wellington, New Zealand 

MarcAurel.Schnabel@vuw.ac.nz    
 
Abstract  

In the recent years, qualitative developments in the architectural profession are 

affecting substantively all facets of design praxis. The way how professional 

relationships, construction techniques, buildings- materials, design instruments and 

ways of working are changing is often faster than an educational system can react to. 

Hereby digital instruments are often the driving forces that facilitate change in 

praxis and the understanding of architectural education. Computational instruments 

are by far no longer basic recording and drawing media but progressive partner in 

design that allow the power of computational logic to be applied to design. The 

evolution of contemporary digital architecture facilitated by complex software and 

mostly online networked communications as well as data mining capabilities are 

among several technological and cultural developments that are driving architectural 

education to novel directions. 

Keywords: Thermal Comfort, Outdoor, Urban Form, Education, Learning 

Paradigm Shift 

The digital technologies have already moved beyond CAD, such as, 

Building Information Modelling (BIM), parametric design, and digital 

fabrication. These methodologies have fundamentally altered the how and 

what of architectural design, especially in the professional context. Both, the 

óhowô of how we do, and the ówhatô of what we do has changed. The way we 

make architecture has been transformed by the digital instruments, processes 

and methodologies. How the architectural education evolves to reflect, 

interpret, translate, or challenge the modes of contemporary practice presents 

a variety of opportunities as well as risks to ódigital scholarsô and ódigital 

practitionersô. The possibilities afforded by BIM and parametric 

technologies have directly affected not only ówhatô we make with them but 

at the same time also óhowô we educate architects. Integrating BIM into the  
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way students are educated does subsequently shift the thinking about the 

generation and definition of architecture, design, its communication and the 

context it is placed in. New definitions have been developed, not based on 

the abstract theories or assumptions of the past, but instead on emergent data 

based in systems of simulation and information management. As the 

conventions of communication and representation of the past were 

determinant factors in those architectures the new conventions have 

proposed new architectures that we can see worldwide. The design studio or 

architectural praxis that embraces these new conventions in the age of 

growing computational design sophistication will transform the architectural 

design product as much as the architectural design process. This model for a 

comprehensive design praxis examines the relationship between the scale of 

design and the scale of representation and how this relationship undermines 

the primacy of abstract representation in architectural design. The future of 

architectural production and representation in practice and concept is at a 

crossroads between parametric modelling and BIM as the profession moves 

beyond traditional practice and its drawing-centric model into a dynamic 

process/component oriented model of digital practices and the subsequent 

re-definition of professional services and contractual deliverables. 

 

A computational based architectural design praxis wonôt take the design 

of a building as destination but begin with a data-model of one already 

designed, or that would define a building. The design process has to deal 

with multi-dimensional logistical planning for construction and staged 

building processes as well as detailed investigations or analyses of structural, 

electrical or mechanical systems in consultation and so on. Hereby the 

network with allied disciplines or consultants is crucial to allow architects to 

engage in a larger environment of data, people and issues that the digital 

realm offers to access. Fabrication of building elements, its various systems 

at 1:1 scale from CNC-processes is hereby one conceptual vehicle for the 

pedagogical lessons. The computational applications allow a far more 

detailed simulation and actual construction of the design that conventional 

studios cannot engage in. The possibility of starting with a data of a building 

rather than ending with building data has fundamentally changed design 

pedagogy and opened new possibilities for students in the architectural 

education. 

Digitally Driven Process as Design Partner 

The possibility of starting with building rather than ending with building 

might radically reposition curricular goals, concepts and knowledge in the 

design studio. The design studio must now reflect new ways of teaching and  
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addressing emergent digital design methods and processes, and critically 

evaluate their effects and possibilities in architectural production. 

 

Still, it seems necessary to acknowledge that the subject areas must move 

beyond acting as end users of commercially available software in order that 

architectural praxis and education as well as all stakeholders from students 

to teachers, to professionals and end-users have to be engaged substantively 

in shaping the direction of digital design, its instruments and technologies. 

Students are impoverished by the blind use of the technology, such as by not 

exercising the three-dimensional thinking skills of descriptive geometry, 

unless their engagement goes beyond a superficial level. Here too, the means 

to that engagement may vary widely. In all cases, some deeper reflection on 

the nature of computation processes, such as might even be afforded by 

considering how a calculator works, may provide a much needed foundation 

over the sometimes superficial, gratuitous and flashy use of that technology. 

The ultimate condemnation of digital design media is for it to be perceived 

as a representational device, simply and solely. That it is seen in that way is 

itself a condemnation of the teaching of digital design. 

Social Intelligence 

In the above context there is a need for researchers, educators, and 

professionals to interact efficiently and effectively. However, this is not 

always possible due to the different knowledge background or complexity of 

the matter. In recent years, online interactions, multimedia, mobile 

computing and face-to-face interactions create blended design environments 

to which some universities or professional have reacted. Social networks, as 

instruments for knowledge sharing, have provided a potentially fruitful 

operative base in architecture. These technologies transfer communication, 

leadership, democratic interaction, teamwork, social engagement and 

responsibility away from the instructors to the participants. Implementing 

responsive interactions can move design beyond its conventional realm and 

enables stakeholders to develop architectural knowledge that is embedded 

into a community experts with their expertise both online and offline. 

Readily available as well as emerging technologies offers users from 

various disciplines to tap into knowledge and share their ideas. Virtual and 

augmented realties are employed more readily and such systems provide 

increased potentials to compensate for other issues that are typically hidden 

with in conventional representations. For example, by employing an 

intelligent multi-dimensional model of a building environment, it is possible 

to explore the influence that environment form micro to macro scales. The 

results are interactively presented in media that allows architects, planners 

and stakeholder to make informed decisions on the impact of their design.  
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Yet it is not as simple as using another tool; parametric designing 

fundamentally shifts the engagement with the design problem. Parametric 

designing allows architects to be substantially deeper involved in the overall 

design and development process extending it effectively beyond production  

and lifecycle. Leaning  parametric design strategies enhance architectsô 

critical engagement with their designs and their communication. 

Subsequently, the computational aid of parametric modelling alters 

substantially how and what students learn and architects practice. 

While problem-based communication becomes an iterative and reflexive 

process these current ways of interaction have pedagogical implications that 

are empowering learners to collaborate and communicate differently by 

integrating a variety of skills, knowledge and social environments with a rich 

learning experience. There is a need for educators react proactively to these 

possibilities of design activities and their digital instruments to allow 

learners to understand complex dependencies and engage in 

interprofessional collaboration right from the start. In developing learning 

opportunities and curricula designer are offered novel opportunities to 

extend their contribution beyond subject specific problems. 

Using media-rich and social platforms allow us to reframe our problems 

and subsequently the ways in which these problems can be explored in 

learning activities. They are much more effective at tapping into social 

capital; thus the process is less dependent on the teacherôs formulation of the 

problem as it becomes possible to embrace global professional and 

interprofessional social communities and achieve higher levels of collective 

and social intelligence.  

Architectural Scientists 

The consequences of digitally driven processes and thinking on architectural 

education will be profound. The underlying premise for design processes, 

fabrication and construction will increasingly challenge the historic 

relationships between architecture and its means of production leading to 

new demands of the profession on education to adapt and prepare students 

for digitally enabled Integrated Practice. Academia must completely revisit 

the curricula and imagine a system that acknowledges the obsolescence of 

the how and what of that which is taught in todayôs schools of architecture. 

Digital design realities already have shifted thinking that calls large 

segments of contemporary architectural education into question and engages 

in aspects of science that co-design our built environment. 
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KEYNOTE ADDRESS 2 

 
PROFESSOR  DIPL.- ING. JUERGEN REICHARDT 
MSA, Muenster School of Architecture, Muenster University of Applied Sciences, 

Muenster, Germany 

 
Summary 

Prof. Juergen Reichardt, MSA Muenster School of Architecture, director of 

RMA architects Essen, Germany, and BRAE architects and engineers, 

Bangalore, India, has been engaged in various fields of research in 

programming techniques, digital driven holistic planning energy and ecology 

efficiency, comprising analysed and executed projects from domestical to 

complex industrial architectural structures. Following are rough outlines for 

research in passive houses, contribution to Solar Decathlon competition 

2011, GENEeringÊ programming and SYNFAPÈ integrated design 

techniques, moreover TRILOKA international academic university 

collaboration and student exchange idea. 

 

1. According official 2013 statistical government database 28% of overall 

german energy demand is caused by private domestical households, 69% 

of that share is due to mainly winter heating demands. A new European 

energy strategy tries to cut down these heating demands dramatically. 

The term passive house (Passivhaus in German) refers to a rigorous, 

voluntary standard for energy efficiency, resulting in ultra low energy  

demands for heating and cooling, reducing ecological footprint as well. 

The standard is not only constricted to residential properties; several 

office buildings, schools, kindergardens and even supermarkets have 

also been constructed to this standard. Passive design is not an 

attachment or supplement to architectural design, but a design process 

that is integrated with architectural design. Although it is mostly applied 

to new buildings, it has also been widely used for refurbishments. 

Estimates of the number of passive house projects erected around the 

world as as late 2014 range from 25,000 to 30,000 structures. The vast 

majority of passive structures have been built in German-speaking 

countries and Scandinavia.There was also other previous experience 

with low-energy building standards, notably the German 

ñNiedrigenergiehausò (low-energy house) standard, as well as from 

buildings constructed  to  the  demanding  energy  codes  of   Sweden  
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Denmark and Switzerland (ñMin-Energieò). The passive house standard 

requires that the building fulfills the following requirements:  
 

1.1 The building must be designed to have an annual heating and 

cooling demand as calculated with the Passivhaus Planning Package 

of not more than 15 kWh/m2 (4,755 BTU/sq ft; 5.017 MJ/ sq ft) 

per year in heating or cooling energy OR be designed with a peak 

heat load of 10 W/m2 (1.2 hp/1000 sq ft) 

 

1.2 Total primary energy (source energy for electricity, etc.)   

  consumption (primary energy for heating, hot water and electricity) 

  must not be more than 120 kWh/m2 (38,040 BTU/sq ft;    

  40.13 MJ/sq ft) per year. 

 

 1.3 The building must not leak more air than 0.6 times the house  

   volume per hour (n50 Ò 0.6 / hour) at 50 Pa (0.0073 psi) as tested 

   by a blower door 

 

Research engagement of MSA, department Prof. Reichardt, in 

collaboration with HBZ Muenster, was the development of a teaching 

course for passive housing integrated design, available to architects and 

utility engineer professionals as well as MSA students. (1) 

 

2. Critical discussion towards ñhigh techò german passive house 

engineering approach led to collaboration with Wellington University, 

New Zealand, department of Prof. Reichardt contributing BIM 

techniques and energy  simulation to energy plus house approach for 

New Zealands ñFirst Light Houseò entry to 2011 Solar Decathlon 

global competition. The digital 3D- modelling was supported with 

REVIT BIM techniques and IES dynamic energy simulation. The 

project was rewarded with 1st rank in engineering and 3rd rank in 

overall categories  

 

3. GENEeringÊ is a meanwhile proven method for holistic workshop 

programming. As the term ï which linguistically combines ógeneô and 

óengineeringô ï indicates this method is concerned with developing a 

óDNA codeô from the perspective of the object planning. This sets the 

structural forming parameters in the buildings future lifecycle and thus 

the performance of the objectôs form under the motto ñform follows 

performance: Eight factors are identified and discussed in special 

reference for individual project, then in further steps visualized through 

expressive images out of these areas. Each individual factor is broken 

down once more into three sub-concepts and examined from internal and  
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external company perspectives. Through the ensuing group discussion of 

the target concepts often arise highly original ideas, which may be  

formative for solutions of building. GENEeringÊ gains particular 

importance in the discussion on sustainability in construction. Already in 

2002, in their highly acclaimed book ñCradle to Cradleò Braungart and 

McDonough pointed to the ï at the time still minimally considered ï 

side effects of industrial societies such as contaminants in products, 

unresolved waste disposal or irreplaceable resources. The method of 

using fractal analysis for solving complex problems with the aid of 

question and answer dialogues within a field of mutually influencing 

spheres of activity was discovered in 1919 and is referred to as the 

ñSierpinksi Gasketò after the Polish mathematician who first formulated 

it. Similarly, GENEeringÊ aims to exploit the creativity of workshop 

participants by supporting spheres of activity and fractals of the factory 

planning with visual association techniques. (3) 

 

Once the goals have been defined, the basis for the actual planning data 

base is set from the perspective of the functional and spatial planning 

requires,  introducing synergetic building design techniques SYNFAP®. 

 

4. A critical view on the common practice of building design reveals 

serious differences between óstate of the art workflowô in progressive 

industries e.g. the aircraft or automobile industry and the design and 

manufacturing methodologies of a building projects. In the thirties of the 

last century already, masterminds like Buckminster Fuller referred to the 

traditional backwardness of the building industry as opposed to more 

progressive industries as ócultural lagô at 20 years delay, due to the 

focussing to non holistic sub-projects with a vast amount of interfaces. 

For example process, location, building and building services 

(HVAC/R) are carried out in a sequential planning method and therefore 

consecutive design phases as opposed to timesaving simultaneous 

engineering which is standard practice in the automobile industry. 

According to synergetic building design SYNFAP® the new quality of 

cooperative building lies in merging the spatially designed sub-projects 

such as function, location, building and building services (HVAC/R) at 

the earliest possible stage. Thus an integral operation continuously 

refines a projectôs 3D-structure from rough (presumption) to fine 

(specification) and evaluates the decision making process by 

comprehensively discussing variants. The set-up and maintenance of an 

integrated and universal 3D-data model utilises the potential of state of 

the art CAD/ CAM/ database technology in favour of comprehensive 

project improvement and cyclic 3D-quality. Regarding the four 

traditional levels of design synergetical planning is highly advantageous: 
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4.1 design level location 

 A valuation system for alternative locations takes into account the 

aspects of infrastructure, supply, disposal, site, labour market, 

environment, expandability, planning and building laws as well as 

purchasing price and communal promotion. At this the evaluation 

criterions are being assessed and rated according to their relevance to 

a projectôs objective.  

 

4.2 design level general development 
 The general developmentôs characteristics can either be stimulating or 

restraining for future mutability. The types of requirements that have 

to be met determine the choice of shapes as well as the criteria 

regarding protection of property. A general master plan combines 

guidelines for the layout of buildings and zoning of public 

thoroughfares and open spaces within potential construction stages 

 

4.3 design level building 
 Architectural design of a single part of the general development, 

namely the building, embodies the four shaping design fields 

regarding the components of a built structure: load bearing structure, 

outer shell, media and finishings. These functional and construction 

relevant criteria are complemented by the focus on the more 

subjective aesthetic qualities of a building within the design field of 

impression. 

 

4.4 design level function and comfort 
 The structural possibilities for promoting physical and mental well-

being spatial environments calls for the most important parameters on 

the design fields of communication, lighting, comfort, recreation and 

fire prevention. These particular design elements and their relevance 

to mutability must be looked into in detail. 

 

Therefore the most urgent aim in designing a building has to be in-depth 

discussion and amicable coordination of comprehensive performance 

characteristics among everyone involved. These respective design elements 

are compiled in matrix, advantages and disadvantages are assessed in team 

discussion.(4) 

 

5. A systematic approach is recommended with complete documentation of 

assumptions, definitions and decisions, digital tools currently in use for 

planning deny rash individual solutions and advocate a more integrated 

approach of all subprojects. State of the art digital technology is based 

upon object oriented 3D models, permitting integration of architecture,  
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utilities, construction and further dynamic simulations for evaluation of 

energy or light. BIM (Building Information Modeling)  engineering 

allows for appropriate know-how, discipline and transparency in 

planning and in particular, exact space and cost evaluations throughout 

all project phases. The implementation of integral digital 3D concept is 

relatively new, technical basis are standardized 3D-CAD IFC interfaces 

(Industry Foundation Classes). Based upon the software system, a 

detailed precise three-dimensional building model is created during the 

design stage. In addition to the object geometry, the central database of 

BIM collects and networks all data related to production, analysis and 

optimization as well as subsequent operations. All those participating in 

the construction ï from the users, to the architects and experts in statics 

and building services, finally those erecting the building refer to the 

central building information model, some major advantages are (5): 

 

5.1 Parametric Geometry 

The virtual building information model consists of parametric elements with 

digital attachments of a lot of information as well as relationship to other 

objects. Moreover all related documents such as floor plans, sections and 

elevations are generated automatically.  

 

5.2 Surfaces and Mass Analysis 

The building information model can generate a lot of additional views based 

upon the available geometric data of the objects. Building element may be 

grouped to special schedules, offering numerical representation of objects in 

the form of tables and reports besides classical planning documents such as 

floor plans. The user has the option to consider, filter and change individual 

information as and when required. Areas and rooms can for example be 

represented in the form of a clearly ascertainable space book.  

 

5.3 Virtual Construction Process 
Finally after presentation and optimization of design variants, necessary 

approvals from the client and tendering processes, the next step would be a 

trouble-free construction of the building project, a very important phase due 

to the usual time and cost pressure. Both planners and construction 

companies strain to avoid site driven conflicts and time schedule overlaps. 

Thus, not only individual construction phases, but also complex construction 

processes can be simulated and visualized 3 dimensionally before the 

groundbreaking. 

 

5.4 Simulation of daylight and artificial light 
The BIM technology also makes it possible to understanding of light and 

shade. Conditions can be simulated, along with necessary qualitative and 

quantitative calculations. In the 3D building model is transferred into light 

simulation software, along with informations about the site, surroundings,  
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global positioning and the sunôs location. After defining the site specific 

weather information and the required time intervals for simulations, 

evaluations can be made. 

  

5.5 Energy analysis 
In the past, often low construction investment and the possibility of 

amortization of the pure construction costs in a few years, were decisive 

criteria for design selections.Over the years rising energy prices, the 

introduction of the Renewable Energy Heat Acts and the introduction and 

steady tightening of Energy Saving Ordinance for buildings have 

substantially changed the thinking of those involved in planning like 

architects, engineers and especially investors and users. Even seemingly 

simple design decisions in the early design stages, such as the geographic 

positioning of building volumes on a site, can have significant impact on the 

future energy balance of a building and avoid unnecessarily high life cycle 

operating costs for heating and cooling.  

 

6. TRILOKA is the idea of academic and cultural multinational 

cooperation in architecture between Europe and South Asia. Aim is to 

organize international symposiums enabling facetted views on 

environmental as well as architectural focus points, common work on 

projects, contributing to multilevel potential of international teaching 

and research. TRILOKA is  moreover a field- related university- 

partnership between MSA, Muenster School of Architecture, and 

Faculty of Architecture, University of Moratuwa. German Government 

through DAAD institute was able to donate the program 2004 till 2008,  

with annual year books reflecting activities and specifocus points of 

programs.(6)  

 

The credo of FARU conference Colombo 2015, Making Built nvironments 

Responsive, is mirrored nicely in the TRILOKA idea framework. Thus SA 

Muenster School of Architecture underlines admiration for the Moratuwa  

University organisation of the FARU congress 2015, and wishes all 

participants, speakers and auditorium, brilliant days of symposium. 
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Urbanization is a leading global trend. With the intensifying drift in 

urbanization in developing nations, 70% of global population will 

concentrate in the cities of Asia and Africa by the year 2030. Sri Lanka is 

also seeing a process of rapid planned and unplanned urbanization estimates 

are that close to 3 million (or 17%) of the population live in urban areas. 

This figure is likely to increase further with the planned ambitious 

Megapolis project of the government covering the whole of the Western 

Province.  

 

Urbanization has the ability to widen socio-economic opportunities (e.g. 

trade, employment) and promote health gains (e.g. easier access to amenities 

and health services). However, the urban environment and the process of 

urbanization carry unexpected challenges to health and wellbeing. These 

include adverse effects on quality of life due to lack of recreation space, 

thermal discomfort from heat islands within cities due to anthropogenic heat 

generation and buildings that trap environmental heat, and the direct 

promotion of certain illnesses. An example of the latter is the increased 

prevalence of bronchial asthma and chronic obstructive pulmonary disease 

associated with air pollution from vehicles. Other varying examples of 

health impacts of the urban environment include the following:  

 

a. Urban living leads to higher rates of non-communicable diseases 

partly due to lack of opportunities for physical exercise, increased 

stress, and easy availability of unhealthy ófastô food 

b. Ill -structured buildings promote illnesses such as respiratory 

diseases (e.g. the ósick building syndromeô) and social fragmentation 

(e.g. due to lack of space for community activities) 

c. High-rise apartment blocks become nuclei for drug dealers, crime 

and inner city violence.  
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d. Highway conduits become sources for disease transmission (e.g. 

dengue from increased human mobility, and HIV by long-haul 

drivers due to availability of commercial sex workers along the 

route). 

e. Development of highways leading to an increased incidence of high 

impact accidents from speeding vehicles, which requires 

management by emergency teams and dedicated trauma units 

 

This close link between health and urbanization has three potential linkage 

or influences on the health sector. Firstly, to identify solutions at the 

planning stage that mitigates or minimises adverse health impacts. This 

requires collaboration, research and policymaking by multi-disciplinary 

teams. Secondly, a response by the health sector to meet changing needs and 

increased demand (e.g. trauma centres, new clinics and other services by the 

Ministry of Health and private providers). Finally, urbanization offers 

investment opportunities in the medical industry (e.g. bio-technology) and in 

health services (e.g. medical tourism). The latter includes the growth of an 

affluent urban population that would include foreigners.   

 

The presentation focuses on the potential effects of urbanization on non-

communicable diseases and their prevention through appropriate planning 

measures. This is increasingly of relevance because Sri Lanka is undergoing 

rapid urbanization as well as facing an epidemic of NCDs. Obesity, one of 

the important risk factors for NCDs, is also on the increase. Data from a 

nationally representative sample of 18 years and above found overweight 

and obesity to be as high as 25.2% and 9.2% respectively. Similar figures are 

now seen even in rural areas of Moneragala and spells and impending crisis 

for Sri Lanka. Therefore, interventions at the planning stages of urbanization 

are crucial if we are to mitigate a future health crisis. 

 

The built environment comprises of urban design, land use and 

transportation access. It is one of the many factors in the urban environment 

that can influence individual behavior and lifestyle associated with obesity 

and NCDs (e.g. low physical activity due to motorized transport and lack of 

urban open spaces). Availability and accessibility to facilities in the built-

environment for recreation and healthy eating influences weight gain among 

its residents. Other factors in the built environment that encourage unhealthy 

life styles include easy availability of calorie dense food and lack of 

dedicated road networks for walking or cycling. Stress from overcrowding, 

ill -planned urban areas and noise pollution will all contribute to further 

NCDs. Recent data suggests that vehicle induced air pollutants too have an 

important influence in promoting NCDs from their action on the immune 

system. Thus, a range of factors in urbanization have the ability to interact  
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with each other in a dynamic manner, to generate, promote or inhibit the 

epidemic of NCDs.  

 

Urban planners, architects, engineers and policymakers need to be 

responsive to these health impacts of urbanization. It is necessary to take a 

more holistic view and attempt to predict likely health impacts of these at the 

urban planning stages. This would require conceptualizing urban areas to 

consist of interacting dynamic systems, and novel analytical techniques such 

as mathematical modelling and computer simulation. A large body of 

science exists in these areas, which needs to be tapped by Sri Lanka. The  

strides made by the University of Moratuwa (e.g. in modelling transport and 

impacts on health) in this regards is commendable. It is also encouraging to 

note that organizations such as the National Science Foundation, 

Universities of Moratuwa, and Colombo, and Urban Development Authority 

are showing a keen interest in these areas of multi-disciplinary research. 
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Abstract  

This paper is a summary of the South Asian regionôs status and interests 

concerning the seven thematic societal challenges identified under the EUôs 

Horizon 2020 research programme: Health, demographic change and 

wellbeing; Food security, sustainable agricultures, marine and maritime 

research and the bio-based economy; Clean and efficient energy; Smart, 

green and integrated transport; Climate action, resource efficiency and raw 

materials; A changing world - inclusive, innovative and reflective societies; 

and, Secure societies - protecting freedom and security of the country and its 

citizens.  

 

This paper considers the position of seven countries in South Asia: 

Afghanistan; Bangladesh; Bhutan; Maldives; Nepal; Pakistan; and, Sri 

Lanka
1
. It also identifies national and regional priorities for the seven themes 

under consideration. 

 

This paper is an output of the CASCADE project (Collaborative Action 

towards Societal Challenges through Awareness, Development, and 

Education) that aims to provide the foundation for a future International 

Cooperation Network programme targeting South Asian Countries, which 

will promote bi-regional coordination of Science & Technology cooperation. 

The EU recognise a need to strengthen internationalisation through strategic 

policy action. The need for linkages with Asian countries has been 

highlighted given the regionôs rapidly growing research and innovation 

capacities and the urgency to address global challenges.  

The project coincides with the launch of Horizon 2020, a Europe 2020 

flagship initiative aimed at securing Europeôs global competitiveness. 

Running from 2014 to 2020 with a budget of just over ú80 billion, the EUôs 

new programme for research and innovation is part of the drive to tackle  
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global societal challenges, and create new growth and jobs. International 

cooperation in research and innovation is an essential element for meeting 

the objectives of Europe 2020. Recognising the global nature of producing 

and using knowledge, Horizon 2020 builds on the success of international 

cooperation in previous framework programmes and is fully open to 

participation from third countries. 

 

1. Introduction  

This paper is a summary of the South Asian regionôs status and interests 

concerning the seven thematic societal challenges identified under the EUôs 

Horizon 2020 research programme: Health, demographic change and 

wellbeing; Food security, sustainable agricultures, marine and maritime 

research and the bio-based economy; Clean and efficient energy; Smart, 

green and integrated transport; Climate action, resource efficiency and raw 

materials; A changing world - inclusive, innovative and reflective societies; 

and, Secure societies - protecting freedom and security of the country and its 

citizens.  

 

The paper considers the position of seven countries in South Asia: 

Afghanistan; Bangladesh; Bhutan; Maldives; Nepal; Pakistan; and, Sri 

Lanka. It also identifies national and regional priorities for the seven themes 

under consideration. 

Table 1: Country profiles (adapted from World Bank, 2014) 

South  

Asian 

Country 

Income 

level 

 Population 

(2013, 

million)  

Population 

growth 

(annual %) 

Land area 

 (sq. km) 

GDP per 

capita 

(2013, 

current 

US$) 

Life 

expectancy  

at birth  

(2012,  

years) 

Literacy rate,  

Adult  

 total (%  

of people  

ages 15  

and above) 

Afghanistan Low 30.55 2.4 652,860 664.8 61 32 

Bangladesh Low 156.60 1.2 130,170 957.8 70 59 

Bhutan Lower 

middle 
0.75 1.6 38,117 2,362.6 68 - 

Maldives Upper 

middle 
0.35 1.9 300 6,665.8 78 - 

Nepal Low 27.80 1.2 143,350 694.1 68 57 

Pakistan Lower 
middle 

182.14 1.7 770,880 1,275.3 66 55 

Sri Lanka Lower 

middle 
20.48 0.8 62,710 3,279.9 74 91 

 
 

 

 



27 

SOUTH ASIA AND SOCIETAL CHALLENGES 

 

 

There is great diversity among the seven South Asian countries considered 

within this paper, as summarised in Table 1. 

 

There are several countries covering a large land area (Afghanistan, 

Pakistan), while there are also very small countries by land area (Bhutan), 

including a small island state (Maldives). Several are land locked 

(Afghanistan, Bhutan and Nepal), while others are islands (Maldives, Sri 

Lanka) or have substantial coastal regions (Bangladesh, Pakistan).    

 

Similarly, populations range from the very small (Maldives, Bhutan) to some 

of the largest in the world
3
 (Bangladesh is 8

th
, Pakistan is 6

th
). All seven 

countries are experiencing population growth, but the rate of growth varies 

greatly, from 0.8% per annum (Maldives), to 2.4% (Afghanistan). 

 

The region has three low income countries (Afghanistan, Bangladesh and 

Nepal) but also an upper middle income country (Maldives). The others 

(Bhutan, Pakistan and Sri Lanka) are all lower middle. Health and education 

also vary greatly. Conflict affected Afghanistan has very poor indicators in 

health and education, while Sri Lanka for example, has a comparatively high 

adult literacy rate. 

 

Despite these diverse profiles, the region faces many common concerns that 

link to the Horizon 2020 societal challenges.  

 

2. Context of this paper 

 

2.1 CASCADE project 

 

This paper is an output of the CASCADE project (Collaborative Action 

towards Societal Challenges through Awareness, Development, and 

Education) that aims to provide the foundation for a future International 

Cooperation Network programme targeting South Asian Countries, which 

will promote bi-regional coordination of Science & Technology cooperation. 

The EU, whilst representing only 7% of the worldôs population, is 

responsible for 24% of world expenditure on research, 32% of high impact 

publications and 32% of patent applications, making it a world leader in 

research and innovation (European Commission, 2012). However, over the 

past few decades, new key players have emerged within the international 

landscape shifting the previously dominant position held by the EU towards 

emerging economies. 

 

The EU recognise a need to strengthen internationalisation through strategic 

policy  action.  The  need  for  linkages  with Asian countries has  been  
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highlighted given the regionôs rapidly growing research and innovation 

capacities and the urgency to address global challenges (Annerberg et al, 

2010). South Asia in particular is home to more than 40% of the worldôs 

absolute poor, but will contribute nearly 40% of the growth in the worldôs 

working-age population in the coming decades. 

 

CASCADE is an opportunity for raising awareness of the potential for EU-

Southern Asia cooperation and stimulating regional and international 

participation. With the active contribution of South Asian countries, the 

endeavour will be to pave the way for more advanced, inclusive and 

innovative societies. 

 

The 18 month CASCADE project is led by Professors Dilanthi Amaratunga 

& Richard Haigh from the University of Huddersfield, UK but targets and 

has the participation of all seven South Asian countries specified in the call: 

Afghanistan, Bangladesh, Bhutan, Maldives, Nepal, Pakistan and Sri Lanka. 

The project set out to: 

 

1. Compile a regional position paper that identifies global challenges 

and research priorities 

2. Map and develop an inventory of national and regional stakeholders 

related to global challenges 

3. Raise awareness on research & innovation priorities for fostering 

cooperation and towards building mutual understanding on how to 

address common global societal challenges 

2.2 Horizon 2020 

The project coincides with the launch of Horizon 2020, a Europe 2020 

flagship initiative aimed at securing Europeôs global competitiveness. 

Running from 2014 to 2020 with a budget of just over ú80 billion, the EUôs 

new programme for research and innovation is part of the drive to tackle 

global societal challenges, and create new growth and jobs. International 

cooperation in research and innovation is an essential element for meeting 

the objectives of Europe 2020. Recognising the global nature of producing 

and using knowledge, Horizon 2020 builds on the success of international 

cooperation in previous framework programmes and is fully open to 

participation from third countries. 

2.3 Methodology  

This regional paper draws upon the findings of seven national positions 

developed for Afghanistan (Sherzaman, 2014), Bangladesh (Asian Disaster 

Preparedness Center and Patuakhali Science and Technology University,  
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2014), Bhutan (Tshering, 2014), Maldives (Khalid, 2014), Nepal (Sitoula, 

2014), Pakistan (Hussain et al, 2014) and Sri Lanka (Goonesekera et al, 

2014). In doing so, it provides a regional perspective on global societal 

challenges of mutual interest to the EU and South Asian region.  

 

Table 2: Lead contributors to national and regional papers 

National / regional paper Lead contributors 

Afghanistan Nangarhar University 

Bangladesh Patuakhali Science and Technology University 

Asian Disaster Preparedness Center 

Bhutan Royal Institute of Management 

Maldives ECO CARE 

Nepal Institute of Engineering 

Volunteers for Development Nepal 

Pakistan University of Engineering & Technology, Peshawar 
Local Councils Association of the Punjab 

Sri Lanka University of Moratuwa, Sri Lanka 

Federation of Sri Lankan Local Government Authorities 

South Asia University of Huddersfield 

University of Central Lancashire 

Asian Disaster Preparedness Center 

 
Although each national paper was developed and written by a local, in-

country team (Table 2), data collection and analysis was coordinated to 

ensure consistency. This was achieved through a series of briefing and 

training events, as well as the issuing of standard protocols and templates. A 

detailed presentation of the data collection and analysis carried out for each 

country can be found in the respective national position papers. Below is a 

summary of the overall methodology. 

 

The methodology was carried out in two phases.  Phase 1 of consisted of a 

detailed policy analysis and Phase 2 used a combination of semi-structured 

interviews and focus groups. 

 

During phase 1, a content analysis approach was carried out to analyse 

available policies in the seven South Asian countries targeted by the 

CASCADE project. The focus was specifically on each of the seven societal 

challenges targeted under Horizon 2020. This phase set out the current 

statistics and trends, assessed the policy availability in each area, carried out 

a situational analysis, and finally, identified key informants that have 

knowledge or are responsible for developing policies in those areas. These 

key informants provided the basis for identifying interview and focus group 

respondents in phase 2. 
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During the 2nd Phase of the project, semi-structured interviews were used to 

gather information on each of the Horizon 2020 challenges (Challenge 1 - 

Health, demographic change and wellbeing; Challenge 2 - Food security, 

sustainable agricultures, marine and maritime research and the bio-based 

economy; Challenge 3 - Clean and efficient energy; Challenge 4 - Smart, 

green and integrated transport; Challenge 5 - Climate action, resource 

efficiency and raw materials; Challenge 6 - A changing world - inclusive, 

innovative and reflective societies; and, Challenge 7 - Secure societies - 

protecting freedom and security of the country and its citizens)  and to gain 

an understanding of each challenge and its impact to the society and country. 

The experts represented academia, industry and public organisations. 348 

interviews were conducted across the seven countries, as summarised in 

Table 3. 

 

Following analysis of the interview data, a series of focus groups was 

conducted to get an overall perspective and consensus on all seven Horizon 

2020 challenges, and to get an understanding of the key challenges and their 

impact to the society and country. There were 135 participants in sixteen 

focus groups across the seven countries, as summarised in Table 4. The 

experts represented academia, industry and public organisations. 

 

The analysis and writing up of the national position papers was led by the 

local in-country teams from the CASCADE partner organisations (Table 2). 

Draft papers were presented to the CASCADE steering committee, and 

subject to a cycle of feedback and re-writing.  

 

Table 3: Interviews conducted 

Challenge Afghanistan Bangladesh Bhutan Maldives Nepal Pakistan Sri Lanka Total 

1 2 13 5 4 3 18 2 47 

2 2 18 7 6 2 19 1 55 

3 4 7 3 5 2 13 1 35 

4 3 6 4 4 2 19 1 39 

5 5 27 7 5 2 29 2 77 

6 2 13 4 2 4 8 2 35 

7 2 7 4 4 2 39 2 60 

Total 20 91 34 30 17 145 11 348 

 
Upon completion of the national papers, a team was appointed to draft the 

regional paper, which would draw upon the findings of all seven national 

papers. Priorities and opportunities for EU-South Asian cooperation in 

research and innovation were proposed based on a summary of the national  
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papers, and subsequently discussed and agreed during several project 

meetings with the CASCADE consortium.  

 

Table 4: Focus groups participants (number of focus groups in brackets) 

 

Afghanistan Bangladesh Bhutan Maldives Nepal Pakistan Sri Lanka Total 

Total 13 (1) 21 (3) 23 (1) 11 (2) 22 (1) 12 (2) 33 (6) 135 

 

3. Thematic societal challenges: Regional priorities and pportunities for   

     EU-South Asia collaboration in research and innovation 

 
Below sections highlight the policy and interests of seven countries in South 

Asia with respect to the seven thematic societal challenges identified under 

the EUôs Horizon 2020 research and innovation programme: Health, 

demographic change and wellbeing; Food security, sustainable agricultures, 

marine and maritime research and the bio-based economy; Clean and 

efficient energy; Smart, green and integrated transport; Climate action, 

resource efficiency and raw materials; A changing world - inclusive, 

innovative and reflective societies; and, Secure societies - protecting 

freedom and security of the country and its citizens. 

 

3.1 Health, demographic change and wellbeing 

 

¶ Poor health indicators: Low life expectancy and high rates of 

malnutrition, infant mortality, and incidence of tuberculosis (TB) and 

HIV/AIDS, as well as widespread malaria are some of the major health 

challenges facing the region. Exchange of science and technology in the 

health sector is considered a key area of mutual collaboration. The 

transfer of knowledge will help South Asian countries to adopt new 

technologies, used for diagnosis, which can help in the early mitigation 

of diseases and by taking early steps through preventive measures. 

Priority areas for mutual collaboration with the EU in the health sector 

include devising integrated health policies, developing physical and 

technological infrastructure for health care services and delivery, 

designing and practicing state-of-the-art surveillance systems to detect 

outbreaks of diseases treat early in time (e.g. cango virus, dengue fever, 

bird flue), and designing cost-effective and efficient vaccines for 

prevention of diseases (e.g. hepatitis, TB, malaria, polio, rabies, 

measles). 

¶ Reducing the burden of NCDs: Lower-income countries generally 

have lower capacity for the prevention and control of NCDs. To lessen 

the impact of  NCDs  on  individuals  and  society, a  comprehensive  
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approach is needed that requires all sectors, including health, finance, 

foreign affairs, education, agriculture, planning and others, to work 

together to reduce the risks associated with NCDs, as well as promote 

the interventions to prevent and control them. There is an urgent need to 

lessen the risk factors associated with these diseases. Low-cost solutions 

exist to reduce the common modifiable risk factors (mainly tobacco use, 

unhealthy diet and physical inactivity, and the harmful use of alcohol) 

and map the epidemic of NCDs and their risk factors. Other ways to 

reduce NCDs are high impact, essential NCD interventions that can be 

delivered through a primary health-care approach to strengthen early 

detection and timely treatment. The creation of healthy public policies 

that promote NCD prevention and control, and reorienting health 

systems to address the needs of people with such diseases, are also 

priorities. 

 

¶ Financing healthcare and affordability: Most countries in South Asia 

need to give more people access to affordable, quality health care. Too 

many people, especially women, cannot get the medical treatment they 

need due to high costs, difficulties in getting permission to see a doctor 

or a lack of health care providers in rural areas. There is a need for 

capacity building for health personnel, disease awareness and 

prevention.  

¶ Addressing the care and well being of the ageing population: South 

Asia faces significant challenges in dealing with how future economic 

growth rates respond to the aging of the work force and the ultimate 

slowing in its growth. The region will need to ensure their social 

insurance systems are well adapted to confront the issues posed by an 

ageing population, and that the medical systems and social insurance are 

able to cope with the requirements of rising longevity, including the 

associated costs. 

 

3.2 Food security, sustainable agricultures, marine and maritime    

      research and the bio-based economy 

 

¶ New and climate resistant crops and varieties (e.g., high yield 

varieties) and technologies to increase productivity and 

sustainability: The health and well-being of the worldôs growing 

population are largely dependent on the ability of the agricultural 

industry to raise high yielding and climate resistant food crops. Inclusive 

growth provides opportunities for those with meagre assets and skills, 

and improves the livelihoods and incomes of the poor, especially in 

agriculture. It is therefore among the most effective tools for fighting  
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hunger and food insecurity, and for attaining sustainable progress. 

Enhancing the productivity of resources held by smallholder family 

farmers, fishing and forest communities, and promoting their rural 

economic integration through well-functioning markets, are also 

essential elements of inclusive growth. Technology and knowledge 

transfers can also help in achieving increased productivity and quality 

standards (particularly in relation to packaging and transportation) of 

agricultural and fish produce. This would, in turn, aid in the creation of 

new international markets for local produce.  

¶ Protecting agricultural lands: A large proportion of South Asian land 

area is in agricultural use. How this important natural resource is used is 

vital to sustainable development. This includes taking the right decisions 

about protecting it from inappropriate development. 

¶ Improve farmersô quality of life and livelihood security: Improving 

the quality of life of farmers and fishermen will be important to sustain 

agriculture and redress the rural to urban migration. Improving the 

productivity of resources held by family farmers and smallholders is, in 

most cases, an essential element of inclusive growth and has broad 

implications for the livelihoods of the rural poor and for the rural 

economy in general. Well-functioning markets for food, inputs and 

labour can help to integrate family farmers and smallholders in the rural 

economy and enable the rural poor to diversify their livelihoods, which 

is critical for managing risk, and reducing hunger and malnutrition. 

¶ Use of bio-technology in marine and fisheries to exploit sea based 

resources: Marine biotechnology is essential to satisfy the growing 

demand for healthy products from fisheries and aquaculture in a 

sustainable way. The growing demand for marine food will need to be 

increasingly delivered through intensive aquaculture. Marine 

biotechnology has the potential to contribute significantly to increasing 

production efficiency and product quality, to the introduction of new 

species for intensive cultivation and to the development of sustainable 

practices in South Asia.  

 

3.3 Clean and efficient energy 

 

¶ Harness hydro, wind, solar, biomass and other renewables: 
Achieving ambitious deep cuts in emissions and accelerating green 

growth will require the development and diffusion of carbon-efficient 

technologies. South Asia has great potential for energy efficiency and 

renewable energy, including hydro, geothermal, wind, solar and tidal 

energy. 
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¶ Conservation and efficiency improvements through smart national 

power  grid,  including  transmission  and  distribution:   Innovative  

finance mechanisms and policies are needed to reduce the risks 

perceived by mainstream lending institutions in cleaner technology 

investments and to enhance their capacity to finance low-carbon 

technologies and resource options. Extensive research activities on 

energy consumption and the efficient use of energy is required, 

including exchange of science knowledge on the use of smart 

technologies used in the energy sector for improving efficiency and 

security, and introducing environmentally friendly technologies for 

producing energy. 

¶ Regional cooperation in knowledge sharing, energy development 

and trade: There is a need to understand the national energy policies 

and resource endowments of these countries in order to identify common 

features and complementarities necessary for a viable regional energy 

security framework. South Asian countries need enhanced regional 

energy transfer to leverage economies of scale through a more vibrant 

intra and inter regional energy trade structure. Key issues faced in 

energy sector cooperation are centered on the need to develop a regional 

power market, energy supply availability, energy trade infrastructure, 

and harmonised legal and regulatory frameworks. 

 

3.4 Smart, green and integrated transport  

 

¶ Environmentally friendly, green transport:  Given the rapid rise in 

vehicular traffic, a trend that is likely to continue due to population and 

economic growth, affordable, green private and public transport will be 

essential to control emissions.  

¶ Introduce / improve ósmartô traffic management: With limited 

financial capacity to expand transport infrastructure, intelligent use of 

existing capacity will be vital to support growth.  

¶ Integrated transport:  An integrated and efficient transport network is 

an essential element of the enabling environment for a globalised 

economy. Effective integration of the transport system in South Asia 

could also contribute greatly in enhancing access to remote areas, 

thereby extending economic development. 

¶ Improved safety standards for all transport infrastructure and 

services: Establish missing safety regulations, supported by strict 

enforcement and policing. Create awareness among people about road 

safety and also help developing countries to attract investment from 

multilateral  institutions  to  improve their  accident-prone highways.  
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Priorities also include awareness programmes to influence the behaviour 

of road users, and improving care and rehabilitation following accidents. 

 

3.5 Climate action, resource efficiency and raw materials 

 

¶ Integration of climate change adaptation within national policies 

and planning: This may include appropriate land-use planning, 

conservation and biodiversity, community empowerment, and investing 

in innovative, adaptive and absorptive capacity building activities. 

 

¶ Early warning, preparedness and mitigation towards increased 

resilience: Shift development towards a mindset of resilience and 

innovation. Much of South Asia is economically poor, socially and 

politically marginalised and otherwise vulnerable. Resilience building 

measures must be inclusive. Research activities are needed on the rapid 

increase of global warming and air pollution in the southern Asian 

region, encouraging low carbon growth through the use of new 

technologies, introducing cost-effective and innovative climate change 

adaptation methodologies, developing disaster management systems 

through early warning systems, the efficient use of material, waste 

management and recycling, and encouraging environmentally friendly 

innovations in the new private sector. 

¶ Promote the green and blue economy, develop climate resistant 

crops and promote economically viable ecosystems and services: 
Economic diversification is not the key response needed. What is needed 

is for all sectors of the economy to be prepared to withstand climate 

change. In agriculture, for example, new technologies such as rice 

cultivation systems with more efficient water and nutrient use should be 

promoted. Altering planting times, using resistant varieties, and 

diversifying crops can help. 

¶ Management of resources and development of pollution standards 

and compliance: Countries need to look at better management of 

resources and services. Better coastal zone management, efforts to 

protect riverbanks from erosion and building climate-proofed roads, 

bridges and other infrastructure is needed. In the water sector, 

groundwater should be protected.  

 

3.6 A changing world: inclusive, innovative and reflective societies 

 

¶ Improve transparency and accountability towards good governance:  
Good governance depends on an ability to exercise power, and to make 

good decisions over time, across a spectrum of economic, social,  
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environmental and other areas. This is linked with the governmentôs 

capacity for knowledge, mediation, resource allocation, implementation 

and maintenance of key relationships. Key factors for the development  

 

of better governance and transparency in South Asia include: technical 

and managerial competence: organisational capacity, reliability, 

predictability and the rule of law; accountability; transparency and open 

information systems; participation. 

 

¶ Greater inclusivity and improved social harmonisation among 

diverse populations: This includes participation of women and youth, 

and consideration of the vulnerable, internationalisation, and 

employment. Labour market policies are also in need of reform. There is 

a need to move from protecting ñjobsò to protecting ñworkersò. Public 

works in countries like Bangladesh have been around for decades, but 

have lacked an explicit youth component. Employment programmes can 

directly produce jobs, in addition to spreading good labour practices and 

growing markets. Social protection for first-time job seekers, including 

unemployment assistance and employment guarantee schemes are also 

needed to protect the most vulnerable. 

¶ Cooperation in education system reform: This may include 

introducing modern teaching technologies, updating curricula and 

education system management, and strengthening relationships with 

foreign universities to exchange lecturers and students. It may also 

involve conducting studies on how to strengthen commercial 

connections to regional and global economies, and research activities to 

gather accurate data on the labour market to provide research- and 

evidence-based policies, and strengthen the governance system. 

3.7 Secure societies: protecting freedom and security of the country and 

its citizens 

 

¶ Disaster risk reduction, including related information systems: In 

accordance with the new Sendai Framework (2015-2030), there is a need 

for South Asia to óprevent new and reduce existing disaster risk through 

the implementation of integrated and inclusive economic, structural, 

legal, social, health, cultural, educational, environmental, technological, 

political and institutional measures that prevent and reduce hazard 

exposure and vulnerability to disaster, increase preparedness for 

response and recovery, and thus strengthen resilienceô. Priorities include 

a shift from disaster loss to disaster risk, and from disaster management 

to disaster risk management. A focus on a people-centred preventive 

approach to risk reduction will be vital, as will defining the primary  
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responsibility of States for risk reduction, but also shared responsibility 

with stakeholders. The scope of such measures must include slow-onset, 

man-made and biohazards. 

¶ Border security, crime, and surveillance: Fighting crime and terrorism 

will require new technologies and capabilities for fighting and 

preventing crime (including cyber-crime), illegal trafficking and 

terrorism (including cyber-terrorism), including understanding and 

tackling terrorist ideas and beliefs to also avoid aviation-related threats. 

The EUôs external security policies in civilian tasks, ranging from civil 

protection to humanitarian relief, border management or peace-keeping 

and post-crisis stabilisation, including conflict prevention, peace-

building and mediation, will also be invaluable in the region. Other 

priorities include collaboration in the field of smart technologies for civil 

registration, to strengthen border management with high-tech protection 

tools and introducing e-governance. 

3.8 Cross cutting themes 

 

¶ Development and financing of infrastructure: Adequate physical 

infrastructure is a key element of economic growth. However, the 

developing world needs far more financing for infrastructure than can be 

provided through overseas development aid and domestic public 

finances alone. The cost of maintaining existing infrastructure and 

undertaking necessary extensions of its coverage is estimated at 7 per 

cent of developing country GDP, equivalent to about 600 billion US 

dollars (USD) per year. Public spending on infrastructure in developing 

countries is presently around 3 per cent. Given the shortage of public 

funds in most developing countries, one solution is to invite greater 

private sector participation and expand the use of public-private 

partnerships (PPP). 

¶ Adopt an evidence-based approach to policy: The national position 

papers identified that most of the seven countries under consideration 

had developed policies aimed towards the thematic areas in Horizon 

2020. However, the quality of the policymaking, as well as policy 

implementation and evaluation, was frequently questioned. Evidence 

based policy can have an even more significant impact in developing 

countries. Evidence based policy is a discourse or set of methods which 

informs the policy process, rather than aiming to directly affect the 

eventual goals of the policy. It advocates a more rational, rigorous and 

systematic approach. The pursuit of evidence based policy is based on 

the premise that policy decisions should be better informed by available 

evidence and should include rational analysis. This is because policy 

which  is  based  on  systematic  evidence  is  seen  to  produce  better 
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outcomes. The approach has also come to incorporate evidence-based 

practices. Evidence based policy tends to be less well established in 

developing countries than in developed ones, and therefore the potential 

for change is greater. Better utilisation of evidence in policy and practice 

can help save lives, reduce poverty and improve development 

performance in developing countries.  

¶ Capacity building and sustainable development: International 

cooperation and collaborations will be essential to address and tackle 

common global societal challenges, and the need for cooperation 

towards capacity development was frequently identified at the national 

level within South Asia. 

The concept of capacity building or capacity development appeared in 

the late 1980s and became deeply entrenched within the development 

agenda in the 1990s. Rather than representing a new idea, it reflected 

growing criticism of many development assistance programmes. In 

contrast to this extraneous approach, it emphasised the need to build 

development on indigenous resources, ownership and leadership and by 

bringing human resources development to the fore. The concept of 

capacity development was therefore a move away from óaidô or 

óassistanceô towards a óhelp yourselfô approach that was designed to 

prevent a dependency on aid emerging. Capacity development is based 

on learning and acquisition of skills and resources among individuals 

and organisations. While this process may rely on some imported 

resources, external capacity is seen as a knowledge-sharing device, 

which allows the strengthening and developing of the local capacity. As 

such, it relates closely to some definitions of resilience, which stress the 

objective is to build resilience by maximising the capacity to adapt to 

complex situations, and whereby resilience describes an active process 

of self-righting, learned resourcefulness and growth.  

Capacity development is committed to sustainable development, to a 

long rather than short term perspective, and attempts to overcome the 

shortcomings of traditional donor- led projects that have been prevalent 

in many development projects ð typically criticised for being too short 

term rather than sustainable, and not always addressing the needs of the 

recipients. Development within a capacity building context allows 

communities and countries to identify their own needs, and design and 

implement the best strategy within the local context. As a process, it 

builds on monitoring and evaluation in order to identify existing 

capacities, deficiencies and the progress and achievements of 

development. 
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4. Final note  

 

Research activity based on which this brief is written has been carried out 

with the financial assistance of the European Union. The contents are the 

sole responsibility of the Network consortium and can under no 

circumstances be regarded as reflecting the position of the European Union. 

The material in this publication is copyrighted. No use of this publication 

may be made for resale or other commercial purposes without prior written 

consent of the CASCADE project. All images remain the sole property of 

the quoted sources and may not be used for any purpose without written 

permission from the relevant sources. For permission to make available 

online, distribute or reprint any part of this work please contact the 

CASCADE project, at: cascade@disaster-resilience.net. 

The following institutions and individuals have directly contributed to the 

CASCADE project. We hereby acknowledge the valuable input of these 

organisations and individuals in contributing to this report. 
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Abstract 
Theory of colour, a long-established tradition of artists, differentiates              

between the impacts of warm and cool colours on human beings. The lack of 

scientific and statistically substantiated knowledge on aforesaid colour 

associated thermal perception (CTP) deems to hinder its optimum 

integration in creating responsive built environments. Current investigation 

seeks scientific explanation on manifestation and contributing factors of 

CTP with reference to a warm colour (red-RTP) and a cool colour (blue-

BTP). Hypothesised potentials of CTP to manifest as a psychological 

response, a biological response, altering core body temperature or an actual 

thermal sensation caused via the human skin due to heat radiation emitted 

via coloured surfaces were tested. A crossover experiment was executed 

with a sample of healthy male undergraduates (n=111) selected via stratified 

simple random sampling   (age 19 ï 30) under controlled laboratory 

conditions. Substantiating colour theory, subjects demonstrated a propensity 

to perceive red as warm/hot (64.2%) and blue as cool/cold (59.3%). As 

revealed by logistic regression, CTP neither manifests due to a fluctuation in 

core body temperature nor as an actual thermal sensation. It is a 

psychological response characterised by common as well as colour specific 

factors. Accordingly, thermal impacts of colour could be integrated in built 

environments to psychologically manipulate the perceived thermal 

environment against the real thermal condition to achieve the desirable 

thermal milieu. 

 

Keywords: Colour associated thermal perception, infrared thermal 

monitoring, Likert Scale, temporal artery temperature. 

 

1. Introduction  

Focusing on the imperative role of colour in creating environments   

responsive for human behavior, the current study accentuates that a colour 

scheme, while being pleasing aesthetically, should aptly       contribute to the 

appropriate milieu corresponding to the feelings, emotions, expressions and  

mailto:tknpdesilva@gmail.com
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behavioral patterns associated with the    intended activities of any built 

space. The human responses to colour which could be integrated in creating 

responsive environments are threefold. 

Colour is an expressive agent (Rihlama, 1999) which can convey    ideas, 

concepts, signs, symbols, meanings, and messages associated with the 

intended ambience of built spaces. Colours are found to alter           

perceived dimensions and properties of a space; height, width, depth, 

proportions, weight, temperature, stability and smell (Mahnke 1996). Most 

notably colour is a psychophysiological agent which could   trigger 

corresponding emotional and behavioral responses within    humans in built 

spaces (Mahnke 1996 and Rihlama 1999). Amidst the diverse colour 

associated human responses, the   current study focuses on a less 

investigated and less utilized, yet an extremely important   association; 

Colour associated Thermal Perception (CTP) of human beings, which is the 

macro research paradigm under consideration. 

 

2. Background to research  

 

As per Ballast (2002 cited in Daggett, at el, 2008), colours have been 

theoretically explained in temperature terms. Theory of colour has been 

pioneered and evolved through practice over the course of time by artists and 

painters and has taken the form of a long held tradition followed up to date, 

though not satisfactorily substantiated with  scientific proof. The colour 

wheel, being the nucleolus of the   traditional theory of colour, makes a clear 

division between duality of warm and cool colours.  

 

Hypothetically, colour has the power to suggest warmth or coolness                                                                             

(Mahnke, 1996). The theories and principles on the properties,      

characteristics and effects of colour too are principally explained to be dual 

based on the aforesaid warm / cool dichotomy. For instance warm colors are 

identified to be stimulating and cool colours are     pacifying (Whitfield 

&Wiltshire 1990, Stone 2001 and Ballast 2002).  

 

A considerable amount of research in the fields of experimental      

psychology, applied psychology and psychological ergonomics has been 

done on the possible influence of colours or coloured surfaces on thermal 

sensation and thermal comfort (Albers et al, 2013). The     studies conducted 

by Itten (1961), Morton (1995), Mahnke (1996), Stone (2001), Hutchison 

(2003) has been able to witness the  thermal impacts of colour while the 

investigations done by Bennett  and Rey (1972), Pedersen, Johnson and 

West (1978) and Greene and Bell (1980) has not been able to identify a 

significant association between colour and perceived temperature. The 

supportive evidence on the thermal effects of colours in the 20
th
 century was  
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found to be quite substandard. It has long been assumed that the impact of 

visual and thermal stimulation is interactive, yet this long-held belief has         

accumulated surprisingly little experimental support (Candas and Dufour, 

2005).  

 

The handful of scholars who have attempted thus far in generalizing CTP 

have yielded controversial outcomes. Even though there are many 

hypothetical explanations, there is a significant lack of scientific 

investigation conducted seeking the logic, or rather the justification behind 

manifestation of CTP and its significant parameters. 

 

3. Research Problem:  

 

ñThe problems associated with the usage habits of colour associated 

temperature in prescribing colours have always been a matter of   debate and 

puzzlementò (Gage, 1995). The lack of recently conducted   empirical 

research supported with statistically validated evidences on CTP and the 

nature of its manifestation may have contributed to such                 

controversy, hindering the utilization of CTP to create responsive built 

environments. The current study intends to investigate the nature of 

manifestation and the significant parameters of CTP.  

 

4. Research Objectives: 

 

The investigation aimed at providing empirical evidence to the     thermal 

impacts of colour and to reveal the basis behind the   manifestation and 

statistically significant factors of CTP with   reference to a warm colour; red 

(RTP) and a cool colour; blue (BTP).  

 

5. Contributions 

 

Each human activity demands a corresponding comfortable thermal 

ambience characterized by the nature and the pace of existence for its 

optimum performance. For instance, class room temperature is found to have 

an impact on the learning process (Pawel & Wyon 2006 and Fisher 2001). 

Holmberg and Wyon (1969) revealed that studentôs reading comprehension 

and speed were reduced during elevated   classroom temperature conditions. 

As revealed by Stone (2001),    reading task was found to be lowered in 

a red environment. It is     suggestive that red being the predominantly warm 

colour in the colour wheel has caused similar impacts on reading. Setting up 

this thermal ambience is vital in creating environments responsive to the 

intended human behavior. Accordingly, comprehending the nature and          

parameters  of  colour  associated  thermal  impacts  will  enable  strategic  
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integration of colours to manipulate the thermal environment            

responsive to human activities in an optimal manner.  

 

6. Theoretical Framework: Review of Literature  

 

Colour is a visual stimulus in the form of electromagnetic energy   

recognized to be perceived by the visual sense of humans; the eye, 

particularly by the photo receptive corns in the retina which enables the 

visual perception process (Rihlama, 1999). Gardner (1992) defines visual 

perception as the ability of the human brain to understand, make sense and 

interpret the sensory stimulus of the things seen by the eye. Preceiving 

thermal stimuli is firmly established to take place via the human skin, 

significantly by the thermal sensitive skin receptors; Ruffini's endings, 

Krause end bulbs (Hedge, 2008). The possibilities as to how colour, which is 

a visual stimulus could be perceived in thermal terms is the question under 

consideration. Carefully  synthesizing the available literature from several 

disciplines, a comprehensive explanation for the nature and manifestation of 

CTP is summed up below. 

 

It was assumed that a clear distinction between the phenomenon of CTP and 

colour temperature (black body theory) prevails. Red occurs at lower 

temperatures while blue occurs at higher temperatures when referring to 

colour temperature based on black body theory, which is the extreme 

opposite of the common cultural association of colour in thermal terms 

which sees red as hot and blue as cold (Gage, 1995, George, 2008). óHue-

Heat Hypothesisô as explained by physicists was distinguished as the most 

discussed and frequently studied potential explanation for CTP. The hue-

heat hypothesis puts forward the idea that light waves with long wavelengths 

at the red end of the spectrum are felt as warm and those at the blue end of 

the spectrum with shorter wavelengths are felt as being cool (Landgrebe 

et al., 2008, Michael et al., 2010; Kanaya, Matsushima and Yokosawa 2012). 

In view of this, the possibility of human skin cells and/or domains in the 

human eye to perceive colour in the form of heat is proposed. Based on the 

colour experience pyramid of Mahnke (1996), colour associated thermal   

impacts can be argued to be a learnt, subjective psychological           

response, while a part is played by the universal, archetypal                        

associations which are common to all. Another strong theory in                 

literature identifies CTP to be a biologically fixed bodily reaction caused due 

to altered core body temperature correlated with the         corresponding 

frequency/wavelength of each colour (Mahnke 1996, Kopacz 2003, 

Cornelissen and Knoop 2012). Another supposition is that CTP is a 

synesthetic response uniting the visual and thermal    senses, which is not yet 

substantiated and thus, inconclusive (Marks 1978, Cytowic 1989, 1993 and 

Mahnke 1996). Principles of colour therapy put forward the opinion that  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3728482/?report=reader#B12
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3728482/?report=reader#B15
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colour energy is capable of  altering core body temperature of human beings 

via the fixed metaphysical association between colour energy and human 

energy field, consequently altering their thermal perception as well (Farser 

2011, Manuel 2011, Lung 2011).   

 

Accordingly, suppositions found in literature to explain the CTP are many. 

Scrutinizing and synthesising the aforementioned suppositions, three 

hypotheses were arrived at demarcating the scope and                     

limitations of the study which set the baseline in formulating the        

research design, seeking scientific justification for CTP. 

 

7. Hypotheses 

 

7.1 HYPOTHESIS 1: CTP AS A PSYCHOLOGICAL RESPONSE. 

Possibility of CTP to be a learnt subjective psychological reaction which is 

unique from person to person, molded by socio, cultural,     religious 

influences and mannerisms and the ability of CTP to  manifest as a fixed 

innate psychological reaction where the humans react in a universal pattern 

based on primordial associations was  questioned here.  

 

7.2 HYPOTHESIS 2: CTP AS A FIXED BIOLOGICAL RESPONSE; AN 

ALTERATION IN CORE BODY TEMPERATURE. 

 

The possibility of colour stimuli to trigger an actual change in the core body 

temperature as a part of the established biological and  physiological 

responses to colour, enabling to perceive red as warm and blue as cool in 

general terms was questioned here. 

 

7.3 HYPOTHESIS 3: CTP AS AN ACTUAL THERMAL SENSATION 

CAUSED DUE TO HEAT RADIATION EMITTED VIA  THE            

COLOURED SURFACE. 

 

Manifestation of CTP due to the distinctive surface temperature     generated 

by applied colour is considered here. It is assumed that the properties of the 

colour such as the reflective value, absorption value and emissivity may 

contribute to differences in the temperature of the colored surface, 

consequently causing an actual thermal sensation   pertaining to differences 

in CTP.  

 

There may be other theories and philosophies that could be used to explain 

CTP, for instance synesthesia and metaphysical correlation could be 

considered. However all these cannot be covered due the vastness of the area 

and considered as future research directions.  
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8. Research Design  

 

Qualitative and quantitative methods being mixed in several stages, the 

current study was executed as a mixed model research. A sample 

representing the undergraduate male population of Faculty of          

Architecture, University of Moratuwa, Sri Lanka was selected via stratified 

simple random sampling representing four affiliated sub populations; 

departments. This sample has a rich mix of students    representing a fair 

cross-section of the whole country and the different secondary educational 

streams followed, enabling the findings to be generalized to a greater extent. 

The sample was limited only to males to assure more validity in data as 

females are established to  demonstrate fluctuations in the core body 

temperature caused by   ovulation (Swedan 2001, Barron and Fehring 2005). 

 

A three stage thorough screening process was designed to filter the best 

fitting subjects from the initial sample (n=155), which also served as the first 

phase of data collection. Preliminary screening was       conducted via a 

questionnaire survey on known medical history    (self-report) while the 

written consent of subjects was obtained via a letter of consent, fulfilling 

ethical clearance. 

 

The second phase of screening was a general health checkup carried out by a 

registered medical practitioner. It was conducted to test the vision, general 

physical and mental health condition and most         importantly to screen the 

subjects having illnesses pertaining to a high or low core body temperature 

than the normal range. Subjects        qualifying for the next level were 

provided with an explicit set of guidelines to follow as preparation for the 

final trial.  

 

Final screening was an eligibility interview done just before entering the lab 

to recheck the physical and psychological fitness of the        subjects. Checks 

on adherence to the set guidelines were made and subjects with temperatures 

beyond normal core body temperature were screened out. The final sample 

consisted of most eligible 111 (n=111 with 95% confidence level and 7.5% 

margin of error). 

 

 

 

 

 

 

 
Fig 1; Colour Lab with three colour workstations 
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Thermal perception of the subjects was tested in  two coloured workstations; 

Red (RWS) and Blue (BWS), positioned within controlled laboratory 

conditions; fixed room temperature (78.8
 o 

F; 26
0 
C),     humidity (50% rh), 

lighting level (350 lux - Asian standards) and fixed interior finishes (matt) 

and colour (black). Red and blue were   selected in the investigation to study 

the associated thermal impacts with careful deliberation to have the best 

representation of warm and cool dual colour paradigms. The study 

investigated the impact of a single, flat colour with a matt finish and did not 

measure any outcomes for the effect of colour combinations, finishes, 

textures or colour patterns as this would widen the scope of research. 

 

A White Workstation (WWS) having identical conditions was integrated as 

the control and to washout carryover effects from first colour treatment. The 

investigation was conducted as a crossover trial having two study arms; BR 

Study arm (Blue treatment followed by red treatment) and RB study arm 

(Red treatment followed by blue treatment). Prior to first colour treatment 

each subject was kept inside the WWS for 10-15 minutes until he reached 

his basal temperature level. Experiment started with the subject being 

exposed to RWS (alternately BWS) for 15 minutes. In order to washout 

carry over effects from the first treatment he was sent back to the WWS for 

another 10 minutes. Once the subject reached a constant/basal temperature 

level he was exposed to the BWS (alternately RWS) for another 15 minutes. 

Out of 10 research subjects that underwent through the trial per a day, equal 

number of subjects were allocated to both study arms (RB study arm = 5 and 

BR study arm = 5; in total 50-RB and 51-BR).  

 

Colour of the Work Stations being the independent variable, was   

manipulated to test the impact on thermal perception, the dependent variable. 

All the aspects of experiment was designed to control the   diverse 

participant and situational extraneous parameters of visual perception and 

thermal perception. The confounding factors beyond control of the 

investigation were recorded or measured and included in the regression 

model.  

 

During the first phase of data collection which took place simultaneously 

with the screening process, part of qualitative data associated with predictor 

variables; vision (Vis), level of previous exposure to colour theory and usage 

(Loe), religion (Rlgn), race (Rce) , study stream followed for secondary 

education (Sec_Edu), favorite          colour/colours (Fvc) , sensitivity to 

warm conditions (Sen_Warm) , sensitivity to cool conditions (Sen_Cool), 

rate of sweating (Ros) and quantitative data; average temperature of the 

home town (HT_temp), body mass index (BMI) and age were recorded.  
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Second phase of data collection was done during the lab experiment where 

CTP in RWS and BWS (RTP and BTP) was rated by the subjects in a 5-pont 

Likert scale. Qualitative data related to predictor variables; feelings and 

emotions induced (R_Psy/B_Psy) and preference to colour exposure 

(R_Pre/B_Pre) in RWS and BWS were reported by the subjects via a 

questionnaire survey.  

 

Quantitative data related to predictor variables too were recorded. Temporal 

artery temperature (TAT) of subjects in RWS and BWS via a Temporal 

Scanner, Surface temperature of RWS (R_SFT) and BWS (B_SFT) using 

Inferred thermal monitoring (FLIR i60 camera), outdoor temperature (OT) 

via a mini data logger and test time zone (TTZ) by a digital clock were 

monitored. 

 

Analysis of the data was done with the use of statistical regression. Complex 

Sampling Ordinal Logistic Regression Model (CSOLRM) was applied for 

both RTP and BTP including 18 predictor variables in order to provide a 

statistically significant explanation and to understand the most powerful 

explanatory variables.  

 

 

 

 

 

 

 

 

 

9. Analysis  
 

9.1 RTP VS BTP   

 
 Figure 3: RTP vs. BTP  

Fig 2; Research subjects undergoing colour exposure  
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Substantiating thermal impacts of warm and cool colours 64.20% of the 

subjects perceived red as warm/hot and 59.30% perceived blue as cool/ cold. 

The above graph demonstrates that the trend line of RTP values lie on a 

higher level than BTP. Accordingly, BTP is found to be cooler and RTP to 

be warmer.  

 

9.2 COMPARISON BETWEEN RTAT AND BTAT 

 

RTAT fluctuation:  - 0.4 
o
F ï 0.8 

o
F, Avg: 0.083 

o
F. 

BTAT fluctuation:  - 0.4 
o
F ï 0.9 

o
F, Avg: 0.08   

o
F. 

 

 

As per the scatter plot representing the average temporal artery      

temperature fluctuation of each subject when exposed to red and blue from 

the basal temperature level reached in WWS, both trend lines overlap and 

run horizontally. Accordingly it is suggestive that CTP is not associated with 

an alteration in core body temperature. 

 

9.3 SURFACE TEMPERATURE OF RWS VS. BWS 
 

 
 Figure 5; Surface Temperature of Red/ Blue Work Stations 

 

Figure 4; Body Temperature Fluctuations for Red and Blue exposure 
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The temperature of blue surface (B_SFT) was found to be mildly higher than 

temperature of the red surface (R_SFT), suggesting the possibility of colour 

to emit heat/radiation, potentially playing a part in the external thermal 

milieu (average difference: 0.71 
o
 F)  even if a majority of subjects perceived 

BWS to be cooler and RWS as warmer. However, considering the 

measurement error of the camera (2% of the reading) observed average 

increase of B_SFT value (0.71 
o 

F) cannot be considered as a significant 

increase. 

 

9.4) COMPLEX SAMPLING: ORDINAL REGRESSION                                  

       RTP - SIGNIFICANT MODEL  

 

RTP = b0 x Sec_Edu + b1 x FVC + b2 x Rlgn + +b3 x R_Psy + b4 x R_Pre  

As per the test of model effects it was found that the predictors Sec_Edu, 

FVC, Rlgn, R_Psy, R_Pre are statistically significant for RTP.    

 

 

9.5) COMPLEX SAMPLING: ORDINAL REGRESSION  

        BTP - SIGNIFICANT MODEL  

 

BTP = b0 (Sec_Edu) + b 1 (Age) + b2 (B_Psy) + b3 (B_Pre) + b4 (B_SFT) 

As per the test of model effects it was found that the predictors Sec_Edu, 

Age, B_Psy, B_Pre and B_SFT are statistically significant for BTP.   

 

A major finding of the statistical analysis is the common significance of 

psychological factors for CTP. Psychological state induced by the colour 

exposure (R_Psy / B_Psy), preference to colour exposure (R_Pre / B_Pre) 

and preconceived learnt ideas of the secondary education stream followed 

(Sec_Edu) dominate as commonly significant factors for both RTP and BTP. 

Adding to psychological factors, favorite colour (FVC) and religion (Rlgn) 

were identified as statistically significant for RTP. BTP was found to be 

affected by the subjectôs age. Parallel to the hunch that SFT could have an 

impact on RTP/BTP, it was found that B_SFT is significant for BTP.  

 

None of the considered parameters of (actual) thermal perception were 

identified as significant for neither RTP nor BTP (other than B_SFT which 

was found to be significant for BTP) by the statistical model, suggesting that 

CTP is not linked to an actual thermal sensation. Average B_SFT being 0.71 
o
 F higher than R_SFT signified possibility of colored surfaces to emit 

heat/radiation, yet not in an impacting level. CSOLR model rejected 

temporal artery temperature fluctuation as    being significant for both RTP 

and BTP.   
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RTP Model: Pseudo R2 = .334 (Cox and Snell); .364 (Nagelkerke) 

BTP Model: Pseudo R2 = .371 (Cox and Snell); .405 (Nagelkerke) 

 

In the current investigation RTP models gave correct classification for 

55.2% of the predictors studied. BTP provided classification for 58.3% 

suggesting a good model fit.   

 

10. Conclusions  

 

This investigation, while adding to the minimal amount of supportive 

empirical evidence on the dichotomous impacts of warm and cool  colors on 

thermal perception, claims itôs originality for filling the long awaited 

research gap for an empirical explanation on  the nature of CTP with 

reference to its manifestation and significant parameters. It was revealed that 

CTP neither manifests as a result of a fluctuation in core body temperature 

by means of a biological reaction nor does it demonstrate traits of an actual 

thermal sensation caused physically via the human skin. CTP experienced by 

normal sighted healthy subjects demonstrates traits to be a psychological 

response with combinations of learnt reactions as well as certain common 

connotations. Further, CTP manifests to the most part as a response to 

visually transmitted thermal information which are interpreted via this 

psychological     process. Accordingly, colour is a 'non-thermal stimuli' and 

the    associated impacts are induced psychologically. Irrespective of the   

real indoor thermal condition of the laboratory which was regulated at 78.8
 o 

F, the presence of red colour in the RWS has been able to      psychologically 

manipulate the subjects to perceive the environment as warmer while 

exposure to blue colour in BWS has psychologically induced a cooler 

perception. This key new knowledge has a greater significance in 

architectural and design related solutions which may lead the future colour 

applications in to a different dimension where colour works as a 

psychological agent to generate thermally  conducive, comfortable and 

responsive environments supportive in engendering optimum human 

behaviour.  
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Abstract 

This paper aims to demonstrate that high-performance building envelopes 

can improve both the ventilation of urban space and the revenue of real 

estate industry, and will investigate how such improvements can be used to 

negotiate between objective and regulation in planning standards. Building 

on the observations made by architecture and other related disciplines, that 

planning standards often fail to meet their own objectives, this paper 

addresses a research site with a small public open space in Mong Kok, Hong 

Kong, to contextualize design research at the interface between high-

performance building envelopes and planning standards. Escalating property 

values catalyse high redevelopment pressure in Mong Kok. Due to amended 

planning standards, architecture in the vicinity is successively replaced by 

grander development. If the building mass is maximized in concurrence with 

amended planning standards, it will obstruct the climatological conditions of 

light and ventilation, and thus diminish the performance of the small public 

open space, which produces a socio-economic conflict between public good 

and real estate interests. To mediate the conflict, this paper will show that 

negotiations between high-performance building envelope and zoning 

envelope can both improve the performance of small public open space, and 

accommodate the amplified turn-over rate on land coverage.  

Keywords. high-performance building envelope; zoning envelope; airflow 

1. Planning objectives 

Zoning is the key tool for carrying out planning policy. Aldo Rossi (1982) 

verifies that zoning was modernized in the 1870s by the Prussian planner 

Reinhard Baumeister, and Carol Willis (1995) describes that zoning was 

exported to the USA at the turn of the nineteenth century to tame the 

intensified problems of the laissez-faire city. The first comprehensive zoning 

ordinance  was  enacted  1916 in  New York.  Edward M. Bassett (1932)  
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clarifies its objective to protect ñthe public safety, health, morals and general 

welfare.ò Dividing New York into three classes of districts (residence, 

business, and unclassified), the ordinance consequently implemented the 

zoning envelope, which Per-Johan Dahl (2014) describes as ña formula in 

which height and setback restrictions combine to outline the maximum 

allowable construction.ò 

 

Following New York, comprehensive zoning was introduced to Hong 

Kong in 1939, which Lawrence Lai (1996) clarifies. Richard F. Babcock 

(1966) describes that zoning was molded into a universal tool for land-use 

control, while Jonathan Barnett (1982) and Christine M. Boyer (1983) 

combine to elucidate that comprehensive zoning was widely criticized 

during the post-World War II era for failing to comply with social, cultural, 

and technical advancements. Impervious to critical reviews, comprehensive 

zoning remained the key tool for carrying out planning policy in global 

cities. While the premises of urbanization have changed dramatically since 

the early twentieth century, the premises of comprehensive zoning remain 

largely unchanged. In Hong Kong, for example, the Town Planning 

Ordinance (1997) deploys comprehensive zoning to ñpromote the health, 

safety, convenience, and general welfare of the community.ò  

1.2 THE HEIGHT RESTRICTIONS  

The building height restrictions at Mong Kok were introduced to guide 

future development and redevelopment. The Hong Kong Town Planning 

Board (HKTPB) (2010) says that ñ[g]iven its location and the fact that there 

are many old buildings in [Mong Kok, the] area is under immense 

redevelopment pressure.ò Thus, the HKTPB imposed building height 

restrictions in Mong Kok because the existing building stock is likely to be 

demolished and replaced with grander developments. 

1.3 THE GAP BETWEEN OBJECTIVE AND REGULATION IN 

PLANNING STANDARDS  

Any comprehensive zoning prompts the standards for maximum allowable 

real estate. When the development pressure is high, as the in case of Mong 

Kok, real estate speculation will successively replace the existing building 

stock with developments that maximize the floor area ratio in concurrence 

with enacted provision. As the building height restrictions have been limited 

to 80 and 100 meters, depending on the plot area, we may expect the 

building mass in Mong Kok to increase with more than 200%, which will 

affect the ventilation of the sitting-out areas. Scholars have correlated 

ventilation with wind speed to demonstrate how building form affects the 

wind environment at  the ground level. Edward  Ng (2009), for  example,  



56 

ARCHITECTUREôS NEGOTIATING CAPACITY  

 

 

explains that varying building heights in dense urban space diverts winds to 

the lower levels, and S.H.L Yim et.al. (2009) show that buildings shaped as 

a ñwallò hamper the flow of natural air, which reduces wind ventilation and 

causes pollution to accumulate at the ground level. Drawing from previous 

scholarship, we can predict that the increased building mass in Mong Kok 

will obstruct the ventilation of the sitting-out areas, thus diminishing their 

performance.  

Light and ventilation determine the performative aspects of public space; 

ventilation is interconnected with the health of urban dwellers. Ricky 

Burdett (2011), director of the London School of Economics Cities and 

Urban Age, argues that with ñ70 per cent of the worldôs population forecast 

to be living in urban areas by 2050, global well-being will increasingly be 

determined by the health of urban dwellers.ò Addressing the health of urban 

dwellers, Anna Tibaijuka (2005), executive director of the United Nations 

Human Settlements, argues that ñcity parks and recreation facilities make for 

better living environments.ò Thus, these arguments suggest that the health of 

urban dwellers improves in accordance with access to well performing 

sitting-out areas. 

As the increased building mass amplifies the turn-over rate on land 

coverage, the regulation responds to the financial interests of real estate 

industry by diminishing the ventilation of sitting-out areas. As already 

verified, the objective in Hong Kongôs planning standards serves the public 

good by promoting the health of the community. When the regulation in 

planning standards stimulates intensified building mass, which will have 

negative impact on the health of urban dwellers, then comprehensive zoning 

produces a socio-economic conflict between the public good and real estate 

interests. This conflict, thus, is upheld by the gap between objective and 

regulation in planning standards.  

1.4 RESEARCH DESIGN  

This research project puts forth the hypothesis that planning standards tend 

to prevent architecture from actively participating in improving the 

performance of sitting-out areas. The objective of this research project is, 

therefore, to demonstrate that architects can shape building forms that 

accelerate wind speeds and, thus, improve the performance of sitting-out 

areas by advancing the ventilation of the ground level in a high density 

urban area. As such an objective requires negotiation between design and 

regulation, this project targets the interface between high-performance 

building envelopes and planning standards to postulate the research 

question: Can architecture mediate the conflict between real estate interests 

and the public good by designing a building form that accommodates both  
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the financial interests of maximized floor area ratio, and the community 

interests of ventilated urban space? Design thinking was deployed for this 

project because such methodology allows research to oscillate between 

empirical data, scientific data, and form experiments.   

2. Study method  

Eight city blocks in the Mong Kok district of Hong Kong were used to 

contextualize design research (See Figure 1). The massing of the eight city 

blocks is comprised of medium-sized buildings, and five sitting-out areas. A 

building inventory was made for the research area, which informed the 

creation of a digital model for computer simulation purposes, with 

Rhinoceros software used for digital modelling: the Rhinoceros software 

was deployed because it supports both Euclidian geometry and topological 

transformations. Climatological data was obtained from the Hong Kong 

Observatory. The data verified median values during the 30-year period of 

1981-2010: the average wind speed is 11 km/h (3.056 m/s), the prevailing 

wind direction is 90° (east wind), and the average temperature is 23.2ᴈ. 

 

 
Fig. 1. Research area and research site. 

 

Following the building inventory, the documents that combine to outline 

comprehensive zoning in Hong Kong were collected, and the empirical data 

was consolidated. These documents are the Outline Zoning Plan (OZP 

S/K3/30) and the CAP 123F Building (Planning) Regulations (BPR). Hence  
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a zoning table was compiled to outline the comprehensive zoning of the 

research area. (See Table 1) By correlating the zoning table with the size of 

each plot, the zoning envelopes of the eight city blocks were drafted to guide 

the subsequent investigation. 

 
Table 1. (a) Comprehensive zoning at Mong Kok. 

 
Code Measure Condition Source 

Height restriction 100 m R(A), R(A)4; Site Area > 400 
m2 

OZP S/K3/30 

Height restriction 80 m R(A), R(A)4;  Site Area < 
400 m2 

OZP S/K3/30 

Plot ratio 3.3-7.5 Domestic in R(A)  OZP S/K3/30, BPR 

Plot ratio 3.3-9.0 Non-domestic in R(A), 
R(A)4 

OZP S/K3/30, BPR 

Site coverage 33.33%-80% Domestic BPR 

Height of story 2-2.5 m Floor/Ceiling 2.5; 
Floor/Beam 2.3; 
LƴŎƭƛƴŀǘƛƻƴ җн 

BPR 

Open space 1/2-1/4 Domestic; A: 1/2, B: 1/3, C, 
1/4 of covered area 

BPR 

Setback, open space 1.5 m Setback to open space BPR 

Setback, street 2.25 m Street width <4.5 m, 
setback from center line 

BPR 

Setback, cuttings 2.5 m 2.5 m, 1/4 height of the 
cuttings 

BPR 

Setback, retaining 
wall 

1.5 m Height of retaining wall > 
4.5 m 

BPR 

 
Table 1 (b) Building height, site coverage, and plot ratio  

(buildings in Class A ï C). 

 
Building height 
(meters) 

Site coverage (%) Plot Ratio 

Class A Class B Class C Class A Class B Class C 

IҖмр 66.6 75 80 3.3 3.75 4.0 

мрғIҖму 60 67 72 3.6 4.0 4.3 

муғIҖнм 56 62 67 3.9 4.3 4.7 

нмғIҖнп 52 58 63 4.2 4.6 5.0 

нпғIҖнт 49 55 59 4.4 4.9 5.3 

нтғIҖол 46 52 55 4.6 5.2 5.5 

олғIҖос 42 47.5 50 5.0 5.7 6.0 

осғIҖпо 39 44 47 5.4 6.1 6.5 

поғIҖпф 37 41 44 5.9 6.5 7.0 

пфғIҖрр 35 39 42 6.3 7.0 7.5 

ррғIҖсм 34 38 41 6.8 7.6 8.0 

Iҗсм 33.33 37.5 40 8.0 9.0 10.0 

 
With climatological data and empirical data that verifies the discrepancy 

between current building mass and planning standards, computer simulations 

were executed to verify wind flow, illumination, and solar radiation at the  
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ground level in Mong Kokôs urban canyons (See Figure 2). Both the existing 

building stock and the projected building stock, which maximizes the floor 

area ratio in concurrence with comprehensive zoning, were used for 

simulations. As singular buildings can be replaced in the digital model, form 

experiments were additionally initiated, and scientific data was collected on 

the correlation between the shifting climatological conditions at the ground 

level and the specific shape of buildings. Multiple data with relevance to the 

fields of urbanism, urban design, environmental science, and architecture 

was collected. The extensive data additionally served to verify the accuracy 

of obtained values. As this article takes the ventilation of sitting-out areas as 

the subject matter to problematize the interface between high-performance 

building envelopes and planning standards, the following text will focus on 

the relationship between wind speeds and building forms. 

 

 
 

Fig. 2. Computer simulation of wind flows. 

 

2.1. DETECTING THE RESEARCH SITE  

To answer the research question, a research site was needed for in-depth 

analysis (See Figure 1). As the research objective was to collect data on 

building forms that improve the performance of small public open spaces by  
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accelerating wind speeds at the ground level, the research site ought to 

include one sitting-out area and one built-out plot. The research plan was to 

measure the impact from the existing building envelope; from the as-of-right 

building envelope; and from multiple high-performance building envelopes. 

Comparison analysis would, hence, point to correlations and discrepancies 

between the efficiency of planning standards and the performative aspects of 

building form. 

 

 
 

Fig. 3. The research site with the Portland Street/Man Ming Lane Sitting-Out 

area. 

 
As computer simulations of the eight city blocks had proved the eastern 

façades to be superior in advancing ventilation at the ground level in Mong 

Kok, a research site was composed to include the east-facing Portland 

Street/Man Ming Lane Sitting-Out Area, and the two aligning plots at 370 

Shanghai Street and 364-368 Shanghai Street (See Figure 3). The research 

site measures 857 m²; the sitting-out area measures 443 m². As the larger 

plot at 364-368 Shanghai Street comprises 270 m², the zoning envelope 

measures 80 meters; as the combined plots with easement comprise 414 m², 

the zoning envelope measures 100 meters. 

3. Results  

Any dense urban block affects wind flow, thus the performance of a small 

public open space is linked to the density of the surrounding building mass. 

With a digital model of the research area, and with wind data from the Hong 

Kong Observatory, wind flow at the ground level of the research site was 

measured through computer simulation. An 80-meter as-of-right tower was 

modeled with the Rhinoceros software and inserted into the digital model. 

Two software products were deployed for computer simulation: Autodesk 

Ecotect Analysis, and Autodesk  Flow  Design.  Both  software  products  
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verified the prevailing wind speed at the ground level of the research site to 

0.09 m/s.  

As the zoning envelope at the research site measures 100 meters, the 80-

meter tower was replaced by a 100-meter tower. The computer simulation 

verified that the prevailing wind speed remained at 0.09 m/s, which 

demonstrates that a tower as-of-right does not accelerate wind speeds at the 

ground level of the research site. 

3.1. SHAPING THE HIGH-PERFORMANCE BUILDING ENVELOPE 

Per-Johan Dahl (2014) argues that comprehensive zoning complies with 

Euclidian geometry, while Greg Lynn (2004) states that the performative 

aspect of building form complies with topology. As the speculative forces of 

real estate tend to maximize the floor area ratio in concurrence with enacted 

provision, the geometrical principles implicit in zoning tend to guide the 

architecture of most developments. As economics comprise our main mode 

of city governance ï a connotation Pier Vittorio Aureli (2011) clearly 

articulates ï topology is rarely an alternative for building designs as-of-right. 

We may therefor assume that building envelopes shaped beyond the zoning 

envelope can comply with topology and thus accelerate stronger wind speeds 

than building envelopes shaped as-of-right. 

While scholarship on high-performance building envelopes, such as 

scholarship by Sheila J. Hayter, Paul A. Torcellini, Richard B. Hayter and 

Ron Judkoff (2001), tends to focus on the functions taking place within the 

private realm of buildings, this paper expands disciplinary impact by 

elucidating means for high-performance building envelopes to improve the 

quality of public space. If the regulations in planning standards prevent 

architecture from shaping high-performance building envelopes capable of 

improving the performance of public space, then the objective in planning 

standards may assist architecture in negotiating the restrictions imposed by 

the zoning envelope. 

After measuring the wind speed created by the tower as-of-right, 20 high-

performance building envelopes were modelled with the Rhinoceros 

software and used for simulation: ten high-performance building envelopes 

measured 100 meters, thus the same height as the tower as-of-right, and ten 

high-performance building envelopes measured 120 meters, thus 20 meters 

above the tower as-of- right. All 20 high-performance building envelopes 

were modelled as closed polysurface volumes, and they all rebelled against 

the zoning envelope because they accelerated wind speeds through 

correlation between maximized building footprints and cantilevering façades 

(See Figure 4). The cantilevering façades were composed of flat and curved 

angulations of 2°, 4°, 6°, 8°, and 10°. All 20 high-performance building 

envelopes exceeded the zoning envelope, thus they all submitted to the real  
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estate interests at Mong Kok by implying floor area ratios beyond the tower 

as-of-right. 

 

 
 

Fig. 4. Computer simulation of a 120-meter high-performance building envelope. 

3.2. ANALYZING THE HIGH-PERFORMANCE BUILDING ENVELOPE  

As Autodesk Ecotect Analysis proved incapable of measuring data on 

cantilevering façades, Autodesk Flow Design was deployed for computer 

simulations of the 20 high-performance building envelopes. An axonometric 

drawing was composed to instigate comparison analysis between the 20 

high-performance building envelopes, and the zoning envelope, see Fig. 5. 

The axonometric drawing was used because it correlates the urban plan with 

the building profiles and the massing impacts. While representing the 

relationship between the different profiles and the sitting-out area, the 

axonometric drawing also facilitated the drafting of an 80-meter street wall, 

which measures relationships between the different building height 

regulations of the zoning plan and the building height beyond the zoning 

plan, which was used by the research project, see Fig. 5. Of the ten 100-

meter high-performance building envelopes, eight increased the wind speeds 

at the research site, while two decreased the wind speeds, see Fig. 5. Of the 

ten 120-meter high-performance building envelopes, seven increased the  
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wind speeds at the research site, while one proved similar capacities as the 

tower as-of-right and two decreased the wind speeds, see Fig. 5. 

 

The high-performance building envelope that accelerated the strongest 

wind speeds at the research site, and thus proved to be most successful in 

improving the performance of the sitting-out area, was composed of curved 

angulation of 8° (8° Tilt + Curve) and measured 120 meters: this high-

performance building envelope increased the wind speed at the ground level 

of the research area with 290%, see Fig. 5. 

 

 
 

Fig. 5. Wind speed fluctuations at the center of the small public open space 

(%) building heights 100 meters and 120 meters (m). 

 

4. Conclusions  

This research project elucidates discrepancies between the planning 

objectives and the planning standards in Mong Kok, Hong Kong. The 

research project shows that negotiations between architectural design and 

comprehensive zoning encompass a viable method for the Hong Kong Town 

Planning Board  to deploy when seeking to  accomplish  the objective in  
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planning standards. This project additionally demonstrates that well-

performing public spaces do not necessary correlate with building height 

restrictions, which call for new routines in planning administration. As this 

project is limited to one in-depth analysis, further studies are needed to 

verify its impact on the wider scope of urbanization. 

This research project deployed architecture to investigate issues of 

urbanization. As the discipline of architecture addresses the question of 

scale, which tends to be disregarded by urban practices, this research project 

uncovers new information on the detail in urban processes. City agencies 

administrate urban space through planning; architects shape urban space 

through design. As design is much more responsive to the specific qualities 

of a site, architecture provides valuable methods for how to negotiate the 

private interests of building form with the public interests of the urban 

realm. The results from this research project, for example, demonstrate that 

miniscule adjustments of façade geometries catalyses tremendous impact on 

the performative aspects of public space. Thus the care for detail should go 

beyond the discipline of architecture and involve also the discipline of 

urbanism. Such a shift in the attention to scale opens up a field of research 

on the proficiency of planning standards to embrace incremental approaches 

to urban development and transformation. 
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Abstract 

This research is an enquiry into architectural design and construction. The 

study looks at the personalized houses done by local Chartered Architects in 

Sri Lanka. It is an examination on how architects óexperiment and innovateô. 

Key hypotheses for the research were; ñArchitects are not sufficiently 

involved in experimenting with building material and technologyò and ñthe 

limited experimenting is mainly due to cost issuesò. This sector receives the 

most active contribution from the professionals but the approaches are 

confined to a limited set of practice conventions. Therefore, this segment of 

the industry is identified as the most appropriate section to carry throughout 

the research. The study investigates the effects of ócostô in relation to 

experiment and attempts to establish the notion of óexperimentô in 

architectural design process and practice in Sri Lanka. The study finds out 

the ófactors limiting the experimentationô in the field of architecture. The 

research carries out with a questionnaire survey and case study interviews. 

Both qualitative and quantitative analyses are made to analyse the factors 

affect in experiment in architecture and the most effective backgrounds in 

experimenting. 

 

Keywords: Experiment in Architecture, Materials and Technology, Building 
Process, Conventions, Cost 

1. Introduction   

Based on the key hypothesises the study looks at the possible factors 

preventing and limiting experimentation in architecture. The final outcome 

of architecture is a óbuilt productô. This óproductô is made using materials 

and technology. Experimenting is a way to deviate from the conventional 

and innovate in practice. In architecture, experimenting; 

 

¶ Bring economic benefits to the building industry 
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¶ Expand existing knowledge and add new knowledge to the industry 

and its practices 

¶ Leads to most responsive methods of building construction 

¶ Leads to innovating, developing materials and technologies deviated 

from the convention 

¶ Satisfy academic, intellectual curiosity and research. 

 

In Building, any attempt to deviate from the standard modes of practice will 

have considerable cost implications. Surveys show that this has restricted 

experiment and innovation by the architect. The study intends to find out 

what key factors define the scope of their practices in engaging in 

experiment. 

 

2. Background to the study 

 

This research is formed on the inquiry into the importance of craft in 

architectural design and construction as propagated by William J Carpenter 

in Learning by Building: Design and Construction in Architectural 

Education (1997). Carpenter highlights the fact that the contemporary 

architectural practice is separated from the construction process and how this 

schism is preventing the evolution and innovation of the practice and the 

practices.    

 

The main theoretical basis if the research is formulated on broad aspects 

related to architecture and building industry on the writings of Steven Groak 

ï The Idea of Building (1992). The research hypothesis is formed around 

Groakôs frameworks of buildings and building processes.   

 

Chartered Architect Vijitha Basnayake explains, ñéwhat we learn from the 

school of architecture is like the food we eat, we can name them and divide 

them in names. But, the outcome of it is óenergyô, which we cannot describe 

in bits and pieces, architecture should also be like thaté. You have to find a 

new thing out of what you have learnedéò (Basnayake, V, personal 

communication, February 8, 2015)  

 

Architect Basnayakeôs reasoning highlight the need to widen the scope of 

the experiment interventions in Architecture. Dr. Pathiraja sets out the wider 

parameters of architectural interventions thus; ñThe ability to understand 

and negotiate differences in cultural and economic and eventually operative 

frameworks of building production, hence become the key success of any 

Architectural Design Intervention...ò(Pathiraja, M, 2014) 
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Both statements establishes the need for the architect to be responsive to 

a wider range of criteria and to innovate responding to those. 

  

ñBuildings are not achievements in individual entities. Social development, 

social cultural Infrastructure, Technical system, Material Investigation, 

Labour Training has become act of Flexible creative synthesis that brings 

problems and solutions...ò (Pathiraja, M, 2014). 

 

Within these arguments, architecture can be defined as a process that 

combines aesthetic and social issues with economy of means, tectonic 

research and sensory comfort. 

 

 
 

Figure 1: Building Process Framework 

 

The scope of experiment in architecture is a matter of the behavior of the 

process, the client and the cost. This framework (Figure 1) provides the 

scope and limitations of experiment. The research intended to investigate the 

following in relation to architecture;   

 
1. Investigate the Experimental approach to architecture 

2. Investigate what is meant by architectural experiment in material and 

technology. 

3. Find out the architectural communityôs perception about architectural 
experiment. 

4. Find out about time ï cost implications in Architectural Experiment. 

5. Find out what are the advantages and benefits of experimenting? 

6. Find answers to what makes architectsô practice experiment. 
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3. Significance of the Study 

 

The research acknowledges that experimenting is fundamentally to the 

advancement of the practice and the profession. It is also noted that there is 

limited research carried out within the field in relation to the research area. 

Hence, the research intends to gather knowledge in experiment in 

architecture. 

 

The lack of awareness of the significance of the research area may also lead 

to vast amount of valuable knowledge ógetting lostô in practice. Raising 

awareness of the significance of experimenting as well as the benefits of 

doing the same may encourage and promote initiatives in that direction. 

 

It is noted in the hypothesis that the material and technology application in 

architecture is limited to a convention. The reasoning for the above matter is 

mainly the cost effect. The intention is to find out the possibilities of 

building, responsive, innovative building in terms of material s and 

technology. Hence to find out the real factors effect in experimentation in 

architecture.  

 

4. Methodology  
 

This study is carried out ócombining qualitative and quantitative data to best 

understand and explain a research problemô (Creswell, 2002, p. 59) and 

therefore follows a óMixed Method Researchô procedure. 

 

The following methods were used to gather information and data for this 

study. 

 
1. Pilot survey to find out general norms in relation to experimentation in 

architecture. 

2. Survey on published architectural work to establish the convention and 

analyse the extents of experimentation carried out within the practice. 

3. Selection of case studies and Interviews to analyse the factors effect and 

not effect in experimentation.  

 

 

5. Findings and Data analysis 

 

The study will conclude by summarizing the findings of the survey and 

answering the key questions. 
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6. Experiment in Architecture. 

 

The research investigates implications in architecture in relation to 

experiment by looking at;  

 
¶ Modes of interventions and the types of outcomes  

¶ Where such interventions take place 

¶ The significance of studying such interventions in experimental 

housing designed and supervised by individual practitioners.  

 
7. Field Surveys and Case Studies. 

 

The research reflects how certain architects have managed to engage in 

experiment in architecture within the current system and important features 

of their experience.  

 

The research is carried out in four main stages. 

 
1. Pilot survey and questionnaire 

2. Survey on published architectural work 

3. Selection of case studies and Interviews 

4. Findings and Data analysis 

 

8. Research Outcomes. 

 

From the pilot survey the study finds out the factors effect in 

experimentation according to the general perception of the architects. Then 

the questionnaire survey provides data to make a hierarchy of the intensity of 

effects of the factors provided in the questionnaire.  
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Figure 2: Architects' Perception about experiment in architecture 

Source: Author based on the responds from the questionnaire survey 

 

The graphical representation above figure 2 shows that architects perception 

is that clientsô choice of experiment is based on ócostô. And also the time 

factor and the knowledge factor are the key elements that limits experiment 

in architecture. 

 

 

 

 

 

 

 

0 20 40 60 80 100 

clients think that experimenting architects will 
charge higher architectural fees 

there should be a separate fee structure  and 
breakdown for experimental work in Architects 

Fee scale  

that clients prefer experimental practice? 

Architects' Plan of Work should include scope 
work for experimental work 

a formal fee structure and a separate scope of 
work  will encourage architects and clients to 

engage in experimental work 

experimentation is costly than conventional 
construction 

experimenting requires special knowledge 

the experimenting path takes longer time 
when compared to conventional practice? 

clients choice to experiment or not to 
experiment  is based on the concerns of cost 

Architects' perception about Experiment in Architecture 
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Figure 3: The Concerns in Experimenting 

Source: Author based on questionnaire survey 

 

However these graphs (figure 3) shows that the key factors for practicing 

experiments in architecture for the architects who have engaged in 

experiment are to save time with the clientsô consent and the cost factor 

comes in fourth place. Here the architectôs intention was to reduce the cost. 

 

But the architects who say they are not practicing experimentation says the 

three main factors for not practicing experimentation are cost, time and 

clients attitude.  

 

Those above results conclude that cost, time and clientôs attitude are the 

factors deciding experimentation in architecture or not.  
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This result lead the research to find out the other variables in 

experimentation in architecture.  

 

 
 

 

Figure 4: Architectural Experience vs. Experimentation 

Source: Author based on questionnaire survey 

 

The statistical analysis of the data collected from the architects show that 

frequency of experimentation decreasing with the duration of the practice 

(figure 4). The reasoning behind this was proved by the image survey also. 

Both shows that architects makes their own palette of materials and 

technology. Hence the experimentation limits up to making that palette. 

There after it is more of an applying the same palette in every design. 
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Figure 5: Experimentation concerns 

Source: Author 

 

With finding the key ólimitationô to experiment in architecture the sta-tistical 

analysis shows the actual factors of experiment in architecture compared to 

the perception of the architects (figure 5).  

 

This clarifies that the knowledge and architectsô attitude are the main factors 

of experiment in architecture. Architects should have material and 

technological knowledge in order to carry out experimentation and also they 

should be willing to explore experimentation with the practice (figure 6). 
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Figure 6: Practice type vs. Experimentation 

Source: Author 

 

9. Conclusions 

 

The research findings answered key research questions and reviewed the 

effect on the architects Plan of Work against experiment mode of 

architecture. The final analysis of the study clearly showed that majority of 

surveyed architects believed that they ódid experimentô in practice. This was 

clearly reflected with the questionnaire survey findings where 83% of 

architects claimed that they do experiment and only 17 % claimed that did 

not experiment. This finding was based on their own perception of their 

work practice. 

 

From the case studies, two out of three architects (67%) stated that they were 

experimenting and the remaining architect (33%) claimed that whatever he 

did, he did not consider that as experiment. 

 

Therefore, in conclusion, it can be noted that on contrary to the claim in the 

hypotheses, óthat architects do not experimentô majority of architects 

believed that they did experiment in materials and technology. 

 

The analysis of the image survey, carried out on the published projects 

however revealed that majority of architects continued to operate within 

conventional use of materials and Technologies confirming the claim that 

made by the research question. However, it can be concluded that image  

 



76 

óCOSTô AND THE NOTION OF óEXPERIMENTô IN ARCHITECTUE 

 

 

survey was carried out with limitations as compared that of questionnaire 

survey and the case study survey. 

 

From the questionnaire survey findings it can be concluded that majority of 

architects believed that experimenting was beneficial to the practitioners and 

to the profession. The majority who took the questionnaire survey indicated 

that cost and time as the key challenges and factors that discouraged 

experimentation. However, this finding was comprehensively disputed by 

the case study interviews. Those architects concluded that ócostô was key 

determinant to engage in experimentation and the extension of time was not 

as critical as perceived. The gains on cost effectiveness seemed have off set 

the difficulties of time extensions incurred due to experiment. 

 

The findings of the case studies indicated the considerable changes and 

variations to the standard, Architects Plan of Work, in relation to 

experimenting. However, most of these variations in architects extended 

scope and engagement occurred within the conventional building 

programme. The case study survey justified that extended involvement as an 

essential feature to the success of any experimental intervention although it 

was not supplemented with additional professional fee. It may be concluded 

that architects were aware of these facts from the inception of the projects 

and they continued to engage in experimenting without any monetary 

reward. 

 

The findings of the study further indicated that experiment in architecture 

might be encouraged where cost limitations are critical. The experimental 

case studies justified this fact and established that greater cost benefits can 

be achieved with experiments, although these projects may require 

additional time to complete. 

 

The case studies gave valuable insight to salient factors specific to 

experiment. These findings indicated that, for successful experimenting and 

to encourage experimenting, certain simple methods can bring positive 

outcomes. The study findings are concluded with the following list of ten 

key propositions to achieve a successful approach to experiment in 

architecture; 

 
1. Develop a plan of work and a fee scale that can facilitate experiment in 

architecture 

2. Carry out background studies 

3. Keep the records 

4. Before implementation, discuss ideas with the engineer and the builder 

5. Educate the client about what you are going to do as óexperimentô 

6. Pre-plan alternatives in case of an un-successful experiment 
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7. Pre-think about the maintenance process 

8. Educate the client about the maintenance 

9. Get feedback from the client 

10. Execute the improvements immediately 
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Abstract 

Although the concept of Green Building is popular in other countries, it is not yet so 

in Sri Lanka as no clear identification of the transaction cost of green buildings has 

so far been made. Given the expanding scope of construction of office buildings in 

Sri Lanka, it has become important to differentiate between the transactions costs of 

green buildings from those of conventional buildings. Hence this research is aimed 

at studying the transaction costs of green office buildings in Sri Lanka. A literature 

synthesis was carried out to learn about the green building concept and the benefits 

of green buildings. Identification of the  transaction cost components was done 

through three preliminary interviews and two case studies conducted through semi 

structured interviews that were aimed at comparing the cost components of each 

building type with those of the other type. The findings revealed that the transaction 

costs of green buildings in Sri Lanka relates to costs incurred for preliminary 

studies, managing the designs, gaining knowledge on green certified material, 

technical advice, documentation and commissioning for LEED certificates and 

quality checking by obtaining the services of  green consultants. Hence, the state 

agencies need to ensure that green material is available at discounted prices, take 

steps to present awards to professionals involved in green building and conduct 

seminars for the benefit of these professionals. It is also recommended that the 

Green Building Council should lower its commissioning fees to encourage the 

developers to obtain green certificates so that the concept of Green Building in Sri 

Lanka is promoted.   

 

Keywords. Cost Components; Green Building, Office Building, Transaction Cost 

 

1. Introduction  

Construction activities are an integral part of a countryôs national economy 

and industrial development (Khan, 2008). The rapid growth of the worldôs 

population and rapid urbanization lead to a higher consumption of the 

worldôs limited resources (Kats, 2003). The construction industry has a 

responsibility   to   utilize  environmental   resources  in  an  ecologically  
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sustainable manner (Fernando, 2012) since the buildings are responsible for 

more than 40 percent of the global energy used, and as much as one third of 

global greenhouse gas emissions, in both developed and developing 

countries (United Nations Environment Programme, 2009).  

 

Green buildings consist of environmentally sustainable building 

elements, which can deliver benefits to society by saving environmental 

resources (Urbecon, 2008). Despite the merits of green buildings as far as 

the   owners, occupants, society at large, and environment are concerned 

(Baird, 2010). They have a higher initial capital cost compared to that of 

traditional buildings (Johnson, 2000; Kat, 2003). The Transaction Cost (TC) 

is referred to in terms of risk, time delay, uncertainty, and information 

search, setting up cost etc. (Qian, Chan & Khalid, 2015) and also in terms of  

increased architectural and engineering (A&E) design time, modeling costs 

and time necessary to integrate sustainable building practices into projects 

(Kats, 2003).Even though the design of green buildings is critical in terms of 

cost components (Richard, 2008), if integrative design techniques are 

properly employed, TC of green buildings should become less than that of 

conventional buildings (Rehm & Ade, 2013). Additionally, Malin (2000) has 

argued that considering the life cycle cost advantage, a higher initial cost 

which is associated with certain types of green material will not be an 

expense. Hydes and Creech (2000) have studied the use of green building as 

the reuse of building material and equipment can be considered as more 

beneficial. 

According to data made available by the Central Bank reports, the 

construction of office buildings is on the increase in Sri Lanka. Thus, a 

successful investigation on transaction costs incorporated with Green office 

building construction would lead to introduce new trends in construction 

industry. Therefore, a study to identify and analyse transaction costs of green 

buildings against conventional buildings in Sri Lanka has become necessary 

in order to fill the gap in literature and to face the demands of the 

construction industry which if expanded can rapidly boost the countryôs 

economy. 

 
 

2. Concept of Green Building 

The construction industry has a negative impact on the environment in a 

number of ways; i.e from excessive consumption of resources to the 

pollution of the surrounding environment (Ding, 2008). According to Kates 

(2003), human activities cause greenhouse gas emissions and global 

warming to increase whereas Tatari and Kucukvar (2011) have agreed with 

the fact that the buildings are one of the biggest contributors to greenhouse 

gas emissions being responsible for 38% of all CO2 emissions. In order to  
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reduce or eliminate the impact on human health and the natural environment 

and increase the efficiency of use of energy, water and other resources, the 

movement of green (sustainable) building was found , which is expected to 

enhance the enjoyment of life of the occupants of green buildings (Richard, 

2008).  

For the purpose of enhancing the quality of green building 

construction by measuring its performance, a transparent evaluation process 

has also been established, which is called a óRating systemô (Cole, 1999). 

The Leadership in Energy and Environmental Design (LEED) has been 

launched which encourages the adoption of sustainable green building and 

development practices. The Green Building Council of Sri Lanka (GBCSL) 

is uniquely supported by both the industry and government institutions 

across the country (GBCSL, 2011) which is quite similar to LEED. 

 

 After comparing with the conventional buildings, Kats (2003) has 

argued that green buildings are more efficient in terms of using resources 

whereas Richard (2003) has positively criticized that they are 

environmentally responsible and resource efficient throughout their   life-

cycles commencing from their siting to design, construction, operation, 

maintenance, renovation and deconstruction. Thus, green building has now 

become a leading mode of sustainable development in this century which 

has the ability for balancing long-term economic, environmental and social 

health. (Ali & Al Nsairat, 2009).  

3. Transaction Costs in green buildings 

The actual cost of a construction project comprises of not only production 

costs but also transaction costs (Li, Arditi, & Wang, 2012). Production costs  

consist of direct  expenses  related to  the building    such  as the costs 

related to material,  equipment  and  construction  labor whereas transaction 

costs consist of indirect expenses related to the building. Transaction costs 

relate to the cost of resources used to create and use a policy through 

defining, establishing, maintaining and transferring property rights (McCann 

(2005)). Moreover, Coggan, Whitten, and Bennett (2010) have mentioned 

that the transaction costs typically occur in the form of  goods and services, 

travel costs, labour and time expended in a transaction whereas Alexia and 

Valerie (2008) have argued that they consist of all additional  expenses  

related  to  a  construction  project  such  as  the fees paid to  the architect,  

engineer  , consultant and the  government, taxes, costs of financing and 

interest. Transaction costs are incorporated into the costs incurred at the pre 

contract stage (cost for carrying out market research, exploring financial 

opportunities, conducting a feasibility study, organizing bidding or 

negotiation and managing the designs)  and post contract stage (costs for 

carrying out the administration of  the contract, change orders and claims,  
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resolving of  disputes and managing incentives) in construction projects. The 

transaction cost as a percentage of the total construction cost varies 

according to the procurement arrangements of a particular construction 

project (Whittington, 2008). 

For this study, transaction cost is defined as the all the indirect cost 

which are incorporated in pre-contract stage as well as in post contract stage 

in a construction project i.e. cost for preliminary studies, designing costs, 

bidding costs, extra legal costs, administrative costs after contract, resolving 

disputes, inspection costs etc. 

Green building transaction costs are higher than those of 

conventional buildings due to incremental costs associated with the process 

that has to be followed for obtaining a green building rating (Rehm & Ade, 

2013) which involves  additional consulting services , use of new 

technologies, processing  of green certificates and risks connected with the 

innovative designs used (especially inexperienced contractors) (Alexia & 

Valerie, 2008). For instance, Langdon (2007) has analysed the 

Australian Green Star rating system by comparing the cost of the 

green and that of non-green buildings to estimate the cost premium 

where the green building has had a 3-5% premium with respect to 

their conventional counterparts. Likewise, Kats (2006) has found that 

the green design provided 1-2% additional cost with Packard 

Foundation (2002) indicating a 21% premium for LEED Platinum 

rated buildings.  

4.0 Research Problem 

Many international and local researches have been based on costs and 

benefits of green buildings, especially, their initial costs and the resulting 

benefits. This research was carried out on green office buildings in Sri Lanka 

since Colombo and other areas have a high demand for office buildings, 

even though their cost of maintenance is high. Brain (2003) has stated that if 

office buildings could be designed to reduce costs (especially their 

maintenance costs) and provide healthy and attractive buildings, tenants 

would be quite pleased with them as they were never before. Because of the 

reluctance to adopt new technologies and unwillingness to take financial 

risks, óGreen technologyô is still a concept that is new when compared to 

conventional building construction. (Shirajiv, 2012). 

As far as the literature gap and the industry gap are concerned, in Sri 

Lanka, a clear demarcation has not yet been identified between transaction 

cost of green office buildings and that of conventional buildings. Therefore, 

identifying and analysing the transaction costs of Green builsings vs. 

conventional  buildings  will have a  significant effect on the research on  
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innovative methods of reducing the cost of green building construction in Sri 

Lanka. 

5. Research Aim and Objectives  

The aim of the research study is to identify and analyse transaction costs of 

green buildings against conventional buildings in Sri Lanka. The objectives 

of the research study are as follows: 

¶ To identify the Green building concept and its benefits 

¶ To identify the components of transaction costs of Green buildings 

and   conventional buildings 

¶ To identify the transaction costs of Green buildings and 

conventional buildings 

¶ To investigate the transaction costs in Green building vs. 

Conventional buildings 
 

The study was conducted among professionals involved in the design, 

construction, and maintenance of at least one green building in Sri Lanka. To 

enhance the accuracy, both green and conventional office buildings having 

similar conditions and situated in Colombo region were considered.  

7. Research Methodology  

The mixed method was adopted to undertake the research study while case 

studies were the research approach. Initially, an extensive literature survey 

and three preliminary unstructured expert interviews were carried out to 

understand the concept of green buildings and the benefits of the green 

buildings (objective 1) and the components of the transaction cost of both 

green and conventional buildings (objective 2).To identify the transaction 

costs of green and conventional buildings (objective 3), four case studies 

were done. Semi structured interviews were used for data collection and 

content analysis was the data analysis technique where the Nvivo 10 

software was the analysis tool. The final objective; investigating the 

difference of transaction costs in Green buildings vs. conventional 

buildings was achieved through analysing the cost information attained 

from semi-structured interviews and document review.  

8. Research Findings 

Research findings are discussed under three main headings (green buildings 

vs. conventional buildings), i.e identification of the transaction cost 

components, identification of the transaction costs and investigation the 

difference of transaction costs in Green buildings vs. conventional buildings. 
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8.1. IDENTIFICATION OF TRANSACTION COST COMPONENTS; 

GREEN OFFICE BUILDINGS VS. CONVENTIONAL BUILDINGS 

 
The objective of this Section is to identify the transaction cost components 

of both green and conventional office buildings and the validation of the 

findings of the literature review. Three unstructured interviews were 

conducted for this purpose and Table 1 presents the profiles of the 

interviewees.  

Table 1: Respondentsô details of preliminary survey interviews 
 

Profession Position Years of experience 

Engineer Project Manager 25 years 

Quantity surveyor General Manager 20 years 

Engineer Mechanical Engineer 7 years 

The applicable transaction cost factors for both the pre-contract 

stage and the post contract stage were compared with the support of the 

experts. It was found that some cost components are similar while some 

others are higher for green buildings. Some factors were ignored as they 

were not applicable. The identified cost components are shown in Table 5 

and those components were used to compare the transaction costs in Green 

office buildings against conventional buildings. 

 
8.2. IDENTIFICATION OF TRANSACTION COSTS; GREEN OFFICE 

BUILDINGS VS. CONVENTIONAL BUILDINGS 

The objective of this Section is to identify the transaction costs of both green 

and conventional office buildings. Four case studies were done to enable 

an in-depth investigation and Table 2 and 3 present respectively the details 

of the buildings and the details of the respondents. 

Table 2: Brief details of the cases 

 
Description Green building 

(Part I)  

Conventional 

building 

(Part I)  

Green building 

(Part II)  

Conventional 

building 

(Part II)  

CASE A1 CASE A2 CASE B1 CASE B2 

Employer Bank Bank Office Office 

Duration 1.5 Years 2 years 3 years 2 years 

Contract sum 132 Million 150 Million 390 Million 340 Million 

Number of 

stories 

2 stories 3 stories 3 stories 4 stories 

Completed 

year 

2012 2009 2009 2012 

Floor area 10,000 sq. ft. 13,000 sq. ft. 100,000 sq. ft. 90,000 sq. ft. 
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Procurement 

method 

Measure and pay Measure and pay Measure and pay Measure and pay 

 

Table 3: Details of respondents 

 

 

 Designation Profession Years of experience 

Bank building 

Respondent 1 Chartered Architect Consultant 25 

Respondent 2 Sustainable Engineer Green consultant 10 

Respondent 3 Civil engineer Client 25 

Office building 

Respondent 4 Chartered Architect Consultant 20 

Respondent 5 Sustainable Engineer Green consultant 10 

Respondent 6 Civil Engineer Client  15 

This study was mainly focused on comparing green buildings with 

conventional buildings. The green building in Case A1 was compared with 

the conventional building in Case A2 as was the case with the buildings in 

Case B1 and Case B2. The case analysis was carried in two steps: the first 

step to analyse the cost components based on the responses of the 

respondents and the second step to make the actual cost comparison using 

data obtained from the case studies. 

8.2.1 Transaction Cost Components Comparison; Green vs. Conventional 
 

Experts were asked to compare the transaction costs considering two stages; 

pre-contract stage and post contract stage. The identified factors (Refer table 

5) through preliminary interviews was the basis of the comparison. Finally, 

it has to be accepted that the transaction cost of green buildings is higher 

than that of conventional buildings. 

8.2.2 Actual Transaction Cost Comparison; Green vs. Conventional 

For the actual comparison, cost data was used gathered from semi-structured 

interviews and the Table 5 gives the comparison of transaction costs for 

Case A1 and Case A2 as well as for Case B1 and Case B2. The highlighted 

sub-categories are for the incremental costs of green buildings under both 

scenarios. Meanwhile, Table 4 shows the most significant cost items for the 

increments of the transaction costs of green buildings which are feasibility 

study, preliminary estimation, sustainable design, cost for designing time, 

modelling cost, preparing tender document, drawing up a contract, gaining 

knowledge of   materials   and  production,   technical costs,  commissioning  

and  
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documentation required for LEED certification, checking the quality of work 

at post contract stage as well as conducting inspection and preparing list of 

defects. 

8.3 INVESTIGATION OF DIFFERENCE OF TRANSACTION COSTS IN 

GREEN BUILDINGS VS. CONVENTIONAL BUILDINGS 

As shown in Table 4, the green coloured items are the incremental 

transaction costs whereas the yellow coloured items are the most 

significantly incremented transaction cost components. The reason for 

deducting the bidding cost of green buildings is the increment of the 

transaction cost due to commissioning for LEED certification and 

consultancy fees. However the bidding cost of green buildings is 

comparatively higher when compared with that of conventional buildings. 

The reason for the fluctuation of óGaining knowledge of materials and 

productionô in Case B1 is because of its BMS system. On the whole, 

according to Table 4, green buildings have a higher percentage of transaction 

costs compared to conventional buildings which are significantly affected by 

the process required for commissioning for LEED certificate and its required 

documentation. However, the main intention of the client is to reduce the 

cost. When comparing the costs during pre-contract and post contract stages, 

cost for managing the designs of green buildings was more than what was 

required. It is an additional cost that was incurred due to lack of familiarity 

with green building construction. Thus with more and more green buildings 

being construct ed and with more familiarity gained with their technologies, 

there will be a reduction of the transaction cost of green buildings.  

Table 4: Cost comparison for significant cost items 

Stage Most significant cost item Case A1 Case A2 Case B1 Case B2 

Pre-

Contrac

t Stage 

Preliminary studies 20.94% 20% 20.57 % 20% 

Managing Design 19.91% 10% 14% 10% 

Bidding cost 17.16% 25% 20.15% 25% 

Gaining knowledge of materials 
and production 

4.8% 5% 5.94% 5% 

Acquiring and processing 

information 

4.8% 5% 4.88% 5% 

Technical 2.95% 2% 3.65% 2% 

Commissioning required for 
LEED  

3.90% - 2.44% - 

The documentation for LEED 1.72% - 2.12% - 

Post 

Contrac

t Stage 

Check the quality of work 7.04% 10 % 8.17% 10 % 

Carrying inspection and 
preparing list of defects 

1.78% 1.50% 1.68% 1.50% 

Total Transaction costs 9.71% 5.5% 7.20% 5.5% 

 



86 

TRANSACTION COSTS OF GREEN OFFICE BUILDING 

 

9.0 Conclusion and recommendations 

The negative impact of green buildings is less on the environment and these 

buildings have benefits in terms of environmental, economic and social 

factors. At present, there is a high demand in Sri Lanka for office buildings, 

especially in Colombo. Therefore it becomes necessary to identify the 

transaction cost of green office buildings. 

 The preliminary study, managing cost, bidding cost, drawing up of 

a contract, value engineering, geotechnical testing, environmental studies, 

acquiring and processing of information, modelling costs, gaining 

knowledge of materials and production and external costs have been 

identified as the transaction cost components in the pre-contract stage of  a 

green building construction, whereas the administering of the contract, 

checking  the quality of work, administering change orders and claims, 

resolving disputes, handing over and issuing of the final certification, and 

carrying out inspections and preparing a list of defects are the cost 

components identified as related to the  post contract stage.  

From the in-depth analysis of the four case studies, it was revealed that the 

transaction cost component of green office buildings is higher when 

compared to that of conventional buildings. 
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Table 5: Actual Transaction Cost Comparison 

 
Stage  Green Building Convention

al Building 

Green Building Conventional 

Building 

Part I Part II 

Case A1 Case A2 Case B1 Case B2 

Pre-Contract 

Stage 

Contract sum 132,000,000.00 150,000,000.00 370,000,000.00 340,000,000.00 

Total Transaction Cost 12,820,000.00 8,250,000.00 26,650,000.00 18,700,000.00 

Preliminary Studies 2,684,000.00 1,650,000.00 5,482,500.00 3,740,000.00 

Feasibility Study 1,254,000.00 618,750.00 2,091,250.00 1,402,500.00 
Preliminary Design 1,034,000.00 618,750.00 2,373,750.00 1,402,500.00 

Preliminary Estimation 396,000.00 412,500.00 1,017,500.00 935,000.00 

Managing Design 2,552,000.00 825,000.00 3,730,000.00 1,870,000.00 

Sustainable Design 1,786,400.00 577,500.00  1,424,500.00 1,309,000.00  

Architectural and Engineering (A&E) 

Design Time 

382,800.00 123,750.00  305,250.00 280,500.00  

Modelling Costs 382,800.00 123,750.00  305,250.00 280,500.00  

Bidding Cost 2,200,000.00 2,062,500.00 5,370,000.00 4,675,000.00 

Preparing a Tender Document 1,012,000.00 825,000.00 2,317,500.00 1,870,000.00 
Estimating 792,000.00 825,000.00 2,035,000.00 1,870,000.00 

Local Authority Approval 396,000.00 412,500.00 1,017,500.00 935,000.00 

Drawing up a contract 616,000.00 412,500.00 1,017,500.00 935,000.00 

Accepting Bids and Making an Award 369,600.00 247,500.00 610,500.00 561,000.00 

Concluding Contracts 246,400.00 165,000.00 407,000.00 374,000.00 

Gaining Knowledge of Material and Production 616,000.00 412,500.00 1,582,500.00 935,000.00 

Environmental Studies 616,000.00 412,500.00 1,300,000.00 935,000.00 

Acquiring and Processing of Information 616,000.00 412,500.00 1,300,000.00 935,000.00 

External Costs 1,336,000.00 412,500.00 2,797,500.00 935,000.00 

8
7 
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Legal 118,800.00 123,750.00 305,250.00 280,500.00 
Technical 497,200.00 288,750.00 1,277,250.00 654,500.00 

Commissioning required for LEED  500,000.00 - 650,000.00 - 

 Documentation for LEED 220,000.00 - 565,000.00 - 

Post 

Contract 

Stage 

Total Post Contract Transaction Cost 2,200,000.00 2,062,500.00 5,370,000.00 4,675,000.00 

Administering of the Contract     792,000.00   825,000.00 2,035,000.00 1,870,000.00 

Check the quality of work   902,000.00   825,000.00 2,176,250.00 1,870,000.00 
Administering of  Change Orders and Claims     79,200.00     82,500.00 203,500.00 187,000.00 

Resolving of Disputes     39,600.00     41,250.00 101,750.00 93,500.00 
Handing Over and Issuing of Final Certification   158,400.00    165,000.00 407,000.00 374,000.00 

Conducting  Inspections and Preparing the  List of 

Defects 

  228,800.00   123,750.00 446,500.00 280,500.00 

8
8
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The most significant reasons for this are the process that has to be 

followed for the commissioning required for LEED certificate and its 

required documentation. The lack of familiarity with green building 

construction is also a reason for the increment of the transaction cost.  It can 

be recommended that becoming familiar with the green concept by 

stakeholders of the construction industry and increasing the rate of green 

building construction would reduce the transaction costs of green buildings. 

Most importantly, reducing the cost of Green Certification would provide 

considerable relief to clients in the industry. Furthermore, regulatory bodies 

are invited to increase the affordability of green material by minimizing the 

taxes imposed on the imported material. It will be rewarding to the 

professionals who are involved in the construction of green buildings, if they 

could be recognized officially. Organizing of seminars to promote the green 

concept among the younger generation will also add a value to the industry.  
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Abstract  

óGreen Buildingsô aim at the efficient use of   energy, water and material 

resources while reducing the impact of the buildings on human health and 

environment. Green Building reduces the Running Costs (RC) required for 

the operation and periodic maintenance of a building throughout its life 

cycles thereby providing significant financial benefits. In Sri Lanka, green 

buildings are being increasingly constructed, and the lack of understanding 

about the Life Cycle Costs (LCC) of buildings has resulted in several 

misconceptions and these contradict the research findings on RC of green 

buildings. Therefore, this study is aimed at identifying the savings from RC 

that can be obtained from green buildings, compared to conventional 

buildings. The research problem was approached through case studies, semi-

structured interviews and a document survey. The findings were analysed 

using content analysis. It was revealed that the RC would vary depending on 

the function of the building, and that this cost is always less when compared 

with that of conventional buildings mainly due to the 78% saving on energy 

consumption cost. Furthermore, sustainable features in the building 

contribute to reducing energy cost during the running period. Consequently, 

it is essential to make the stakeholders aware of the RC of green buildings, to 

encourage   them to move towards sustainable development. 

Keywords. Cost Components; Green Building; Life Cycle Cost (LCC); 
Office Building; Running Cost (RC). 

1. Introduction  

Green building has been  in the forefront  of sustainable development since  

the dawn of the 21
st
 century as it  balances long-term economic, 

environmental and social health (Ali & Al Nsairat, 2009). Even though , it 

initally has  higher capital costs when compared to conventional buildings,  
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green buildings ultimately generate a pool of financial and environmental 

benefits such as reduced energy and  water consumption,  low  Running Cost 

(RC), improved productivity and health. According to Forster, Carter, 

Banfill, and Kayan (2011), the building maintenance and operation is well 

known internationally as an essential mechanism for retaining the cultural 

heritage and protecting the capital associated with the building fabric.  

 

Meanwhile, RC being the cost required for the annual operation and 

periodic maintenance of a building during its  entire economic life span, the 

proper design and the  selection of materials for building construction would 

result in lower RCs (Krstiĺ & Marenjak, 2012; Marszal & Heiselberg, 2011; 

Nalewaik & Venters, 2008). In Sri Lanka,  the entry barrier for green 

buildings is higher than that for conventional buildings in terms of the need 

for a new design, new technology and lack of understanding about the cost 

of green buildings (Chan, Qian, & Lam, 2009; Barnes, 2012). Moreover, 

SGS Economics and Planning Pty Ltd (2008) has highlighted that 

developerôs focus on initial costs, rather than LCC. Even though, a critical 

problem arises in this regard according to Johnston & Newton (2004), green 

buildings bring a wealth of practical and psychological advantages while 

improving ventilation, unsealing hard surfaces, sustaining wildlife and 

providing shelter and insulation. Jayantha and Man (2013) have emphasized 

that the cost of constructing green buildings which  is 2-4 % higher than that 

of conventional buildings  due to  their  higher initial capital costs,  is  

balanced in the long-run by their  lower RC during the entire life span of a  

property.  

 

Therefore the arguments generate a clear platform for considering the RC 

of green buildings through research carried out in the construction industry. 

Consequently, this research aims at identifying the savings of RC of green 

buildings compared to that of conventional buildings while identifying the 

green building concept and LCC, comparing the significant cost components 

during the running periods of the two types of buildings and ultimately at 

analyzing the reasons for the difference in costs between the costs of the two 

types of buildings throughout their lifecycles. 

2. Concept of Green Building 

Sustainable development facilitates quality of life and thereby allows people 

to live in a healthy environment with improved social, economic and 

environmental conditions for both the present and the future generations 

(Ortiz, Castells, & Sonnemann, 2009; Berardi, 2013). Kubba (2012) has 

stressed that the concept of green building has emerged with the essential 

purpose of improving the conventional design and construction practices to 

ensure sustainability. The Green Building Council of Australia defines the  
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concept of green building as the  building design, construction and 

operational phases which significantly reduce the negative impact of 

development on the environment and occupants while increasing social 

equity, cultural and heritage issues, traditions, human health, and social 

infrastructure (SGS Economics and Planning Pty.Ltd, 2008; Kubba, 2012).  

 

Hence green building rating system has become the background for 

assessing building environmental performance and integrating sustainable 

development into construction processes (GBCSL, 2011). Thereby, GBCSL 

(2011) has introduced the GREENSL® rating system as an assessment tool 

to provide a guideline for green building construction. Further Kats (2003) 

has also elaborated that it provides several  benefits to occupants such as, 

lower RCs, higher returns on investments, healthy interior spaces for 

occupants, better aesthetic appearance etc. 

3. Benefits of Green Buildings 

SGS Economics and Planning Pty. Ltd (2008) and Wilhelm (2005) have 

stressed that the financial, social and environmental benefits that green 

buildings provide make them more comfortable than conventional buildings.  

Some of the significant financial benefits that accrue are the savings on RCs 

which can be used as a marketing tool for potential clients and tenants 

(Gottfried, 1996; SGS Economics and Planning Pty. Ltd 2008). Apart from 

that Kats (2003) has stressed that green buildings produce 20% cost savings 

over the life of the buildings.  

 

On the other hand, Durmus-Pedini and Ashuri (2010) have stated that 

their environmental benefits include the reduction of the impacts of natural 

resource consumption, minimising of the negative impact on the 

environment; conservation of water and energy; prevention of noise, air, 

water, soil and light pollution and provision of healthier environments. 

Meanwhile its social benefits include the improvement of employee health 

and productivity, satisfaction of occupants, indoor environment quality, 

thermal conditions, and the preservation of water resources foe future 

generation (Fernando, 2012; Tatari & Kucukvar, 2011). In Sri Lanka, 

Jayalath (2010) and Bombugala and Atputharajah (2010) have witnessed that 

in the last few years the concept of green buildings has made considerable 

growth providing energy efficient buildings. 

 

4. Life Cycle cost 

 

life cycle cost (lcc) is defined as the ótotal cost of a building or its 

parts   throughout  its  life,  including  the  costs  of  planning,  design,  
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acquisition, operations, maintenance and disposal, less any residual 

valueô (pelzeter,  2007, s. 117). the author considers the period of lcc 

not only during the economic life-span but also during the entire 

period of existence of a building. lcc is especially useful when 

selecting better project alternatives in fulfilling the performance 

requirements. according to marszal and heiselberg (2011), the 

investment cost / initial cost of construction is defined as the sum of 

the planning cost, designing cost, construction cost including material 

cost, equipment cost, labour cost for all the works necessary for the 

construction process and other services required for building operation 

while rc includes the cost of maintenance and operation during the life 

span of the building.  
 

5. Running Cost  
 

RCs mainly consider and carefully account for the cost of annual operation 

and periodic maintenance during the entire economic life span of a building, 

and replacement of equipment after its service life (Forster & Kayan, 2009). 

The findings of Wang, Zmeureanu and Rivard (2005) have revealed that 

maintenance is usually required during the operational stage while 

transportation is an activity associated with most other stages and El-Haram 

and Horner (2002) have divided maintenance into two types as shown in  

 

 

 

 

 

Figure 1, Types of maintenance 

 

On the other hand, Aye et.al (2000) have stated that the operation of the  

energy supply system is associated with the running of the building systems 

such as heating and ventilation, air conditioning, lighting and power and 

vertical transportation. Therefore the cost involved in operating services is 

called the operation cost (Marszal & Heiselberg, 2011). Operation costs 

include costs of managing the built environment including administrative 

support services (Al-Khatam, 2003). The classification is improved in Table 

1 where the RC components have been identified as direct and indirect costs 

separately.  
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Table 1, Classification of RCs Separately as Direct and Indirect Costs 

Source (Maintenance Practice Committee, 1975; Brown & Robertson, 1990; Levitt, 2009; 

seeley, 1987) 

5.1. RUNNING COST OF GREEN BUILDINGS 

Properly designed green buildings incur reduced RCs related to heating, 

cooling, lighting and ventilation, water consumption and proper maintenance 

(ITU, 2012). Moreover, Nalewaik and Venters (2008) have identified the 

design of the building, material selection and the site construction as factors 

affecting RCs and also the fact that between 70% - 85 % of the building RCs 

can be influenced during the design stage. 

5.1.1. Running Cost of Conventional Buildings Vs. Green Buildings 

RCs of both buildings cover the cost of energy related to heating, cooling, 

electricity, gas and water supplies, maintenance work, repair or replacement 

of equipment, and other related soft costs ( Nalewaik & Venters, 2008). In 

green buildings, energy consumed during the running stage of the building is 

reduced while conventional buildings consume large quantities of material 

and human resources (Local governments in Alameda County, 2009). 

Therefore Barnes (2012) has suggested that if the building is built in 

accordance with the LEED guidelines, it will become more efficient as far as 

the occupants are concerned. Meanwhile Fowler and Rauch (2008) have 

stressed that the conventional buildings do not use natural resources for 

lighting, air conditioning, electricity and material but that they only use 

artificial systems while green buildings use natural resources for these 

systems, i.e solar panels for electricity consumption which reduces the cost 

of the electricity used, green roof and glazed windows for the cooling system 

and LEDs for lighting system which consume lower energy. This has been 

clearly justified by the findings of Kats (2003) and Gottfried (1996) which 

indicate that green buildings are 28% more efficient than conventional 

buildings and that they generate 2% of their power requirements  at -site 

from solar. 

6. Importance of RC in Green Buildings 

Improper maintenance and operation of the green buildings lead to 

unnecessary energy consumption, poor indoor air quality and environmental  

Direct Cost  (Material, Labour, Equipment)  Indirect Cost ( Administration)  

Main structure,  Internal construction,  Finishes and 

fittings,  Services(mechanical, plumbing,  electrical),  

Decoration,  External work,  Sustainable features, 

Energy Cost and other utilities cost 

Staff cost,  Planning cost,  

Training cost,  Profit,  Insurance,  

Taxes,  Experts cost (consulting 

cost),  Opportunity cost 
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damage (Wu, 2010). Furthermore the RC of a green building plays a vital 

role since life span of a green building will depend on its quality (Seo & 

Hwang, 2001). According to SGS Economics and Planning Pty.Ltd (2008) 

and Ryghaug and Sorensen (2009), the lack of understanding about the 

LCCs of buildings leads the focus to be mainly on the initial cost of the 

green building rather than on LCC. However, the effective maintenance and 

operation of the building facilitate long-term returns on investment through 

the reduced RC of green building construction (Barnes, 2012). Yet, the RC 

of green buildings is an under researched area in the construction industry in 

Sri Lanka which has to be thoroughly investigated if a productive outcome is 

to be obtained. 

7. Research Methodology 

In this research, the qualitative research approach which is appropriate for 

gathering and analysing data for the study of a contemporary phenomenon in 

its natural context, was followed. Four case studies were conducted using a 

document survey and semi structured interviews and cross case analysis was 

done using the data collected from six semi structured interviews done under 

the case studies. The collected data was analysed using both content analysis 

and statistical data analysis. Thus the findings were geared towards 

achieving the ultimate outcome by identifying the saving of RC of green 

buildings compared to that of conventional buildings 

8. Research Findings and Data Analysis  

Prior to analyzing the research findings in detail, the pilot survey was 

conducted by interview with four people of green building experts. The 

details of the respondents, are given in Table 2. 

Table 2, Detail of Respondents in Pilot Survey 

Profession Position Years of 

experience 

Engineer Project manager 25 years 

Quantity Surveyor General manager 20 years 

Engineer Mechanical engineer 7 years 

Facilities Manager Senior manager 20 years 
 
The findings exposed significant cost components in building construction in 

Sri Lanka as shown in Table 3. Thereafter green and conventional buildings 

were compared in terms of each identified cost element and special reasons 

behind the increment of cost in green buildings in each cost component were 

highlighted. 
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Table 3, Identified components of Direct and Indirect Costs 

Direct Cost 

Cost Components Cost  

Comparison 

Special reasons behind the increment of cost in 

green buildings 

Main Structure  

Frame, External walls, 
Roof structure, Roof 

covering, Roof lights and 

glazing, Gutters and 
rainwater pipes, Windows, 

External doors and glazing 

More in green 

buildings 
¶ Roof Structure- Due to roof plantation cleaning 

¶ Roof covering/ Gutters and rainwater pipes - Due to 

rain water collection, adequate cleaning system 
required 

¶ Roof lights and glazing- To get the day light 

regularly, want to clean the high efficiency glazes 

¶ External doors and glazing- To reduce the heat, use 

heat proof stickers 

Internal construction 

Staircase, Floors, Partition 

walls, Internal doors 
including glazing 

More in green 

buildings 
¶ Staircase- To maintain salvage timber stair case 

additional manpower required  

 

Finishes and fittings  

Ceiling finishes, Wall 

finishes, Floor finishes, 

Ironmongery 

Same or 
sometime 

more in green 

buildings 

¶ Ceiling & Wall finishes- Maintenance cost is high 
due to the green certified materials 

¶ Floor finishes- Extra cost for maintaining green 
certified carpet floor  

Plumbing and sanitary 

fittings 

Cold and hot water supply 

pipe, valve, Sanitary 

fittings, Disposal pipe 

Same or 

sometime 
more in green 

buildings 

¶ Sanitary fittings- using efficiency fittings (E.g- 

sensor taps) 

Mechanical services, 

heating and ventilating 

Lift, AC, Chiller, Fire, 

Elevator 

Same as 

conventional 
buildings 

 

 

¶ Chiller- Use of energy efficiency chiller 

Electrical services 

Wiring, Main switch board 
and meter, Appliances and 

fittings, Lighting 

protection, Other electrical 
equipment like fax 

Same as 

conventional 
buildings 

 

 

¶ Appliances and fittings- Use of energy efficiency 
lamps 

Sustainable features 

PV panel, Solar tubes, Eco 
roof, Storm water recycling 

equipment, LED lights 

 
 

More in green 

buildings 
 

 

 

¶ Generally only green building have this features 

¶ Eco roof- Due to maintenance of roof plantation cost 
is high 

¶ LED lights- use of energy efficiency lamps are high 

¶ Storm water recycling equipment -Additional cost 

for cleaning those equipment 

Indirect cost 

Staff facilities, Security 

staff, CCTV operation 

Same as 

conventional 

buildings 

¶ Same Cost 

Planning or inception cost, 

Operator, Operational 

manual 

More in green 

buildings 
¶ Involvement of expertise in maintenance period  

Energy audit  Additional in 

green 

buildings 

¶ Generally only green building have this features 
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8.1. DATA ANALYSIS ï SEMI STRUCTURED INTERVIEWS  

Subsequently, a cross case analysis was done by selecting a green building 

and a conventional building, to compare its RCs in terms of the previously 

identified cost components. The details of the four cases are shown briefly 

in  Table 4. 

Table 4, Details of Cases 

 Case A - Bank Buildings  Case B - Office Buildings  

Green Building 

(Case A1) 

Conventional 

Building (Case 

A2) 

Green Building 

(Case B1) 

Conventional 

Building 

(Case B2) 

Employer Bank Bank Office Office 

Project duration  2009-2012 2009-2011 2006-2009 2010-2012 

Contract sum 132 Million 150 Million 390 Million 340 Million 

Number of stories 2 storey 3 storey 3 storey 4 storey 

Gross floor area 10, 000 sq.ft 13,000 sq.ft 100,000 sq.ft 90,000 sq.ft 

Procurement 

method 
Measure and Pay 

Measure and 

Pay 
Measure and Pay 

Measure and 

Pay 

Running period 

until 2014 
2 years 3 years 5 years 2 years 

The analysis was conducted for the cost components and cost savings of RC. 

The cost components were divided in to two categories as direct and indirect 

costs.  In the main structure, differences and similarities of the cost 

components have been identified and the respondents have stated that the RC 

for the frame structure, external walls and windows are same for both 

conventional and green buildings while RC of the roof coverings of green 

buildings is higher than that of the conventional buildings. Meanwhile, the 

majority of the respondents have indicated that the RCs for gutters and rain 

water pipes are higher in green buildings. Even though only one respondent 

has stated that ñthere is a small difference in cost from that of a conventional 

building because there is door glazing which needs heat proof stickersò, all 

the other respondents have stated that the cost is same for external doors and 

glazing in both types of buildings. In the meantime when building 

appearance mainly depends on the finishes and fittings, the majority of the 

respondents have indicated that the RC components of the wall, ceiling and 

floor finishes are same for both buildings. However, one respondent has said 

that ñthe indoor environmental heat in a conventional building is higher than 

that in a green building thus the cost of finishing of a conventional building 

will be more than that of a  green building making  the maintenance cost of  

a conventional building to be higher than that of a green buildingsò.  

 

As the bottom line lies in the internal construction, the RC of finishes and 

fittings cannot be predicted. Apart from that sustainable features such as PV  
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panels, solar tubes, eco roof LED lights and storm water recycling 

equipment play a significant role in green Buildings and their RCs are higher 

compared to those of conventional buildings. With regard to water 

consumption, the cost is less in green buildings whereas the RC remains 

same for both types of buildings in respect of fuel consumption. In 

considering the indirect cost component of RC, respondents argued that the 

cost of staff facilities is high in green buildings as it is the educated people 

who are involved in running them. Under the planning and inception cost 

one respondent has highlighted that, ñthere is a little difference because in 

green buildings we have to provide an energy simulation plan and with that 

we have to submit additional documentation making the cost highò. On the 

other hand, the majority of the respondents have stated that the RC of the 

building management system can vary because of the building services. 

Hence the analysis has revealed the possibility of having a realistic platform 

on which the RC components of the green and conventional buildings could 

be discussed thoroughly in terms of their direct and indirect costs. 
 

8.2. DATA ANALYSIS ï DOCUMENT REVIEW 
 

For the analysis done under the document review, all data related to the cost 

components of the running period were collected from documents prepared 

in 2013. Table 5 gives the RC details of labour, material and equipment 

(including cleaning, maintenance repairing) of different buildings. 
 

Table 5, RC data of each Cases 

Cost components Case A1 Case A2 Case B1 Case B2 

DIRECT COST 

Main structure 21,299.00 12,835.00 300,000.00 280,000.00 

Internal construction 8,520.00 7,333.00 162,000.00 160,000.00 

Finishes and fittings 42,600.00 11,920.00 600,000.00 260,000.00 

Plumbing and sanitary fittings 63,899.00 18,339.00 900,000.00 400,000.00 

Mechanical services, heating 
and ventilating 

266,400.00 324,922.00 1,500,000.00 340,000.00 

Electrical services 19,170.00 9,252.00 270,000.00 195,000.00 

External works 480,000.00 153,600.00 960,000.00 668,000.00 

Internal and external 
decoration 

17,040.00 16,506.00 540,000.00 360,000.00 

Sustainable features 506,940.00 917.00 2,784,600.00 20,000.00 

Energy consumption 1,939,788.00 9,739,600.00 4,302,800.00 19,134,461.00 

others 78,000.00 18,000.00 145,000.00 25,000.00 

Total cost 3,443,656.00 10,313,224.00 12,464,400.00 21,842,461.00 

INDIRECT COST  

Administration 6,010,000.00 3,605,000.00 10,825,000.00 7,220,000.00 

BMS - - 1,800,000.00 900,000.00 

Other outsource 3,060,000.00 3,294,666.00 410,000.00 525,000.00 

Documentation 200,000.00 100,000.00 350,000.00 200,000.00 

Total cost 9,270,000.00 6,999,666.00 13,385,000.00 8,845,000.00 
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The main RC varies for only two cost components in the four cases. The 

RC of the roof covering of Case A1 (green building) is 55% higher than that 

of Case A2. Similarly, Case B1 has a 31% higher cost than Case B2. Case A 

uses storm water recycling equipment for purifying the water. Similarly, the 

RC for gutters and rain water pipes is higher in green buildings. Thus, in the 

main structure, the RC is more in green buildings than in conventional 

buildings. In respect of  ceiling, wall and floor finishes , the RCs are high for  

green buildings and Case A1 has nearly a 73% higher cost than Case A2. 

Similarly in Case B1 it is 68% higher than in Case B2. Even though the 

gross floor area matters for some extent, the cost is not saved here during the 

running period of green buildings.  

 

Ultimately in each case, green buildings are not capable of saving the RC 

component during the running period. In contrary to this in the analysis of 

the direct cost components of energy consumption related to fuel, electricity 

and water  it is found that nearly 78% of the RC of green buildings is saved 

compared to that of conventional buildings and in Case A1 this is 66% and 

in Case B1 it is 42%. On the other hand, the indirect cost of RC is 24% 

higher in Case A1 than in Case A2. Similarly, in Case B, the RC of green 

buildings is 33% higher than in conventional buildings. Thus, in green 

buildings there is no saving from the RCs of indirect cost components. 

Eventually there is no saving of direct and indirect cost components and 

therefore the total RC in green buildings is less than in conventional 

buildings as shown in Table 6. 

 
Table 6, Total Running Cost (RC) 

Cost Components 
Case A Case B 

Case A1 Case A2 Case B1 Case B2 

Direct cost 3,443,656.00 10,313,224.00 12,464,400.00 21,842,461.00 

Indirect cost 9,270,000.00 6,999,666.00 13,385,000.00 8,845,000.00 

Total cost 12,713,656.00 17,312,890.00 25,849,400.00 30,687,461.00 

Table 6 clearly depicts the total RC including both direct and indirect RC 

components of selected cases during a one year running period. The findings 

elaborated that in the green buildings of Case A, there is a 26% saving of RC 

of a conventional building during a one year running period. Similarly, in 

Case B1 there is a total saving of 15% from that of Case B2. Noticeably, the 

RC savings comes from direct cost components whereas indirect cost 

components add costs to green buildings.  

 

According to the table the indirect RC is 24% higher in case A1 than case 

A2. Similarly, in Case B1, the RC of green building is 33% higher than 

conventional building. Thus, there is no running cost saving during the  
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running period when the indirect cost is considered. In green buildings, there 

is a saving of nearly 66% in the direct cost components of Section A 

buildings whereas for Section B buildings the cost saving is only 42%. 

However, RC of indirect cost components in green buildings is higher than 

those of conventional buildings. i.e.  it is nearly 24% in Section A buildings 

and 33% in Section B buildings. Thus, the saving in costs is higher than the 

addition of costs during the running period of green buildings and this saving 

is only related to energy consumption.  

 

Further, it has been automatically stressed that the cost savings are only 

from the energy consumption charges during the life cycle and ultimately the 

results highlighted that, in green buildings the saving of RC is a considerable 

benefits for the building owner. 

5. Conclusions 

Green buildings provide environmental, economic and social benefits as 

they are designed for a healthier environment to live in and work while 

reducing any negative impacts on the environment. However, the lack of 

knowledge on the cost of green building is a significant barrier in its 

implementation. In Sri Lanka, the lack of knowledge and projects based on 

green concept have already made the authorities to investigate the RC 

components and its savings. Under the savings of the RC, the contribution of 

the direct and indirect cost components is significant. When it is compared 

between the green and conventional buildings, the overall RC saving in the 

green buildings is heavily determined by the energy saving mechanism, 

while all the other maintenance and operational activities add cost to green 

buildings.  

Although green buildings use more sustainable features to reduce energy 

cost during their running periods, in respect of maintenance there is an 

additional cost identified as expertise are involved during the running period 

in supervising labour and maintaining documentation. This indicates the 

necessity for an in depth analysis in generalizing the different situations 

when investigating the RC. Ultimately a thorough understanding of the RC 

leads to effective maintenance and operation of the buildings during their 

running periods, securing a long-term return on investment in the green 

building construction industry in Sri Lanka.  
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Abstract 

Crime like drug dealing in public places of cities is a widespread 

phenomenon. This paper reports on the findings from the case study on 

illegal drug crime in one of the prime locations of Narayanganj City 

Corporation. Physical location of 216 incidents of illegal drug dealing is 

analyzed here with respect to spatial configuration of streets and 

corresponding land use. Main focus is to test the hypothesis supported by the 

Crime Pattern theory that drug dealing is more likely to happen in areas 

which are near streets or places that triggers a flow of good number of 

people at a regular basis. Basic tool used in this paper is Space Syntax 

methodology. Integration (HH), control and weighted optimal local choice 

levels of streets at reported locations are considered while using the space 

syntax methodology. Aim of the paper is to identify the spatial attribute of 

drug crime locations for helping urban planners, designers and crime control 

authorities to identify crime zones easily for acting proactively rather than 

reactive. Results shows, street accessibility, proximity to specific land use, 

the number of intersections that need to be crossed to reach a street at a local 

level has a significant effect on location choice of drug dealing. Rational 

choices (to movement) of streets and mixed-use residential areas with close 

proximity to poorly integrated streets show more vulnerability for becoming 

selling point of drugs. Also the streets having drug crime record show an 

inverse relation between streets control value and weighted choice value at 

local level. These results indicate that spatial attributes while explored can 

help to control the potential crimes in cities and create a responsive 

environment in social terms. 

Keywords. Drug crime, Crime pattern theory, Street network, Rational 
choice, Space syntax 

1. Introduction: Drug dealing and urban economic dynamics 

Drug related crimes are alarmingly high in Bangladesh for the past 
few years which are evident from the crime records of recent year by  
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Bangladesh police (BP). Among 51832 recorded cases of 2014, 42510 
cases were drug dealing crime (BP, 2015). 1990ôs Narcotics Act of 
Bangladesh provides list of drugs considered as Narcotis and also 
indicates the allowable range for a person to carry those drugs. Most 
common drugs used in Bangladesh are stimulants among which Yaba 
is sold the most (BP FIR records). Report published by The Daily Star 
on June 26, 2015 refers, according to the police and other sources, the 
number of addicted people in Bangladesh are more than six million, 
spending over Tk 700 million (70 crore) every day on illegal narcotics 
(yearly US$ 533 per person) is nearly half of per-capita income of 
Bangladesh(US$ 1,314 in 2015). But this cost will be more if we 
consider the cost of the damage related with drug problems.  

2. Crime pattern theory and mechanism of crime 

Crime pattern theory, a spatial theory of crime, focuses on crime as a 

complex event that requires not only the socio economic or physical 

or mental condition of offender, but also context or place as a 

requirement for its occurrence. This theory assumes the existence of 

motivated offenders and tries to understand their decision processes 

and actions within the context of the other elements of the criminal 

event. It is closely related with rational choice and routine activity 

theory and this theory promotes that there is a stronger geographic 

reasoning within the thought process of committing crime. In 

reference to P.L. Brantingham and P.J. Brantinghamôs paper on Crime 

Pattern Theory (2008) some key points are:  

 

a) Criminals go through a sequence of daily activity and cross some 

routes at regular basis and take decision of committing crimes. 

b) Usually criminals do not function individually; they always try to 

be at groups of friends or family. 

c) Criminals commit crime finding triggering event within their daily 

routes.  

d) There is a limited range for every individualôs daily activity, these 

comprise of work place, markets, schools, mosques, hospitals and 

nodes between them. 

e) Criminals have a similar spatial typo movement like a law abiding 

person. 

f) Possible targets or victims usually have passive or active activity 

space that shares the boundary of the offender and the happening 

of crime depends on the will of the offender. 
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g) Within the built urban form, crime generators are created by high 

flows of people through and to nodal activity points.  

 

According to Rational Choice Theory (Cornish and Clarke,1987), 
which is the base of crime pattern theory, a motivated offender will 
commit crime if it is profitable, useful or enjoyable, and if they think 
they can get away with it (Ratcliff J., 2005). 

2.1 Locational choice for drug crime  

In general high value products, not frequently purchased are sold at 
large places accessible for all. In contrast, products of daily needs are 
sold at local markets with very short travel time. Though drugs are 
illegal, but they are the commodity of frequent daily needs. Drug 
dealers also do not select their business location at a random basis, 
rather they might take a rational decision in selecting their business 
palace (Eck, 1995 & Rengert, 2005). Their aim is to attract potential 
customers and supply products to make profit. To fix the location of 
the stores, retailer focuses on finding an accessible location, which 
will have a flow movement of potential customers (Rengert, 1996). In 
addition the drug dealers have another condition staying safe and 
unnoticed. Some possible locations of drug dealings are transport 
interchange (Brantingham and Brantingham, 1995) areas near to pawn 
shops or squatter type colony (Anderson, 1999), shopping centers 
(Eck, 1995), high schools (Roncek and Lobosco,1983), Bars (Roncek 
and Lobosco,1991), train links, highways (Eck,1994) and  vacant 
homes (Rengert et al.,2005) . 
 
Charls Boothôs study on spatial pattern of poverty, (Booth, 1889-

93), explains, the distribution of prosperity to poverty pattern follows 
a sequence of square and avenue to thoroughfare, road, street, alley, 
court, yard to dead end rookery and slum. It is also noted that physical 
boundaries, such as railways lines had an effect on isolating areas and 
creating a barrier between the people of those areas and the city life 
(Laura Vaughan, Ilaria Geddes). From Boothôs study it is clear that 
poor settlement or squatter type colony grow at areas beside a highly 
integrated street with large urban block which is not accessible from 
every side, but from one side and also that might be a dead end road. 
Drug dealers might be attracted for these streets which have urban 
blocks having squatter type colony (Anderson, 1999) with difficult 
accessibility at close proximity to integrated streets. 
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Drug retailerôs attraction towards close proximity to integrated 

streets can be explained by Habermasôs Theory of Communicative 

action, which indicates a border concept of rationality that focuses on 

social interaction (Byron Miller). In his paper of Collective action and 

rational Choice, Byron miller, indicates that communicative form of 

action coordination are colonized by systematic forms of action 

coordination, places become less significant as a base for community 

but more important at corporate location and investment decision. On 

the other hand Spatial Interaction theory(Retail Geography, Jhon 

Dawson) suggests that, consumers doesnôt get very interested to buy 

things from the nearest available location, but locations with other 

attractions like institution or other urban attractions works as a 

gravitational force for retailing ( Law of Retail Gravitation, Reilly, 

1931). Drug dealing at inter-urban context also works as a local retail 

activity, as the consumer gets their product in small amount from an 

agent on locality basis. 

 

The systematic crime control model predicts that informal 

surveillance of a space reduces street crime (Paul E. Bellair, 2006). 

Inversely, streets which enjoy less informal surveillance are more 

prone to crime. Some scholars also think that some legal land uses 

may also have an effect on drug dealerôs locational choice (Eck, 1995 

& Rengert, 2005). For example , drug dealing can be found at places 

which generate a large flow of people at a routine basis, like public 

places, schools, hospitals, under construction infrastructure, hotels etc. 

These locational choices are also supported by Spatial Interaction 

theory (Retail Geography, Jhon Dawson). To attract drug dealers, 

these places need to have a low level of control (Eck and Wartell, 

1996), so that the safety of dealers does not come to a cost. 

 

The above theories supporting probable locational choice for drug 

retailing can be summaries as - Urban areas having low informal 

surveillance, near public facility or mixed use development that 

supports economy of local level and placed nearby of poor settlement 

are more vulnerable for Drug Retailing. 

 
3. Methodology : Space Syntax as a tool of spatial analysis 

pace syntax is a method for analysing the relation between spaces and the 

use of that space. Major references of Space Syntax theory are the books by  
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Hillier  and Hanson (1984). This methodology has been widely used for 

analysing city structures. In Space syntax, the spaces are considered as voids  

(streets, squares, rooms, Field, etc.) between buildings, walls, fences and 

other obstructions that restrain (pedestrian) traffic and the visual field. 

Among several methods for analysing a city via space syntax methodology a 

very common way to do is preparing an axial map of respective city for 

further analysis. An Axial map in space syntax denotes the least number of 

straight lines covering all spaces where no line between any two of its points 

crosses the perimeter (convex space) of a layout and their connections.  

 

Hillierôs theory of Natural movement (1993) states, the distribution of 

the built form, which generate and attract movement in an area, will be 

determined by the grid configuration itself. This theory indicates, the 

integrated streets points at an integration core has a great possibility of 

becoming the commercial hub of town. Integrated streets attracts public 

facilities and mixed use development at a close proximity. Public facilities 

and mixed use development creates to movement at a street highly integrated 

streets of a city are denotes a through movement. According to space syntax 

theories, integration is a static global measure. Integration of a street, shows 

the average depth of a street or axial line to all other streets or axial lines in 

the system. The streets of a city can be ranked from the most integrated to 

the most segregated via integration value obtained from Integration [HH] 

analysis. Again depth of a street means between two axial lines, the least 

number of syntactic steps in a graph that are needed to reach one from the 

other. In terms of space syntax method the spatial choice value with weight 

factor (local, R=3) denotes to movements at a local basis considering 

probable land use and is a local measure. Weighted choice value (R=3) 

indicates possible presence of local public facility like, schools, mosque, 

hospitals and mixed use development. A street has a strong weighted choice 

value at local level (R=3) when many of the shortest paths, connecting 

immediate streets to alternative streets of a city, passes through it. This 

measure can also be described as optimum rational choice at local level. 

Again, informal surveillance in space syntax means the control value of 

streets. Control value is a dynamic local measure of city streets. It measures 

the degree to which a space controls access to its immediate streets (axial 

lines) taking into account the number of alternative connections that each of 

these streets has. 

 

The present study tries to identify a common locational logic 

behind topological location choice for drug dealing in the urban 

context. The study concentrates more on the street network 

connections and land use. From the support of the available theory, it 

is predicted that, a place within the spatial network which is situated  
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close proximity to a highly integrated or accessible street, having 

nearby difficult accessible urban blocks with poor squatter type 

settlement, with land use which attracts to movement of people, but 

poor in control measure and ranges within the local level choice route 

of people will have a great potential for locating drug dealers. Present 

study is formed around one dependable variable and other four 

independent variables. Dependable variable is drug crime data that has 

been collected from local Police Authority of study area. Independent 

variables are global Integration [HH] of spatial network, land use and 

poor settlement data, optimum rational choice at local level and 

control value of spatial network of the study area. 

 
4. Case study  

 
Narayanganj, the most crime prone zone of Bangladesh has a record of 3932 

crimes during the year of 2014 among which 1605 are drug related crimes 

(S.P. office, Narayanganj). At 2011, Narayanganj received the status of City 

Corporation and got a larger administrative area consisting of old 

Narayanganj municipality, most of the part of Siddhirganj municipality and 

some part of Kadam Rasul municipality at the east side of Shitalakkha River. 

This study only considers the old Narayanganj municipality part. New part 

of the city is under development project for infrastructure construction. As 

this study uses space syntax methodology for finding logical relation of drug 

crime with spatial network, a city with ongoing infrastructure construction 

might give mislead results. To avoid complications only the Narayanganj 

pourasava part has been analyzed. For preparing drug crime pinned map, all 

of the drug related cases of 2014 were analysed and plotted on the old 

Narayanganj municipality map (2010) at respective location (Fig: 1). 

Numbers at Fig: 1(b) are showing current ward number of Narayanganj City 

Corporation. The administrative zone and police judiciary zone differs in the 

way that administrative zone mainly serve the purpose of electoral boundary 

and police judiciary zone serve the purpose of surveillance. Narayanganj city 

corporation (NCC) is divided under 3 police surveillance zone. These are 

Narayanganj Sadar, Siddhirganj and Bandar. Old Narayanganj municipality 

is mostly under Narayanganj Sadar, but some of its part has gone under the 

surveillance of Siddhirganj. To avoid complication of data management 

regarding to Siddhirganj (as most part of this zone   is  out  of  old  

Narayangaj  municipality area)  this  study only considers drug crime data 

from Narayanganj sadar and also the judiciary zone under this police station. 

Narayanganj Sadar is divided into 3 police stations each consisting of 4 

police Bit (patrolling area), which are Chashara, Tanbazar and Shitalakkha 

police station. Police bits are shown with dashed lines at Fig: 1(a). 
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Figure 1:(a) Drug Crime Data (2014 -2015) of Narayanganj Sadar Thana (b) Merged 

Map of land use and poor settlement, Integration [HH] and drug crime data of 

Narayanganj Municipality (2010) 

 

Among the 353 recorded crimes under Narayanganj Sadar at the year of 

2014, drug related crimes are 216. Each crime incidents recorded 

information regarding  the date and time of crime, location of the arrest with 

address, police bit of the location, number of accused person, the type, 

quantity and value (in BDT) of the drug that has been found from the 

offender. Fig:1 shows all these 216 crime with black dots at respective 

locations with nearby land use. In all cases the offender was found retailer 

and the value amount of recovered drug ranged approximately from BDT 

1,500/= to 24,000/=. Although in most cases Yabba was found, in some  
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cases Marijuana was also recovered from the offender. Fig: 1 indicates a 

clear pattern of drug retailing hot spots. These are ï Baburail, Bhuiya Para, 

Chashara near Don Chember, College Golachipa Road, Eshakha road, 

Golachipa, Neyamati road at Tanbazar, Naya para near Shasuja road, Naya 

para near Bhuiya para, Shahsuja road at Paik Para, Samsujdoja road at 

Chashara, S. M. Mahel road at Tanbazar.   

 

5. Spatial analysis and Discussion  

 

For this study, only the old municipality part of Narayanganj(2010) has been 

taken for space syntax analysis. At Fig.1, current street network of previous 

Narayanganj Municipality are shown. This parts of Narayanganj City 

Corporation has been analyzed for finding the most integrated streets at 

global scale and its relation with land use, optimum choice and control value 

of the drug crime hot spots with the help of space syntax method. Numbers 

has been used for denoting land use and alphabets has been used for 

indicating economic levels of the settlement. Land use codes are, 

1=commercial, 2=cultivated land, 3=industrial, 4=mixed use residential area, 

5=park, 6=public facility, 7=residential area, 8= restricted area, 9= 

road/railway, 10= water bodies. Settlement codes are, A=extreme poor 

settlement, B=very poor settlement, C=moderately poor settlement, D= 

marginally poor settlement, E=poor settlement. Fig: 1(b), shows the drug 

crime plotting of year 2014-2015 on land use and economic condition map. 

Table: 1, refers to the obtained values from space syntax and land use 

analysis of independent variables at drug crime hot spots.  

 

     Table 5: Comparative analysis of values obtained from Space Syntax 

methodology for the drug crime hot spots  
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Baburail, 16 Tanbazar 

police 

station, Bit 

no. 4 

1386 0.194 2 1 0.515 41.837  4  A 

Baburail, 16 Tanbazar 

police 

station, Bit 

no. 4 

1460 0.260 3 1.033 0.480 68.558 4  A  

Baburail, 16 Tanbazar 

police 

station, Bit 

no. 4 

1516 0.311 3 1.033 0.480 95.287 4   A 
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Bhuiya para, 

17 

Shitalakkha 

Police 

Station, Bit 

No. 3 

1506 0.407 3 1.25 0.506 130.337 4 A  

Bhuiya para, 

17 

Shitalakkha 

Police 

Station, Bit 

No. 3 

1524 0.325 5 1.158 0.558 142.403 4 A 

Chashara, 

Near Don 

Chember, 12 

Chashara 

Police 

station, Bit 

no. 2 

793 0.281 2 0.583 0.494 79.518  4  A 

Name of Steet 

, Ward 

number of 

City 

Corporation 

Police Bit 

Number 

Ref Choic

e 

[Choi

ce 

Wgt][

Norm

] R3 

Conn

ectivit

y 

Contr

ol 

Integr

ation 

[HH]  

Axial 

Line 

Length 

Land 

 use 

Econom

ic 

Conditio

n of 

Local 

Resident

s 

College 

Golachipa 

Road, 13 

Chashara 

Police 

station, Bit 

no. 1 

1278 0.394 2 0.533 0.514 83.979 6   C 

Eshakha 

Road, 11 

Chashara 

Police 

Station, Bit 

No. 3 

353 0.095 3 0.535 0.568 120.677  4 A  

GolaChipa, 

16 

Chashara 

Police 

station, Bit 

no. 1 

1537 0.231 5 1.7 0.428 114.959  6 C  

Neyamati 

Road, 

Tanbazar, 15 

Tanbazar 

police 

station, Bit 

no. 2 

75 0.259 2 1 0.401 90.236 4   A 

Naya Para, 

near Sahsuja 

Road, 17 

Shitalakkha 

Police 

Station, Bit 

No. 3 

1419 0.373 3 0.976 0.462 82.726 4  A  

Naya Para 

Road, near 

Bhuiya Para, 

17 

Shitalakkha 

Police 

Station, Bit 

No. 3 

1433 0.379 2 0.666 0.483 85.354  4  A 

Naya Para 

Road, near 

Bhuiya Para, 

17 

Shitalakkha 

Police 

Station, Bit 

No. 3 

1433 0.379 2 0.666 0.483 85.354  4  A 

Shahsuja 

Road, Paik 

Para, 17 

Shitalakkha 

Police 

Station, Bit 

No. 3 

1396 0.427 7 2.226 0.447 128.623 4  A  

Shamsujdoja 

Road, 

Chashara, 12 

Chashara 

Police 

Station, Bit 

No. 3 

1113 0.321 4 0.983 0.519 89.972  4 A  

S.M. Mahel 

Road, 

Tanbazar, 15 

Tanbazar 

police 

station, Bi 

t no. 1 

52 0.349 4 1.166 0.468 46.352  4 A  

S.M. Mahel 

Road, 

Tanbazar, 15 

Tanbazar 

police 

station, Bit 

no. 1 

63 0.229 3 1.333 0.421 204.337  4 A  

Average 

Value 

N/A N/A 0.111 2.96 1 0.427 81.462 N/A N/A 
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Minimum 

Value 

N/A N/A 0 1 0.056 0.169 4.546 N/A N/A 

Maximum 

Value 

N/A N/A 0.489 24 4.901 0.701 1772.46 N/A N/A 

 

For better understanding the relation among Integration [HH], Control and 

Weighted choice value a comparative analysis is shown at Chart:1. To ease  

graphical presentation the maximum value of Integration [HH], Control and 

Weighted choice has been equalized to a same scale, which is 1. 

Chart 1: Comparative Analysis among comparative values of Integration, Weighted 

choice and Control 

Chart: 1 shows that none of the drug crime hot spots coincides with highly 

integrated streets, rather resides at streets having near average integration 

value.This indication supports the idea of Crime Pattern Theory, that not the 

through movement, but the to movement (rational Choice) is necessary for 

happening a crime incident. Chashara was the central commercial core of  

0 0.2 0.4 0.6 0.8 1 1.2 

Baburail, 16(ref:1386) 

Baburail, 16 (ref:1460) 

Baburail, 16 (refd: 1516) 

Bhuiya para, 17 (ref: 1506) 

Bhuiya para, 17 (ref: 1524) 

Chashara, Near Don Chember, 12 (ref:793) 

College Golachipa Road, 13 (ref: 1278) 

Eshakha Road, 11( ref:353) 

GolaChipa, 16 (ref: 1537) 

Neyamati Road, Tanbazar, 15 (ref:75) 

Naya Para, near Sahsuja Road, 17 (ref: 1419) 

Naya Para Road, near Bhuiya Para, 17 (ref: 1433) 

Shahsuja Road, Paik Para, 17 (ref: 1396) 

Shamsujdoja Road, Chashara, 12 (refd: 1113) 

S.M. Mahel Road, Tanbazar, 15 (ref : 52) 

S.M. Mahel Road, Tanbazar, 15 (ref: 63) 

Average Value 

Minimum Value 

Maximum Value 

Comparative Analysis among compatarive values of Integration, Weighted choice 

and Control 

Integration [HH] x 1.4265 Choice [Choice Wgt][Norm] R3 x 20.04499 Control x 0.20404 
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previous Narayanganj municipality. Current land use map shows the area as 

a mixed of both commercial and residential land use. Most of these mixed 

use buildings have commercial use at ground floor and residential or other 

uses at upper floor. Fig: 2, indicates drug crime might have some relation 

with land use having residential zone with extreme poor settlement and 

mixed use development. Again, Table:1, shows, all drug crime hot spots has 

either mixed use or public facility as land use at respective streets. In case of 

economic condition of the settlement, from table:1, it is seen that drug crime 

hot spots have either extreme poor or moderately poor settlement at nearby 

streets. Fig: 3 shows Integration [HH] map(R=n), Weighted choice map and 

Control map of previous Narayanganj municipality. 

 

Figure 3: a. Integration[HH] map(R=n), b. Weighted Choice Map(R=3), c. Control 

map; ?Color range: Red to Blue (high value at red and lowest at blue) 
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Chart: 1, and Fig: 3(b), supports that all drug crime hot spots at previous 

Narayanganj Municipality happened at streets with near average and lower 

side of the control value of case study area. Table:1 shows these control 

value ranges from .05 to 1.7. But not all of those streets which have a lower 

or near average control value coincides with drug crime hot spots. This 

observation indicates not only control value of street network, but also there 

might be some other attributes which has a positive influence for making a 

street suitable for Drug crime. Again, Chart:1 indicates hot spots for drug 

crime are located on the streets where Choice value (local with weight) is 

above average. This indication supports, Law of Retail Gravitation theory. 

Table:1, shows weighted optimum local choice value of hot drug crime spots 

ranges from 0.4 to 0.2. Here in this case the highest optimum local choice 

value (weight) is 0.489 and average value is 0.11. 

 
Analyzing all the dependent and independent variables, it can be assumed 

that Streets having mixed use or public facility with nearby poor settlement 

of previous Narayanganj municipality look vulnerable for drug crime. Again 

analyzing the control and weighted optimum local choice value of the 

Municipality Streets, it is found that drug crime hot spots tends to have an 

average or below average control value with high or near average weighted 

choice value at local level. Compiling all these observation, it can be stated 

that, Drug Crime at Narayanganj Municipality happens on those streets with 

mixed use or public facility having a nearby urban block with higher density 

of people (poor informal settlement always have a higher density), difficult 

accessibility and has a higher above average local weighted optimum choice 

value with a lower (near average or below average) control value. 

6. CONCLUSION 

Locational choice of retailing drugs doesnôt depend on single factor. Here 

in this paper, the problem of identifying probable hot spots of drug crime has 

been looked thoroughly on the spatial point of view. There might be other 

perspective as well. In search of definite spatial parameters which might 

have an influence on drug crime, this paper formed around a case study of 

Previous Narayanganj municipality. Further research is needed to find out 

more spatial attributes for drug crime hotspots. Not only Narayanganj City 

Corporation but similar type of study can be done on all the urban areas of 

Bangladesh. Results from existing situations will give a direction for better 

protection against drug crime not only at current cities but also for future 

urbanized areas. This paper shows that analysis of spatial parameters like 

integration, control and weighted choice value can indicate probable drug 

crime spots, which matches with real-life situations. City planners and urban 

designers can use this dimension of spatial analysis to find out potential drug  
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crime spots having above average or near average integration [HH], lower 

range control and higher range of weighted choice values, at design phase 

and act necessarily. Also, analyzing integration, control and weighted choice 

value of new urban areas, law enforcing agency could be able to act as a 

proactively to secure vulnerable areas, by taking measures for controlling 

drug crime.  
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Abstract 

Alteration building is an emerging concept with growing interest in Sri 

Lankan construction industry pertaining to building renovation and building 

refurbishment to get effective and efficient out come to their existing 

buildings. Any additional work, removal work or changes in the external 

parts of the building structure as well as any modification works of surface 

texture, architectural details or materials can be regarded as building 

alteration works. Success of this concept depends on many factors, where the 

procurement is one of that. It has been identified that the selection of an 

appropriate procurement method could reduce construction project costs by 

an average of 5 percent. Thus, this study was conducted to identify the 

strengths and weaknesses of procurement systems used for building 

alteration projects and determine the suitable procurement system. Three 

alteration building projects were selected for in-depth analysis of 

procurement systems and SWOT analysis were utilised. Findings revealed 

that the traditional procurement method as the most suitable procurement 

system for building alteration projects in Sri Lanka. Reduce conflicts, 

providing high quality output, cost saving, profitable for both contractor and 

the client were the strengths and unsecured clientôs initial price and increase 

completion time were the weaknesses of said procurement system.  

 

Keywords. Building alteration - Building projects - Construction industry - 

Procurement systems 

1. Introduction 

The construction industry, undeniably a unique environment and by 

definition is a creative concept is one of the backbones of any countryôs 

economy (Ratnasabapathy & Rameezdeen, 2007).  No single project is the 

same as another and the diversity breeds novelty and innovative problem 

solving at the practical level. Even though with its magnificent
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characteristics, it has been criticized for its adversarial culture and lack 

of performance (Kaka et al., 2008). Construction Industry engages in 

a variety of building sites including building renovation, efurbishment 

and new constructions.  

Alteration means the physical changes such as additions, removals and 

modifications to a building or plans as a permanent work not physically 

expanding the existing property (Barronôs Real Estate Dictionary [BRED], 

2008). United States Access Board (2010) has defined alterations as an 

amendment in a building or facility that affects or could affect the operation 

of a building or facility or portion thereof, while National Institute of Health 

(2012) has construed it as any upgrading or amendment to an functioning 

property to permit its sustained or more efficient use within its designated 

reason (Renovation), or for use of a diverse reason or function (Alteration). 

The common goal of alteration projects is to achieve the facilities standards 

of new projects in existing works. Renovation designs must gratify the 

immediate residence needs and anticipate other future changes. As they are 

altered, building systems should become more flexible and adaptable to 

varying occupancy requests (US General Services Administration, 2015). 

Accordingly, alteration projects are categorized at three fundamental scales: 

refurbishment of an area inside a building; major renovation of an entire 

structure; and upgrade/ restoration of historic structures. 

Consuming a building for a long time period create problems of social and 

economy. Building owners suffer a lack of income due to long-term vacant 

building and high vacancy rates create a negative attitude of investors about 

market conditions. Occupants living in older buildings with a life time of 

more than 35 years are more likely to undertake a major renovation on their 

homes as depreciation becomes a major issue when they are going to sell 

their own buildings (Nair, Gustavsson, & Mahapatra, 2010). Therefore, both 

owners and investors tend to implement alteration concept in their projects 

(Remoy & Wilkinson, 2012). ñNow, the trend of alteration on an existing 

stock has become more and more important. This should provide an 

opportunity to enhance the social, economic and environmental performance 

of the property and community as required in many sustainable development 

conceptsò (Isnin, Ramli, Hashim, & Ali, 2012, p.02). 

 

Projects can be defined as a combination of activities which are placed along 

with specified objectives and limited resources (Bakar, A.H.A. et al. 2011). 

Thus performance of the project is measured in terms of time, cost and 

quality evaluating the importance of secondary factors such as budget 

availability, client satisfaction, proper project management, procurement 

type and several other unnamed factors (Alias, Zawawi, Khalid, Aris & NM, 

2014). Among them selection of the suitable procurement system is critical  
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for project success (Kumaraswamy & Dissanayaka, 1998). It has been 

estimated that the selection of an appropriate procurement method could 

reduce construction project costs by an average of 5% (Alhazmi & 

McCaffer, 2000). Griffith (2007) have identified the key considerations 

focusing on obtaining better value in procurement in alteration buildings, 

which are the function of building estate, financial relationship to the major 

business, location and the clientôs activities. Various researches have been 

conducted on identification of most suitable procurement methods for 

different types of constructions except alteration buildings. Turner (1997), 

Peek (2006), Singh (1990), Hashim,Yuet, Yin, Hooi, Heng& Lee (2006) 

have discussed how the procurement system is affected in general 

construction works. 

 

Previous researches have revealed that price certainty, responsibility, risk 

avoidance, price completion, quality level, complexity, controllable variation 

and time as the main factors to be concerned when selecting a procurement 

method which can vary according to the nature of the project, executing 

time, role of the client and other important criteria (Najeeb, 2005). Even 

though researches have been conducted regarding other types of 

constructions, less literature is available relating to building alteration where 

none has discussed about analysis of procurement system for the building 

alteration projects. Therefore, this research intends to identify ñwhat is the 

behaviour of procurement systems of the building alteration projects in Sri 

Lanka?ò which is a visible gap prevailing in sustainable construction 

industry. 

2. Building Alteration  

Building alteration works can be defined as any additional work, removal 

work or changes in the external parts of the building structure as well as any 

modification works of surface texture, architectural details or materials 

(Isnin et al.,2012). Accordingly, refurbishment of an area inside a building; 

major renovation of an entire structure; and upgrade/ restoration of historic 

structures are the three fundamental scales of building alterations (US 

General Services Administration, 2015). 

 

Alteration design should satisfy the initial occupancy needs and also 

anticipate additional future changes. Alteration model should be more 

flexible and the aim of the alteration should be to convince the new 

requirements within the parameters and constraints of the existing systems 

(Carol, Chan & Daniel, 2011). According to The Port Authority of New 

York & New Jersey (2013), to add comfort and enhance value of the 

building is one governing reason for building alterations. Building owners 

are changing internal parts to increase the comfort of living and increase the  
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value of money. Due to development of the world and attitudes of people, 

nowadays most of the historic buildings are tend to change by the building 

owners.  Due to lack of spaces in urban areas, people alter their existing 

buildings to get new look and value for the buildings. 

 

Alteration building works can be classified under two main categories, as 

major alteration and minor alteration. Under major alterations, Type 1 and 

Type 2 are the main sub categories while alteration Type 3 is the main 

category under minor alteration section (The Port Authority of New York & 

New Jersey, 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Most of the alteration works in Sri Lanka are not very complex. Therefore 

the proper alteration process is not regularly using in alteration works. 

However, in complex alteration works, as it is engaging with more planning 

works and complies with law, a proper procedure should be followed to 

ensure safety. Different alteration processes have been identified for both 

major alterations and minor alterations separately (The Port Authority of 

New York & New Jersey, 2013).  

 

 

 

 
 

Alteration Type 1 

¶ Commonly use when there is a change in maximum number of 

occupancy, changes the occupancy or use group of a space or 

changes the description of a space. Examples- Converting from 

commercial to residential, interior conversion of the building or a 

space within a building due to a building addition. Required 

approval of registered architect or licensed engineer. 

 

 

 

 

Alteration Type 2 

¶ Commonly use in renovation of commercial tenants and it will not 

change the building use, exits or type of occupancy.  

¶ Does not change the use or occupancy of the building but requires 

several types of work, such as plumbing and construction. Required 

approval of registered architect or licensed engineer. 

 

 

 

 

Alteration Type 3 

¶ Doesnôt require detailed plans and professionals. Examples- Curb cut, 

Constructing fence 
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Major alteration process has been discussed as following stages. 

 

 
 
Minor alteration process has been explained in following stages. 

 
Thus it is significant that major alteration process differs from minor 

alteration process from the initial step itself. No formal contract is prepared 

for minor works only  application  is  submitted for approval.  Moreover  
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alteration process as a whole totally differs from normal construction which 

has 11 different steps according to RIBA plan of work 2007. 

 

In order to govern the alteration process effectively, procurement is acting a 

critical role in construction projects. Each project is having special 

characteristics and it is a must to treat the project considering appropriate 

procurement systems which expose the attainment of the project objectives 

(Hashim, Yuet Li, Chu Yin, Hooi, Heng & Yong, 2006). Suitable 

procurement system will always provide a good chance to get project 

success from the start and toward the end of any kind of construction works. 

The importance of the procurement system is to determine the degree and 

the relationship between the clients, designers and other project participants 

in each and every stages of the project (Alhazmil et al., 2000). 

 

Different kinds of procurement systems have been involved in different 

levels of performances. Procurement has been developed due to several 

reasons, such as enhancement of complexity and magnitude, crossing 

national and natural barriers, innovative modalities. ñThese present 

prospective clients with many possible procurement paths within the 

complex network of potential arrangements for procuring design, 

construction, and management and financial servicesò (Kumaraswamy et al., 

1998, p.224). 

 

Significant changes in the technical and the economic conditions have been 

occurred in construction industry in recent past developing new procurement 

systems causing changes in clientsô basic requirements and other identified 

factors by the researchers in the past for successful completion of a project 

(Jayasena, 2009). However those factors have not been addressed with 

respect to the alteration building constructions.  

3. Methodology 

The aim of this study was to identify the behaviour of procurement system 

for alteration building projects in Sri Lanka. Case study approach was 

selected as the appropriate methodology to this study. Multiple cases have 

been selected to provide multiple sources of evidence and potential 

replication of findings. The unit of analysis of this research was building 

alteration projects. Three cases have been selected for analysis with 

Alteration Types 1 and 2 which are major alteration works which is the 

limitation of the research. 

 

Semi-structured interviews were carried out among related professionals 

based on their past experience to formulate solutions to understand the 

behaviour of procurement systems in selected building alteration projects. 
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Table 1: Cases Profile 

 

Type Case A Case B Case C 

Alteration type Alteration Type 2 Alteration Type 1 Alteration Type 1 

Project cost (Rs) 56 Million 65 Million 80 Million 

Project duration 15 days 6 months 8 months 

Table 1: Experts Interviewee Profile 

 

Case Reference Area of expert 

A CA1 Project executive (Refurbishment) 

B CB1 Project QS 

 C CC1 Project QS 

 

Qualitative cross case analysis was used for data analysis to understand the 

behaviour of Procurement systems for alteration building projects. The 

process of cross-case analysis is the comparison of commonalities and 

difference in the events, activities and processes that are the units of analysis 

in case studies (Samia & Robert, 2008). 
 

Factors influencing the successful completion of the projects were identified 

and later strengths and weaknesses of each case were recognised and 

compared with each other and analysed the behaviour of procurement 

systems in the building alteration projects in Sri Lanka. Even though 

previous researchers have identified cost plus fee as the better procurement 

system for small building works, as it has not been specified to alteration 

building projects and due to difficulty in finding projects with a considerable 

budget and cost details following cost plus fee as procurement system this 

research has selected projects with traditional measure and pay procurement 

method. 
 

4. Findings 

Data collected through semi structured interviews revealed that it is essential 

to have a proper procurement system in alteration building projects to 

improve good quality works and to take new ideas on-board while 

maintaining good relationship with different stakeholders. 
 

Having a proper procurement system creates a good relationship between all 

the parties involved to the contract. A party may demotivate if the 

procurement selection risk is more towards their side. It will directly affect 

to the quality of the work. In this research all the three selected cases have 

used Traditional Measure and Pay procurement system. According to the  
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interviewees Traditional Measure and Pay procurement system is the most 

commonly used procurement system in building alteration projects in Sri 

Lankan context. Contractors are willing to select this system on their 

projects due to higher variations involvement in alteration works. When 

compared to Traditional Lump-sum or integrated procurement systems, 

contractors are allowed for more variations in Traditional Measure and Pay 

procurement system and that has been the major reason for selection of that 

type in building alteration projects frequently by contractors. However, it is 

impossible to use Traditional Measure and Pay procurement system in all 

times. Alteration works consider parts in item wise, and therefore several 

parts could not be measured easily. It is the main difficulty in adopting 

Traditional Measure and Pay procurement system in those kinds of projects. 

Some projects have involved with a large number of demolition works and 

some items that could not measure easily and for that kind of projects it is 

better to integrate Traditional Lump-sum or integrated procurement systems, 

rather than adopting Traditional Measure and Pay procurement system.  

 

Literature reveals (Ratnasabapathy et al., 2006), that the Traditional Measure 

and Pay procurement system is the commonly used procurement system for 

construction works in Sri Lanka which was supported by the findings of the 

research. 

 

Identification of factors that are affecting the procurement process in a 

particular project is a crucial aspect. Figure 3 displays the factors affecting 

selection of procurement system and the level of influence in selected three 

projects. 

Figure 3: Factors affecting selection of procurement system and level of influence 
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According to Figure 3, affected factors in all three cases are almost same to 

the identified factors in literature. According to the three cases, above 

mentioned factors were common to the alteration projects as well.  

 

In all three selected cases were concerning the speed of the construction in 

procurement selection. Alteration building projects normally engage with 

less time duration compared to new construction works. However, even the 

speed of the construction is a concerning factor in alterations, all three cases 

were used Traditional Measure and Pay procurement system which is not 

suited for a speedy construction. Quality work and less allocation for 

extension of time were the clientôs main requirements of all three cases.  

The main reason for complexity on alteration building projects is due to 

modern techniques and modifications to the existing buildings. The modern 

architecture is used in alterations to provide a good aesthetical appearance to 

the building. Most of the times existing structure is not changing in the 

alteration projects, only the additions, removals and modification works are 

affecting in alteration process. However, case C uses Traditional Measure 

and Pay procurement system even it was a complex project. The main reason 

for the above cause is that, cost might increase if it is a Managing Contract 

procurement system which is more suitable for complex nature. But as client 

is always concerning the project cost engaging in Traditional Measure and 

Pay procurement system is a better solution for even a complex project.  

  

Quality of the work is a highly affected factor in alteration building works. 

Further, one of the most important aspects is to identify clientôs requirements 

when selecting a procurement system for the project. Provision of 

dominating client in alteration building projects is relatively higher than the 

other constructions. Therefore, quality level is a critical factor when 

selecting the procurement systems in a project. Quality level is a governing 

factor especially in alteration building projects. The clientôs expectation in 

alteration projects is to increase clientsô income or the profit by increasing 

demand for the existing building. Through the findings of the three cases, 

factors which were included in the literature synthesis were also proved 

further. 

 

In any kind of construction project, responsibility should be taken regarding 

all stakeholders who are involving in the contract. In early stages onwards 

contractors are involving in decision making process in alteration building 

projects. Responsibility can be shared in reasonable provisions by involving 

contractor in the early stage of the contract. In alteration works, it is 

important to engage with different parties to both design and construction 

works separately. Therefore the both parties are responsible for their works 

and it will help to complete the work successfully. Through the findings of  
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the three cases, factors which were included in the literature synthesis were 

proved further. 

 

Mitigating conflicts when selecting the procurement system for an alteration 

project is always a plus point which directly affects for completing the 

project effectively. When it comes to alteration works, it is always good to 

have less conflict procurement method in the contract. Through the findings 

of the three cases, it was identified that alteration building projects prefer 

Traditional Measure and Pay procurement system. 

 

From the initial stage onwards every party who are involving to the contact, 

have to face different kinds of disputes and arguments. Minimum disputes 

leads to a good quality effective outcome for the client. Case A is not a 

complex project and therefore, possibility of having large number of disputes 

in that kind of low complex project is very low. When compares to Case A, 

Case B is a kind of complex project. One of a main reason to follow 

Measure and Pay in their project was to minimize disputes while engage in 

construction. Traditional Measure and Pay procurement system is a flexible 

method when compared to Traditional Lump Sum and other procurement 

methods. Alteration works always difficult to predict quantities and 

therefore, selection of Traditional Lump Sum is a considerable risk for the 

contractor. In case B, consultant and the contractor have completed the work 

in a friendly manner. All the three cases were concerned about the quality of 

work while Case A was a restaurant project and Case B was converted to a 

shopping complex. Therefore, good aesthetic appearance was expected by 

the client.   

 

Quality of the work was a governing factor in case A. In Traditional 

Measure and Pay procurement system, client was directly involved to the 

design stage and the designs were required to fulfil clientôs requirements. 

Project cost is an important factor that all the clients are concerning in a 

particular project. In above three cases client has used competitive tendering 

to select the contractor on their projects. Selecting the lowest bidding price 

was an advantage to the client. When it compares with integrated 

arrangement, most of time contractors are selected through negotiations. 

Therefore, the client has to agree the contractorôs price and that price is not 

the lowest when it compares to competitive tendering price in Traditional 

Measure and Pay procurement system.   

 

In the contractorôs perspective, selecting Traditional Measure and Pay 

procurement system is a profitable approach when it compared with other 

procurement types. The reason is possibility of misjudging the quality in 

alteration building works due to high involvement of variations and extra 

works.  
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After analysing the three cases, the following advantages can be zoom out in 

using a Traditional Measure and Pay procurement system in building 

alteration projects in Sri Lanka; 

 

¶ Very less in arising conflicts 

¶ Providing high quality out put 

¶ Cost saving method  

¶ Profitable for both contractor and the client 

 

However, while having advantages of the Traditional Measure and Pay 

procurement system, there were few drawbacks affecting this system as well. 

By analysing all the cases, the major drawback is in adopting for Traditional 

Measure and Pay procurement system is, the clientôs initial price is not 

secured. In alteration works, variation cost and the extra work cost is 

significantly higher than when it compares to other construction types. In 

Traditional Measure and Pay procurement system, the contractor aware that 

he is paid for the work which has been carried out. When considering other 

disadvantages, time consumption for the completion of work is higher in the 

Traditional Measure and Pay procurement system comparatively to other 

procurement systems. Design and the construction are not overlapping in 

Traditional Measure and Pay procurement system. Construction works 

initiates when the design is finalized. Therefore, the completion time is 

higher in the Traditional Measure and Pay procurement system because the 

designing time and the construction time are acting separately. After 

analysing the three cases together the following disadvantages can be 

obtained in using a Traditional Measure and Pay procurement system in 

building alteration projects in Sri Lanka;  

 

¶ Clientôs initial price is not secured 

¶ Time for completion is high 

Thus it has been identified that behaviour of alteration building projects 

differ based on the procurement systems used.  

 

5. Discussion 

In alteration projects, clientôs expectation is mainly focused to the quality of 

the works. The reason is client is altering the existing building to have a 

better earning with his owned property. Therefore, the quality of the work 

needs to be increased. Additionally, client is always preferred for cost saving 

methods to make full use of his financial commitment. Furthermore, not only 

the client, but also the contractor expects profit in the works and they prefer 

minimum risk affecting contracts on their side. Always the final output is 

more efficient when the conflicts are getting lower in parties who involve to  
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the contract. If a procurement system could satisfy those factors, even the 

high completion time and the unsecured clientôs initial price would be a 

useful system for an alteration building project. According to professionalsô 

opinions and the analysis of the strengths and weaknesses of three cases, it 

can be concluded that the behaviour of alteration projects differ depending 

on the procurement systems used for building alteration projects in Sri 

Lanka.   

 

6. Conclusions  

Building alteration is a new concept for Sri Lankan construction industry. 

Unlike other construction works, studies were very less regarding the 

alteration constructions. In all kinds of construction works it is important to 

select a proper procurement system in those projects. In selecting those 

procurement methods, various factors were affecting in selection process of 

the suitable procurement methods. In this research, it has been identified that 

speed, complexity, quality Level, responsibility, risk avoidance and price 

completion were the most affected factors when selection a procurement 

system in a general construction project.  

 

According to the selected cases, Traditional Measure and Pay procurement 

system was the commonly used procurement system in building alteration 

projects in Sri Lanka and the reasons for the selection is very less conflicts, 

high quality output, cost saving and profitable for both contractor and the 

client. Some drawbacks also have been identified as clientôs initial price is 

not secured and time for completion is high. Suitable procurement system 

was finally identified by critically compared strengths and weaknesses of the 

procurement systems that were used in selected cases. By analysing and 

comparing the selected three cases and according to the literature, it can be 

recognised that behaviour of alteration projects differ depending on the type 

of procurement system selected for the project.  
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Abstract 

The importance of teams in construction is an issue of international 

relevance. For example, several influencing government reports in UK have 

highlighted this. However, effective teams cannot be created at a stroke, and, 

they need to be managed effectively to foster successful teamwork and team 

performance. Construction project management literature is heavily targeted 

on offering tools and techniques to manage a project to achieve the set 

project goals. However, it is very superficial on detailing how the 

construction project team should be led towards the project goals. Drawing 

on case studies conducted in Sri Lankan construction industry, this paper 

reports on how project managers lead construction project teams when they 

go through forming, storming, norming and performing stages. The findings 

revealed that due to the independent nature of construction project team and 

mostly the construction project managers acting on behalf of the client rather 

than the project leader, their leadership role deviated from a general project 

leader. More case studies are required to compare and contest these findings 

in different settings. However, since the findings were quite similar across 

the three case studies, which had different procurement arrangements 

(separated and design and Build) and different types of clients (public and 

private), it is expected similar trend would be observed in other construction 

projects. 

Keywords. Project Teams, Project Management, Leadership Roles, Team 
Development 

1. Introduction  

The concept of ñteamworkò is very much related to construction settings and 

is an issue of international relevance. Many of the problems with regard to 

construction projects could be overcome by better team working and 

collaborative arrangements. According to Constructing Excellence (2004,  
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p4) ñconstruction is a collaborative activity ï only by pooling the knowledge 

and experience of many people can buildings meet the needs of today, let 

alone tomorrow.ò Thus, teamwork in construction is not a choice but a 

necessity. 

 Since construction work requires team efforts, leadership should 

have great impact on the performance of construction work (Odusami et al, 

2003). As stated by Cornick and Mather (1999), stirring all project team 

members to perform to the best of their ability and even more importantly 

inspiring them to co-operate as and when it is necessary is a major key to 

success in the management of a construction project. To this end, the project 

manager has a distinctive role as a leader, since he is liable to drive the 

whole project team towards its aims and objectives with the use of limited 

resources supplied to him (Toor and Ofori, 2008). This research study aims 

to identify how construction project managers (CPMs) lead their team across 

various team development stages. 

2. Literature Synthesis   

To be an effective leader, the project manager of a construction project 

should adapt a style of behavior according to the given situation to meet the 

needs of the followers as well as the task environment. According to Hersey 

and Blanchard (1982), as all followers are unique individuals, the manager 

must treat them accordingly in a given situation in order to be a successful 

leader, which is the basic argument in situational leadership. Situational 

leadership stresses that leadership is composed of both directive and 

supportive leadership roles and each of them has to be applied appropriately 

in a given situation. Northouse (2007) further described that, directive role 

helps group members to accomplish goals by giving directions, establishing 

goals and method of evaluation, setting time lines, defining roles and 

showing how the goals are to be achieved. . Directive roles are often with 

one way communication. Supportive roles help group members to feel 

comfortable about themselves, their coworkers and the situation. Supportive 

roles involve two way communication. In Meyerôs (2014) research on 

competencies of a successful project leader, they found communication as 

the most important competency. 

 

 Muller and Turner (2010) indicate that leadership style should 

change at different stages of a construction project life. They argue that the 

nature of the work to be undertaken within each work stage will determine 

the leadership style most appropriate at arriving at the best outcome. On the 

other hand, Walker (1996) suggests two distinctive styles required by the 

leader at the start and towards the end of a construction project. At the early 

stages of a project,  the  manager has to  weld  together the   range of  
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professional specialists involved in the project and lead them in balancing 

the conflicting objectives, which demands them to adopt a human relations-

oriented style of leadership. Once the proposed solution has been defined, 

the process of developing the solution into working documents becomes a 

much more structured process, a more task-oriented leadership style is 

adopted by them. However, more studies are required to identify leadership 

role of a CPM during different development phases.    

 

 Construction project teams, similar to general teams, go through 

various team development phases with slight deviations (Senaratne and 

Hapuarachchi, 2009; Senaratne and Samaraweera, 2015). The team 

development stages as described by the Tuckman (1965) comprise of four 

phases as; Forming, Storming, Norming and Performing. The forming stage 

is when a group of people first comes together and members are primarily 

seeking for structure (orientation), guidance, and a safe environment. The 

storming stage is when individuals begin to challenge differences, especially 

as they relate to power and decision-making. The norming stage is when 

they accept rules, or norms of behavior and show the desire for group 

cohesion or consensus. The performing stage is where the members begin to 

relate more deeply to each other and to the groupôs purpose and task. The 

research findings of Senaratne and Hapuarachchi (2009) confirmed that 

construction project teams follow this linear sequence when they develop as 

teams. However, they found that this is affected when new team members 

enter into the project or when major changes occur in the scope of the work. 

Hence, these different stages in team development call for different 

leadership roles to suit a given situation in each of these stages.  

 

 When considering the construction project team development 

process, it is apparent that the team members have different behaviour 

patterns in each stage (Senaratne and Hapuarachchi, 2009). This requires a 

leader to adopt different leadership roles to cater the different leadership 

requirements in each stage of the team development process. As depicted in 

Table 1, a rational could be developed to identify the leadership role of the 

project manager; as either a high/low directive role or a high/low supportive 

role, using a generic study of Sheard and Kakabadse (2004) on leadership 

roles with the observable behaviours identified from a study of Senaratne 

and Hapuarachchi (2009) on construction project team development. 

Literature that describes leadership styles across the team development 

phases too proposes different styles that should be adopted at each phase. 

For example, Cornick and Mather (1999) propose in forming , storming, 

norming and preforming stages of the construction project team, the 

leadership style that the team leader should adopt are ódirectingô, ócoachingô,  
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ósupportingô and ódelegatingô respectively (see Table 1). Kasapoglu (2011) 

propose, most of the research on the construction industryôs leadership styles 

has shown that most employed style is the supportive. However, there is less 

understanding on how leadership styles of a project leader changes across 

the project phases.  

 

Table 1 - Predicted leadership role of CPM 

 

 

Stage Observable behaviours of 

the construction project 

team members 

Source:  Adopted from 

Senaratne and 

Hapuarachchi (2009) 

Rational for the selection of the 

required leadership role for 

the construction project 

manager (CPM) 

Source: Adopted from Sheard 

and Kakabadse (2004) 

Predicted 

leadership role  

Forming 

 
¶ Attempts to define tasks, 

processes  and how it will  

be decided 

¶ Politeness 

¶ Orienting with others 

personally 

 
 

¶ Leader should provide structure 
and clear direction to his team 

members 

¶ Leader is not required to provide 
a high supportive role since  

team members show a behaviour 
trying to orient with others 

personally and being polite in 

their behaviour 

High-directive 

Low-supportive  
 

Directing Style  

Storming 

 
¶ Arguing among members 

¶ Differences in points of 
view and 

¶ personal style 

¶ Lack of progress 

¶ Establishment of  

unrealistic goals 

¶ Concern over excessive 
work 

¶ Guide team members towards 

team goals  

¶ Improve work progress 

¶ Leader should help team 
members to achieve the team 

goal  

¶ Should address interpersonal 

issues and utilize interpersonal 
skills to address sensitive issues 

¶ Guide team members towards 

consensus  

¶ Teach conflict resolution 

methods 

High-directive 

High-supportive 
 

Coaching Style 

Norming 

 
¶ Agreeing of processes and 

procedures 

¶ Attempts to make 

consensus decisions 

¶ Focus and energy on tasks 

¶ Setting and achieving task 
milestones 

¶ Shared problem solving 

¶ Developing routines 

¶ Comfort with relationships 

¶ Effective conflict 

resolution skills 

¶ As the team shows success in 
setting and achieving the task 

milestones, the leader would 

need providing a Low-directive 
role 

¶ Leader should assist the team 

members to build strong 
relationships and agreeing on 

norms and standard behaviours  

¶ confront sensitive interpersonal 
issues  

¶ Focus on the effective utilization 

of interpersonal skills  

¶ Reinforce the strengths of each 
team member 

Low-directive 

High-supportive 
 

Supporting Style 
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Hence, case studies were conducted to explore this phenomenon as 

explained next. 

 

3. Research Method 

Deep insight into a phenomenon could be obtained by using the case study 

research approach. Yin (2003) describes that case studies are preferred to 

study real-life social contexts as the findings are interpreted based on the 

views and experiences of the case study actors. As Eisenhardt (1989) 

advocates case study is a powerful research methodology that enables to 

build novel theoretical versions based on theoretical generalisation.  

 

In view of the facts cited above, three construction projects were 

selected as case studies as detailed in Table 2. Yin (2003) depicts that 

external validity of a research can be increased by improving the ability of 

generalizing the findings beyond the immediate case study. This is mainly 

achieved while designing the research. Thus, different procurement 

arrangements and different types of clients were considered under the case 

selection of this research, to allow the findings to be extended to a wider 

range of projects improving external validity of the research. 

 

Data collection was mainly done by conducting semi-structured 

interviews with the project managers of the selected projects and with other 

three key participants of each project team including architect, client and the 

contractor. Data analysis was done through code-based content analysis 

using the N-vivo computer software. The findings are discussed in the 

subsequent section. 

 

  

Performin
g 

 

¶ Functioning fully as team 

¶ Clear and interdependent 

roles 

¶ Ability of the team 

members to organize 

¶ themselves 

¶ Flexibility and well-
functioning individually 

¶ Better understanding of 
each otherôs strengths and 

weaknesses and insights 

into group processes 

¶ Provide little direction and 
decisions since the team seems to 

work with full autonomy 

¶ Low amounts of two way 
communication  

¶ Only giving positive 
reinforcement and support 

Low-directive 
Low-supportive 

 

Delegating Style 
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Table 2- Details of the selected cases 

 

Project Project A Project B Project C 

Type A government hospital A private Institute A government building 

refurbishment  

Project Cost (Rs.) 215 millions 100 millions 1000 millions 

Project Duration 32 months 18 months 14 months 

Procurement Method Traditional method  Traditional method  Design and Build 

method 

Client NGO Private-Client Government-Client 

Nature of the team Project manager and 

other consultants from 
the same private 

organisation and the 

contractor from a 
different private 

organisations 

Architects, structural 

consultant and 
contractor from 

different private 

organisations and 
project manager and 

other consultants from a 

single private 
organisation 

Whole project team from 

a government 
organisation with 

internal divisions for 

consultancy, 
architectural and 

construction 

4. Research Findings 

The case analysis carried out on the current roles of leadership revealed that 

some of the leadership roles provided by the CPM are not in line with the 

identified roles at the literature review stage. Table 3 provides a summary of 

the leadership roles as verified through the empirical findings. Key findings 

of each phase are further described in this section. 

 

Table 3 - Existing leadership roles of CPM across the team development process 

 

 

 

 

Stage Directive Role Supportive Role 
Revealed 

leadership role 

Forming 

 
¶ Providing structure and clear 

task direction 

¶ Active involvement 

¶ Not showing how goals are to 

be achieved 

¶ Not making many decisions by 
the project manager 

¶ Not adopting one-way 
communication 

¶ Not allowing time to get 
to know each other 

¶ Not breaking 
interpersonal barriers 

within the team 

¶ Creating an atmosphere 
of confidence and 

optimism 

Moderate-

directive 
Moderate-

supportive 

 

More Directing 

Style 
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4.1. FORMING 

All the three project managers and majority of the subordinates agreed that 

óproviding structure and clear task directionô to the team members was 

mostly undertaken, while the leader óhad an active involvementô at the 

forming stage. However, project managers were only involved in ómaking 

the overall targetsô and the subordinates themselves were given the freedom 

to prepare their individual goals. Rather than one-way communication, ótwo-

way communicationô was more prevalent even at this forming stage. 

Generally, project managers declared that they ódid not get the opportunity 

to make many decisionsô due to independent team members. Hence, it is 

observed that instead of a high-directive role óa moderate-directive role of 

leadershipô is appropriate at the forming stage of construction project teams. 

 

With regard to the supportive role, majority of the interviewees 

agreed that project managers ódid not require allowing time to get to know 

each otherô and ódid not require breaking interpersonal barriers within the 

teamô. In addition, all of them have tried their best to ócreate an atmosphere 

of confidence and optimismô. This was supported by the two-way 

communication maintained by the leader and team members. Therefore, it is  

Storming 
(Just after 

forming stage 

or arrival of a 
new team 

member) 

¶ Get members to assume more 
task responsibility 

¶ Fair amount of clarifying and 
explaining 

¶ Active involvement 

¶ Leader consults but make final 

decision 

¶ Offer support and praise High-directive 
Low-supportive 

 

Directing Style 

Storming 

(Issues giving 
rise to 

interpersonal 

conflicts) 

¶ Get members to assume more 
task responsibility 

¶ Fair amount of clarifying and 

explaining 

¶ Active involvement 

¶ Leader consults but make final 
decision 

¶ Offer support and praise 

¶ Acknowledge conflict 

¶ Guide others towards 

consensus 

¶ Teach conflict resolution 
methods 

High-directive 

High-supportive 
 

Coaching Style 

Norming 

 
¶ Allow for less structure 

¶ Promote discussions 

¶ Ask for contribution from all 

team members 

¶ Encourage the team members in 

decision making 

¶ Giving feedback and 

support 

¶ Collaboration 

¶ Continues to build strong 
relationship 

Low-directive 

High-supportive 

 

Supporting Style 

Performing 

 
¶ Observing 

¶ Inquiring 

¶ Leader sets goals and team 

accomplishes 

¶ Provide direction and decisions 

¶ Give positive 

reinforcement and 

support 

¶ Providing two-way 
communication 

Moderate-

directive 

Moderate-
supportive 

 

More Directing 

Style 
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apparent that a CPM provides a ómoderate supportive roleô during the 

forming stage. 

  

Hence, the CPM seems to be adopting a  more ódirecting styleô. It is very 

much similar to the óauthoritative styleô of leadership, where the leader takes 

a ñcome with meò approach stating the overall goal but gives people the 

freedom to choose their own means of achieving it. But the influence of the 

client and the architect seem pushed the project manager to act more a role 

of a coordinator avoiding him giving a high task direction. 

4.2. STORMING STAGE 

The storming stage, which comes just after the forming stage or which 

comes with the arrival of the new team members has not been very much 

apparent externally from the team members to the project managers. Rather, 

case studies revealed that certain unsolved technical issues led to a storming 

stage that required CPM involvement. This was evident within the team of 

the project C, where the senior management has had a conflict over selecting 

a suitable procurement method, which ultimately has resulted in the whole 

project team polarizing into two groups.  Therefore, the project manager 

seems acting different leadership roles in each type of storming situations. 

  

Generally, all the three project managers have ógot their members to 

assume more task responsibilityô. Further, they all have provided óa fair 

amount of clarifying and explainingô and have óinvolved activelyô within the 

team providing the direction. Further, all the three project managers have 

óconsulted and made the final decisionsô in a storming situation, but at varied 

levels. However, when the storming stage has occurred due to a technical, 

business or social matter only the project manager had made the final 

decision after consulting others. Therefore, when considering the directive-

roles provided by the CPM in all storming stages, it is apparent that they 

provide a óhigh-directive roleô.  

 

 It was found that during certain storming situations, in particular, 

during interpersonal conflicts arising out of technical, business or social 

problems, all the project managers have óacknowledged conflictsô and have 

provided the roles like óoffering praise and support, guiding the team 

members towards consensusô and óteaching conflict resolution methodsô. 

But, there was no requirement for them to engage in óconflict resolutionô, as 

most other storming situations were not that severe or apparent. Therefore, it 

is observed that the CPM provides a ólow-supportive roleô during the 

storming stage which occurs just after a forming stage or with the arrival of  
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new team members and provides a óhigh-supportive roleô in storming stages 

which occur due to issues giving rise to interpersonal conflicts.  

 

 Overall, as most of the members in a construction project team 

consist of professionals, they require only a working relationship to work as 

a team unlike a general project team where team members look for personal 

relationships to work as a team. Moreover, in project teams from 

government organisation are further governed by rigid hierarchical 

procedures in case of conflict situations. Therefore, a typical CPM has a 

less-supportive and a high-directive role in the storming stage which shows a 

nature of a ódirecting styleô of leadership again. However, during the 

storming stage which occurs by various issues giving rise to personal 

conflicts, the CPM offers a high-supportive role reflecting a ócoaching styleô 

of leadership. 

4.3. NORMING STAGE   

When analysing the directive role in norming stage of the construction 

project team development process, all the three project managers and 

majority of the subordinates stated that project managers óasked for 

contribution from all team membersô and óencouraged the team members in 

making decisionsô and also ópromoted discussionsô which is of ólow- 

directive roleô as required at this stage.  

  

 With regard to the supportive role of the project manager in norming 

stage, project managers ógave feedback and supportô to their team members 

and there had been ócollaborationô and helped all the team members in 

óbuilding up strong relationshipô with each other to a great extent which are 

all seem to be óhigh-supportive rolesô of leadership as required at this stage.  

 Therefore, a typical CPM seems adopting a ósupporting styleô of 

leadership during the norming stage. However, in project teams where all the 

members are from different organisations have a restriction for them to have 

a close relationship. Nevertheless, it does not seem having a strong effect on 

building up norms among members and building up the relationship, as most 

of the project teams have weekly meetings which facilitate them building-up 

norms. 

4.4. PERFORMING STAGE   

 Case studies revealed that at the performing stage, the project 

managers adopted the roles of óleader setting goals where the team is 

accomplishing themô together with óobserving and inquiringô mainly which 

are in line with a less-directive role of leadership. But, all of them declared 

that they ócould not still avoid providing direction and decisions.ô Therefore,  
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it could be argued that the CPM offers a ómoderate directive roleô in 

performing stage.  

  

 It is further observed that all the project managers have provided 

ópositive reinforcement and support to their team membersô throughout the 

performing stage which is in line with a less-supportive role of leadership, 

but contrary to that all the leaders were still óunable avoid two-way 

communication between leader and the membersô, which is a high 

supportive role. Therefore, it could be argued that the CPM offers a 

ómoderate supportive roleô of leadership at the performing stage. 

  

 Such a directive role still at the performing stage has to be adopted 

by a typical CPM due to the contractual nature of a construction project 

where he has to administer and protect the contractual obligations of client 

and the contractor and prevent other consultants attempting to breach any 

obligations agreed upon. Unlike the manufacturing industry and most of the 

other industries which produce typical products, the projects in construction 

industry hold a complex nature and most problems require having a 

customised approach to solve it. Mostly, the contract period and the contract 

sum become fixed in construction projects and CPM needs to coordinate the 

team through regular meetings until the project completion. This avoids 

them to adopt a low-supportive role and forces them to continue a more 

directive style towards team performing stage. 

5. Conclusions 

The case studies findings indicated that leadership roles required for a CPM 

deviated from the predicted roles for each team development phase based on 

construction team behavior at each stage.  

  

 In forming stage, the CPM adopted a moderate directive role and 

supportive role of leadership, which is different to what was expected by a 

leader at a forming stage (high directive and low supportive role). These 

deviations were mainly due to working with the same level members in the 

team who are all regarded as experts in their own field.  

 

 Three different kinds of storming stages were identified in a 

construction project team as; the storming stage that begins just after the 

forming stage, storming stage occurring at the arrival of new team members 

and the storming stage that occurs due to various issues giving rise to 

interpersonal conflicts. The CPM adopts a high-directive role and a low 

supportive role in his leadership in the first two storming stages due to the 

professional nature of the team members who consider maintaining working  
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relationships rather than personal relationships. During the third storming 

stage, which occurs due to interpersonal issues, it was noted that the CPM 

has to deviate his leadership role to high-directive and high-supportive.  

 

 With regard to the norming stage, the CPM adopts a low-directive 

role and a high-supportive role where he demonstrates a leadership very 

much similar to the required leadership at this norming stage. During the 

performing stage, the CPM demonstrates a moderate directive and 

supportive role, which is rather different to what is expected at such a stage. 

The reasons identified were mainly due to CPM acting more on behalf of the 

client.  

 Overall, the findings of this study are important to realize how 

CPMs lead their project teams. More importantly, it shows that due to the 

independent nature of construction project team and mostly the CPM acting 

on behalf of the client rather than the project leader, the leadership role 

deviated from a general project leader. More case studies are required to 

compare and contest these findings in different setting. However, since the 

findings were quite similar across the three case studies, which had different 

procurement arrangements (separated and design and Build) and different 

types of clients (public and private), it is expected similar trend would be 

observed in other construction projects. 
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Abstract 
The preservation and renovation of historic buildings have aroused the 
public concern in the city of Ningbo, one of the most economically active 
regions in the south-eastern coast of China. The municipal government of 
Ningbo has targeted over 2,000 historic sites and been working on creating 
the database of these sites including building layouts and locations. The 
research team from the University of Nottingham Ningbo China, in 
collaboration with the government, had been working on the site survey and 
follow-up evaluation of a total of 44 historic sites. This study summarizes 
the site survey results of these historic sites, including building type, 
structure and construction materials, repair status, historic and architectural 
values, and present usage. Apart from the follow-up survey data, the 
research team also conducted further investigation on the retrofitting of a 
selected case building. Building information modelling, the newly emerged 
digital technology, was adopted to visualize the case building. The 
architectural evaluation motivates the exploration of maintaining the 
historical value and original character meanwhile improving the existing 
condition of these historic sites. Modern visualization technologies would be 
a potential tool on modelling the architectural, structural, and building 
service systems of existing buildings. 

Keywords. Historic buildings, conservation, building survey, building 
information modelling, visualization. 

1. Introduction of conservation of historic buildings 

Under the pressures of a rapid and unprecedented development and 

urbanization, traditional housing in China has been under a constant threat. 

Entire neighbourhoods and villages have been demolished making place for 

contemporary housing aiming to increasing land efficiency and improving 

the living standard.  However, this often results in loss of embodied energy, 

urban diversity and cultural identity. Although the conservation movement 

has helped to preserve some traditional housing, the need for old buildings to  
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meet modern standards of comfort and environmental performance remains a 

potential economic deterrent to conservation (Phillips and Ding, 2011)  

1.1. INTERNATIONAL EXPERIENCE 

Conservation of historic heritage has a long history, initially focusing on the 

repair and amending of buildings and other artefacts for their maintenance 

and aesthetic quality. The Venice Charter for the Conservation and 

Restoration of Monuments and Sites, a code of professional standards issued 

by the 2nd International Congress of Architects and Technicians of Historic 

Monuments, has been viewed ever since as a fundamental document 

reflecting the internationally accepted philosophy for protection of 

architectural heritage, and restoration architects throughout the world have 

been using it as a guide for their work (ICOMOS, 1964).  

 

In the United States of America, Weeks et al (1995) in their guidelines 

issued by the Department of the Interior define the following treatment 

approaches to architectural conservation: 

 

¶ Preservation "places a high premium on the retention of all historic 

fabric through conservation, maintenance and repair."  

¶ Rehabilitation "emphasizes the retention and repair of historic materials, 

but more latitude is provided for replacement."  

¶ Restoration "focuses on the retention of materials from the most 

significant time in a property's history, while permitting the removal of 

materials from other periods."  

1.2. CONSERVATION OF HISTORIC BUILDINGS IN CHINA 

Since the establishment of the Peopleôs Republic of China, China has 

effectively conserved many heritage sites that were in danger of being 

completely lost and, at the same time, has developed conservation theories 

and guidelines according to national conditions. The Law of the Peopleôs 

Republic of China on the Protection of Cultural Relics as well as interrelated 

laws and regulations define the legal framework for conservation practice. 

The Principles for the Conservation of Heritage Sites issued by China 

ICOMOS (2004) set the professional guidelines on the basis of these laws 

and regulations, while drawing upon the 1964 International Charter for the 

Conservation and Restoration of Monuments and Sites (The Venice 

Charter). 

 

The case of Xiao He Zhi Jie (Little River Street), located in Hangzhou, 

China, bears some similarities to this research project. The case is described 

in Table 1.  
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Table 1. Xiao He Zhi Jie project outline description. (Source from Wu et al, 2010 

and Phillips and Ding, 2011) 

 

Location Hangzhou City, located on the Xitang River, close to the intersection 

with the Beijing-Hangzhou Grand Canal) 

Residents 120 households with 450 residents, many of them being retired 

employees 

Situation before the 

renovation 

High population density, outdated or no basic sanitation facilities, 

illegal construction, poor aesthetic condition, lack of neighborhood 

vitality and other common problems 

Age of Buildings Built in the late 19th -20th century.  

Building Type One or two-storey residential building of stone construction. 

Construction Hard stone and pole framing structures. 

Building Category Historic 

Renovation 

Construction  

Original construction retained where possible, some of the houses 

had to be rebuilt, using masonry walls and stucco. 

 

According to Phillips and Ding (2011), old buildings in China are 

generally classified into one of three categories depending on their cultural 

significance: heritage, intermediate, and historic buildings. For heritage 

buildings, conservation will be undertaken only with original materials, and 

the original function of the building will be conserved wherever possible; 

intermediate buildings can be conserved for a different use from the original, 

although original materials will generally still be used in conservation 

works; the conservation of historic buildings can involve both a change of 

use and the introduction of new materials (Phillips and Ding, 2011). Similar 

to the case of Xiao He Zhi Jie buildings, targeted buildings for site survey in 

this research were also classified in the historic category.  

 

This research conducted in the University of Nottingham Ningbo China 

(UNNC) started from site survey of historic sites in Qiuôai, a suburban town 

of Ningbo, followed by data analysis of totally 44 surveyed historic sites. A 

case building was further explored using Building Information Modelling 

(BIM) to achieve the 3D visualization which led to discussions on future 

research. 

2. Site survey of historic sites in Ningbo China 

In the autumn of 2014, the City Architectural and Planning Bureau of 

Ningbo (CAPBN) contracted with UNNC on the site survey and database 

update of historic sites in Qiuôai Town. Originally 54 historic buildings or 

infrastructure  sites  (e.g. bridges)  were targeted  from  the  documented  
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database. The survey work for each targeted historic site was led by one 

team consisting of one academic staff and three or four students within the 

Architectural and Environmental Engineering (ABE) department of UNNC. 

Each survey team was equipped with necessary tools such as laser 

measurement, scales, and cameras.  

The survey report and database required by CAPBN included the 

building type (e.g., residential, public building such as temple), evaluation of 

building values (i.e., historic and cultural value, architectural style, 

construction quality, status of damage), and other general information such 

as ownership, floor area, and gross floor area, etc.). Each item of building 

values was divided into A, B, C, and D, with A being the best or least 

damage, and D being the worst or most seriously damaged. The evaluation 

criteria for building values were peer-discussed with counterpart researchers 

in Ningbo and CAPBN to maintain the consistency among different survey 

teams. An example of the building evaluation according to site survey work 

is displayed in Table 2.  

 
Table 2. An example of the building value evaluation based on site survey 

 

 

 

 

 

Photographs* Description 

  

A residential house consisting of 
identical units, built in The Qing 

Dynasty (from 1636ð1912), partly 

renovated after 1912, is 
representative of the residential 

house over a century ago, with 

certain historic values.  The historic 
value was evaluated as in Category 

C. 

  

This building was designed in the 
courtyard style, with tight layout, 

consisting of the hall, and flats on 

both sides as well as the centre as 
displayed in Figure 1. The 

architectural style was evaluated as 

B.   
 

  

The courtyard, front door, and roof 

were mostly well maintained. The 
wood beam, column, and their 

joints were built with traditional 

features. The construction quality 
was evaluated as B.  
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*: Only part of photographs is included in Table 1 for demonstration purpose. More photos were taken 
during the site survey to assist in building value evaluations. 

 

Before the start of each site survey within the rural villages of Qiuôai 

town in Ningbo, usually the local contact would be assigned by the CAPBN 

to assist the UNNC team to find the target sites. The survey team would also 

identify the target site in the local map. The site tasks of the UNNC survey 

team were allocated, with the academic staff being the manager 

communicating with the local contact to collect information such as the site 

history and existing usage or living condition, one student assistant taking 

site photos, two or three students collaborating to conduct the site survey 

with the assistance of the laser measurement tool. The survey team measured 

the external layout of each site, as well as the internal partition elements 

such as walls, and other structural elements such as columns. For buildings, 

window/door locations and sizes were also surveyed. The 2D drawings were 

generated by Computer Aided Design (CAD) afterwards according to the 

site survey results. Figure 1 displays the CAD plan drawing of the example 

building described in Table2. The CAD drawings (only in 2D plan views) 

for each surveyed site became part of the database provided to CAPBN as 

one project deliverable.  

 

 
 

Figure 1. CAD drawing of the buildingôs plan view according to the site survey 

 
By the end of May 2015, in total 44 historic sites within 17 villages of 

Qiuôai Town were visited during this period. Another ten targeted buildings  

 
 

Apparent cracking occurs in the 
north side of the internal walls. 

Some wood columns have decayed 

with weak connections to the 
concrete support. The status of 

damage was evaluated as C, 

damaged at certain level.     
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had been demolished due to various reasons including providing spaces for 

new building construction, new railway, new pavement, or land under the 

new development plan. The site survey report is summarized statistically in 

Figure 2.  

 

 

  

a) The year that the surveyed sites 

were built 

b) Project Type 

 

 
 

  
 

c) Construction materials 

 

d) Status of repair 
 

Note: the year that buildings were constructed could only be identified within a certain historic period: 

Ming Dynasty (between 1368 and 1644), Qing Dynasty (between 1636 and 1912), The Republic of China 
(between 1912 and 1949), and Peopleôs Republic of China (after 1949).  

 

Figure 2. Statistical report of the building survey 

 

The statistical analysis of the surveyed historic sites displayed in Figure 2 

includes the year that the building or infrastructure project was constructed, 

the status of repair, original construction materials used, and the type of 

projects. The majority (95%) of the sites surveyed were built before 1949, 

and 61% of sites were built over a century ago. The majority (80%) of 

surveyed sites were buildings, including residential buildings, public 

services buildings such as temple, celebrity residence, leaving the remaining 

20% being infrastructure sites including bridges, kiosk, and quay. Wood and 

brick were the most frequently used construction materials among these 

surveyed buildings, accounting for almost 80% of the survey sample. Only 

16% of sites had been completely repaired. Figure 3 provides an example 

showing the status of repair of a single residential unit displayed in Figure 1.  



149 

ARCHITECTURAL EVALUATION OF HISTORIC SITES.. 
 

 

The original weakened wood structure had been replaced with modern 

reinforced concrete materials.  

 

  
a) Replacement of the original wood 

column with reinforced concrete 
structure 

b) Replacement of  the original wooden panel wall 

with masonry / concrete 

 

Figure 3. An example showing the repair status of a surveyed historic building 

 

Apart from the statistical summary of the survey sample in Figure 2, the 

usage and ownership related data was also one of the research deliverables. 

Based on the site survey information collected, further data summary is 

provided in Figure 4 displaying the buildingsô storey, type of current 

ownership, and the current usage.  

 

   
a) Buildingsô number of 

storeys  
b) Current ownership  c) Status of current usage  

 

Note: the data sample of storey number and current usage excluded bridges, kiosk, and quay. But the type 
of ownership was analysed within the whole sample of 44 sites.  

 

Figure 4. Further data summary of the surveyed buildings 

 

Most buildings in this survey were constructed in the two-storey type, and 

over 80% of them had been used for residential purposes providing the 

living spaces for lower-income families. For example, each single residential  
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unit of the residential community shown in Figure 1 was rented to a family 

consisting of two to three residents.   

 

The evaluation of surveyed sites categorized by four different levels was 

analysed in Figure 5.  

 

 
Note: for evaluation of the historic and cultural value and status of damage, all the 44 surveyed sites 

were included. For the evaluations of architectural and construction quality, only the 35 buildings 
were included for the data analysis.   

 

Figure 5. Statistical summary of buildingsô evaluation results 

 

Apart from Table 2 describing the categorization of an example surveyed 

siteôs evaluation results, images for different categories in Figure 5 were 

further added in the appendix. The majority of the surveyed sites were 

categorized as B or C level in terms of historic and cultural value, and 

architectural value. Over 70% of the surveyed sites were found falling into 

the category of B in terms of construction quality. Only 36% of the surveyed 

sites were found with the minimum level of damage, and over 60% of 

surveyed sites were in the Levels B or C considering their damage status. 

Noticing that most surveyed buildings were being used as residential flats, 

there should be concerns raised on renovating the existing buildings for the 

safety and comfort living conditions for residents. Some of the surveyed 

residential buildings were found with inappropriate window orientations or 

lacking shading devices in the summer, which resulted in high indoor 

temperature in the summer and low solar gain with high humidity in the 

winter.  

 

Further statistical analysis was conducted as part of the research project 

deliverables to summarize the sizes of the surveyed buildings or 

infrastructures. Floor areas and gross floor areas were the two measurements  
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of project sizes. The data is analysed in Figure 6 using box plots, which 

conveys the data information regarding surveyed site size distribution in 

terms of the minimum, first quartile, median, third quartile, and maximum 

values of floor areas and gross floor areas.  

 

  
a) Box plot of data including all 

surveyed sites  
b) Box plot of  data excluding bridges, 

kiosk, and quays 

 
Note: the data sample of floor area covers the whole sample of the 44 surveyed sites, but the data analysis 

of gross floor area (i.e., total floor area of all storeys) only included the 35 buildings.  

 

Figure 6. Box plot of surveyed buildingsô floor areas 

 

The upper and lower hinges in Figure 6 show the first and third quartiles 

of the data sample. The centreline between the upper and lower hinges 

indicates the median value of site sizes. It can be read from Figure 6 that the 

median values of project size with all 44 sites included were 304 m
2 
and 489 

m
2
 respectively for floor areas and gross floor areas. When the infrastructure 

projects were excluded, these median values for the 35 buildings became 

427 m
2
 and 489 m

2
 respectively. The minimum values in both Figure 6-a) 

and Figure 6-b) were the same at 7 m
2
and 60 m

2 
respectively. It can be found 

from Figure 6 that in both cases, whether the floor area data of infrastructure 

sites were included or not, the floor area and gross floor areas were highly 

skewed from the normal distribution due to the large sizes of some sites with 

maximum values of areas at 3491 m
2
 and 4204 m

2
 respectively. 

3. Case study of a historic building  

As the continued work from historic site survey and data collection which 

ended in May 2015, BIM technology was adopted in visualizing the current 

buildingôs architectural details. The residential building illustrated in Table 1 

and Figure 1 had the typical architectural style within Ming and Qing 

dynasties of China. It fell into the category of residential usage, constructed 

by bricks and wood with its damages unrepaired. Based on its 

representativeness of its project type, construction materials, status of repair, 

as well as its cultural, architectural, and construction  values according  to  

Lower 

hinge 

Upper 

hinge 
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Figure 2 and Figure 5, it was selected as the BIM case study. Figure 7 

visualized the building in Figure 1 by displaying the continuous six 

residential units in the Revit Architecture Template. 

 

 

 
 

a) Visualization of the current building b) Wood structure model  

 

Figure 7. Visualization of the six identical residential units in the case study 

 

The existing residential units in Figure 7 used wood framing structure, 

which had been decayed and weakened. The reinforced concrete framing 

structure was modelled in the Revit Structure template as displayed in Figure 

8.   

  

a) Alternative plan for the structural 

model   

b) Reinforcement details for the alternative 

structural model   

Figure 8. Alternative plan for structural renovation 

 
Based on the site survey work of these six residential units including the 

investigation of the existing building services systems, the newly proposed 

building service facilities were modelled in the template of Revit MEP (i.e., 

mechanical, electrical, and plumbing) template as displayed in Figure 9. 
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a) The proposed plan for building services 

systems for a single unit 

b) Plan view of the building 

services in one residential 
unit 

Figure 9. Suggested plan for the improvement of building services system within 

a single residential unit 

 

The proposed building services included lighting, water supply, air 

conditioning, and fire sprinklers to be added to the existing residential unit. 

The fluorescent lamps were suggested due to the higher efficiency and 

energy saving potential. Apart from the existing water pipeline added in 

Figure 6 to supply water, fire sprinklers were suggested. The site survey 

revealed that the old wood building is vulnerable to fire. Fire sprinklers 

could be designed at working temperature of 57ᴈ. The air conditioning 

system was proposed to maintain the humidity of the wood building, to 

prevent decomposing due to the tropical climate in Ningbo, and to improve 

the indoor comfort of human-beings.  

4. Summaries and Discussion 

The statistical analysis of the surveyed historic site sample provided the data 

on the current status of the reservation of historic sites in Qiuôai Ningbo. 

Further suggestions would be necessary for the local government to weight 

between maintaining the cultural heritage and allowing spaces for new 

construction. It had been found from the survey that ten out of 54 original 

targeted historic sites had been demolished given space to new construction. 

Although most residential buildings had still been in use today, there were 

problems remaining to be solved in the near future. For example, as the data 

indicated, most buildings had not been repaired and could cause emergency 

in case of natural disaster. Even for some of the repaired structures, the 

reinforced concrete materials were not in harmony with the original wood 

construction in terms of architectural aesthetics.   
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Apart from the building site survey and data analysis, further study of 

utilizing BIM as the digital tool was conducted to visualize the current 

architectural and structural models, as well as the proposed improvement 

plan to strengthen the existing structure. The BIM work provides the 

learning opportunities for undergraduate students in the ABE and CE 

departments of UNNC in digital modelling practices. BIM would display 

higher potential in larger-sized building design and construction in detecting 

spatial conflicts. The application of BIM in a smaller building in this case 

study is the starting point for follow-up studies of digitalization applied in 

the reservation of historic buildings.  

 

BIM, as the emerging digital tool in todayôs architectural, construction, 

and engineering industries, could be more widely adopted in the future 

research projects of historic buildings. The benefits of BIM application 

include accurate geometrical representation of building elements and better 

control of cost, environmental, and lifecycle data (CRC Construction 

Innovation, 2007).  BIM enables the multidisciplinary collaboration starting 

from the project designs of architectural, structural, and building services. 

According to AIA California Council (2007), using BIM in the project 

criteria design stage could allow different options to be evaluated, tested, and 

decided. In a project using BIM, the model can be used to test ñwhat ifò 

scenarios (AIA California Council, 2007).  

 

5. Conclusion 

The historic site survey research project in the suburban area of Ningbo 

China provided the local government with updates in light of current repair 

status, cultural and architectural values, current usage, as well as other 

information such as years of history, construction materials, and floor areas. 

The data generated from this project would lead to further decisions on 

reservation, renovation, or demolition of these existing buildings. 

Strengthening the weakened wood structure and improving the indoor living 

condition would be two suggestions from this research. Apart from the data 

summary report as well as the 2D CAD drawings provided as the research 

project deliverables, this study further adopted visualization tools in BIM 

starting with a case study from one surveyed residential site. BIM has 

demonstrated its potential in visualizing the existing architecture, proposing 

alternative plan for renovation, and advising the improvements of building 

services systems.    
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6. Recommendations for future research 

Based on the current work, the future research of historic site survey and 

evaluation could focus on two areas related to the 3D visualized historic 

building database and renovation targeting on energy efficiency: 

¶ Apart from extending the visualized model from single residential units to 

cover the whole community, other historic buildings, especially those with 

high cultural and architectural values could be created with visualized models 

by adopting BIM. Therefore, the 2D CAD database could be updated with the 

3D platform. 

¶ Some of the residents in surveyed residential buildings were suffering from 

poor daylighting, high indoor humidity, and uncomfortable living condition 

due to improper ventilation. BIM could be linked to building energy analysis 

tools to perform renovation study of improving the energy efficiency and 

indoor living condition of the residents. The study of achieving the 

architectural renovation, structural strengthening, and energy efficiency while 

maintaining the cultural features of these historic buildings would motivate 

cross-disciplinary collaboration by adopting BIM and building analysis tools 

for the future study.       
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Appendix: Images of Different Categories in the Historic Site Evaluation 

 

 Category A B C D 

Historical and 

Cultural  

Value  

N/A 

   
Architectural 

Value 

    
Construction 

Quality  

    

Status of 

Damage 

    
 Note: 1: No example of category A in the evaluation of historical and cultural value from the surveyed 
sites as indicated in Figure 5; 2: The evaluation of each siteôs values were based on a comprehensive 

review and discussion among research team members, and one single image in the appendix may not be 

fully representative of each category. 
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Abstract 

Road paving plays a vital aspect in urban development prospect. "Uni 

Natural" Interlocking blocks (Size: 220mm x 110mm x 80mm) are becoming 

very common in many parts of the country. With the initial field studies; it 

was found that the mix proportions were roughly, 1: 2: 1½: ½ {Cement: 

River Sand: Chips: Quarry Dust} and the water Cement ratio is around 0.4. 

These blocks were mainly produced with mechanical vibration. During the 

casting process; it was observed that, when removing off the casted blocks 

with the pallet board, some of the blocks break (approximately 10%) which 

results in a fairly rough surface. To overcome this problem it is proposed to 

introduce grinded paddy husk ash (GPHA) as a filler material, which is 

freely available in most parts of the country. In brief, different percentages 

of grinded paddy husk ash was added to the mixture and blocks were tested 

after the curing process. In addition, workability, compressive strength was 

also tested using the available standard tests. The best mix proportion which 

was obtained will help to introduce a paving block with high strength and 

pleasing visual properties. Since the paddy husk ash is freely available in 

many part of the country and the current disposal method is burning; this 

project will lead to an environment friendly and cost effective paving block 

manufacturing process. 

 

Key words: Road paving, workability, strength, appearance, best mix 

proportion 

 

Introduction  

Interlocking blocks were first introduced in Holland in 1950ôs and became 

very popular all over the world. As cited in the web, NBM Media 

Construction Information (2009) it can be used in all countries in various 

conditions such as Non traffic, light traffic and Medium traffic areas, 

pedestrian, parking lots, traffic intersections and container yards. As cited in 

the web, Paver Blocks manufacturers, buyers and sellers (2012) the Paver 

blocks can absorb stress such as small earthquakes, freezes and thaws, and  
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slight ground erosion by shifting each tile slightly. Unlike the concrete and 

asphalt pavements; Interlocking concrete block pavement is an environment 

friendly method since the blocks can be removed and replaced by same 

existing materials during the pavement repair. Furthermore, since the casting 

and paving of the blocks being done by the automatic machineries 

nowadays, this can be a low labour input technology in the view of costing.  

An interlocking block pavement consists of individual blocks of hand held 

size units laid on a thin bed of sand or dust layer, called bedding layer and 

edges can be restrained on either side by concrete backing. Since Sri Lanka 

is a developing country; the main aspect of the development is improving the 

road network and providing convenient mobility. Normally the roads are 

classified into four categories; which are óAô, óBô, óCô & óDô classes and Sri 

Lanka has two major road construction and maintaining institutions which 

are Road Development Authority entrusted with óAô & óBô class roads while  

Road Development Department assigned óCô & óDô class roads. The rural 

roads are maintaining by local authorities such as, Municipal Councils, 

Urban Councils and Divisional Councils. Nowadays, concrete roads are the 

most commonly practiced method in the rural areas. But in the aspects of 

strength properties and cost effectiveness, this method cannot be considered 

as most suitable for the rural roads which are experiencing low traffic flows. 

In such a situation; the interlocking block paving can be an effective method 

to satisfy the adequate requirements of the rural roads. Therefore; the 

interlocking blocks should have proper strength, physical and mechanical 

properties, shape, dimension and visual aspects to satisfy the above proposal. 

Therefore itôs necessary to improve these properties in a suitable level via 

economically feasible method.  

 

In this platform; there was several research activities had been carried out by 

researchers all over the world to improve the properties of Interlocking 

blocks by adding admixtures or by replacing the designed materials. Ghassan 

Abood Habeeb and Mahmud HB (2010) have presented that grinded paddy 

husk ash can be replace the 20% of cement content in the concrete mixture 

and it showed a 10% of strength improvement. Also, in such a way Dixit N. 

Patel and Jayeshkumar R. Pitroda (2014) have illustrated, that the cement 

content can be partially replaced by foundry sand, which is the by product of 

metal-casting industry; can give the improvements in strength. M.C.Nataraja 

and Lelin Das (2014) have presented, that the improvements in water 

absorption by replacing the coarse aggregate using the crushed aggregates. 

G.Navya and J.Venkateswara Rao (2014) have presented, coconut fibre can 

be used to improve the water absorption and the compressive strength in 

interlocking blocks.  

 

In the view of above, the GPHA was introduced as a filler material for the 

normal mix of the precast interlocking paving blocks since the Paddy husk is  
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an agricultural residue, which is freely available all over the world since the 

rice production is booming day by day. As Dinesh Aggarwal (2013) has 

illustrated, though the paddy husk is using as a fuel in household and small 

industries in certain regions; most of the paddy husk is being disposed by 

burning.  

 

 

 

 

 

 

 

 
 
 
 
 

 
 
 
 
In this background, utilizing the paddy husk ash as a filler material in the 

production of interlocking blocks could be an environment friendly and cost 

effective method.  

 
Aim and Objective 

The main aim of the study was to understand how GPHA affect the 

properties of the paving blocks. For this purpose, followings were identified 

as the key objectives of the research, 

 

¶ To find out how GPHA affects the workability of the paving block mix. 

¶ To find out how the GPHA affects the quality and the strength of the 

finished paving block. 

¶ To find out how GPHA affects skid resistance of the paving block. 

¶ To find out how GPHA affects the percentage of the water absorption for 

the paving blocks during adverse climate conditions. 

¶ To find the best mix proportion to introduce a paving block with high 

strength and pleasing visual properties. 

 

Research Methodology 

To achieve the above said objectives following methodology was adopted by 

adding GPHA in volume percentage (1% - 10%) to the normal mix and the 

workability was checked using the slump test. Then; after the casting and  

Figure 2, Interlocking 

block casting   Machine 

 

Figure 1, Uni natural shape 

Precast Interlocking block 
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curing process, the standard testing methods were adopted to check the 

compressive strength, skid resistance, tensile splitting strength, water 

absorption and comparison of visual appearance for all sample types of 

mixtures. In addition to this, a cost comparison analysis was done for all the 

mixture samples. 

 

3.1 MATERIALS USED  

3.1.1 Grinded Paddy Husk ash: Paddy husk ash is a combustion product of 

rice husk. Initially the rice husk was burnt and grinded by the ball mill and 

sieved to get fine Paddy husk ash. Paddy husk ash is a highly siliceous 

material and can be used as an admixture in concrete. The characteristic of 

the ash depends on the components, temperature and the time of burning. 

Rice husk contains nearly 20% silica, which presents in hydrated amorphous 

form. As Gintautas Skripkiunas, Giedrius Girskas, Jurgita Malaiskiene and 

Evaldas Semelis (2014) have illustrated, during the controlled temperature 

combustion process (below 800
o
C), silica converts to crystobalite, which is a 

crystalline form of silica. Although GPHA would reduce to its average 

particle size and it can act as a filler material, it was the main factor which 

will affect the properties of the final mix. 

 

 
3.1.2 Cement: Three types of cement were used. 

In Sri Lanka the most popular types are SLS 107 (ordinary Portland cement), 

SLS 1247 (Pozzolana cement- Blended Hydraulic) and SLS 1253 (Portland 

Limestone Cement). As cited in the web, The Difference between cement 

and concrete (2010) has illustrated Hydraulic cement refers to any cement 

that uses water to begin a chemical reaction that hardens the mixture and 

creates a water resistant product. This reaction is independent and it hardens 

even in underwater. Non-hydraulic cements to which do not harden when 

exposed to water. But this type is cheaper than the hydraulic cement. With 

this background itôs a good practice to apply these types of cement for the 

aforesaid mix and carry out the research in the aim of the improvements in 

the behavior of the interlocking block properties and the effect of mixing  

 

Figure 3, Burning of 

Rice husk 

Figure 4, Ball mill to 

grind the burnt husk 

Figure 5, Grinded 

Paddy husk ash 
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GPHA. The finding can be used to identify the suitability of interlocking 

blocks, during several adverse climatic and loading conditions. 

 
3.1.2.1 Ordinary Portland Cement (SLS 107) strength class 42.5N 

 

This type of cement has been widely used for many years in general and 

large construction projects, ready mix preparation and in pre-cast concrete 

production. It is also being used in mortars and grouts. As W S S Jayamanna, 

Ranathunga, and Y. P. S Siriwardena (2010) have illustrated Ordinary 

Portland Cement is being used in the construction industry when there is no 

exposure to Sulphates in the soil or in ground water. 

 

3.1.2.2 Portland Pozzolana Cement (SLS 1247) strength class 42.5N 

 

As cited in the web, The Island (2004) has illustrated, it is manufactured 

either by inter grinding Portland cement clinker, pozzolanic material/slag 

and gypsum or by blending pozzolanic material/slag with Ordinary Portland 

Cement. Pozzolanic material (volcanic ash) contains natural silica in reactive 

form. In the presence of water, reactive silica in volcanic ash chemically 

react with calcium hydroxide released from ordinary Portland cement to 

form a stable calcium silicate, which posses binding properties like calcium 

silicate on ordinary Portland cement. Additional calcium silicate formation 

enhances the strength gain of Portland Pozzolana cement improving its long 

term durability under aggressive environment and also it is a low heat 

cement. 

 
3.1.2.3 Portland limestone cement (SLS 1253) Strength class 42.5N. 

 

As E.Ghiasvand, A. A. Ramezanianpour and A. M. Ramezanianpour (2013) 

have illustrated, Portland limestone cement consists of an intimate and 

uniform blend of ordinary Portland cement and limestone, and it is produced 

either by inter grinding Portland cement clinker, or by blending ordinary 

Portland cement and finely ground limestone. This is a hydraulic cement 

consisting of two or more inorganic constituents (at least one of which is 

limestone) which separately or in combination to contribute in the 

improvement of the properties of cement. 

 

 
3.1.2.4 Standard chemical composition and physical properties of the 

selected cement types according to Sri Lankan Standard Institution 
(2011) 
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Table 1, Chemical composition and Physical Properties of the cements 

 

Description 

Standard 

requirement 

for SLS 107 

Standard 

requirement 

for SLS 1247 

Standard 

requirement for 

SLS 1253 

1 

Chemical composition    

Sulphur Trioxide (SO3) %  

Max : 3.00 

 

Max : 3.50 

 

2.5 to 3.5 

Chloride (Cl) % Max : 0.10 Max : 0.10 Max: 0.06 

Lime Saturation Factor 

(LSF) % 

 

0.88-1.02 

 

--- 

 

--- 

Limestone Content 

(CaCO3)% 

 

--- 

 

--- 

 

2 to 20 

Loss on ignition % Max : 4.00 --- Max: 7.5 

2 

Physical Properties    

Finess (Blaine) cm2g Min : 2250 --- Min:  3300 

Expansion soundness  

(Le-Chaterlier) mm  

Autoclave % 

 

Max: 10.00 

Max : 0.80 

 

Max: 10.00 

Max : 0.80 

 

Max : 10.00 

Max : 0.80 

Time of setting 

(Vicat)Initial (Minutes) 

 

Min : 60.00 

 

Min : 30.00 

 

95 to 150 

Compressive Strength 

(N/mm2) 

2 Days 

28 Days 

 

 

Min : 10.00 

42.5 to 62.5 

 

 

19.00 

50.50 

 

 

21 to 30 

45 to 65 

 
3.1.3   Sand: Natural river sand was obtained and uniformly graded. The    

specific gravity was found to be 2.65. 

3.1.4 Quarry dust: Quarry dust is the fine particles of rock. The specific 

gravity was around 1.95. Wet sieving of quarry dust through a 90 

micron sieve was found to be 78% and the corresponding bulking 

value was 34.13%. 

3.1.5 Chips: Graded chips were used with the nominal size of 10mm and 

the specific gravity was found to be as 2.73. 

 

3.2   PREPARATION OF MIX AND CASTING 

Initially the usual mix was prepared for SLS 107 cement by mixing cement, 

sand, chips and quarry dust in the ratio of 1:2:11/2:1/2. At the beginning of 

the process; cement, Sand and GPHA were mixed thoroughly. Then the 

quarry dust was added since its mixing ability was very low with the mix. 

Finally the chips were added and the mix was prepared. The allowable water 

cement ratio of 0.4 was maintained for all the mixes.  

 

This procedure was repeated for SLS 1247 cement & SLS 1253 cement.  

During the casting process the adequate mechanical vibration was carefully 

handled by experienced  skilled men, Because   of the lack of adequate  
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vibration, the blocks may break or start to develop cracks. During the 

casting, mould was filled by the mix roughly for the first time and the first 

vibration was applied, then again the mould was filled by the mix up to the 

top level of the mould then the upper mould was released and vibrated. A 

fully merged curing was given for the casted blocks in clean water for next 7 

days. 

 

For the testing, 3 no. of representative samples were selected from each mix, 

with the consideration of deviations according to Sri Lankan Standard 

Institution (2011) and British Standards Institute (2003). 

 

Table 2, Permissible deviations on the work dimensions 

 

Block Thickness 

(mm) 
Length (mm) Width (mm) Thickness (mm) 

< 100 + 2 + 2 + 3 

> 100  + 3 + 3 + 4 

 
 
4 Results and observations 

  

4.1 SLUMP TEST 

Slump test was done for each mix using the slump cone. Since the 

interlocking block mix was considerably dry when compared to the normal 

concrete mix, the slump value is 0. As cited in the web, Concrete and 

mortars-all about slump (1997) has illustrated the normal practice 25mm of 

slump can be allowed for the mix. 

 

 
 

Figure 6, Slump (mm) Vs GPHA (%) graph 
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As per the results, with the percentage increase of GPHA all the cement 

types show a gradual fall in the slump value in a uniform manner. This is 

because; with the increment of GPHA the mix increases the water demand. 

Compared to the SLS 1247 and SLS 1253 cements, the SLS 107 shows 

lower values after 1% of GPHA mix. Here, at 0% of GPHA in SLS 1247 

mix reaches the maximum value of 24.0mm and the minimum value of 20.0 

mm by the 7%-9% of GPHA added SLS 107 cement. However, it can be 

considered that all the values of the mixes were within the allowable limit of 

25mm. 

 
4.2 COMPRESSIVE STRENGTH. 

3 no. of random samples were selected from each mix and the compression 

test was conducted. The load was applied at a constant rate of 15± 3 N/mm
2
/ 

minute until the block breaks. As per the Sri Lankan Standard Institution 

(2011) the minimum strength requirements and block thickness were defined 

as follows. 
 

Table 3, Minimum strength requirements and blocks thickness 

Strength Class 

Average  

compressive 

strength 

 (N/mm2) 

Individual  

compressive 

strength (N/mm2) 

Block  

thickness 

(mm) 

1 (Vehicular) 50 40 80, 100 

2 (Vehicular) 40 32 80, 100 

3 (Vehicular) 30 25 80, 100 

4 (Pedestrian) 15 12 60 

 
According to Sri Lankan Standard Institution (2011) and British Standards 

Institute (2003) the compressive strength was corrected by the correction 

factors as follows. 

 

Table 4: Thickness and chamfer correction factors for compressive strength 

 

Work size thickness 

(mm) 

Correction Factors  

Plain Block Chamfered Block 

60 1.00 1.06 

80 1.12 1.18 

100 1.18 1.24 

Blocks with chamfer of work size greater than 5 mm width. 
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Figure 7, Compressive strength (N/mm
2
) Vs GPHA (%) graph 

 

As per the compression test results, the compressive strength of the blocks 

were considerably influenced by the percentage of GPHA added to each 

mixture. The SLS 107 cement mixture shows a good improvement in 

strength with the increment of GPHA and the SLS 1247 cement mixture and 

SLS 1253 cement mixture shows the drop. Furthermore, at the 6% GPHA 

SLS(107) mix shows a peak value of 49.84N/mm
2
 than SLS 1247 cement 

and SLS 1253 cement, and all the mixes were achieved strength beyond the 

standard value. In SLS 1247 cement mix, it shows a peak value of 48.82 

N/mm
2
 in 0% GPHA and reaches a lowest value of 35.75 N/mm

2
 and it 

shows a negative variation from 0% GPHA to 5% GPHA. In SLS 1253 

cement mix; it reaches a peak value of 44.44 N/mm
2
 at 9% of GPHA and it 

doesnôt show a vast variation in the strength by adding the GPHA. Though 

the SLS 1247 & SLS 1253 mixes shows the drop in strength with the 

percentage increment of GPHA is some regions, none of the mixtures reach 

the lower value of 30N/mm
2
 which shows the efficient improvement in 

adding GPHA to all the mixes.  

 
4.3 SKID RESISTANCE. 

The pendulum friction tester was used to test the skid resistance of the 

blocks. According to Sri Lankan Standard Institution (2011) and British 

Standards Institute (2003) the allowable skid resistance for interlocking 

blocks is > 45. 
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Figure 8, Skid Resistance Vs GPHA (%) graph. 
 

As per the skid resistance test results, it shows a rise up to 4% of GPHA of 

all mixtures and then the values fall gradually. Further, none of the mixtures 

has fallen below the standard minimum value of 45. It shows though the 

surface smoothness was improved by adding the GPHA to the mixtures, the 

skid resistance values were not changed drastically. Compared to the SLS 

107 and SLS 1247 cements, the SLS 1253 cement shows lower values 

always. At 4% of GPHA in SLS 107 mix reaches the maximum value of 

78.3 and the minimum value of 45.0 was reached by the 8% of GPHA added 

SLS 107 cement. All the values were within the allowable limit. 
 

4.4 TENSILE SPLITTING STRENGTH. 

Splitting tensile strength was calculated according to British Standards 

Institute (2003). Normally tensile splitting value can be compared with the 

compressive strength values for the strength comparison. 

 

The results show the positive incremental variation in the SLS 107 cement 

mix and it reaches a peak value of 2.47 at 10% of GPHA mix. In the SLS 

1247 cement mix, it shows an increment up to 6% of GPHA and the SLS 

1253 cement shows the reduction in the values within that range. Compared 

to the SLS 107 and SLS 1247 cements, the SLS 1253 shows a negative 

variation. Here at 6% of GPHA in SLS 1247 mix reaches the maximum 

value of 2.53 N/mm
2
 and the minimum value of 1.82 N/mm

2
 was reached by 

the 4% of GPHA added to the SLS 1253 cement. 
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Figure 9, Tensile splitting strength (N/mm
2
) Vs GPHA (%) graph 

 

4.5 WATER ABSORPTION. 

Water absorption is a measure of voids in hardened blocks which is occupied 

by water in saturation condition. The test was done according to Sri Lankan 

Standard Institution (2011) and the standard maximum allowable water 

absorption for the Interlocking block is < 6%. 

 
        

 
 

Figure 10, Water absorption (%) Vs GPHA (%) graph. 

 

The results indicate that the water absorption values decreases with increase 

in the % of GPHA added for SLS 107 cement type and SLS 1247 cement 

type while SLS 1253 cement shows an increase in the values. At 1% of 

GPHA in SLS 107 mix reaches the maximum value then it drops gradually.  
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The minimum value of 3% was reached by the 6% GPHA added to the SLS 

1253 cement. It is noticeable that, all the values were within the allowable 

limit. 
 

4.6 VISUAL INSPECTION 

Visual inspection was done in the natural daylight according to the British 

Standards Institute (2003) Annex H Method for verifying visual properties. 

Under this method the blocks were laid on the leveled floor in a square shape 

and observed from a distance of 2m for cracks and flaking. Also pleasing 

appearance was checked by the comparison of each block in a mixture. For 

easy inspection; the mixtures were named as from A0 to A10 according to 

the percentage of GPHA for SLS 107 Cement; accordingly, SLS 1247 

cement and SLS 1253 Cement mixture samples were named as B and C.  

 

Table 5, Visual inspection summary. 

 

 Rough 
Fairly 

Rough 
Fairly Smooth Very Smooth 

SLS 107 (A) A0, A1 A2,A3 A4, A5, A6 A7, A8, A9, A10 

SLS  1247 (B) B0 B1, B2, B3 B4, B5, B6, B7 B8, B9, B10 

SLS 1253 (C) C0, C1 C2, C3, C4 C5, C6, C7 C8, C9, C10 

 

During the inspection it was noticed that beyond the 7% of the GPHA, all 

the mixtures give a smooth and pleasing appearance for all types of cements 

and there are no cracks or distresses were observed in the samples. 

 

5.0 Cost analysis 

Cost analysis for 1 Block of SLS 107 cement mix with 1% of GPHA 

Cost for Paddy Husk (1%) 

(Loading, Unloading & Transport 20km)  = Rs.      8.00 

Cost for Cement  (1 Bag- 50kg)   = Rs.   870.00 

Cost for other Materials 

(River sand, Quarry dust and Chips)  = Rs.   545.42 

Cost for material transport (Allow 20 km) = Rs.   250.00 

Cost for Labour  (4 Nos)    = Rs.   600.00 

Cost for Electricity (Allow)   = Rs.     10.00 

Cost for 1 Bag of Cement (70 No of Blocks) = Rs. 2,283.42 

 

Cost for 1 No of Interlocking Block (1% GPHA) = Rs.     32.62 

Cost for 1 No of Interlocking Block (0% GPHA) = Rs.     32.51 

 

As per the above analysis the cost of the paddy husk for 1 Block is Rs. 0.11, 

and that is a 0.35% of the total production cost of 1 Block. Such a way, the  
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production cost of 1 Block in 10% of GPHA mix will be Rs.33.65. So that 

the increment in the production cost is Rs.1.03 from 0% of GPHA to 10% of 

GPHA and itôs nearly 3% compare to the production cost of 1 Block in the 

normal mixing proportion. 

 

6.0 Conclusion 
This research was involved in the improvement of strength and appearance 

in the interlocking blocks using GPHA. Overall results show a considerable 

improvement in the quality of the blocks by adding GPHA for all the cement 

types. SLS 107 cement showed a positive improvement in the strength 

between 0% to 5% of GPHA mix range and it has nearly a 30% of strength 

improvement compared to the normal mix. It also showed a fair visual 

appearance in that range. As the results of skid resistant values, though the 

values show a peak in 4% to 6% of GPHA, the values fall as expected since 

the voids were filled by GPHA. It is notable that none of the mixtures 

reached the minimum allowable limit. The tensile splitting strength can be 

compared with the compressive strength. SLS 107 cement and SLS 1247 

cement showed the similar patterns and SLS 1247 showed a 30% of strength 

improvement while SLS 107 showed 12%. The water absorption variation 

was expected as the GPHA fill the voids. In the aspect of water absorption 

reduction SLS 107 and SLS 1247 showed around 20% of drop while SLS 

1253 cement did not shows any. The visual property was improved in all the 

mixtures especially beyond 7% of GPHA as expected, because of the filling 

ability of the GPHA and blocks showed a considerable pleasing appearance. 

Since the price of the cement bags were nearly the same for all three types in 

Sri Lanka, adding GPHA does not affect the cost vastly. So that, it is the 

cheapest method to improve the strength in Interlocking Blocks. Further, this 

project could be an environment friendly approach for utilizing available 

waste materials (Paddy husk ash) in an effective way. 

In conclusion, SLS 107 cement reacts more relatively to the GPHA in all the 

properties of the blocks. According to that, adding GPHA is an effective 

method to improve the strength properties of the interlocking blocks in an 

environment friendly approach. Though the SLS 1247 cement and SLS 1253 

cement types did not reach all the objectives of the research, they showed 

good improvements in most of the properties and it will lead us to utilize the 

blocks in other appropriate places according to the various requirements. 
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Abstract 

Pattern of urban growth is dictated by a complex interaction of place-specific 

factors in individual cities including geography, history, lifestyle, economies 

and administration. Cityôs natural growth gradually defines its main 

economic centers and sub-centers according to spatial organization of its 

urban structure. In some cases of induced development planning, 

agglomeration of small towns forms a bigger city boundary for 

administrative operation. Narayanganj City Corporation of Bangladesh is 

similar to this case, which was formed by joining three municipalities in 

2011. As commercial activities takes place in the most integrated part of a 

city, administrative agglomeration of small towns largely depends on their 

economic development cluster. Lack of proper agglomeration of economies 

among small towns may cause unplanned economic growth. Hence 

identifying local sub-centers can guide commercial development working as 

a whole. The spatial parameters of a city can evaluate functionality of 

economic activities within an urban structure, in accordance with 

hierarchical arrangement of local commercial centers. While analyzing city 

configuration with Space Syntax theory, movement & commercial growth 

within a given boundary can be predicted. This paper tries to analyze 

agglomeration of economic activities among three municipalities of 

Narayanganj working as a whole, with potential sub-centers as hierarchical 

city structure. 

 

Keywords. Agglomeration economies; hierarchical urban structure; spatial 
proximity; accessibility; spatial structure; space syntax theory; Narayanganj 
city corporation 
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1. Introduction  

 

Narayanganj City Corporation has joined three municipalities naming: 

Shiddhiganj, Kadam-rasul and Narayanganj sadar with a total of 72.43 

square kilometre including Shitalakhya River. The Narayanganj Sadar has 

been core centre of growth since its origin in Mughal period in this region 

where rail, road and waterway communications with capital city Dhaka has 

given great importance in its growth as a town centre. In new city boundary, 

various development aspects are taken into account by govt. authority such 

as bridge proposals over Shitalakhya River for east-west city connection, 

khal (water links) development projects etc. which will lead to commercial 

boom in this region. Proper communication, connectivity & proximity 

among sub-centres depict agglomeration potentials to each other. Fast 

commercial growth is prone to unplanned economic agglomeration without 

considering inherent accessibility in city grid boundary. As city 

configuration defines major spatial character of a space in terms of 

connectivity & accessibility which accentuates commercial growth, this 

paper tries to presume potential sub-centres as local economic hub, 

proximate in distance, contributing holistic economic growth within three 

agglomerated municipalities of City Corporation boundary.  

2. Agglomeration economy & concept of óSub-centreô- Theoretical 

perspective  

City centre is formed where people are concentrated conveniently for 

functional specialties supported by the centre (Jacobs 1970). Centres can be 

considered as self-organizing system sustained by socio-economic process, 

which are affected by spatial accessibility within city network (Narvaez, 

Penn & Griffiths 2014). Polycentric urban growth consequently developed 

over time in many cities of UK, USA, Australia, Poland & others (Haughton 

& Hunter 2004; Narvaez, Penn & Griffiths 2014; Saeid 2010). In 

decentralized city concept, a number of territorial units known as óSub-

centresô emerges when high land value, congestion and increased 

transportation cost disperse population and employment density from single 

centre to peripheral concentrations (Davoudi 2002; Donoghue  2014). 

óConcentric zone modelô of Burgess (1925), which depicts city as self-

organizing network possessing a single centre, breaks down into ñdifferences 

of spaces that allows different centres to be identified, firstly as specialised 

areas and later as self-organizing local economiesò (Shane 2005). The local 

sub-centres not only attract people for special functions like shopping or 

work, but also as a meeting place with interaction flows (Donoghue 2014). If 

sub-centres maintain economic centrality or agglomeration with the city 

centre,  according  to  Salazar & Sobrino  (2010) the  central city take a  
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polycentric hierarchical structure not with scattered sub-centres but rather a 

widened CBD. Here comes question for potential agglomeration. 

Agglomeration in economies between sub-centres can be understood as a 

mechanism of sharing, matching and learning (Duranton & Puga 2004) 

where scope of common local linkages to get supply resources, population, 

local labour market, transport facilities and information flow is seen at ease. 

Spatial accessibility in terms of quantifiable distance of a space to another 

can modulate population movement, thus contribute to choice of functional 

use to that space (Narvaez, Penn & Griffiths 2014). Combining Alonsoôs 

trade-off model (1964) & Hillierôs configuration theory (1999), Narvez, 

Penn & Griffiths found that trading between cost and access is a local 

process.  

 

Figure 1a, Concentric Zone Model by Burgess; Figure 1b, Trade-off model by 

Alonso (Narvaez, Penn & Griffiths 2014) 

 

In economic perspective, bottom-up flow of information & resources 

facilitates social cooperation and coordination in markets (Narvaez, Penn & 

Griffiths 2015). Proximity in distance among multiple local centres helps to 

agglomerate economic activities globally, which may form potential cluster 

of regional administrative boundary (Saeid 2010). Thinking reverse, within 

administrative boundary, efficient economy functioning depends on 

proximate local centres having inherent accessibility in an urban system. 

Proximate distance among local centres depicts global & local movement  

1a) 1b) 
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easiness in a city configuration. The ó400 meter ruleô has been supported by 

extensive research in urban studies which assumes, a ó5 minute walkô equals 

roughly 400 meters distance, to basic services and local transit facilities 

within a neighbourhood (Mehaffy, et al. 2010). 

3. Case Study- Narayanganj City  

Narayanganj district is just beside south-east corner of capital city Dhaka. 

Geographic position of Narayanaganj and the Dhaleshwary River bent made 

the Shitalakhya River more feasible water rout to enter Dhaka from south. 

 

 

Figure 2a, Location of Narayanganj from Dhaka (Google map 2015); Figure 2b, 

Narayanganj City Corporation Map showing 3 municipalities (Narayanganj City 

Corporation 2012) 

 

In Mughal period, road connection to Dhaka was established and 

Sonakanda & Hajiganj forts were built in southern part near port to protest 

Magh pirates enter Dhaka through Shitalakhya River (Allen 1912). Kadam 

rasul dargah- a religious centre was built in eastern bank of Shitalakhya 

River by Mughals around which human settlements evolved. Import-

exporting variety of goods like, raw foods, timber, cotton, ivory, gold, silver, 

wrought iron & other finished product in Narayanganj port established the 

region as an important commercial hub for retail market and warehouse  

2a) 2b) 
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shops. Railway connection from Narayanganj to Dhaka, established during 

British reign forming strong global connection. The developments took place 

in Narayaganj Sadar municipality, forming cityôs main artery- Bangabandhu 

(B.B) Road parallel to river. In Pakistan period, Narayaganj emerged as 

industrial city while Adamjee Jute Mill was established in Shiddhiganj 

municipality at north of Sadar. Afterwards cotton mills, garments industries 

became prominent at the fringe of Narayaganj Sadar municipality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3, Narayanganj Sadar & Bandar Upazilla together high-lightened with 

city corporation boundary- showing Global street network and local retail markets. 

(LGED 2015) 

 

In 1984 Narayanganj was upgraded to district with 6 Upazillas naming: 

Sadar, Bandar, Sonargaon, Araihazar & Rupganj. The Sadar and 

Shiddhirganj municipality belongs to Sadar Upzilla and Kadam-Rasul  

B.B. 

Road 

Link 

Road 

Narayanganj District Map  

With six Upzilla: marked by six colors 
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municipality belongs to Bandar Upazilla, which have made up Narayaganj 

City Corporation later (figure 3). In 2000, Dhaka-Narayanganj link road was 

established contributing more population movement to the town centre, 

making B.B. road as prominent global core in this region (figure 3). After 

upgrading the town to City Corporation in 2011, two bridges are proposed 

which will connect west to east over Shitalakhya River with Sadar & 

Kadam-rasul municipality on the southern part of city (Narayanganj City 

Corporation 2015). 

4. Methodology-Space Syntax  

Space syntax theory has two key propositions: the first is configuration of 

space is a primary determinant of probable pedestrian and vehicle movement 

behaviour within urban system, which is known as óTheory of Natural 

movementô (Hillier et al., 1993). The second is about economic distribution 

which is generated as a consequence of their dependency on population 

movement in urban grid (Hillier 1996). 

Space syntax analysis is taken as methods for measuring parameters of 

segmentôs choice and segmentôs metric distance to identify potential 

accessible local economic centres in terms of connectivity of city grid 

configuration within city boundary. Other broader issues in this regard i.e. 

land value, land use transformation, retail geography, historical or ecological 

effect need further research to modify the approach. This paper tries to 

presume hierarchical arrangement of local economic concentration which 

portray cityôs economic agglomeration in accessibility issue. 

4.1. VARIABLE OF CHOICE FOR LOCAL ECONOMIC CENTRE- 

SEGMENT ANGULAR ANALYSIS 

In segment angular analysis of road configuration, each road is considered as 

segment lines that create city map, where óSegment Angular Choiceô 

measures how many least angular paths lay between every pair of segments 

within a given distance (UCL Space Syntax 2015). The urban structure is 

considered as a system of streets, individual spaces that are visible from one 

end to the other without obstruction (Narvaez, Penn & Griffiths 2012). 

Those individual axial spaces (Penn 2001) are straight lines that represent a 

possible path of movement over a map of an urban settlement. The ñangular 

segment analysis algorithm produces better correlation with observed 

vehicular flow than both standard axial analysis and block-distance measureò 

(Turner, 2007). 

In socio-economic process, urban form can be understood by 

óbackgroundô and óforegroundô network of urban configuration (Hillier et al., 

2007). Pattern of local economic distribution can be seen by óforeground 

network propertiesô of a cityôs street configuration. The street configuration  
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is represented as a choice measure, which shows how the main arteries relate 

to the interconnected accessibility within the urban system. It establishes that 

in the highest accessible spaces, commercial and retail activities cluster more 

than in other areas (Hillier 1999; Narvaez, Penn & Griffiths 2012).  

This foreground study of street map with segment angular analysis was 

executed in case of Narayanganj City Corporation to find potential areas for 

local economic sub-centres within the system. 

4.2. VARIABLE OF METRIC DISTANCE FOR HIERARCHICAL 

PATTERN OF SUBCENTRES- STEP DEPTH ANALYSIS 

Step depth is calculated to measure the physical distance of sub-centre 

potential roads from the city street origin which has highest movement 

concentration, namely the new core in agglomerated boundary. According to 

Narvaez, Penn & Griffiths (2014) distances are not only a measurement but 

also relatedness to urban architecture, resulting in a relation of space & 

economy that, economy requires proximity and proximity requires 

opportunity for economic activity. Metric distance captures the local 

patchwork properties of the network mostly with spatial differentiation 

(Hillier et al. 2007). In this paper, metric distances from city centre are 

compared among sub-centres to visualize a hierarchical accumulation in 

terms of movement within city corporation boundary. 

5. Analysis & Discussion 

5.1. PRESUME SUBCENTRE LOCATIONS 

Analysing Narayaganj City Corporation street configuration into segment 

map, angular choice values for R=400, 500, 800, 1000, 2000 & 5000 was 

taken into account. From foreground & background pattern, micro-economic 

qualities of each municipality were clearly distinguished in the form of sub 

centre at a radius of 500 meters, demarked as A, B, C etc. (figure 4a). It 

depicts, local non-motorized transport means are more active which develop 

local economy in this city boundary at small radius choice. 

 

In case of global links among the centres, it is found while R=5000 

meter, the sub-centres tend to connect together regionally (figure 4b). This 

depicts, although single sub-centres are formed by supporting local 

movement, their connectivity with each other is at far. The core line of some 

sub-centres diminishes in global value (< top 10% of total value) starting 

from radius 2000m. It means urban structure of these sub-centres is clustered 

as ódistant agglomerationô, functioning singular but not as a whole. Whereas 

in organic growth, integrated routes are originated from the core of sub-

centres that connect with other sub-centres globally in whole urban structure  
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(Narvaez, Penn & Griffiths 2014). Hence in this case of induced town 

agglomeration, economic agglomeration has to develop more in terms of 

accessibility. It is seen that, administrative boundary agglomeration forms 

new urban structure that emerges new local commercial centres where global 

transportation and connectivity development among them may pull more 

budgetary concentration in planning issue.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4a, segment angular choice map at R=500 m, identifying local centres 

within city corporation boundary; Figure 4b, segment angular choice map at R=5000 

global connection of sub-centres 

From the table 1, 2 & 3 below, it is seen that the sub-centres of Kadam-

rasul municipality are globally less connected than others. Sub-centres of 

Sadar municipality show fewer global integration within city boundary 

whereas this region used to be the main town centre in former period. This 

analysis indicates to new city core formation within City Corporation 

boundary. The sub-centres of Shiddhirganj have better choice range and  
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integration (within top 10% value of city structure) which means new core 

will be more connected to this municipality. 

 

Table 1: Sub-centre potentials in Shiddhiganj Municipality 

 
Sub 
cent

re 

Ref. no 
of main 

road 

Segment Angular choice value Segment Angular Integration value 

R 

(400) 

R 

(500) 

R 

(1000) 

R 

(5000) 

R 

(400) 

R 

(500) 

R 

(1000) 

R 

(5000) 

   Top 10% range of Choice Top 10% range of Integration 

1273-

6898 

2305-

12246 

14663-

88422 

620441-

9446302 

58.93-

204.8 

70.14-

173.62 

132.98-

290.15 

696.19-

1078.74 

A 16453 2711 6233 65634 1332510 98.51 125.34 266.54 722.46 

B 11347 2783 7154 71849 815150 87.60 114.63 165.16 613.35 

C 2275 3320 6838 28913 623141 56.54 67.82 77.07 477.30 

D 16784 5673 11723 39442 522751 66.54 68.57 131.18 734.63 

F 9446 1324 3453 47444 1229630 51.52 68.06 137.21 535.56 

Table 2: Sub-centre potentials in Kadam-Rasul Municipality 

 

Sub 

centre 

Ref. no 

of 

main 

road 

Segment Angular choice value Segment Angular Integration value 

R 

(400) 

R 

(500) 

R 

(1000) 

R 

(5000) 

R 

(400) 

R 

(500) 

R 

(1000) 

R 

(5000) 

  Top 10% range of Choice Top 10% range of Integration 

1273-

6898 

2305-

12246 

14663-

88422 

620441-

9446302 

58.93-

204.8 

70.14-

173.62 

132.98-

290.15 

696.19-

1078.74 

E 8489 2441 3505 13843 70497 35.31 36.39 51.20 180 

G 15516 1313 3047 13250 355105 75.18 77.60 82.08 239.56 

J 15848 2462 4365 25755 3111750 64.57 70.94 94.94 563.42 

M 15932 3305 6840 37840 1309750 70.86 82.15 97.41 511.29 

Increasing movement by óarea developmentô in sub-centres may increase 

global connectivity among them. Further development of east-west 

connection at the north part of city may increase connectivity to Kadam-

rasul municipality with Shiddhirganj municipality. Budgetary concentration 

in these planning aspects may have potential scope to focus on global 

accumulation of sub-centre economy in future. 
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Table 3: Sub-centre potentials in Narayanganj Sadar Municipality 

 
Sub 

centre 

Ref. no 

of main 
road 

Segment Angular choice value Segment Angular Integration value 

R 

(400) 

R 

(500) 

R 

(1000) 

R 

(5000) 

R 

(400) 

R 

(500) 

R 

(1000) 

R 

(5000) 

  Top 10% range of Choice Top 10% range of Integration 

1273-

6898 

2305-

12246 

14663-

88422 

620441-

9446302 

58.93-

204.8 

70.14-

173.62 

132.98-

290.15 

696.19-

1078.74 

H 15600 1575 3357 30886 1213560 80.42 94.47 173.72 738.07 

I 8742 3096 6130 35114 237301 60.20 67.20 92.16 566.82 

K 13913 3252 6181 34185 1529820 74.54 85.50 147.40 661 

L 10580 2609 5037 33248 114493 44.85 63.96 112.90 493.05 

5.2. HIERARCHICAL DISTANCE FROM NEW CITY CORE 

 

 

 

  

 

 

 

Figure 5a: Segment angular choice map at R=n, showing choice core with red 

line; Figure 5b: Comparative step depth distance (metric) from probable city core to 

sub-centres. 

 

The probable new city core is assumed where highest value of both 

choice and integration core are available, theoretically this core will attract  
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more movement and potential for central commercial growth. Hence, 

proximate distance from city core to sub-centres shows a hierarchical pattern 

for agglomeration economies in terms of accessibility.  

 

The sub-centres which are at close proximate, located at <4000 meters to 

the core may agglomerate economic activities by means of local non-

motorized transport system, but to agglomerate sub-centres located at >4000 

meters, motorized transportation or connectivity development may be 

needed, which can be monitored by considering further in-depth place-

specific analysis of each sub-centres.  

6. Conclusion 

The process of finding sub-centre locations by analysing movement within 

city grid configuration will help to reduce trial & error development works 

and utilise resources. Further research may contribute to analyse bid-rent 

hierarchy for detail land use pattern for each sub-centres under three 

municipalities to monitor overall development in newly formed Narayanganj 

City Corporation. Scope for using waterways as a connector within city 

boundary may also seek concentration for improving economic 

agglomeration. 

As commercial strength of a city is its driving power to move on, hence 

other development planning should revolve around giving prime importance 

to it. Ease of accessibility develops communication as well as contributes to 

accumulate local economic forces, thereby inherent overall development. To 

monitor induced development, foremost scope for concentration should be 

local economic sector to wheel up overall growth under proper management 

authority, thus supervise other planning aspect in city growth. 
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Abstract 

Rejuvenating social interaction within community is an essential factor to 

survive together for a long time success. Designing buildings for war victim 

communities is challenging, thus it should be planned with great care, 

involving the people in the community to the design process, addressing 

their issues in poverty and fundamental needs through utilizing readily 

available materials and using locally available cost effective resources. As a 

new sustainable material, Mud-Concrete block (MCB) technology was 

introduced to build community centres for selected war victim communities 

in Batticaloa through óUN Re-settling programmeô. Thus, different walling 

materials were introduced to build the community centers in identified areas 

in Batticaloa. Among those constructions, Mud concrete block (MCB) 

technology was identified as a highly viable solution which could use locally 

available soil in construction sites. This paper explores the up-to-date 

research process of introducing a new sustainable material to restore a war 

victim community within their context through community architecture.    

Key words ï War victim community, Community Architecture, Sustainable 
material, Mud-concrete blocks (MCB) 

1. Rejuvenating social interaction through Community Architecture  

Sri Lanka as a developing country which has been suffering for 26 years 

civil war, many communities were displaced and scattered in North and 

North eastern provinces. The war situation in Sri Lanka more or less 

destroyed thousands of lives and infrastructure of the North and East. As 

reported by Jayaraj (1999), Batticaloa District is in the Eastern Province 

(population 330,000) where 30,000 government armed personnel controlled 

most thoroughfares and towns while an estimated 1,500 militants operated in 

'uncontrolled areas' and villages. Local population consists of Tamil (60%--

largely Hindu, with minority Christian sub-populations) and Tamilïspeaking 

ethnic Muslim (40%). As stated by Chase and Bush (2000), Batticaloa  
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district remained in a militarized stalemate between government army and 

police forces, with checkpoints, security operations and underlying 

communal ethnic tensions, armed gangs, and severe economic contraction 

for a long period as well as known for high suicide rates and child 

recruitment to militant groups.  

All these factors had shown deterioration in relation within communities 

and isolation of individuals. In such situation, thus the challenge is to 

maintain a responsive relationship with the local communities promoting 

dialogue about ongoing local communal tensions and offering an approach 

to compromise to resettle their destroyed livelihood and scattered 

communities. There are diverse approaches to studying resettling and 

empower the war victim communities of Sri Lanka relating to resources, 

interventions, and practice. Many studies provide appropriate intervention 

designs and methodology but few actually apply these interventions and 

evaluations in post conflict nations.   

 

In order to empower the victim communities, rejuvenating social 

interaction within community is an essential factor to survive together for a 

long time success. Social interactions or the response of individuals to each 

other is a basic sociological concept, because such interaction is the 

elementary component of all relationships and groups that make up human 

community. In any community the physical environment around it, affects 

the human psychology for their social interaction with others. That physical 

environment can either enhance the interaction or discourage them. 

According to Rapoport(1969), ñThe interplay of social forces, relevance with 

cultural, economic, political and physical forces involving climate, location 

and technology will give rise to an inherent quality of the community and to 

the nature of the settlement.ò 

 

Ray Oldenburg an American Sociologist (1989) calls these social 

interaction spaces as the ñthird placesò. The first being the home and the 

second being the work places. These third places are crucial to a community. 

By community living and interacting with each other allows people to 

discover and to gain experience by learning from others while enhancing the 

supporting and sharing nature of people. According to Chansomsak and Vale 

( n.d.) collaborative work involving all community elements and continual 

development are obviously keys to creating a sustainable community. The 

more people work together for sustainability, the more they can develop 

their activities and processes. Involvement in community activities also 

encouraged a sense of belonging and sharing and acknowledges the concept 

and the way to achieve sustainability under the particular conditions of the 

community. Also this leads individuals and institutions to strengthen belief  
MUD-CONCRETE BLOCK CONSTRUCTION 
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in their ability to develop their community and be willing to take care of it. 

Thus the Architecture as a social art and a problem solving method, (Ching, 

1979) rejuvenation of social interaction could be achieved through 

ócommunity Architectureô.  

 

According to Wates (2000), óCommunity Architectureô can be simply 

defined as, ñarchitecture carried out with the active participation of the end-

usersò. This alternative approach to the conventional architectural practice of 

non-participation of users can be copied back to the 1950s self-help 

community initiatives in the developing countries. In these self-help projects, 

the professionals joined hands with the people to improve their environment. 

As reported by Wates and Knevitt (2013), Community Architecture since 

then has developed in different forms around the world with a common 

vision, that is, public participation in decisions affecting their environments 

and hence their lives.  

 

As Towers (1995) reported, óCommunity Architectureô has provided 

alternative design and development approaches in the form of the following 

three priorities.  

 

1. Save what already exists within a neighbourhood, based on the 

communityôs wishes. There should be a minimum destruction of 

community networks. 

2. Community members be included in the design process  

3. The end-users are most familiar with their needs and 

requirements, which is also directly related to the success of a 

project.  

Based on these observations, Community Architecture lastly admits the 

participation of the community members in the decision-making and 

supervision of the community-based projects.  

 

In order to rejuvenate social interaction within the immediate community, 

UN habitat has proposed to build prototype model of community centres in 

identified areas. The goal of a new community centres set in create a unique 

place that will unite people in a neighbourhood by providing a setting that 

will bring the community together, once again. The principle element that 

these war victim communities lack is a cultural or social bond. By providing 

a place where members of the community can gather together, celebrate and 

share their different cultures will ultimately create a new cultural and social 

bond within the neighbourhood and the greater community. Also by 

providing a place for everyday activities to take place within the community,  
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rather than remote from its core, will allow for more social interaction. 

Several key objectives were considered at the beginning of design process of 

self-help community centre projects as follows; 

 

¶ Identifying the exact Social & functional needs within the community. 

¶ Necessity of introducing sustainable materials to reconstruct the built 

environment.  

¶ Introduce strategies to use locally available materials.  

¶ Introducing easy production process of materials. 

¶ Challenge of building skilled labour force to possess the relevant skills 

in order to take advantage of the opportunities arising from improved 

infrastructure and other capital investment. 

¶ Developing ósoft skillsô and management and technical capabilities. 

¶ Introducing low cost construction with highly viable solutions while 

keeping unique appearance. 

¶ Possible techniques to consume less energy while maintain less 

impact to the environment.  

¶ Making built environment more responsive to user community as well 

as nature. 

¶ To achieve above objectives in building design process Mud-Concrete 

technology was introduced as a sustainable material to constructions. 

 

2. Research through Material innovation: Mud-Concrete as a      

sustainable material 

Selection of construction materials that have minimum environmental 

burdens and adoptability to local context is useful in the means of 

sustainable development when rebuilding the local communities through 

community Architecture. So, the research methodology was generated  

 

Figure 2: Plan of Community 

center at Batticaloa 

Figure 1: 3-Dimesional view of 

Community center at Batticaloa 
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through the research process and this approach is to link the research process 

of inventing Mud-Concrete technology to building process and practiced  

through community architecture to rejuvenate the social interaction to 

empower the war-victim community within their context. 

 

Mud-based construction has been very popular in ancient times, though it 

is not so in the present context of the industry. According to Cofireman et al. 

(1990) earth has been used in the construction of shelters for thousands of 

years and approximately 30% of the worldôs present population still lives in 

earthen structures. As Ren & Kagi (1995) presented earth is a cheap, 

environmentally friendly and abundantly available building material. It has 

been used extensively for wall construction around the world, particularly in 

developing countries. Several construction techniques have been practiced: 

dugout, earth-sheltered space, fill-in, cut-blocks, compressed earth, direct 

shaping, stacked earth, moulded earth, extruded earth, poured earth, straw 

clay, and daubed earth. These construction techniques have likely evolved 

through time and are still in use around the world. These earth based 

techniques are becoming unpopular day by day due to social believes on 

their strength and durability parameters , though these products got eco 

manufacturing process. But óConcreteô is one of the most popular 

construction materials used currently, particularly due to the strength and 

durability factor. 

 

Thus, the initial concept of developing Mud-Concrete is to incorporate 

the both strength and durability of concrete to mud-based constructions and 

make such constructions popular locally while ensuring indoor comfort, low 

cost load bearing walling system with easy construction technique which has 

least impact on the environment. Hence the novel concept in Mud-Concrete 

is that it employs a óConcreteô made using earth/ soil. Concrete is a 

composite construction material made out of cement, sand, metal and water. 

Here, metal (coarse aggregate) governs the strength, cement acts as the 

binder and sand (fine aggregate) reduces the porosity and water acts as the 

reactor to cement. In Mud-Concrete, the intended functions of sand and 

metal of concrete are replaced by fraction of soil. The precise gravel 

percentage governs the strength of Mud-Concrete. The cement in this 

concrete is also used as a stabilizer in very low quantities. In this research 

fraction of soil has been classified as follows; 

 

Gravel - sieve size 4.25mm Ò gravelÒ 20mm 

Sand - sieve size 0.425mm Ò sand Ò4.25 mm 
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Fine (silt and clay)   -     Ò sieve size 4.25 mm 

 

Figure 3: Composition of Mud-Concrete 

 

 

The impact to the strength of mud-concrete with varied compositions of each 

of the above components has been studied as follows: 

 
a. Change the fine percentage while keeping the sand and gravel 

constant 

b. Once the optimum/ most practical fine content is known, the 

sand/gravel percentage was changed to find the optimum sand and 

gravel contents 

c. Then the proposed mix was tested with different cement 

percentages, to optimize the required wet and dry strength of the 

block  

 

According to gradual experiment process, the best mix proportions of unique 

Mud concrete block is achieved with minimum cement percentage and 

optimum water requirement which allows its self-compacting nature. Unlike 

conventional approaches to mud based construction, the MCB as a sensitive 

technology explained below significant innovative ideas which could utilize 

people ambitions in real world construction. 

 

d. Soil will be slightly modified to form a concrete, which can 

withstand high strength and is durable. 

e. The gravel acts as the strengthening agent, while clay and cement 

will act as the binder. 

f. High water / cement ratio used will reduce strength; however, it 

would be regained by the proposed mix proportions.  

g. The proposed water content will allow the mix to flow freely, which 

would create a mix that can compact itself. 
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h. Excess water in the mix will create a porous structure that will later 

act in cooling the building through convection. This will increase the 

thermal comfort of the interior than other earth based constructions.  

i. The porous structure and the absence of compaction will ensure 

aeration which would cut down heat gain due to low conductivity.  

j. The extra water within the block will ensure that the block achieves 

its strength with time without any curing process. This will allow the 

block to be used as soon as it achieves the required minimum 

strength. 

k. Since there is no burning involved, the block can be casted to any 

dimension, which matches the structural and architectural 

equipment.  

l. Due to high water content and presence of clay, the block will end 

up with a clear and smooth surface which allows it to be used 

without plaster. 

m. The proposed manufacturing techniques as well as the proposed 

proportions finally make a block that is low cost, has low embodied 

energy and requires lesser technical input / knowhow at the 

construction stage.  

 

Day by day societyôs misconception on Soil based constructions is growing, 

because it is   considered that these technologies only employ for poor who 

runs with low cost budget. Thus, the innovation of MCB drives people to 

rethink on soil based construction once again in making their built 

environment more responsive, while fading their doubts on strength and 

durability measures of soil. UN Habitat and the beneficiary community in 

the area was identified ñMud Concrete Blockò as a cost effective technology 

for construction through the presentation and workshops conducted by the 

inventors from University of Moratuwa. Therefore, three community centres 

out of six were decided to construct using Mud-Concrete Blocks.   

3. Research through building process: Introducing Mud-Concrete 

Block technology in construction of community centres 

Step 01: Conducting soil test 

Visited the selected site for constructions and soil samples were borrowed 

from each selected sites. Laboratory tests were conducted and all soil 

samples borrowed from the proposed sites were analysed at laboratory. 

Identify the existing proportions of available soil of selected sites. Proposed 

possible techniques were introduced to bring the soil up to best practical  
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mix. According to the test results Soil: Cement mix proportion decided. (4%-

8%).  Then the composition of Mud concrete could be concluded as Fine (Ò 

sieve size 0.425mm), Sand (sieve size 0.425mm Ò sand Ò4.25 mm), Gravel 

(sieve size 4.25 mm Ò gravelÒ 20 mm), Cement (minimum of 4%) and 

Water (pouring stage). 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Composition of Mud-Concrete 

 
Step 02: Development of form work  

Form work was developed and introduced most optimum way of casting the 

blocks with the available resources to maintain easy manufacturing through 

less involvement of technology. As an initial approach form work made by 

0-1ò thick laminated plywood sheets. (Figure: 5) Due to the easy removal, 

maintain the quality of block finishes and maintain the durability of moulds 

óform workô was developed from plywood to steel. (Figure: 6) 

 
Step 03: Taking part in the discussion of technology, people and interaction 

 

Community meetings were conducted to introduce the technology to people 

and maintain a responsive relationship with the local community and 

different Training programs/workshops were conducted to technical officers 

from UN habitat. Ongoing collaboration with families from the different 

ethnic groups and dialogue with village leaders was encouraged  

Community provided labour used to manufacture Mud blocks, hence 

community was empowered and educated for manufacturing their own 

material. Within this programme skilled and unskilled labour force was 

identified and technology was develop to make easier and user friendly to 

people. 

 

Step 04: Mud-Concrete block casting and curing at site (Figure: 7) 

Casted block sizes were 225mm x 200mm x 150mm and required half sized 

blocks also casted prior to the work. According to the calculations, 2500  

Fraction of Soil: 

Gravel, Sand, 

Mud 

Prepared soil 

samples after 
sieve 

Added cement  Mixture ready 

to add water  
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Mud-Concrete blocks (with added 5% wastage) were required per 

Community centre. 

 
Step 05: Preparation of Mortar 

During the masonry construction cement, soil and sand mortar was used. 

Mortar proportion was considered as cement 1: soil 3: sand 4 and it should 

prepared with adequate workability for facilitating the mason to fill the joints 

easily. The water content of the mortar is decided by achieving a good 

workable mix. Sieving the soil and sand from a mesh size of 6mm is 

essential in case of removing the coarser particles and to achieve good 

homogeneity of the mortar in the joints between the blocks. 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 5: Development of Form work - Form work made by Steel sheets 

 

 

 

 

 

 

 

 

 
Figure 6: Form work made by plywood 
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Figure 7: Mud- Concrete block Casting and curing procedure at Site 

 
Step 06: Construction of walls (Figure: 8) 

To control the quality of work, there was a necessity to pre-plan for 

controllable failures. Therefore, easy handling simple tools were introduced 

to levelling and aligning the mortar joints and construction of walls. 

Continuous monitoring and quality controlling measures were provided by 

inventors & technical officers during construction. 

 

3.1 Research on cost reduction strategies of a Mud-Concrete Block   

through the manufacturing process 

 

Several work studies were carried out to find the optimum construction 

labour/ machinery cost. Several trials were done with 1-3 moulds and found 

the best as to have 2 laboures at each site while sharing the production cost 

of 3 moulds among more than 2 sites, to gain the best cost saving for the 

buildings. With the careful and continuous supervision, the labour cost of a  
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block can be reduced from LKR. 33.92 to LKR.7.21 and this will lead to an 

extra cost saving of Rs.60, 000.00 by having 3 laboures at the site with 2 

moulds and increasing the number of cycle of casting. The calculations are 

based on reusing of the moulds for at least 10 sites. (Table: 2) Further, study 

was carried out to minimize the Material cost through optimizing added 

cement from 8% to 4%. (Table: 1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Introduction of simple tools to maintain the labour skilfulness 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Photographic survey- Different stages of community center  

construction in Batticaloa 
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Once the foundation was done the floor concrete was laid to get a uniform 

surface to do the block casting. This will make sure a continuous water seal 

membrane at the foundation level and hence, it will minimize/ totally 

eliminate water movements due to capillary action as well as can reduce the 

termite attacks. Further, with this a good workable platform will be created 

and hence, quality of block production will be endorsed. Project cost also 

can be reduced by avoiding brick work at the foundation level.  

 

Thus cost can be curtailed. Foundation work was kept for 14 days to achieve 

the strength and until that the labours at the site were used to cast the blocks. 

120 blocks were made for a day and the total requirement was 2750 blocks 

for the whole buildings. As an average amount, 20 days were required to cast 

the blocks for construct a community building. Hence when the site is ready 

for waling, the blocks were ready. According to the project records, the 

typical prototype modelled community centers constructed through 

Sandcrete blocks was cost 2.995million and Brickwork (rat trap bond) was 

cost 2.966 million. But the community center constructed through Mud-

Concrete block technology was cost only 2.84 million and the technology 

saved nearly 0.1 million from a building and saved 0.3 million from three 

projects which constructed at Batticaloa. 

 
Step 01- Table 6: Cost comparison through optimizing added cement percentage 

 

Type Masonry 

work 

Plastering  Cost per square 

(single side 

Plastering) 

Cost variation 

for No.  

Plastering (%) 

Cost 

variation 

with 

plastering 

(%) 

Mud Block  

(6 ")            

4% cement 8580.11 5279.00 13859.11 0% 

Not required 

6% cement 9518.41 5279.00 14797.41 11% 

8% cement 10456.72 5279.00 15735.72 22% 

10% cement 11395.02 5279.00 16674.02 33% 

12% cement 12333.33 5279.00 17612.33 44% 

            

Brick (6")  18753.75 10558.00 29311.75 119% 150% 

            

Hollow 

block (6")  15213.00 10558.00 25771.00 
77% 124% 
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Step 02- Table 7: Cost Comparison of a MCB block through sharing moulds among 

different sites per day 

Scenario 
Practice 

No. 

No. of 

moulds 

No. of 

Sites 

No. of 

labour 

No. of 

MCB 

blocks  

Cost per 

MCB 

block 

(LKR)  

1 

i  1 1 2 2500 33.92 

ii  2 1 2 2500 15.78 

iii  2 2 2 2500 12.58 

iv 2 10 2 2500 10.02 

2  

v 3 1 2 2500 15.85 

vi 3 2 2 2500 11.05 

vii  3 10 2 2500 7.21 

3  

viii  3 1 3 2500 18.98 

ix 3 2 3 2500 14.18 

x 3 10 3 2500 10.34 

 

4. In conclusions: The Social acceptance towards the Mud-Concrete 

(MCB) technology   

To sum it all, challenge of designing for a war victim community was 

achieved through a multi-disciplinary practice. In this study, it was 

integrated with research process to building process and practiced through 

community architecture to rejuvenate the social interaction to empower the 

war-victim community within their context. It was a definite factor to 

identify their extreme social, economic and functional needs prior to the 

implementation of the project. Further, introducing a new sustainable 

material to the óBuilding Processô to restore a damaged community must 

incorporate with all these communal needs and ultimately this process 

should socially acceptable, environmentally compatible and economically 

viable. 

 

Thus, Mud-Concrete technology was identified as a sensitive technology 

which utilizes the ambitions of victim community in a third world. Mud 

concrete technique is sound in strength and durability along with self-

compacting nature unlike other mud based conventional approaches. Though 

there were different walling materials were introduced to build the 

community centres in identified areas in Batticaloa, Mud-concrete 

technology was identified as a highly viable solution which could use locally  
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available soil in construction sites. When comparing with the other walling 

materials MCB took a prime place in load bearing, durability and thermal 

comfort while maintaining low embodied energy. The natural earth colour, 

texture and proportions of MCB were added permanent beauty to the 

building form, creating unity with nature while adapting to the context of 

space. Easy production process, new appearance, low cost constructions and 

the less energy consumption of MCB has been attracted people more in to 

embrace the technology. 

 

Thus, the introduced technology, achieved the challenge of developing 

the labour skills among the community. Introduced community Architecture 

helped to intervene community members to the design process and educated 

them within the building process. Then the end-users understood the actual 

requirements of a community and how to achieve those requirements 

through the building process. Moreover, they understood the challenges, 

failures and how to pre-plan for controllable failures of a construction 

project. Therefore, construction of community centre projects in Batticaloa 

resulted in a great success where, Mud concrete block technology was highly 

appreciated as a sustainable solution by people who are rebuilding their 

communities.  
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Abstract 

Flat roof slabs are gaining its popularity day by day due to its advantages 

like cyclonic resistance, possibility for future expansion and the possibility 

of using them as additional working space. However, the major issue 

associated with roof slabs is thermal discomfort, for which, active cooling in 

the forms of fans and air-conditioners is the most common remedy used. 

This has led to extensive use of energy, increasing the operational cost of the 

buildings and, in the macro scale, contributing to global warming as well. 

Hence, the current trend is to go for passive techniques. Insulating roof slabs 

is identified as a better passive way to address the stated issues. In this study, 

several existing roof slab insulation techniques were discussed and their 

benefits and drawbacks were identified. While ensuring the same thermal 

and structural capacity of the insulation system, a new system was developed 

to address the drawbacks of existing systems. Computer based modelling 

were used to optimize the system and the small scale model testing was used 

to validate the results obtained by the computer simulations. Finally, a new 

insulation system was developed with enhanced thermal performance, 

structural capacity and the durability. 

Keywords: Passive Cooling, Roof Slab Insulation, Structural performance, 
durability 

1. Introduction  

Due to the rapid development taking place in the last couple of decades, 

ólandô has become one of the most expensive commodities in the world, 

particularly in urban areas. In this context, multi-storey construction has 

widespread throughout the world as it enables the users to have a larger 

working area in a small footprint. Further, use of flat concrete roof slabs has 

aggravated its popularity as it allows the flexibility to the users to use the 

space as either a working space or a roof top garden (Banting, 2005; Berardi, 

GhaffarianHoseini, & GhaffarianHoseini, 2014; Halwatura, 2013). In 

addition, robustness  that a concrete  roof slab incorporates to a building  
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enhances the disaster resistance, particularly against cyclones (Halwatura, 

Mallawarachchi, & Jayasinghe, 2007). 

 

Nevertheless, since concrete is a relatively high thermal conductor, it gets 

heated up in the daytime and emits long wave radiation to the space 

underneath, causing a severe thermal discomfort to the occupants in its 

topmost floor. It has been found that if this issue can be addressed, it will 

make flat concrete roof slabs more popular among the general public 

(Nandapala & Halwatura, 2014).  

 

The most common remedy adapted to address this issue is, active means 

of cooling in the form of fans and air-conditioners. Even though that it 

solves the issue of thermal discomfort, it is at a higher cost in the form of 

higher usage of energy, leading us back to the biggest issue that the current 

world is facing, Global Warming.  

 

It has been found out that in Singapore, buildings use up to 57% of the 

total energy usage of the country (Kwong, Adam, & Sahari, 2014), and In 

Malaysia, a country with a similar tropical climatic conditions, more than 

30% of the total energy usage is for making buildings thermally comfortable 

(Dong, Lee, & Sapar, 2005). This proves that around 20% of the total energy 

used in tropics is for providing thermal comfort in buildings. It is obvious 

that this is beyond the world can afford, implying that the use of active 

cooling techniques is not an appropriate solution for thermal comfort in long 

run. Hence, passive cooling techniques  have become popular in the world 

(Al -Obaidi, Ismail, & Abdul Rahman, 2014; Alvarado & Martínez, 2008; 

Sadineni, Madala, & Boehm, 2011), insulation in particular (Al -Homoud, 

2005; Brito Filho & Santos, 2014; Dylewski & Adamczyk, 2014).  

 

There are several roof insulation techniques tried out in the world, and 

their heat reduction potentials have been studied. Applying a cool paint is 

one such technique. In a research carried out in Florida, USA, it has been 

proven that up to 38% energy saving can be obtained by applying a cool 

paint  (Parker & Barkaszi Jr., 1997). Another research in Italy, a reduction of 

54% energy demand is observed (Romeo & Zinzi, 2013).  In Greece a set of 

researchers has used a 60mm air gap as an insulator, and obtained a daily 

heat gain reduction of 56% (Dimoudi, Androutsopoulos, & Lykoudis, 2006). 

There is another technique used in Sri Lanka with a 25mm polyethylene 

layer as the insulator, proving a heat reduction of 75% can be obtained in a 

tropical climatic condition (Halwatura & Jayasinghe, 2008).  
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Above figures incontrovertibly suggest that insulation can be very 

effective in any climatic condition. Since this study focuses on tropics, the 

system developed in Sri Lanka is found to be the most recent and the best to 

suit the conditions. However, there are some drawbacks associated with this 

method. The issues associated and the proposed remedies are discussed in 

this paper. 

2. Findings so far 

 

 
Figure 10: insulation system with a continuous insulation layer 

 

As it has been mentioned, thermal discomfort is the dominant drawback 

associated with roof slabs, and for which insulation has been identified as a 

better remedy. The most common arrangement used in practice is shown in 

Figure 10.  

 

This system is implemented and tested practically, and proven that this 

performs really well in thermal aspects. However, this imposes a restriction 

on loading since a layer of weak material is sandwiched in the system.  

 

Figuring this out, a system has been developed with a set of continuous 

concrete strips within the insulation layer as shown in Figure 11 (Halwatura 

& Jayasinghe, 2008). This is proven to be structurally sound, with the 

capability of bearing any practical load acted on a roof. 

 

However, leakages of slabs were observed in long run in the slabs 

constructed. After an investigation, water was found to be stagnant in the 

areas where insulation material is. This can be elaborated as follows; 

 

The supporting arrangement of this system in the insulation layer (plan 

view) is shown in Figure 12. Thereôs no drainage path for a water drop 

which passes through the cracked screed to the insuation layer, as the 

insulation material is enclosed by a set of continuous concrete strips. The  

Structural Slab 

Insulation layer 

Protective screed 
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waterproofing layer that is used in slabs is not designed to withstand a water 

head, hence has failed. 

 

Figure 11: The system with continuous concrete strips (Halwatura & Jayasinghe, 

2008) 

 

Hereafter, this paper describes the conceptual design of a drainage path 

within this insulation system.  

 

 
 

Figure 12: Supporting arrangement of screed within insulation layer in the system 

with continuous concrete strips (plan view) 

3. Methodology 

A literature survey has been carried out to figure out the requirement of such 

a technique in the local context. Further, the existing techniques that have 

been tried out throughout the world were studied, and the systems that is 

most efficient has been picked out for further improvement.  
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Then those particular systems is further investigated by means of a further 

literature review and a field study to identify the practical issues to be 

addressed.  

In the study, it has been identified that structural performance and the 

durability are the main issues associated with those systems. The method 

that was adapted to address those is described throughout this paper.  

4. The Conceptual Design 

4.1 STEP 1: REMOVING STRIPS IN ONE DIRECTION 

The first option considered was to remove strips in one direction as shown in  

Figure 13. The objective of designing the system, in first place, is to remove 

the restriction for loading. Hence, the system has to be designed in such a 

way that it can withstand any practical load applied on that. Therefore, a 

structural analysis was carried out assuming that the imposed load applied on 

that is 5kN/m
2
, which is the maximum specified in BS6399-1:1996 (Code of 

Practice for Dead and Imposed Loads).  

 

In this context, there were four variables to be considered. 

 
1. Spacing between strips 

2. Size of strips 

3. Mix proportion of concrete used.  

4. Reinforcement arrangement of the top screed. 

An optimum spacing for the system was to be found out for the system. 

Because the system could have failed if the strips are too far apart of each 

other, and the effectiveness of the system reduces drastically if they are 

placed too closer by since the insulation material is replaced by concrete 

.  

Reducing the concrete area as much as possible is a major objective in 

this optimization process of the system. Hence, a minimum size that can bear 

the predicted load had to be found out.  

Figure 13: supporting arrangement after removing strips in one direction 
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The mix proportion to be used in the strips plays a major role as well. It 

has to be strong enough to carry the load, and should be able to be 

compacted in an area of a width of 40mm. Hence, a concrete with a lower 

maximum aggregate size (chip-concrete) was used. A suitable 

proportionating was necessary to be done. 

 

The screed had to be designed as a slab itself as this system is to be used 

as a load bearing structure. Since concrete is a material which is very weak 

in tension, some arrangement of steel had to be incorporated into the system. 

Several options of having two reinforcement nets were considered. Bottom 

reinforcement was tried fixed to a 2ò x 2ò gauge 12 mesh due to the 

convenience of construction. There were four options considered for the top 

net: no reinforcement, a 6mm mild steel bar near supports, a 10mm tor steel 

bar near supports and a same type of a mesh (double nets), with an obvious 

preference for the óno top reinforcementô case over others.  

Since it was not practical to play with all the variables, size of strips was 

fixed to 50 mm and the concrete was assumed to have a strength of 15 

N/mm
2
 for initial evaluations. The results obtained by computer simulations 

by varying the spacing of the strips and type of reinforcement is shown in 

Figure 5. It suggests that the system can be implemented without any top 

reinforcement if the strips are provided in a spacing of less than 540 mm ( 

 

Figure 14). at this stage, the finalized values for the four variables stated 

above are as follows; 

 

1. Spacing between strips ï 540 mm 

2. width of the strips -  50 mm 

3. Strength of concrete used ï 15 N/mm
2
 

4. Reinforcement arrangement of the top screed ï a single net of 2ò x 

2ò gauge 12 mesh 

 

4.2 STEP 2: OPTIMIZING THE STRIP IN ITS LONGITUDINAL   

DIRECTION 

 
As it has been stated, reducing the concrete area within the insulation layer is 

a prime objective of this study. Hence, several options were considered to 

select the optimum arrangement, varying the spacing of the strips (in 

transverse diration). In this case, there were three additional variables 

considered. 
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Figure 14: Bending moments and bending moment capacities for different 

reinforcing arrangements 

 

Figure 15: Variables to be considered in optimizing the strips in longitudinal 

direction 

 

1. Transverse spacing of strips ( number 1 in  

2. Figure 15) 

3. Longitudinal spacing between strips ( number 2 in  

4. Figure 15) 
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5. Length of the strips (number 3 in  

6. Figure 15) 

Sixty possible options were considered by varying these variables and 

three feasible options were picked out considering the structural aspects 

(Table 1).  

 
Table 1: The short-listed systems with discontinuous concrete systems with supports 

 
span in transvers 

direction(mm) 

Length of the strip(mm) Clear spacing between strips (mm) 

300 300 400 

400 300 300 

500 200 100 

 

4.3 STEP 3: FLAT SLAB ARRANGEMENT 

The options considered so far were of a typical beam-column supporting 

system of a slab. However, it was worthwhile to consider the option of a flat 

slab arrangement too. The results obtained are shown in Figure 16 (only 

hogging bending moment is shown as it was the critical aspect considered). 

The results suggested that it is possible to implement this system if 50 mm 

blocks are spaced at 150 mm.   

4.4 STEP 4: SELECTING A SUITABLE WIDTH OF THE STRIPS 

The major objective of this study was to find out the optimum supporting 

arrangement to carry any possible load acting on it. Further, in section 3.1, 

only two out of four variables in total were considered in the design. In this 

step, the minimum width of the strip has been worked out.  

 

Since the height of the supporting strips is short with respect to other 

length, the most likely way is to fail in compressive strength. Hence, the 

minimum width required is calculated by a simple compressive strength 

calculation. The results are as shown in Table 2.  
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Figure 16: Bending moments and bending moment capacities of flat slab 

arrangements with different spans 

 

It shows that a very small width is sufficient to carry the load. However, a 

minimum width of 25mm is selected considering the practical construction 

aspects.  
Table 2: Calculations for finding minimum width of strips 

 

 

300mm in 

transverse 

400mm in 

transverse 

500mm in 

transverse 

Flat slab 

arrangement 

effective area 

(m2) 
0.21 0.24 0.15 0.04 

Dead load (kN) 0.2076 0.2394 0.153 0.0399 

live load (kN) 1.05 1.2 0.75 0.2 

total load kN 

(with partial 

factors of 

safety) 

1.97 2.26 1.41 0.38 

minimum area 

(mm2) 
131.38 150.34 94.28 25.06 

minimum width 

(mm) 
0.44 0.50 0.47 5.01 
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4.5 STEP 5: SELECTING THE BEST SYSTEM 

As the process suggests so far, the possible options for the structural 

arrangement is short-listed to four. The next step was to pick one out. 

 

Since the objective is to minimize the concrete area within the insulation 

material as much as possible, the concrete area of approximately100 m
2
- slab 

was considered. As Table 3 suggests, the flat slab arrangement has a 

significantly higher percentage than other options, which are more or less 

having a similar area of concrete. The second option has the lowest value 

and hence was selected for actual scale testing. 

4.6 STEP 6: SELECTING A SUITABLE CONCRETE MIX 

The other variable that was fixed in section 3.1 was the mix proportion of 

concrete used. Since the supporting strips are of 400 mm x 25 mm, it was 

necessary to specify a lower maximum aggregate size for concrete. As 

chipped metal with a maximum size of 10 mm is a common construction 

material a mix design was performed to achieve a strength of 15N/mm
2
. 

Several options were considered as shown in Table 3. 

 

Table 3: concrete areas of the four short-listed systems 

 

  300mm in 

transverse 

400mm in 

transverse 

500mm in 

transverse 

Flat slab 

arrangement 

Concrete area (m2) 3.71 3.51 3.57 5.61 

Total Area (m2) 97.5 105.5 101.5 99.0 

Ratio 3.8% 3.3% 3.5% 5.7% 

 

All the mixes tested did achieve the target strength of 15 N/mm
2
. The 

next step was to specify a volume batch mix proportion to be used in the 

industry. From a simple calculation it has been found out that the mix with 

water-cement ration of 0.7 has roughly 1:2:3 proportion of cement, sand and 

metal respectively.  

4.7 STEP 7: ACTUAL SCALE TESTING 

Having finalized the system, the next step was to validate results by 

actual scale casting. The system was loaded with a proving ring calibrated to 

measure the load applied. The deflection with the applied load was measured 

by a dial gauge. Both readings were continuously taken till the system fails 

entirely. The results are shown in Figure 8.  
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The graph in figure 8 shows that the system can be loaded higher than 

30kN without a serviceability failure. This is sufficient to carry any practical 

load on top of a roof. 

 

5. CONCLUSIONS 

Using flat slabs as roofs is a good strategy to recover the land, one of the 

scarcest resources in an urban environment. Further, it enhances the 

robustness of structures and thereby increases the resistance to natural 

disasters, of which the intensity and the severity increases day-by-day as a 

result of the climate change in the world. However, it increases thermal 

discomfort in the uppermost floor as the slab acts as a heated body and emits 

longwave radiation to the immediate space underneath. Mechanical cooling 

is the most common remedy used in the industry, but it increases the energy 

consumption which is not favourable for a sustainable world. 

 

Table 48: Mix design options tested to obtain 15 N/mm
2
 strength 

 

W/C 

ratio  
Cube # 

Load 

(kN) 

Size of the Block 

Strength 

(N/mm2) 

Average 

Strength 

(N/mm2) 

Length 

(mm) 
Width 

(mm) 

0.78 

1 517.8 150 153 22.56 

22.48 2 530.4 148 151 23.73 

3 478.3 155 146 21.14 

0.75 

1 506.3 150 151 22.35 

23.78 2 526.7 151 149 23.41 

3 594.7 155 150 25.58 

0.70 

1 478.8 150 153 20.86 

23.97 2 562.5 148 147 25.85 

3 551.5 150 146 25.18 

0.65 

1 536.4 150 150 23.84 

25.40 2 567.2 146 148 26.25 

3 599.5 153 150 26.12 

0.60 

1 683.4 150 153 29.78 

27.63 2 589.1 149 151 26.18 

3 609.3 155 146 26.92 
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In this context, insulation of slabs has gained the popularity among the 

researchers in the modern world. There are many such techniques developed 

in the world, of those the most effective method was selected. A field study 

was done to identify the performance of the system. It was noted that this 

system has a drainage issue as some instances the slabs have become leaked.  

 

The system was further investigated to find out the reason, and a separate 

technique was developed with a minimum concrete area and a proper 

drainage path. It has been found out that 300 mm x 25 mm strips with 300 

mm clear span, and a transverse spacing of 400 mm is structurally capable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17: Load Vs. Deflection curve of the actual scale testing 

 

A mix design was done to obtain the required strength out of chip-

concrete and 1:2:3 proportion of cement, sand and metal with a 

water/cement ratio of 0.7 is found to be sufficient to be used in the system. 
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Abstract 

In recent years, the higher education community has played an increasingly 

important role in moving disaster science from a responsive, primarily 

technical discipline, to a broad, multi-disciplinary movement that seeks to 

build societal resilience to disaster. This study sets out some of the key 

challenges and opportunities for higher education towards tackling the 

challenges set out in the Sendai Framework for Disaster Risk Reduction 

2015 - 2030, which was adopted by 187 UN member states in March 2015.  

 

The study brings together existing literature in the field, as well as the 

results of various analysis and study projects undertaken by a European 

network project. 

 

Five key areas of focus are identified in working towards 2030: Link 

research, education and action; Integrate all hazards, stakeholders and 

disciplines; Collaborate regionally and globally; Facilitate policy dialogue, 

knowledge sharing and capacity development; Develop flexible and 

customisable education programmes.  

Keywords: Disaster resilience; higher education; challenges; opportunities. 

1. Introduction 

In recent years, the European higher education community has played an 

increasingly important role in moving disaster science from a responsive, 

primarily technical discipline, to a broad, multi-disciplinary movement that 

seeks to build societal resilience to disaster. This movement coincides with 

the increasing global emphasis on the need to tackle the inter-related 

challenges of disaster risk reduction, sustainable development and climate 

change.  
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The ANDROID disaster resilience network was established in 2011 

(Academic Network for Disaster Resilience to Optimise EducatIonal 

Development). The network was set up to promote co-operation and 

innovation among European Higher Education and in doing so, to increase 

societyôs resilience to disasters of human and natural origin. An underlying 

tenet of ANDROID is that higher education should be more innovative, 

providing opportunities to work in close collaboration with industry, 

communities, humanitarian agencies, private sectors and other higher 

education institutions. 

 

This study presents a roadmap produced by the network that sets out 

some of the key challenges and opportunities for higher education towards 

tackling the challenges set out in the Sendai Framework for Disaster Risk 

Reduction 2015 - 2030, which was adopted by 187 UN member states in 

March 2015. A more detailed account of the study and supporting survey 

projects can be downloaded from www.disaster-resilience.net. 

2. Background to the study  

Among many communities disasters pose significant concerns and 

challenges. With growing population and infrastructures, the worldôs 

exposure to disaster related hazards is increasing. In addition to loss of life, 

disasters greatly hamper the social-economic capacity of the member 

countries and also of the union as a whole. Swiss Reôs latest sigma report 

(2014) highlights 308 disaster events in 2013, of which 150 were natural 

catastrophes and 158 man-made. Almost 26,000 people lost their lives or 

went missing in the disasters.  

 

The frequency, scale and distribution of disasters in recent years is also 

evidence that disaster related hazards are a global problem, threatening to 

disrupt communities in developed, newly industrialised and developing 

countries. As the 21st century unfolds, an increasing majority of the worldôs 

population will live in cities. By 2050, the UN expects 80% of worldôs 

population to live in urban areas. Half of these are in small and medium size 

cities (United Nations, 2014).  In the East Asia region alone, the urban 

population is expected to double between 1994 and 2025 (World Bank, 

2011). 

 

The importance of international cooperation and global partnership to 

tackle disaster risk is explicitly recognised in the Sendai Framework for 

Disaster Risk Reduction 2015-2030 that representatives from 187 UN  

 
 

http://www.disaster-resilience.net/
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member States adopted in March 2015 as the first major agreement of the 

post-2015 development agenda. The framework will govern the next 15  

years of disaster risk reduction globally. The framework acknowledges that 

given their different capacities as well as the linkage between the level of 

support provided to them and the extent to which they will be able to 

implement the present framework, developing countries require enhanced 

provisions of means of implementation, including adequate, sustainable, and 

timely resources, through international cooperation and global partnership 

for development. It recognises that in addressing economic disparity and 

disparity in technological innovation and research capacity among countries, 

it is crucial to enhance technology transfer involving a process of enabling 

and facilitating flows of skill, knowledge, ideas, know-how and technology 

from developed to developing countries in the implementation of the present 

framework.  

 

The Sendai Framework also recongises the vital role of academia, 

scientific and research entities in tackling disaster risk. It urges them to focus 

on the: disaster risk factors and scenarios, including emerging disaster risks, 

in the medium and long term; increase research for regional, national and 

local application; support action by local communities and authorities; and 

support on the interface between policy and science for decision-making. In 

a similar vein, the Science and Technology Major Group that informed 

Member States and Stakeholdersô submission (STMG, 2014) identified the 

need to promote scientific research into risk patterns and trends, as well as 

the causes and effects of disaster risk in society; and engage with the 

national/sub-national research and practitioner community to strengthen the 

science-policy interface.  

3. Methodology  

This roadmap brings together existing literature in the field, as well as the 

results of various analysis and study projects undertaken by project partners 

(Faber et al, 2014; Indirli et al, 2014; Kaluarachchi et al, 2014; Knezic et al, 

2014; Perdikou et al, 2014).  

 

A survey was carried out by means of a questionnaire which collected 57 

responses from more than twenty European higher education institutes. The 

survey focused on disaster-resilience projects and on the main challenges 

faced in interdisciplinary working (Faber et al, 2014). A second survey set 

out to establish the current teaching and research capacity among European 

HEIs in the field (Perdikou et al, 2014). 96 participants directly related to 

disaster resilience education responded. A third survey studied existing 

capacity at both national and local levels. The survey respondents  
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represented organisations with total disaster resilience personnel of 

approximately 19,000 people. Finally, a series of special interest groups  

studied emerging research and teaching concerns in disaster resilience, 

selecting Venice and its territory as an emblematic case study of a region 

that could be affected by crossborder disastrous events. A case study was 

carried out not only as an engaging exercise, but with the purpose to provide 

a reference point for scientists and teachers interested to translate 

multifaceted knowledge into specific solutions. A series of papers have been 

written (Indirli et al, 2014; Knezic, 2014; Borg, 2014; Kaluarachchi, 2014). 

This paper collates the results from these various sub-projects to present 

the major challenges and opportunities for higher education in contributing 

to increased societal resilience. The detailed methodologies associated with 

the individual sub-projects and surveys are described in the respective 

papers.  

4. Results 

5.1 LINK RESEARCH, EDUCATION AND ACTION  

The Sendai Framework for Disaster Risk Reduction 2015-2030 aims to 

achieve the substantial reduction of disaster risk and losses in lives, 

livelihoods and health, and in the economic, physical, social, cultural and 

environmental assets of persons, businesses, communities and countries over 

the next 15 years.  

 

It has been recognised that the success of this post- 2015 framework 

hinges on creating and implementing policies that are built on the best 

available knowledge. Higher education has a vital role in supporting this 

move to a more disaster resilient society by 2030.  

 

This roadmap considers the challenges and opportunities that must 

be addressed by higher education in Europe if it to effectively support 

Sendai Framework for Disaster Risk Reduction 2015-2030.  

 

The prime focus must be that the policy-science gap is closed with 

research that can be translated to action. Research studies document a trend 

of increasing disaster losses, but the translation of research findings into 

practical actions has proven difficult and remains a barrier that prevents the 

best use of science.  

 

There remains a recognised need for higher education, through 

researchers and educators, to provide and communicate actionable 

knowledge with explicit links to inform effective, evidence-based decision- 
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making. As well as creating new knowledge, higher education has a vital to 

play in capacity development and in doing so, providing a means by which 

effective knowledge transfer can take place. 

5.2. INTEGRATE ALL HAZARDS, STAKEHOLDERS AND 

DISCIPLINES  

 

Higher education will need to develop multi-actor and multi-sector 

alliances to tackle the type of emerging priorities in areas such as 

understanding disaster risk, governance arrangements, investment decisions, 

preparedness, and rehabilitation and reconstruction. These alliances will 

support the development of problem-based education and research 

programmes, and thereby help to create and implement evidence based, 

resilience building policies and practices. 

 

An all-hazard, problem-focused approach should be used in resilience 

building research and education to address the complexity of disaster risk. 

This will require collaboration and communication across the scientific 

disciplines. Higher education can promote this approach by providing 

researchers and students with: 

 

¶ Exposure to a variety of disciplinary work 

¶ Exposure to interdisciplinary work 

¶ Exposure to and experience with tools and methods from a variety of 

disciplines 

¶ Exposure to and experience with interdisciplinary tools and methods 

¶ Experience working with others in an interdisciplinary mode 

 

Higher education programmes and research training must develop the 

skills to shift perspectives easily, and continually see things in new ways. 

Researchers and students must be comfortable with multiple languages and a 

variety of ontologies, epistemologies, methods, tools, and theoretical 

perspectives, and shift easily among them. 

 

Funders, publishers and editors must not reinforce disciplinary silos, 

and should promote and encourage the development and publication of 

multi- and interdisciplinary research. The scope of scientific panels and peer-

reviewed journals should reflect the importance of problem-focused 

research, rather than be defined by traditional academic disciplines. 
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Review panels, editorial boards and scientific committees should 

reflect the diverse array of disciplines required to address major societal 

challenges such as building disaster resilience. 

 

Researchers and educators must interact and collaborate with policy-

makers and practice based actors at the local, national, regional and global 

levels. Collectively they must work to identify and address problems and 

knowledge gaps from the field. Rather than being passive recipients of new 

knowledge, policy makers and practitioners should join with higher 

education to form multi-stakeholder groups that work together from the 

outset to design and deliver new knowledge. The scientific results will be 

more relevant and actionable. 

 

There are already a number of regional initiatives that promote 

collaboration among higher education towards building resilience. The 

ANDROID conferences provided a showcase of the type of international, 

multi-disciplinary and multi-sector engagement that is required. These 

networks and events have helped to gather a wide and advanced set of 

competencies in the field of disaster resilience, sharing knowledge, 

discussing methodologies, disseminating good practices and producing and 

promoting innovation. These networks should be supported and encouraged 

to grow.  

Given their different capacities, the EU must continue to strengthen 

its engagement with developing countries through international cooperation 

and global partnership for development, and continued international support, 

to strengthen their efforts to reduce disaster risk. In supporting this, the 

current regional networks should collaborate to form a global higher 

education network that can influence strategic agendas.  

 

This global network should collaborate with existing bodies such as 

the UN ISDR Scientific and Technical Advisory Group to ensure that the 

role of higher education is understood and can be exploited towards 

achieving the objectives of the Sendai Framework.  

5.3 COLLABORATE REGIONALLY AND GLOBALLY  

There are already a number of regional initiatives that promote collaboration 

among higher education towards building resilience. The ANDROID 

conferences provided a showcase of the type of international, multi-

disciplinary and multi-sector engagement that is required. These networks 

and events have helped to gather a wide and advanced set of competencies in 

the field of disaster resilience, sharing knowledge, discussing methodologies,  
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disseminating good practices and producing and promoting innovation. 

These networks should be supported and encouraged to grow.  

 

Given their different capacities, the EU must continue to strengthen 

its engagement with developing countries through international cooperation 

and global partnership for development, and continued international support, 

to strengthen their efforts to reduce disaster risk. In supporting this, the 

current regional networks should collaborate to form a global higher 

education network that can influence strategic agendas.  

 

This global network should collaborate with existing bodies such as 

the UN ISDR Scientific and Technical Advisory Group to ensure that the 

role of higher education is understood and can be exploited towards 

achieving the objectives of the Sendai Framework.  

 

Funding bodies for science should coordinate their efforts to ensure 

that resource are being deployed effectively and efficiently, and to promote 

collaboration across disciplines, as well as regionally and internationally. 

This will help to avoid duplication of effort and integrate funding. 

5.4 FACILITATE POLICY DIALOGUE, KNOWLEDGE SHARING AND 

CAPACITY DEVELOPMENT 

Greater priority should be put on sharing and disseminating scientific 

information. The research community must make more effort to translate 

traditional outputs into practical methods that can readily be integrated into 

policies, regulations and implementation plans towards building resilience.  

 

National research assessment exercises, the European Union and 

national funding bodies, and higher education promotion policies, which 

often emphasise traditional academic outputs (e.g., peer reviewed journal 

articles), should appropriately incentivise and reward non-standard scientific 

outputs, such as research summaries and policy briefs.  

 

The recent shift towards open access of research outputs and 

education is to be welcomed and should continue to be encouraged.  

 

The high levels of disaster risk found in low-income countries make 

it an imperative that European research and education is made widely 

available. The European Union and other research funding bodies should 

require all funded scientific outputs to be made available as open access. 

This includes the use of green publishing routes where possible, or 

financially supporting gold publishing as necessary.  
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Higher education should be supported to develop open educational 

resources that are freely accessible and openly licensed, for use in teaching, 

learning, and assessing as well as for research purposes linked to building 

resilience.  

 

Educators and the research community must take time and effort to 

understand the audience they are seeking to inform.  

 

Scientific results are often subject to misunderstanding due to poor 

comprehension of numbers and statistics, as well as conflicting languages 

and terminology. Correct comprehension depends not only on the skills and 

knowledge of the reader, but also on the way the information is presented. 

By assuming a weaker background knowledge (e.g. of scientific language) 

and low ñstatistical literacyò, evidence summaries can add information to 

help readers better understand the strengths and limitations of the scientific 

evidence being summarised. Adding meta-information that explains 

concepts such as the quality of the evidence may help eliminate frustration 

and trigger reflection. 

 

The volume of research activity and associated outputs has rapidly 

increased over recent decades. While expanding the knowledgebase may be 

considered positive in one sense, it has made the field increasingly difficult 

to navigate, whether it be for experienced researchers and educators, early 

career researchers and students, or other stakeholders, including policy 

makers. Identifying and accessing the most recent and high quality science is 

proving increasingly challenging despite the advance of technology.  

 

Methods and tools for aggregating knowledge must be developed to 

facilitate access to science, technology and innovation outputs that help 

inform policy-making and practice, and also ensure that educational 

programmes and researchers have access to and can build upon the state of 

the art.  

 

Science provides an evidence base that can be relevant to and 

therefore draw together different areas of policy. Knowledge integration 

provides a starting point for building and operationalizing resilience through 

the co-design of policies and interventions by scientists, practitioners, policy 

makers and communities themselves. Standardised definitions are essential 

to the operationalization of concepts such as resilience for research, 

monitoring and implementation purposes. For example, in epidemiology, 

case ascertainment/ definition is essential to accurately understanding the 

causal relationship between a disease exposure and its outcome.  
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Common understanding amongst all actors is essential for effective 

disaster risk reduction and management. Approaching towards 2015, the 

Joint Research Centre of the European Commission has been contributing to 

identifying the most common terms and definitions used in disaster risk 

reduction. This background information would provide a solid basis to 

continue updating the terminology and contribute to the implementation of 

the post-2015 framework on disaster risk reduction.  

5.5 DEVELOP FLEXIBLE AND CUSTOMISABLE EDUCATION 

PROGRAMMES 

 

There is an expanding field of disaster management, but simultaneously, 

a lack of young professionals with appropriate skills and knowledge to 

support the building of resilience within relevant stakeholders. There is a 

need to maintain and expand the network of key persons, including change 

agents and facilitators.  

 

ANDROIDôs survey on education supply and demand found that despite 

considerable need for programmes to support the building of resilience, there 

is currently a lack of programmes that meet employer needs. It also found 

that the availability of programmes differed greatly across Europe, and that 

most programmes are recent developments, with very few having been in 

operation for over 5 years. This emphasises the immaturity of the discipline 

and the needs for further studies to better understand market needs.  

 

Higher education within Europe must develop flexible and customised 

programmes and curricular, whether a module in regular Masters or 

Undergraduate curriculum, or as dedicated postgraduate programmes. 

  

Detailed market research is required to understand the need and interest 

in potential students, with clear linkages to future job markets.  

 

This will help to ensure that educational programme address the problems 

from the field and can promote affordable solutions, as per local context, 

including the cultural calibration of technology.  

 

Educational programmes should promote a multi-disciplinary approach 

and understanding, drawing upon a combination of different faculty.  

 

The problem-based nature of the field determines that programmes 

should offer an appropriate balance of theory and field experiences.  
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Internship programmes for students in government, NGOs, UN agencies, 

private sectors, research institutions should be strongly promoted.  

 

At the same time, the pace of scientific discoveries demands that 

programmes are research linked to ensure that what is being taught by higher 

education is consistent with the state of the art. Improving the link between 

research, education and action will require the transfer of research 

knowledge into teaching but also recognising that the research and teaching 

link as a two-way knowledge transfer process. In a óknowledge societyô all 

graduates have to be researchers. Not only are they engaged in production of 

knowledge; they must also be educated to cope with risks and uncertainties 

generated by the advance of science. 

5. Conclusion  

Scientific data and information, and effective capacity building from higher 

education are critical to underpinning well-informed policies and decisions 

across the public, private and voluntary sectors. Much scientific evidence 

exists but better links to decision-making in policy and planning are needed 

to continuously enhance our ability to forecast, reduce and respond to 

disaster risks thereby building resilience. 

 

Science and technology can assist in identifying a problem, developing 

understanding from research, informing policy and practice and making a 

difference that can be objectively demonstrated when evaluated.  

 

The new Sendai framework for disaster risk reduction includes a strong 

call for the research and education communities to support the understanding 

of disaster risk and promote risk-informed decisions and risk sensitive 

planning from the local to the global levels. It also calls for the coordination 

of existing networks and scientific research institutions at all levels and all 

regions. The goal is to strengthen the evidence-base in support of the 

implementation of the new framework.  

 

Researchers and educators must work with policy-makers and 

practitioners to co-design and co-produce research that can be used 

effectively. Higher education must also play a vital role in translating that 

research into action through its educational programmes.  
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Abstract 

Individual student satisfaction rates with shared space in student housing 

vary. Assuming that sharing spaces is a trend towards a more sustainable 

way of life, there is need to have an understanding of the ways it can be 

more acceptable for those involved. This survey is focused on the role of the 

background and experience of students in the acceptability of using shared 

space. Analysis indicates that many parameters like economic situation, 

duration of living in student housing, educational field, family size and even 

the size of the home city can influence an individualôs perception of and 

adaptation to shared space. On the other hand, it seems that shared spaces, 

where there are more similarities in individual student backgrounds are more 

successful. The survey results also show students with prior experience of 

living in dorms and those coming from larger/poorer families and small 

home cities are usually more satisfied with shared spaces than those who 

have never lived in a dorm before or come from small/richer families and 

larger home cities. The results of this survey can be helpful for both 

designers of future shared spaces and dorm managers who want to organise 

more effective use of shared spaces. 

Keywords: Shared space; dormitory; background; sustainability. 

1. Introduction  

Sharing space is more sustainable because of more efficient uses of 

resources (Vale and Vale, 2009; 2013) but there are always potential 

problems. A survey of such a student dormitory in Iran with highly 

populated rooms and common spaces indicates that the feeling, usage, 

behaviour and reactions of residents are different, depending on a studentôs 

background and previous experience. Additionally, the particular 

combination of residents in a shared space also plays an important role in its 

effective use. This investigation suggests shared spaces can be improved if 

the combination of residents is selected wisely and/or the shared space is 

purposely designed to suit the characteristics of the residents.  

mailto:Iman.khajehzadeh@vuw.ac.nz
mailto:Brenda.vale@vuw.ac.nz
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2. Background 

Student housing has been researched because of the special nature of the 

facilities and associated behaviours (Mullins and Allen (1971); Riker and 

Lopez (1961)). This research can be broadly categorised to four types. The 

first group has focused on the influences of different aspects of the facilities 

on student satisfaction. Foubert, Tepper and Marrison (1998) found 

predictors of student satisfaction in university residence halls, through 

focussing on facilities, room-mates, noise, safety and security. Roche, 

Flanigan and Copeland (2010) did similar research on trends, needs and 

preferences of users of student housing in Italy. Najib, Yusof and Osman 

(2011) did similar research in Malaysian universities, while Amole (2008) in 

Nigeria found differences in student satisfaction for bedrooms, floor and 

common hall. The second group has focussed on emotional points of view, 

such as student housing as home. Thomsen (2007) investigated examples of 

Norwegian student housing and found these mostly had an institutional 

character. 

Student housing is also a good place to observe social happenings like 

interaction and privacy. Amole (2005) found students could not fulfil all 

their privacy needs in their highly populated rooms. On the other hand, 

Rutledge (2012) found the enforced sharing in student housing could 

improve social interactions and build strong social relationships. The forth 

research type looks at the role of individual differences in the process of 

adaptation and satisfaction (Altman, 1975), and is the area of investigation of 

this paper. 

 

Of particular interest for this research is how the studentsô background 

affect their adaptation in different situations.  Research shows the economic 

status of students has a linear relationship with their satisfaction with 

facilities (Amole, 2009), supporting previous findings by Amole and Mills-

Tettey (1998); Gifford (1997, 2001); and Kellekc and Berkoz (2006). Najib, 

Yusof and Sani (2012) researched studentsô socio-physical backgrounds and 

satisfaction with their student housing facilities in three Malaysian 

universities. Within these 91.3% of students were living in shared rooms and 

they found students with a better economic situation were more satisfied, 

concluding that this might be related to their ability to choose their facilities. 

However, Thomsen and Eikemo (2010) in Norway found the rate of 

satisfaction was not significantly related to a studentôs economic situation. 

Other studies have looked at the role of resident age and Christie et al. 

(2002) found older students had better skills in accessing satisfactory 

accommodation. Amole (2009) further found a linear relationship between 

length of stay in student housing and satisfaction with facilities. Najib, Yusof  
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and Sani (2012) found the rate of satisfaction with living in shared spaces 

had a relationship with a studentôs experience of living in a shared space in 

their parental home. Kaya and Erkip (2001) also researched satisfaction with 

dormitory buildings and found expectation of students for privacy differs 

with their family size. On the other hand, they found no relationship between 

perception of room size and a studentôs family size (Kaya, Erkip, 2001). 

Gender difference affects adaptation in student housing as Doygun and 

Gulec (2012) found female students prefer dormitories more than male 

students. Additionally, Amole (2005) found that males and females choose 

ñhighly differentò territorial strategies in a high populated dorm room. 

 

3. A brief review of the case study and its residents 

Boyôs dorm number one of Yazd University in Iran is a five storey building, 

including a basement level, with a central corridor in each of the residential 

floors and a total built area of 5200 m
2
 (Khajehzadeh, 2006). The linear plan 

is oriented east to west so half the student rooms face north and the other 

half south, which is hardly ideal in a hot/cold winter desert climate 

(Khajehzadeh, 2006). The main spaces including the student rooms, 

communal kitchens, toilets and baths are located in ground floor to third 

floor (four levels), all with the same plan, and the underground level consists 

of a common room for praying and watching TV (a praying room in all 

public spaces is mandatory in Iran), storage and the boiler room 

(Khajehzadeh, 2006). Access to the upper storeys is via centrally placed two 

staircases, with residents using the ground floor corridors to access upper 

levels (Khajehzadeh, 2006). 

The area of each shared student room is 20 m
2
, this being a square space 

with two 2 × 1 rectangles added to each side for two fixed bunk beds 

(Khajehzadeh, 2006).  There is a common 3.5 m
2
 balcony between each pair 

of rooms. The rooms were designed for 4 students but because of a lack of 

available dorms, when the study was done most rooms were being used by 5 

students. There are 16 residential rooms, 7 toilets, 4 bathrooms and a kitchen 

on the ground floor shared by 80 residents. Every other level has 25 student 

rooms, 8 toilets, 10 bathrooms and a kitchen shared by 125 residents 

(Khajehzadeh, 2006). Each room has 5 wooden lockers, four fixed beds, one 

additional bed (or foldable mat), two book cases, one study desk with chair 

and one shoe holder. Every five rooms share a fridge located in the corridor 

somewhere between them (Khajehzadeh, 2006).  

 

The population of Iran comprises several tribes; Fars (65%), Turk (18%), 

Lor (6%), Arab (2%), Baluch (2%) and Kurd (7%), with different languages  
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and habits (Statistics centre of Iran, 2013), although there are many common 

behavioural habits. Yazd University is located in the centre of Iran with a 

population of 100% Fars. According to government regulation, universities 

are usually filled by students living in the neighbouring provinces (also 

100% Fars) so most students in the case study are from the Fars tribe.  

 

Yazd University delivers different majors at different levels from 

Bachelors to PhD. In Iran, engineering and science majors are more popular 

than humanities, and families in large cities prefer their children to study the 

former. Conversely, most humanities students come from small cities and 

rural areas. In this survey, cities of more than 1,000,000 are ñBigò, those 

between 100,000 and 1,000,000 persons are ñMediumò and those with less 

than 100,000 persons are ñsmallò cities. Consequently, in this survey 62.3% 

of engineering students are from ñBigò, 17.0% from ñMediumò and 20.7% 

from ñSmallò cities, and 25.0% of science students are from ñBigò, 37.5% 

from ñMediumò and 37.5% from ñSmallò cities. Additionally, 21.6% of 

humanities students are from ñBigò, 32.4% from ñMediumò and 45.9% from 

ñSmallò cities. 

 

In this dorm, rooms are normally filled by bachelor students from 

different majors in the same year but students can swap although this has to 

be arranged between the students and the dorm manager (Khajehzadeh, 

2006). This rarely happens, because finding someone in a favoured room 

who will to move with the acceptance of all residents of both rooms is not 

easy. According to the dorm manager who was interviewed as part of this 

study, the aim is to accommodate students of the same tribe in the same 

room (Khajehzadeh, 2006). 

 

4. Methodology 

Observation and a paper based questionnaire were used for collecting data. 

Observation was possible as the first author lived in this dorm for a year and 

was familiar with its problems, but to complete the information, days were 

spent in different parts of the dorm talking and living with students and 

collecting data using voice recording, taking photographs, writing notes and 

drawing plans. Private rooms, public common spaces such as kitchens, 

toilets, baths, corridors, and praying and TV room were all observed in this 

way. The dorm manager and a number of students were also interviewed. 

To support and control observations, a questionnaire of 24 questions was 

administered to a cross-section of students. Questions were a mixture of 

rating options, choice selections, short answers and drawing. The 

questionnaire was completed by 100 students. Students were selected from  
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different storeys and rooms in each storey facing different directions and 

having different distances from public spaces. This helped to ensure a 

mixture of different quality rooms in the sample. In addition, students were 

selected from different degree majors, family backgrounds and also from 

different cities of Iran. This helped to ensure different social/family 

backgrounds in the student sample. 

 

Those completing the questionnaire were from Engineering (54.5%), 

Humanities (37.4%) and Science (8.1%) majors with no-one from Arts. All 

participants were aged 19-32 years with 81% of students aged 20-22 years. 

Analysis showed that 23.0% of the participants belonged to families with 

low (less than 2,000,000 IRR per month), 70% middle incomes (between 

2,000,000 to 10,000,000 IRR per month), and only 2.1% from high income 

families (more than 10,000,000 IRR per month). According to the Central 

Bank of Iran a monthly income of less than 730,000 IRR per person (at the 

time the survey was done), is below the poverty line.   

 

Participants also came from different sized families: 33.3% from families 

with 3-5 members, 54.0% from families of 6-8 and 12.6% from families of 

9-13. Income was divided by the number of family members. The poverty 

line was a monthly income of 730,000 IRR/person in 2006 (Najm, 2008)) 

and this or below was assumed a ñpoorò participant, those with a monthly 

income twice this (1,460,000 IRR/month) had an ñacceptable incomeò and 

those with a monthly income over twice the poverty line (1,460,000 

IRR/month) were ñrichò, producing 79.5% of students from poor families, 

16.9% from families with an acceptable income, and only 3.6% from rich 

families. According to the analysis, 10% of the students had lived in the 

dorm for 2, 51% for 4, 32% for 6, and 4% for 8 semesters. It should be noted 

that this survey was done at the end of the second semester (May/June) so 

even new students had the experience of two semesters of living in the dorm. 

 

5. Data Analysis 

5.1. DURATION OF LIVING IN THE DORM 

It seems if shared spaces are used longer the rate of satisfaction also 

increases, as residents adapt to sharing. This trend can be seen in all common 

facilities (kitchens, toilets and baths) although not for the praying and TV 

room. Satisfaction with private rooms seems not to change much with the 

duration of living in the dorm (see Table 1).  As mentioned before, the 

praying and TV room is located in the basement floor and because of the 

absence of elevators, access to this space is difficult for most students and 

this could be the reason behind the low satisfaction rate with this space.  
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Students were asked if their initial emotional reaction to their crowded 

shared space changed over time. Most students stated their reaction reduced 

(48.4%) or did not change (26.8%) with 24.7% of students thinking it had 

increased. On the other hand, a comparison between the results and the 

duration of living shows that while there is no steady linear pattern students 

who have lived in the dorm for 4 or more semesters think that their reactions 

to crowded spaces have reduced more than the new comers (Table 1). 

Additionally, Table 1 indicates that in most public spaces students who have 

lived in the dorm for a longer time have greater senses of ownership of its 

public spaces. Comparing students of each different term of residence 

independently shows this trend can be seen for the bath, kitchen and toilet 

but not for private rooms, praying and TV room and corridors. However, 

comparing satisfaction rates between two groups of students who have the 

experience of living in the dorm for 4 semesters and more and new comers 

(2 semesters), then the sense of ownership increased for those who had lived 

there longer for all spaces except the praying and TV room (Table 1). These 

findings support the findings of Amole (2009). It should be noted that the 

number of participants who lived in the dorm for 8 semesters is low (4 

persons) and so the figures in the last column are not reliable. 

Table  1  Residentsô reactions to crowded shared spaces and percentage of students 

with sense of ownership of different spaces in the dorm with different lengths of 

residence 

 
Duration of living in the dorm (semesters) 

2 4 6 8 4 & 4+ 

Change in emotional reaction to 

crowded shared space 

increased 40.0% 19.6% 28.1% 25.0% 23.0% 

decreased 40.0% 52.9% 43.7% 50.0% 49.4% 

unchanged 20.0% 27.4% 28.1% 25.0% 27.6% 

Sense of ownership of different 

spaces in the dorm 

Private room 80.0% 87.5% 87.5% 75.0% 86.9% 

Bath 30.0% 43.5% 40.0% 75.0% 43.7% 

Praying/TV room 22.2% x8.3% 00.0% 00.0% x4.9% 

Kitchen 00.0% x8.7% x9.7% 25.0% x9.9% 

Toilet 11.1% 29.2% 30.0% 50.0% 30.5% 

corridors 00.0% x8.5% x3.2% 00.0% x6.1% 
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5.2. FAMILY-SIZE 

It seems students from large families can tolerate a crowded shared space 

better than those from smaller families. Analysis shows a slight difference in 

sense of room size for the latter students who see the room as small (see 

Table 2). Assuming students from large families are more likely to have 

lived in shared spaces in their parental houses, these findings here do not 

support those of Kaya and Erkip (2001). On the other hand, Table 2 indicates 

students from smaller families are more satisfied with shared spaces like the 

kitchen and bathroom but the rate of satisfaction with the toilet does not 

change much with family size. This trend is reversed for the praying and TV 

room. Additionally, it seems students from very big families are more 

satisfied with their private room compared to others (see Table 2). Again, 

assuming students from large families are more likely to have living in 

shared spaces at home then the findings for spaces like praying and TV room 

and your room support the findings of Najib, Yusof and Sani (2012) but 

those for kitchen and bathroom do not. 

Table 2 Relationship between residentôs sense of room size, rate satisfaction with 

different spaces of the dorm, ideal room population, and quality of residential rooms 

for privacy and family size 

 
Family size of the resident 

3-5 6-8 9-13 

Residentôs sense of his room size 
Big or Well sized 20.7% 26.1% 27.3% 

Small or Very small 79.3% 73.9% 72.7% 

Satisfaction with different spaces 

Your room 70.4% 66.0% 72.7% 

Kitchen 25.0% 23.9% 9.1% 

Bath 44.8% 40.0% 27.3% 

Toilet 17.3% 17.0% 18.2% 

Praying and TV room 24.1% 28.9% 50.0% 

Ideal room population 

1 3.4% 00.0% 00.0% 

2 17.2% 12.8% 18.2% 

3 41.4% 48.9% 27.3% 

4 34.5% 34.0% 45.4% 

5 x3.4% x2.1% 00.0% 

More than 5 00.0% x2.1% x9.1% 

Your room provides a good quality for your privacy 60.7% 66.7% 63.6% 

 
Table 2 also indicates most students from very big families (9-13 

persons) prefer rooms with 4 persons while others prefer rooms with 3 

persons, suggesting people who used to big families prefer sharing spaces 

with more people. Students in this dorm did not experience the same sense  
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of privacy in their rooms. Some students could not tolerate the situation 

and used territorial strategies or even left the room to achieve their desired 

level of privacy. Table 2 shows the relationship between family size and 

sense of privacy in private rooms, showing students from small families 

have the least satisfaction with the acquired privacy level in their rooms, 

although there is no linear relationship apparent (see Table 2). These 

findings support those of Kaya and Erkip (2001) who found that student 

expectation of privacy differs with family size. 

5.3. ECONOMIC BACKGROUND 

As shown above, the number of participants from rich families is low (3 

persons) and so the relevant analysis is probably not reliable but the results 

for participants from poor and moderate families indicate a meaningful 

relationship between a residentôs economic status and rate of satisfaction 

with some shared spaces. According to Table 3, residents from poorer 

families are more satisfied with the shared kitchen, bath, toilet and praying 

and TV room facilities. On the other hand this relationship is not seen in the 

private rooms. These findings do not match previous research by Amole 

(2009), Amole & Mills-Tettey (1998), Gifford (1997, 2001), Kellekc & 

Berkoz (2006), and Najib, Yusof and Sani (2012). Students were also asked 

whether their shared room felt big or small but analysis indicated no 

meaningful relationship between sense of size of the shared room and 

economic situation. 

Table 3 Relationship between residentôs economic status and duration of using a 

shared space and his satisfaction with shared spaces 

Percentage of students satisfied Economic status of the resident Duration of living in the 

dorm (semesters) 

poor moderate rich 2 4 and 4+ 

with their room 67.7% 69.2% 66.7% 66.7% 65.1% 

With the kitchen 23.1% 23.1% 00.0% 11.1% 23.5% 

With the bath 44.6% 38.5% 00.0% 40.0% 41.2% 

With the toilet 21.2% 7.1% 00.0% 10.0% 17.2% 

With the praying and TV room 30.2% 28.6% 33.3% 70.0% 27.4% 

 

5.4. SIZE OF HOME CITY 

Students in this survey came from different cities, with 43.0% from ñBigò, 

24.0% from ñMediumò and 31.0% from ñSmallò cities. Analysis further 

indicates percentage of students from ñLargeò cities who think their room is  
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good or excellent for privacy is less than those from ñSmallò and ñMediumò 

cities (see Table 4), suggesting sense of privacy could be related to the size 

of a studentôs home city. Satisfaction with the shared spaces of the dorm also 

differs according to home city size. According to Table 4, students from 

small cities are more satisfied with the shared facilities in comparison to 

others. This trend can be seen for all common facilities including the praying 

and TV room but not for private rooms. 

Table 4 Perception of privacy in student rooms, satisfaction with different shared 

spaces of the dorm and ideal room population for students from different sized cities  

 
Size of home cities 

Big Medium Small 

How is your room quality for your privacy 
Bad/moderate 46.3% 21.7% 26.7% 

Good/excellent 53.6% 78.2% 63.3% 

Satisfaction with different shared spaces of the dorm 

Your room 66.7% 73.9% 61.3% 

Kitchen 25.0% 12.5% 25.8% 

Bath 37.2% 34.8% 48.4% 

Toilet 14.0% 16.7% 19.3% 

Praying/TV room 27.9% 30.4% 36.7% 

Ideal room population 

1 00.0% 00.0% x3.2% 

2 x9.3% 12.5% 32.2% 

3 44.2% 45.8% 35.5% 

4 39.5% 37.5% 29.0% 

5 x2.3% x4.2% 00.0% 

More than 5 x4.6% 00.0% 00.0% 

 
Additionally there is no difference between the ideal room populations of 

students from different cities as most prefer 3 persons in a room, with a 

slight trend for those from small cities to prefer fewer and those from bigger 

cities more occupants (see Table 4). The reason behind this might be that 

families in large Iranian cities usually have to live in small houses because of 

high land and house prices while people in small cities can live in bigger 

houses.  

 

5.5. EDUCATIONAL BACKGROUND  

In iran there is a difference between the family background of students who 

study engineering or science and those who study humanities. additionally, 

the nature of these disciplines differs (humanities students might be expected 

to spend more time in their room reading books and writing, while science 

and engineering students spend time in the lab and computer rooms).  
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In iran laptop computers were not popular at the time this survey was done 

(may and jun 2006). this perhaps explains why the survey found differences 

between students of different disciples and their preferred places for 

studying. 

Observations indicate that humanities students study and work in their 

private rooms more than others. They also prefer not to go out of the dorm to 

fulfil their study needs, and humanities students prefer to study in the 

praying and TV room more than others.  This, along with the outdoor spaces 

of the dorm and friendsô houses are their first choices for studying if they 

cannot study in their rooms, while they use the library much less than the 

average use by all students. On the other hand, engineering students use the 

library more and the praying and TV room, outdoor spaces and a friendôs 

room much less than the average. Additionally, science students select 

outdoor spaces and a friendôs room more and do not use spaces like the 

library and friendsô houses at all for their alternative study place (see Table 

5), although the number of science students in the survey was small. 

Table 5 Preferred alternative place of study related to study discipline 

 Places students select for studying if they cannot study in their room 

Field of study Study 

saloon 

Praying/TV 

room 

Library Outdoor 

spaces of the 

dorm 

Friendôs 

room 

Friendôs 

house 

Humanities 40.0% 34.3% 5.7% 11.4% 8.8% 9.1% 

Engineering 64.7% 14.0% 16.0% 3.9% 4.0% 2.0% 

Science 62.5% 12.5% 0.0% 14.3% 12.5% 0% 

Average 

percentage 

55.0% 21.3% 10.7% 7.5% 6.5% 4.4% 

 
Students were asked for their ideal number of students to a room. 

Analysis indicates humanities students prefer less populated rooms (2-3 

persons) compared to science and engineering students (3-4 persons), which 

might be related to the fact humanities students use their room more for 

studying. 

 

Students were also asked whether they were satisfied with the different 

spaces of the dorm. Analysis indicates the rate of satisfaction with common 

spaces like toilets, baths and kitchen did not differ much according to the 

student major, except for the big differences for the two spaces of ñyour 

roomò and ñpraying and TV roomò.  The reason behind this might be linked 

to the activity of ñstudyingò which happens in both places and the 

differences could be related to the fact that students of some majors can 

study in the shared spaces while others cannot. It seems that both places are  
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the worst for science students. On the other hand, engineering students are 

much more satisfied with their rooms, which might be related to the fact 

most of them do not study there but only use it for social interaction and 

sleeping. The reason might relate to the previous experiences of students and 

the fact that engineering students are more likely to come from ñBigò cities 

(62.3% of engineering students). This finding tends to support Altmanôs 

(1975) statement that people who have lived in large cities for years are 

better at regulating their interaction level in a shared space (Table 6). 

Students of different majors have different perceptions of their room size. 

According to Table 6 all science students think their room is small or very 

small. The rates for engineering and humanities students are respectively 

81.8% and 70.3%. It seems that students of more analytical and intellectual 

majors (science and engineering students) feel they need bigger rooms 

compared to humanities students (Table 6). This might be related to their 

experiences in their parental houses, although this was not investigated in 

this survey. 

Table 6  Rate of satisfaction with dorm spaces and sense of room size for students of 

different majors 

 Engineering Science Humanities 

Satisfaction with rooms 

Your room 78.8% 37.5% 54.1% 

Kitchen 19.2% 12.5% 27.8% 

Bath 44.2% 37.5% 35.1% 

Toilet 16.7% 25.0% 13.5% 

Praying and TV room 25.0% 12.5% 44.4% 

Residentôs sense of his room 
 Big or Well sized 18.9% 00.0% 29.7% 

Small or Very small 81.1% 100.0% 70.3% 

 

6. Discussion and Conclusion 

 

Sharing spaces is a practical way of moving towards sustainability. 

Although, this has been a tradition in many societies in the past it is less 

familiar in modern lives except in situations of crisis (like lack of financial 

resources or man-made or natural disasters). However, accepting a situation 

in which humanity is not permitted to use the natural resources of the next 

generation (Brundtland, 1987). It seems humanity is already living in a crisis 

situation as in 2010 the ecological footprint of humanity exceeded the 

biological productive capacity of the planet by approximately 50% (Ewing et 

al., 2010). This is, therefore, a critical to learn how to live more sustainably 

and save resources, including learning more about how shared spaces work 

and how to make them work better.  
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A shared space consists of two parts: the physical part (shared facilities 

and floor areas) and a behavioural part (human), with the ideal situation 

being one in which both parts operate effectively. Most research has been 

undertaken on the first part with little focused on the role of user 

characteristics in the success of a shared space. Designers need to be aware 

of the latter, meaning they should not design shared spaces if they are not 

familiar with the characteristics of the users, since a shared space can work 

some users but not for others. Results of another study on the physical 

aspects of the same building show that a better architectural arrangement of 

spaces within the same overall structure can lead to a potentially more 

satisfactory student living environment (Khajehzadeh and Vale, 2014). 

 

The results of this research indicate that users with different backgrounds 

and characteristics may share spaces successfully because their perceptions 

and experiences of living in this way are different. In other words, a good 

and successful shared space is one designed for the characteristics of the 

residents. In this research, the financial situations, family size, duration of 

living in a shared space, the city or country they come from and even the 

major they are studying are among the parameters that impact on the success 

rate of shared space in a student dorm.  

 

The results indicate that students with a better economic situation prefer 

more private rooms. The same is true for students from small families or 

those who have not had the experience of sharing space in their parental 

home. On the other hand, students with a worse economic situation can cope 

with crowded shared spaces more than others. Additionally, students who 

belong to large families and have had the experience of sharing space at 

home tend to be more satisfied with shared spaces. It seems having shared 

spaces designed for different numbers of occupants and having some private 

rooms in a dorm building would better meet the different student background 

characteristics.  

 

Students from the same country, ethnicity and city also seem to form 

more successful groups in shared spaces. The findings of this survey indicate 

differences in expectation of privacy and satisfaction with shared facilities 

for students who have grown up in large and small cities. Interviews with 

students and the dorm manager also showed that both students and officials 

prefer rooms for students from the same city and tribe.  

 

The duration of living in shared spaces has an influence on the user 

perception of these. This research indicates that students who stay longer in 

the dorm, are more satisfied with and have more sense of ownership of  
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shared spaces. Additionally they are more likely to enjoy the crowded 

situation of a shared space.  

 

Students of different majors have different needs because of the nature of 

their courses. A room with a defined area, population and facilities may be 

very efficient for a group of science students but much less so for a group 

from engineering. It seems shared rooms should be designed more carefully 

according to the kind of behaviour likely to happen there.   

 

Finally, the results of this survey could be useful for designers by making 

them aware of the very important role of users and their characteristics in 

shared spaces. It is also useful for managers of existing dormitories and 

similar buildings when it comes to allocating rooms. A good result is where 

each room has students from similar backgrounds, including financial, 

educational, ethnicity and prior experiences of living in shared spaces. A 

great part of student requests in the dorm surveyed was for swapping rooms 

to create groups of students from the same city or undertaking the same 

major, a trend the dorm manager has tried to accommodate, suggesting that 

both students and the manager have found this approach to be most effective 

and sustainable one. 
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Abstract 

Literature of the knitwear says, it originated to satisfy the functional aspects 

of human, at present it has gone beyond a mere functional aspect and has 

assumed a fashionable value in the clothing industry and keeps spreading 

rapidly. The main objective and the intention of this research is to 

experimenting innovative textile developments to the active wear fashion 

with a novel conception. Main hypothesis is to be óBy using an inherent 

quality of local hand knitting craft practice, molding different three 

dimensional(3D) voluminous spaces and handle the voluminous space in 

between the human body and the fabric is a most important thing to build a 

responsive textile environment on the active human body. Initially the 

research would be paying more attention to the inner side of the textile 

material and innovative textile fabric material is designed and practice here 

by making use of 3D structural, architectural and sculptural hand knitting 

potentials. The knitted layer here is interpreted as a second skin on the 

biological skin of man. That is by making use of the idea related to this 

research. This is namely, ñResponsive Knitted Skin with Voluminous inside 

Spacesò. The research would be paying more attention to the inside knitted 

spaces in between biological skin and knitted skin and there are three types 

of sub inside knitted spaces introduced through this research.  

Keywords: 3D Hand knitting, local hand knitting craft practice, responsive 
second skin, functional to fashionable  
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1. Introduction  

Hand knitting technology is a very valuable hand craft technology with 

several features inherent in it. The special features in it can be ability to 

create 3D forms and textures on one production process, structural and  

Architectural forms, stretchable fabrics by using non stretchable yarns and 

moulds of sculptural forms. Out of these qualities, some of them are used in 

the fashion industry presently and are being debated. As at present there is a 

good demand and inclination towards the use of 3D techniques even in hand 

knitting techniques. But still, although there are good skilful hand knitters 

with techniques within Sri Lanka, there is no adequate attention interest 

shown about this aspect. In this research it is expected to divert the attention 

more towards inner side of the fabric than the outer surface of the knitted 

fabric. In other words, concentrate more on the in-between spaces of the 

human body and the fabric. The innovation part of this research is to create 

3D textures and 3D forms with different voluminous spaces on the inner side 

of the knitted fabric by making use of the potentials of 3D structural, 

architectural and sculptural hand knitting. If it is necessary to create 3D 

textures and forms as mentioned above by making use of any other 

technology, it would be necessary firstly to create a 2D textile fabric and 

secondly 3D textures and forms have to be created by using different fabric 

manipulating systems. But the unique ability and the feature of hand knitting 

technology is that, in the process of developing the fabric itself it can create 

different voluminous spaces with 3D textures and 3D forms to the inner side 

of the fabric. 

 

2. Aim and Objective   

The main objective of this research is to experimenting innovative and 

responsive textile developments for active human body with a novel 

conception. 

 

3. Methodology 

The research would be a practice led approach with engaging local hand 

knitting craft communities. Initially, identify the local hand knitting craft 

communities with unique potentials and start relevant experiments through 

their existing practices. Subsequently continue the appropriate experiments 

with design intervention. Finally In keeping with the concept an innovative 

hand knitted textile materials were designed through experiments. When the 

designed materials are used as a functional to fashionableô Environment/skin 

on the human body, all features such as silhouettes, forms and patterns were 

also experimented to check the suitability of the responsive textile 

environment, if not responsive knitted skin on a human body. 
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4. Fashion and Textiles for Human Body 

ñé.Are you happy with your body? Some people are not ï if not yours 

somebodyôs and have tried to disguise it, hide, reshape it, transform it, and 

remake it in to a cultural objectò  (Koda, 2010) 

As at present, man has become much more conscious about his body both 

internally and externally than in the distant past. By now fashion has become 

a very significant external medium of responding to the human body. 

Fashion has also achieved a unique status as a medium of transforming the 

human body and also as a medium of de contextualizing and restructuring 

when creating a design considering the human body, one cannot do it solely 

on the material alone, but in this regards the presence of a strong structure 

also plays a vital role. In order to get various complex human needs such as 

protection, adornment, identification, modesty, status, value, attitudes and 

conformity versus individuality fulfilled garments are used. At the same 

time, a rapid progress in technologies, techniques and materials etc... could 

be seen in fashion industry today.  

 

5. Knitting Industry, Hand Knitting and 3d Knitting   
Knitting industry has made its control and importance felt in the fashion 

world all over. Knitting fabrics made by employing advanced technological 

techniques have a big demand in the fashion market currently. As at today, 

machine knitting technology too has reached its peak while knitting 

technology as well as knitting techniques appears in different forms in the 

fashion world. 3D structural knitting garments which are of wearable quality 

and condition appear to be in high demand in the modern fashion world. 3D 

knitting is utilized not only for the manufacture of wearable garments, but 

also in various other areas of disciplines 3D knitting is applied. The 

designers seem to make use of 3D techniques mainly to display their 

creativity skills, for communication purposes and for the socialization of 

message etc.  

Irrespective of the high degree of progress the machine knitting techniques 

have reached, the popularity and the demand for hand knitting industry has 

not in any way got reduced. The reason for this is that many knitting designs 

and creations could be created by using the hand knitting technology which 

the machine knitting cannot create. For example, the 3D knitting techniques 

mentioned above could be created very well by making use of the hand 

knitting technology. In addition, by making use of the hand knitting industry 

which makes use of the craft skill of men is accepted as a more valuable 

industry.  

6. Fashionable Knitting and Fashionable Wearable Concept  

 ñFashionable knittingò when considered in general, people tend to think of it 

as knitting carried out according to the latest trends or prevailing styles.  
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However, when the history of knitting is examined, it reveals very clearly 

that, ñfunctional knittingò is a strong medium of knitting responding to the 

human body and the functionality of the human body. With the passage of 

time along with the development of functional knitting to fashionable 

knitting within the fashion world,ò fashionable knittingò has received a 

deeper meaning to it is not just knitting designs or techniques carried out 

only with the objective of an aesthetic value, but done giving the 

ñfashionable wearableò concept prominence. In the text ñFashionable 

Technologyò by S. Seymour, he points out the fact that ñFashionable 

wearableò concept is a result of blending aesthetic and styles with that of 

functional technology. ñFashionable wearable are designed garments, 

accessories, or jewelry that combines aesthetics and style with functional 

technology.      

 ñé.as designers of fashionable wearable, we view end user as fashionable 

beings who are attentive to style and the powerful potential of wearable 

technologies. Our design philosophy is based on the notion that garments 

are the immediate interface to the environment and thus are a constant 

transmitter and receiver of emotions, experiences, and meaning.ò  

(Seymour, 2008) 

When the market development in the knitting industry from the functional to 

fashionable knitting techniques which occurred towards the end of the 19th 

century and at the beginning of the 20th century is reviewed, it is very 

clearly evident that ñfashionable knittingò is not a knitting technique based 

primarily on aesthetics, but a more advanced state of a blend of both 

functionality and fashion ability than ever before. In fashionable knitting 

although fashionable wearable concept received a prominent status with the 

tag of ñfashionableò conspicuously emerging, the ñfunctionalò aspect also 

got a prominent place during that time.  

 ñFashionable wearable can enhance the cognitive characteristics of our 

epidermis. Our clothing is often referred to as our second skin. Today this is 

more than just a metaphor as advances in technology produce fabrics that 

mimic many of the skinôs properties.ò  (Seymour, 2008) 

S. Seymour in his text on ñFashionable Technologyò has pointed out clearly 

that several factors are inter linked in the making of fashionable wearable. 

ñThe many considerations for the construction of fashionable wearable are 

based on body ergonomics, perception, functionality, technology, materials, 

energy and environmental impact. The table below can be used as a 

guideline for the construction of fashionable wearable.ò  (Seymour, 2008) 
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Factor Considerations 

Body Ergonomics/  

Wearability 

Placement, form language, human movement, proximity, 

sizing, attachments, weight, accessibility, heat, body shape, 

comfort, cut of the garment, compartments. 

perception Aesthetics, look and feel, design, culture and psychological 

functions 

Functionality Usable interaction with the system (input & outputs), 

wearerôs control, modular construction for multi- purpose 

Technology Ubiquitous computing, sensor technology, embedded 

systems design, physical computing 

Materials Interactive or reactive materials/textile, electronic textile, 

washing/ cleaning, shielding, durability 

Energy Batteries, solar, kinetic, fuel cells 

Recycles Ecological, biodegradable, modular construction for 

dissemble 

  

7. Local Hand Knitting Craft Practices  

For the sake of trade purposes in 1980 ñScandinavian method of circular 

knittingò was introduced for the first time to Sri Lanka. Knitting canters 

were established in Sri Lanka by Scandinavian countries like Norway for 

this purpose most of the women labor in Sri Lanka was obtained. Small 

knitting canters were opened in cities in the costal belt like Balapitiya, 

Munnakkara, Negambo, Galle, Matara, Kalutara, Wadduwa, Wattala etc...  

The main livelihood of those people was the fishing industry, but as they led 

very tough and poor lives, the hand knitting industry became an additional 

method of income to their families.  

Hand knitting companies such as Dale Craft, Octa, CHF, KALARO started 

in Sri Lanka by now have provided training in knitting for about 4000 

women. The knitters so trained have now been able to produce very high 

quality hand knitting finished products. The main Business concept of these 

companies was ñThe industry to Villageò.  

 

 

 

 

 

Figure 117: Local Hand Knitters at Balapitiya  
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There is a special community engaged in this knitting handicraft along the 

coastal areas in 30 years with a very too rough knowledge, experience and 

with very high skills in this trade.  

8. Inspiring Active Wear Trends 

MAS active Linea Intimo (Pvt) Ltd, Biyagama, innovation team was 

awarded to development the most suitable knitwear fabric for the sportswear 

collection for the year 2012 expected to be produced by NIKE brand. The 

project was óExperimentation of Contemporary Three Dimensional knitting 

techniques for Nike Sport wears using machine knitting. Ms Sashi 

Hewakapuge, Senior Designer, Linea Intimo (Pvt) Ltd, Biyagama said that, 

their sportswear collection is meant for a menôs collection, while the 

material qualities that they expect also have been specified. MASô active has 

taken in to consideration few qualities for their special consideration, namely 

Breathability/ Ventilation (the ability to absorb and wick sweat away from 

the body fast), Compression (a firm fabric that is stretchy to get strong and 

high in modulus: able to firmly hold muscle during high impact strenuous 

workout and sport), Insulation (a 3D sort of fabric able to keep the warmth in 

harsh cold weather and protect muscles from cooling down too fast after 

workout and games) .According to the NIKE stipulations the quality 

requirements of the material expected to be developed must have all the 

above qualities or properties in that single material.  

Unlike developing normal knitwear, in developing a sports wear a good 

knowledge of the human body structure is very essential. Here, in 

developing body related 3D knitting structures as stated before they have 

once again focused attention on the óBreathability/Ventilationô, 

óCompressionô and óInsulationô  

 

Figure 218:3D structural active wear   

The above photographs show how, the 3D knitting structure is developed by 

the MAS active innovation team to achieve the above qualities when the  
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knitted structure is worn. When the body parts get stretched, the narrow 

drains like grooves get opened due to the stretching, and provide good 

ventilation to the body due to the enhanced entry of air through the stretched 

spaces or openings from the outer environment. At the same time, however 

much the fabric is stretched, the muscles are kept in position preventing any 

damage and keeping them in correct position when engaged in sport 

activities.  

The 3D knitting structure is developed to achieve all these properties or 

functions successfully. At the same time the body is kept warm and it is 

retained, so all these functions are fulfilled satisfactory by this 3D knitting 

structure developed. The 3D knitting structure is developed to achieve all 

these properties or functions successfully. At the same time the body is kept 

warm and it is retained, so all these functions are fulfilled satisfactory by this 

3D knitting structure developed. The novel fabric structure with the 3D 

knitting techniques developed for NIKE brand by MAS active, a final 

garment was designed by placing these fabric structures in different places of 

the body so that the functional aspects of the fabric suits those different 

places. This process is called óbody mappingô. Finally to show to what extent 

this sportswear with the 3D knitting techniques match for a masculine body 

functionally and aesthetically it is put on to an actual masculine body with 

the final design. According to the case study, the three types of requirements 

(Breathability, Compression and Insulation) for sport wear, are the main 

reference to develop the unique inside hand knitted spaces in this research.  

9. Raising a Research Question   

Initially the research would concentrate on local hand knitting craft practices 

and their potentials. There are special communities and groups who possess 

about 30 yearsô experience in Hand knitting technology engaged in this hand 

knitting craft along the coastal areas. As stated above, the existing local hand 

knitting craft practices has many issues like they are concentrate only on 

export production, new experiments are not carried out with hand knitting 

techniques, not attempting to vary and modify knitting technology to 

produce new patterns and designs, attach more emphasis only to flat knitting, 

not making use of different kind of yarns for hand knitting practices, there is 

hardly any use of 3D structural, sculptural and architectural forms of hand 

knitting techniques. So main research question is to be how to build a 

responsive textile environment on the active human body through local hand 

knitting craft practices  
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10. Hypotheses  

   

Main hypothesis is to be óBy using an inherent quality of local hand knitting 

craft practice, molding different three dimensional(3D) voluminous spaces 

and handle the voluminous space in between the human body and the fabric 

is a most important thing to build a responsive textile environment on the 

active human body.  

11. Building a Responsive Knitted Skin on the Human Body 

Further, experiments are being carried out presently to find out how a knitted 

layer acts as an additional 2nd skin to the biological skin. Alana Clifton 

describes through her research, óSECOND SKIN: EXPLORING 

PERCEPTIONS OF CONTEMPORARY KNITTINGô how knitted skin act as 

a second skin. She said that,   

Second Skin explores contemporary knitwear design functioning within the 

óhigh-fashionô area of design. It challenges traditionally established rules 

and perceptions, and potentially blurs the boundaries of what is considered 

fashion design, into art. While conceptual fashion design has always been a 

debateable issue among fashion scholars as to whether it can be viewed as 

fashion, anti-fashion or possibly art, this work observes the influences of 

modernity and deconstruction in relation to knitting. Knitting has the ability 

to be manipulated and molded into two and three-dimensional forms through 

the knitting/making process. It is highly versatile can be highly patterned 

and textured, making it a unique medium. Through hand and machine 

knitting methods of making, the work interrogates the notion of 

ódeconstructionô by looking past the traditional knitted coverings for the 

body. Knitting here functions as a vehicle for ódeconstructionô, with familiar 

garment structures transformed into disarticulated óbody piecesôò (Clifton, 

2007) 

 

During this research, by using Hand Knitting techniques an innovative 

knitted textile will be experimented, as a trial and that is the most important 

and main part of this research. Here the 3D structural, architectural and 

sculptural hand knitting potentials are used; two methods are adopted to 

develop a textile with inside knitted spaces. They are namely, through 

knitted textures and knitted forms. The research would concentrate on 

various types of knitted textures and knitted forms with using different 

moods and inspirations. Using various kind of yarns like cotton, silk, 

metallic yarns, wool ect.. And yarns of different gages for those experiments. 

Subsequently, develop the inside knitted spaces by using the potentials of 3D 

structural, architectural & sculptural hand knitting technology. By the above 

two methods,  mainly one type of  inside  knitted space can be  designed  
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namely, Inside knitted spaces in between biological skin and the knitted skin. 

The fabric development in this manner with different voluminous inside 

spaces can be categorised in to three types of inside spaces based on the 

purpose for which it can be used as a 2nd skin on a biological skin. They are; 

Breathable inside spaces, Compressible and moveable inside spaces and 

Insulating inside spaces 

 

11.1 BREATHABLE INSIDE SPACES 

 

 

 

 

 

 

 

 

 

 

Figure 3: experiments of breathable knitted spaces with and without 3D quality 

 

Here, the inside spaces are designed in such a manner to create a very 

efficient ventilation system between the body and the knitted skin. Here the 

important feature is that 3D textures and the 3D forms of quality of the 

knitted structure is retained as it is, with holes facilitating the exchange of 

gases very smoothly. Firstly I experiment Breathable knitted fabric without 

3D quality. After that I tried to create the breathable knitted spacer fabric 

with 3D quality. 

 
11.2 COMPRESSIBLE AND MOVEABLE INSIDE SPACES 

The inside spaces designed here between the body and the fabric varies from 

zero to different volumes in keeping with the corresponding body movement 

showing its ability for moving freely. By using a non-stretchable yarn and 

applying knitting technology a stretchable textile was designed and then 

using this stretchable quality an inside spaces was designed and it was 

developed so that it would be changed from zero up to different volumes. 

The special feature here is within the frame of the 3D textures and the 3d 

forms all the above mentioned material developments are will be carried out. 

If attention is focused to examine how this 3D knitted fabric with 

compressible and moveable inside spaces act, it can be seen that this is able  
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to hold the body muscles very strongly and it capable of functioning as a 

firm fabric varying the volume of the inside spaces in keeping with the 

corresponding movements of the biological skin. 

 

 

 

 

 

 

Figure 4: experiments of compressible and moveable knitted spaces 

 

 

11.3 INSULATING INSIDE SPACES  

 

Designed here a 3D fabric with different textures and forms. These types of 

inside spaces create 3D textures and forms to outside. This knitted material 

therefore can provide protection; retain the warmth, protect the muscles and 

acts as a 2nd skin. 

 

 

 

 

 

 

Figure 519: experiments of insulating knitted spaces 
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11.4. TEXTILE APPLICATION AND DESIGN PROTOTYPES  

Figure 620: design prototypes  

 

CONCLUSION, FINDINGS AND FURTHER STUDIES  

Especially, this research is not carried out according to a brief or to fulfil the 

requirements of a client at all. It was based on the main concept of ñSpace in 

betweenò, and this basic concept was further developed supported by 

experimental studies to introduce the novel concept of the ñResponsive 

textile environment (Knitted Skin) with Voluminous inside Spacesò. So it 

can be described as purely an academic research backed with practice led 

experimental studies. As an experimental research, studies were carried out 

mainly on three key topics, namely; responsive knitted Skin, inside knitted 

spaces and functional to fashionable knitwear. According to the 

óresponsive knitted skinô the knitted layer here is interpreted as a 2nd skin 

on the biological skin of man. Through this research, hope to introduce 

ñInside knitted spaces in between biological skin and knitted skinò. By 

developing the above mentioned method, there are three types of sub inside 

knitted spaces introduced through this research. They are namely.  

Å Breathable inside knitted spaces. 

Å Compressible and moveable inside knitted spaces. 

Å Insulating inside knitted spaces. 
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Finally all those experiments have been demonstrated how to build a 

responsive textile environment on the active human body through local hand 

knitting craft practices and unique potentials.  

By the way as the pointed out previously the modern man in using garments 

goes a step beyond covering the naked parts of the body. It shows very 

convincingly as at today that garments act as highly advanced and active 

second skin with functional aspects as well as fashionable aspects, very 

close to the biological skin of man, because of this very reason, several 

important facts for launching this research have been identified. They are 

summarized below,  

¶ As an important research study to explore the potentials that the 

hand knitting technology possesses as a knitting industry and 

especially as a craft technique. 
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¶ As a collection of study with various capabilities of knitting by 

making use of hand knitting techniques which cannot be done by 

other methods of using machines or any other machinery. 

¶ To carry out trial experiments with the potentials of hand knitting 

technology to explore the possibilities of developing 3D structural, 

Architectural and sculptural forms  further. 

¶ To carry out trial experiments to see the possibility of using hand 

knitting and 3D structural and sculptural quality to mould spaces of 

different sizes in-between the biological skin and the knitted skin. 

¶ To introduce three new inside knitted spaces by developing 3D 

structural and sculptural hand knitting techniques. 

¶ It was possible successfully to develop inside spaces using 3D 

structural and sculptural hand knitting techniques during the 

production process itself.    
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Abstract 

Capacities of societies, communities and individuals or a social-ecological 

system to deal with adverse consequences and the impacts of hazard events 

define the resilience. New and innovative Emergency Communications, 

Warning Systems (ECWS) technologies and solutions improve resilience of 

the nations. Research shows that different types of systems (e.g. decision 

support, resource management, early warning, communications, and inter-

agency) are highly valued in emergency and disaster events reducing live 

losses. As many individuals have online access today and young women 

have increased their online communication and young men tend to explore 

technology resources, the potential of using user friendly third revolution 

digital technology such as semantic features and devices (e.g. SMART 

phones) have the potential to improve the access to early warning/risk 

information supporting community decision making saving lives. These 

personal and social relations that reflect gender dimensions can certainly be 

examined improving resilience making communities more prepared for 

disasters with proactive decision making for early warning. Fostering 

awareness about gender equity which is the recognition of women and men 

as active participants in development can tailor made within the context of 

resilience and more specifically within early warning systems saving lives of 

the people at immediate risk including the dependence of motherôs care 

(children and older people).  In this context, this paper attempts to synthesis 

literature on the topic of gender equity within disaster early warning 

systems. 

 

Keywords: Disaster, Early Warning, Gender Equity  

 
    

1. INTRODUCTION  

 

This paper is organized into key sections starting with the abstract, disasters 

in context, community preparedness  for  proactive  responding,  gender  

dimension, Early Warning Systems (EWS), conceptual framework, 

methodology and finding in the contexts of need for gender equity within  
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EWS and potentials for gender sensitive early warning with third revolution 

digital technology and conclusions. As an entry point disasters in context is 

explained in the following section. 

 

1.1 Disasters in context  

 

Over the last 10 years disasters have continued to impact on well-being and 

safety of persons, communities and countries claiming over 700 thousand 

lives, over 1.4 million injured and approximately 23 million homeless 

affecting more than 1.5 billion people by various ways. As a result, 

International mechanisms for strategic advice, coordination and partnership 

development for Disaster Risk Reduction (DRR) had been involved in 

disaster prevention. Taking example from the recent past  Sendai Framework 

for Disaster Risk Reduction (SFDRR) 2015-2030  was adopted at the Third 

United Nations World Conference on Disaster Risk Reduction, held from 14 

to 18 March 2015 in Sendai, Japan focusing on four priority areas such as 

understanding disaster risk, strengthening disaster risk governance to 

manage disaster risk, investing in disaster risk reduction for resilience, 

enhancing disaster preparedness for effective response and to ñBuild Back 

Betterò in recovery, rehabilitation and reconstruction.  This highlights that, 

more dedicated action is anticipated tackling underlying disaster risk drivers 

and calls for a broader and a more people-centered preventive approach for 

disaster risk reduction improving resilience (SFDRR, 2015). Resilience or 

the capacity of a system, community or society potentially exposed to 

hazards to adopt by resisting or changing reaching and maintaining an 

acceptable level of functioning and structure within early warning system 

thus can play a vital role reducing risk drivers such as inefficient 

communication of risk information specifically early warning to the people 

at immediate risk resulting live losses (UNISDR, 2004). This capacity can 

also fill the gaps in preparedness deficiencies advocating proactive 

responding. 

 

1.2 Community preparedness for proactive responding 

 

Preparedness means the knowledge and capacities developed by 

governments, professional response and recovery organizations, 

communities and individuals to effectively anticipate, respond to and recover 

from the impacts of likely, imminent or current hazard events or conditions 

(UNISDR, 2009). Capacity can be discussed in various contexts but this 

paper attempts to discuss diverse community capacity in terms of 

preparedness within early warning systems. As a result, literature synthesis 

on  understanding diverse community capacities in terms of gender based 

differences and gender relations, the ways in which a culture or society 

defines rights, responsibilities of men and women in relation to one another   
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for improving preparedness will be discussed in detail (Mbunga, 2003). For 

example, specific gender factors  that derive from the social relations 

between men and women  are reflected in mobility of individuals as  women 

are less able to move away from domestic responsibilities,  that makes them 

more vulnerable for disasters(Centre for Policy Studies, 2001; Enarson and 

Fordham , 2001; Ariyabandu and Wickramasinghe, 2003; United Nations, 

2006). Another example is mothers attend to the safety of children during 

disasters disregarding their own safety due to social bonding between the 

mother and the child. This has been proved analyzing the composition of 

tsunami victims of devastating tsunami 2004 on 26 December that struck 

eight countries in Asia and five in Africa claimed over 230,000 lives over 

representing women and children in death toll. The bodies of many women 

were found tangled with those of children or older people, which suggests 

that they died trying to save those dependent upon them (Ree et al., 2005). In 

addition, analyses of mortality rates indicate that due to poorer health, 

nutrition, living and working conditions of women make them 14 times more 

likely to die during natural disaster compared to men (AfDB, 2011). This 

highlights the need for recognizing gender dimensions in decision making 

during disasters for saving lives.   

 

1.3 Gender dimension 

 

As Moser (1993) highlights triple role of women (productive, reproductive, 

community managing roles) needs to be recognized to seek  meeting 

strategic gender needs through direct state intervention giving political and 

economic autonomy and reducing inequalities with men. In gaining gender 

equity as proposed in the Women in Development (WID) approach, during 

the UN Womenôs decade 1976-85 recognizes women as active participants 

in development strengthening decision making systems. This is evident 

within early warning system that target saving lives of people at immediate 

risk including the dependents of motherôs care such as children and older 

people. 

 

Social studies research had also recognized equity as a central concern      

answering the intrinsic questions of power and positionality but ignores 

gender equity in Technology (Crocco et al., 2008). This is a critical omission 

intentionally or unintentionally which this paper critically examined within 

disaster early warning systems. Development of EWS can be discussed with 

reference to revolution of digital technology as explained in section 2.2 of 

this paper. However, access to and familiarity of digital devices and 

technology emerge with the internet access needs to be further explored 

improving networking capacities of the men and women in the communities 

at risk. 
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Womenôs interest in  computer with the internet access is linked more to its 

capacity for delivering new ways to accomplish tasks or connect to others, 

than to technological features like its power or speed, which hold interest for 

men (Venkatesh and Morris, 2000, as cited in Brown et al., 2003). Womenôs 

interest on connect to others needs to be further examined and strengthened 

as a measure of building networking capacities of women during early 

warning saving lives of them and the dependents. There are influential 

factors in girlsô changing interest in computers such as male-dominated 

computer use, societal gender bias, and gender bias in computer software 

(AAWU, 2000) as mentioned before become important in this regard. 

Recent research by Bain and Rice (2007) indicates that girls and boys have 

relatively equal interest in computers as far as middle school. While 

conducting a study of project-based learning in which middle-school girls 

and boys collaborated for ten weeks, researchers found they had to intervene 

to make a gender equitable learning environment (Ching et al., 2002, p. 178; 

McGrath, 2004). This suggests womenôs and menôs equal access to 

technology needs to be facilitated by external decision makers. This is an 

important consideration in EWS as early warning is generated externally 

expecting proactive response by the communities internally saving lives. 

 

1.4 Early Warning Systems 

 

A critical consideration in early warning systems is informing diverse 

community groups ensuring proactive and accurate responding of those who 

are at immediate risk. Therefore in developing early warning systems, an 

essential requirement will be to recognize that different community groups 

have different vulnerabilities according to culture, gender or other 

characteristics that influence their preparedness capacity and proactive 

responding to early warning. As a result, influencing the institutionalization 

of early warning process within communities.  In achieving 

institutionalization of early warning process gender based responsibilities 

within the community saving lives during a disasters become important.  

Women and men often play different roles in society and have different 

access to information in disaster situations. Therefore, information, 

institutional arrangements and warning communication systems should be 

tailor made to meet the needs of men and women in the vulnerable 

community (EWC III, 2006). For example, as Zillman (2003) points out, an 

increasing number of governments have implemented meteorological and 

hydrological warning systems for reducing disaster impact through a top 

bottom approach. Nevertheless, a comprehensive review of issues related to 

early warning systems undertaken and presented by Mileti and Sorensen 

(1990) highlights that, a warning system means of getting information about 

an impending emergency, communicating that information to those who 

need it, and facilitating good decisions and timely response by people in  
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danger cannot be achieved with top down approach. Therefore, important 

aspects such as factors affecting how people receive and perceive warning 

information, how information is presented to individuals to ensure adequate 

response minimizing the impacts provoked by such events become key 

considerations. Mileti and Sorensen (1990) further identify four sequential 

processes which should take place when the warnings issued as below.  

 

1. People receive the warning message 

2. The warning message is understood 

3. The warning message is believed 

4. The warning is then personalized 

 

When the warning message is personalized by those at risk it is expected 

people to react via execution of specific activities such as evacuation (Mileti 

and Sorensen, 1990). However, people believe in  the warning message will 

depend on the degree of reliability or trust concerning the imminent event  

people assigned to the institutions or source of the information that is 

provided (Patton, 2008; Haynes et al., 2008). Therefore, credibility of the 

early warning provider is an essential consideration for people to react. 

People at risk can disregard warnings because of the credibility issues 

resulting life losses. Credibility is very much applicable with reference to 

gender roles such as motherôs care giving role for children and elders 

protecting their lives during a disaster. Highest credibility could be seen with 

motherôs care giving role compared to all other gender roles such as father, 

grandmother, etc. This is a good opportunity to institutionalization of early 

warning process within the community for saving lives. In turn both women 

and men who have the potential to play the motherôs care giving role will get 

the equal recognition that counts for gender equity.  

 

Expected credibility can be gained through accurate forecasts and may be 

lost due to issuing false alarms. As stated by ISDR-PPEW (2005a; 2005b) 

and by de Leon et al. (2006), there are four basic elements which must be 

incorporated into every early warning system to make it effective. 

 

1. Prior knowledge of the risks faced by communities 

2. Technical monitoring and warning service for these risks 

3. Dissemination of understandable warnings to those at risk 

4. Knowledge and preparedness to act 

 

Operational aspects of early warning systems can be illustrated with four 

sequential phases as follows (de Leon, 2003, 2005; de Leon et al., 2006). 

 

1. Monitoring of precursors 

2. Forecasting events 
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3. Warning: declaration and dissemination 

4. Anticipated response 

 

There are two important aspects to be considered here and the first one to be 

in a case of earthquakes and avalanches system do not really monitor 

precursors but rather all potential events and issue a warning as quickly as 

possible in case the events trigger a disaster. Second factor is that the early 

warning systems also encompass cross-cutting aspects such as governance 

issues ensuring vertical and horizontal cooperation, legal mandates 

delegating responsibilities to agencies to carry out monitoring, forecasting 

and emission of warnings, perceptions and expectations on the type and 

degree of response expected from institutions and people at risk according to 

different level of alerts/warnings.  Operational aspects related to these 

systems such as communication systems and formats to exchange 

information among the different agencies and dissemination schemes and 

specific systems which originate from the type of hazards or events being 

targeted for early warning become important. Therefore it is understood that 

what information related to risk needs to be carefully select and present in an 

understandable manner to the target group is essential to improve the 

effectiveness of EWS. For example hazards maps can only represent the 

current state of knowledge in terms of probabilities of occurrence of events 

associated with particular period of return, in particular geographical area in 

the world. EW frameworks developed focusing above four sequential phases 

(monitoring, forecasting, warning dissemination and anticipated response) 

are formalized through Standard Operating Procedures (SOPs) 

institutionalizing of early warning process among the relevant agencies. 

However, SOPs are yet to be developed for working men, women as well as 

men and women in the domestic sphere providing motherôs care giving role 

for children and older people. 

 

Given the explained background the research gap, associated research aim, 

objectives and methodology of this study can be elaborated as follows. 

  

1.5 Research gap, associated research aim, objectives and methodology   

 

Even if the literature related to gender and disaster management intensely 

recognise the need of gender sensitivity improving disaster resilience, it 

barely identifies ways of achieving gender equity specially in pre disaster 

phase during early warning and responding to early warning using third 

revolution digital technology. Therefore, the overall research aims to 

critically examine the effect of third revolution digital technology on gender 

equity within disaster early warning systems. However, objectives of this 

paper within the overall research context can be elaborated as follows.  
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¶ Carry out a detailed literature synthesis on identifying the need of 

gender equity within early warning systems  

¶  Examining potentials for gender sensitive early warning with the 

third revolution digital technology. 

 

In view of synthesizing literature on gender equity in early warning systems 

extensive literature review was done referring journals paper, reports, case 

reports, assessments and related literature reviews. In addition, two 

discussions were conducted with the EW focal points of Disaster 

Management Centre and Department of Meteorology Sri Lanka to clarify 

case reports. Analysis of community decision making toward 

institutionalization of early warning process in the community with the use 

of third revolution digital technology was carried out. Third revolution 

digital technology  in early warning for improving community capacities 

achieving gender equity, strategies for gaining risk knowledge and 

communicating risk with the use to social support digital networks 

improving community preparedness were other areas focused synthesizing 

this detailed literature review. Detailed literature synthesis on the topic of 

gender equity in disaster early warning thus helps justifying the need to have 

gender equity within early warning systems and potential for gender 

sensitive warning with third revolution digital technology. 

 

2.0 LITERATURE REVIEW  

 

2.1 Need of gender equity within early warning systems 

 

According to Castells and Cardoso (2005), networking societies with 

electronic based technologies can change social morphology, where key 

social structures and activities are organized around electronically processed 

information networks. As a result, operation and outcomes in processes of 

production, experience, power and culture can be modified. In this regard 

semantic features and SMART phone emerge as a result of third revolution 

digital technology can play a vital role. However, critical knowledge and 

evidence of disaster managing agencies become important to engage with 

community networks and support people playing a vital catalytic role 

bridging or linking emergent roles and strengthening disaster preparedness 

for early warning. Therefore reliable links between providers and users of 

warnings, capacity of communities and authorities to respond appropriately 

need to be considered. A failure in any of these elements can mean the 

failure of the whole warning system resulting life losses (Tsunami Early 

Warning Service Guidebook for InaTEWS, 2012). Factors such as peopleôs 

knowledge on hazards that lead them for self-early warning and react 

appropriately, access to risk knowledge, ability to understand risk, need to 

react/ response to avoid risk, acting accordingly become importance saving  
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lives due to disasters. This is an important social factor to be considered as 

children and women over represent in disaster death tolls. Therefore, 

political and governance environment should be sensitive enough identifying 

such social factors and promote access to risk information via familiar 

devices such as computers and mobiles phones. 

 

With reference to Sri Lanka, social factors such as political environment and 

governance had influenced computer literacy in areas prevailed internal 

conflicts (Eastern and Northern Provinces) resulting low computer literacy. 

However, Jaffna belongs to Northern province had high computer literacy 

due to improved access to internet with the establishment of various 

institutions, communication centers, educational centres with internet access 

(Department of Census and Statistics, 2012) facilitated by the governance 

mechanisms after ending the internal conflict in 2009.  This highlights, the 

importance of political and governance environment for improving computer 

literacy. Similarly computer literacy as well as familiarity with digital 

technology for improving risk knowledge is influenced by gender biased 

societal norms and digital technology usage norms and power structures 

within the communities.  As highlighted before, there are three influential 

factors in girlsô changing interest in computers such as male-dominated 

computer use, societal gender bias, and gender bias in computer software 

(AAUW, 2000). This can be further elaborated taking another example of 

woman with a high computer literacy getting more accepted by the 

traditional decision making hierarchies disregarding societal gender bias 

such as subornation of women.  This motivates more women acquiring 

computer literacy and knowledge on technology usage. Therefore, access to 

internet is a better approach overcoming societal gender bias ensuring equity 

in accessing early warning information /knowledge for both men and 

women. This is a critical consideration in EW as highlighted before for 

saving lives of the people at risk specially the dependents of motherôs care.  

With reference to EW system in Sri Lanka it is evident that the features such 

as mobile applications have been developed called Disaster Early Warning 

Network II (DEWN II) for ensuring equal access to both men and women 

while ensuring last mile EW. Further,  strategies at national level such as, 

use of female voice to send EW alters (recorded) through 77 number of EW 

towers along the coastal belt of Sri Lanka  can be highlighted recognizing 

women as active participants due to community credibility on women 

compared to men.  People at risk in the coastal belt believe in female voiced 

recorded alerts as males send false alerts climbing the early warning towers. 

In addition, high frequency of female voice compared males can reach long 

distance supporting last mile early warning. However, this high credibility 

on women compared to men within early warning system is yet to be 

adequately recognized institutionalizing early warning process within the 

communities at risk. This aspect can be further elaborated taking evolution  
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of tsunami warning systems that reflects revolution of digital technology in 

to consideration. 

 

2.2 Potentials for gender sensitive early warning with third revolution 

digital technology 

 

The evolution of Tsunami Warning Systems (TWS) reflects the development 

of Information Communication Technology (ICT).  For example, computer 

systems in Phase 1 (Mainframe Era) were used for very dedicated Tsunami 

Warning System (TWS) functions in early times before year 1980.  A strong 

influence of digital technology on TWS architecture became visible in Phase 

II (Microcomputer Era) with the digitalization of sensor data and the 

availability of microcomputer systems during the period of year 1980 -1990. 

Phase III (Internet Era) created the concepts and foundation for the 

architecture of modern TWS and their basic components which include 

decision support components, sensor systems and warning components 

during the period from year 1990 ï 2000. The development of ocean-wide 

warning infrastructures happened in Phase IV (Ubiquitous Computing Era) 

since year 2000 up to date. This paper identifies Phase III (Internet Era) and 

transition from Phase III to Phase IV (Ubiquitous Era) as critical phases that 

improved access to warning information by both men and women at 

immediate risk. The standardization processes of component interfaces and 

the encoding of data were fostered by the development and success of the 

Internet promoted by the work of standardization organizations such as 

World Wide Web Consortium (W3C), Organization for the Advancement of 

Structured Information Standards (OASIS), Open Geospatial Consortium 

(OGC) and International Organization for Standardization (ISO) promoting 

data sharing and shared understanding. Nevertheless, unless access to right 

information on right time is ensured benefits of the technological 

advancement will not be able to trickle down to the communities. Prominent 

research shows that different types of systems (e.g. decision support, 

resource management, early warning, communications, and inter-agency) are 

highly valued in  managing disasters  (Zschau and Ku¨ppers, 2003; Glantz, 

2003; Basher, 2006; Kapucu, 2006; Kurita et al., 2006; Thompson et al., 

2006; Troy et al., 2008). For instance, some decision support systems 

research argues that shared understanding promotes sound communication 

and coordination across emergencies and disasters (Smith and Dowell, 2000; 

Thompson et al., 2006; French and Turoff, 2007; DôAntonio et al., 2009). 

The ongoing development of satellite, wireless, mobile, radio and internet 

based ICT should allow early warning capacity to expand and grow, subject 

to any supporting infrastructure limitations. In looking forward with 

optimism, it is anticipated that future research might examine the use of 

promising new digital technologies for communication as part of the 

Emergency  Communication  and  Warning  Systems  (ECWS)  capacity  
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improving equal access to risk information by both men and women (Martin 

and Rice, 2012). It is equally important to understand that, how familiar men 

and women using electronic devices/equipment for accessing information. 

For example in Sri Lanka from total housing units, 78.8 % use TV, 68.9 % 

use radio, 78.9 % use mobiles, 42.4 % use fixed telephone connections, 15.0 

% use desktop and 5.6 % use laptops (Department of Census and Statistics, 

2012). This highlights in Sri Lanka many use communication electronic 

equipment and mobile had become popular compared to land phones, 

desktop and laptops due  to intersecting benefits of easy accessibility in 

terms of low cost, no documentation requirements and equal access by any 

individual. Considering the electronic equipment usage highest percentage 

was recorded in urban sector (85.1%) compared to rural and state sector. In 

addition, from the total housing units 10.9 % had the access to internet from 

home comprised with 23.4 % urban, 8.6% rural and 4.1% state sector 

housing units (Department of Census and Statistics, 2012). On the other 

hand the capability of third revolution digital technology sending the same 

alert to mobiles and all media stations simultaneously contributes 

strengthening  more capable, relevant and responsive interactions that 

support institutionalization of early warning process within the communities. 

This can be further facilitated with the improved access to SMART phones 

with internet. As Sri Lankaôs total internet connections grew 68.4 % during 

2014 largely supported by growth in mobile internet due to peopleôs 

familiarity with SMART phones accessing internet based information. As a 

result Sri Lankaôs mobile phone sales reached one million unities in the third 

quarter of 2014. (The Official Government News Portal of Sri Lanka, 2015).  

Usage of SMART phone is positively influenced on expanding insular 

bonding networks enabling horizontal information and knowledge flow 

(Akama, 2014).  Therefore, this horizontal information and knowledge flow 

can be better utilized strengthening motherôs care giving role as a measure of 

saving lives. This also helps better institutionalization of early warning 

process within vulnerable communities with improved access to information 

without barriers of mobility or subordination as interpreted in figure 02.   
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Figure 02: Tsunami Warning Chain with decision making for guidance at local level 

adapted from IOC/UNESCO (2015) 

 

3.0 FINDINGS 

 

Networking societies with electronic based technologies can change social 

morphology, where key social structures and activities are organized around 

electronically processed information networks modifying operation and 

outcomes in processes of production, experience, power and culture. This is 

a good entry point devising community capacities with digital technology 

improving community networking capacities proactively responding to early 

warning saving lives. As the evolution of Tsunami Warning Systems (TWS) 

reflects the development of Information Communication Technology (ICT) 

for networking and the Internet Era that is the third phase of development 

that created the concepts and foundation for the architecture of modern TWS 

and their basic components including decision support components, can be 

better utilized strengthening motherôs care giving role as a measure of saving 

lives. This also helps better institutionalization of early warning process 

within vulnerable communities with improved access to information without 

barriers of mobility or subordination as explained in section 2.1. In this 

regard semantic features and SMART phone emerge as a result of third 

revolution digital technology can play a vital role. Usage of SMART phone 

is positively influenced on expanding insular bonding networks enabling  
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horizontal information and knowledge flow. However, critical knowledge 

and evidence of disaster managing agencies become important to engage 

with community networks and support people playing a vital catalytic role 

bridging or linking emergent roles and strengthening disaster preparedness 

for early warning saving lives. 

 

4.0 CONCLUSIONS 

 

Use of third revolution digital technology and familiar devices such as 

SMART phones can improve equal access to early warning for both men and 

women at risk, filling knowledge gaps within the communities for better 

institutionalization of the early warning process and ultimately achieving 

gender equity overcoming gender biasness for saving lives. These literature 

findings confirm the need of gender equity within early warning systems and 

potentials for gender sensitive early warning with the use of third revolution 

digital technology achieving two key objectives within the overall research 

aim of critically examining the effect of third revolution digital technology 

on gender equity within disaster early warning systems highlighted in the 

methodology.  
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Abstract 

As part of the thermal comfort investigation in Libya a thermal comfort field 

survey was carried to set local thermal comfort temperature. This paper will 

present a field study results of thermal comfort in Libya. A thermal comfort 

survey has been held out in 39 domestic building across the three cities from 

three climatic zones, The criteria of selection only limited in free running 

domestic houses (naturally ventilated houses).  Nearly 160 persons were 

included in this survey, they have been interviewed in their houses under 

their normal living conditions during the hottest (Summer), the coldest 

(Winter) and the moderate (Spring) periods of the year. The study 

investigates and assigns the thermal comfort temperature in three climatic 

zones in Libya, and three equations were concluded from the study, using 

the running mean outdoor temperature as predictor of the thermal comfort, 

that can indicate the limits of the comfort zones for the three cities. The 

paper also presents the researcher study on thermal insulation values for 

traditional Libyan clothing. The most common ensemble clothing for women 

and men were tested using thermal manikin. 

 

Keywords: Thermal comfort, Adaptive thermal comfort, Thermal insulation 

values for traditional Libyan clothing. 

 

1. Introduction  

This paper reviews three thermal comfort studies that have been conducted 

in the three cities Tripoli, Ghadames and Gheryan. From the three cities 

nearly 160 individuals have been interviewed in their own houses, 16 houses 

in Tripoli, 12 houses in Ghadames and 11 houses in Gheryan, during the hot 

period of the year. The buildings were selected from naturally ventilated 

buildings ranging from vernacular traditional houses to new houses in the 

three climatic zones. However, In Ghadames and Gheryan most of the data 

was collected from new houses, since most of the traditional vernacular 

houses were deserted.  

 

mailto:nadya.gabril@my.westminster.ac.uk
mailto:M.Wilson6@westminster.ac.uk
mailto:C.P.Gleeson@westminster.ac.uk


268 

NADYA GABRIL, MICHAE L WILSON & COLIN GLEESON 

  

 

The subjects were asked to complete a questionnaire, which was divided into 

two parts Personal questions (Gender and Age) and thermal comfort 

questions; which referred to their thermal sensation, the air movement, 

humidity and their preferences. In addition they have been asked about their 

clothing and activities during the last hour.  The subject marks their thermal 

sensation in seven steps according to the ASHRAE scale, and the 

environmental variables air temperature and RH, air flow and Air quality 

were measured. The subjects concerned in the survey were from both 

genders; the gender distribution was 43% percentage of the votes for female 

and 57% male, and their age ranging from 18 to over 80 years old. The study 

covered three seasons summer 2010 and winter 2010 and spring 2012.  
 

 

Figure. 1, the general classification of Libya's climate, after Buxtehude, 1981 

2. Climate of Libya 

The Libyan population is mainly distributed in three climatic zones: Semi-

Mediterranean on the coastal area (2-hot-humid), Mediterranean climate on 

the mountains (1-cold zone) and Steppe (4-semi-arid). In this study three 

cities were selected each featuring these main climatic zones, respectively 

Tripoli, Gheryan and Ghadames.  

3. Clothing 

Clothing is one of the main parameters that effect the thermal sensation of 

the people; therefore evaluating the clothing thermal insulation of subjectôs 

clothing is important. In Libya cultural factors have a great influence on 

clothing type, the clothing preferences of the Libyan people have been 

categorise into two categories western clothing and traditional clothing.  

 

 

 

 

1.Gheryan 

4.Ghadames 

2.Tripoli  
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Figure. 2, Annual Psychometric charts. 

 
In order to estimate the clothing insulation for the western clothing 

the study uses ASHRAE tables, (ASHRAE, 1992; ISO, 1994, 1995). These 

have been developed from clothing insulation studies conducted in 

laboratory studies, mainly for western clothing. However, the data from the 

field survey shows that a number of subjects included in the survey were 

wearing traditional Libyan clothing, therefore finding the thermal insulation 

value for the traditional Libyan clothing is important to study the thermal 

sensation and comfort temperature in Libya.  

 

Recently, ASHRAE extended the western clothing table to include the 

non-western clothing, in the 1504-TRP, ñExtension of the Clothing 

Insulation Database for Standard 55 and ISO 7730.ò The data also include 

the effect of posture on air movement. Unfortunately Libyan traditional 

clothing is not included in the tables. This led the researcher to conduct a test 

to evaluate the thermal insulation of the traditional Libyan clothing in the 

climate chamber. With the help of Dr. Simon Hodder, a Technical Tutor 

(Ergonomics) at the Environmental Ergonomics Research Centre (University 

of Loughborough), the thermal insulation properties of the Libyan traditional 

was tested using thermal manikin. 
 

3.1 THE DESCRIPTION OF LIBYAN TRADITIONAL CL OTHING  

The traditional libyan clothes are unique in their components and ensemble, 

as they are products of the mediterranean civilizations influence on the 

libyan tradition. the libyan traditional male clothes changes according to  

  

Tripol
i 

Ghadames 

Gheryan 
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seasons (figure 3). it consists of two parts the internal and external clothing, 

the internal clothing include (1) the serwal a loose light trousers made of  

 cotton, (2) Suriya is a short loosely fitting gown that covers the body to the 

knees, and (3) Farmela, a cotton vest is worn in summer; however in winter 

a long sleeve Farmela (4) replaces the vest or worn over the vest.  

 

 

The external clothing part (Al Jaôred)(6) a garment that is similar to the 

Ancient Roman toga. A white cloth of 4-meter long and 1meter width is 

wrapped around the body in special way. It is worn over the internal 

clothing. The male clothing ensemble changes according to seasons. In 

summer, a man usually wears the Serwal and Suriya only without the vest 

inside the house. However wearing Al Jared in winter is most common in 

older generation. 

 

There are two sorts of female traditional clothing: the internal clothing 

and external clothing. The internal clothing includes; (7) Serwal, light loose 

trousers made of cotton, (8) Eqmeja a short loosely fitting long sleeve dress, 

usually made of light material in summer and heavy material in winter. (8)Al 

Reôda is the external part worn by female in everyday. It is a coloured cloth 

of 4-meter long and 1 meter width, usually made of cotton and sometimes 

wool and silk, but cotton is the most common material for everyday wear. It 

is wrapped around the body over the dress and trousers. The material of the 

Reôda changes according to seasons, in summer, they are made of cotton 

material while in winter they are made of wool (figure 3).  Wearing a 

headscarf is part of the Libyan female traditional clothing; usually it is made 

of the same material of the Reôda. These days female wear Reôda over their 

western clothing mainly over a dress. However cu\lturally, the external part 

of the clothing cannot be worn by it self the Reôda have to worn all the time.    
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Figure. 3, Libyan traditional clothing for male and female 
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3.2 EVALUATING THE THERMAL INSULATION OF THE 

TRADITIONAL LIBYAN C LOTHING 

The Libyan traditional clothing for women and men were tested using the 

most common ensemble, and the everyday clothing. 

  

 

Figure. 4, the traditional Libyan clothing for female and male worn on the thermal 

manikin (Newton) 

 

The test of the thermal insulation for winter and summer traditional Libyan 

clothing for male and female are listed in the following table. 

 
Male summer clothing Clo m2.oC/W Female-summer clothing CLO m2.oC/

W 

(1) Shirt (Suriya) 0.22 0.034 (8) Long sleeve light shirt-

Eqmeja 

0.22 0.034 

(2) Trousers (Serwal) 0.26 0.040 (7) Trousers (Serwal) 0.26 0.04 

(3) Vest (Farmela) 0.15 0.023 (9) External material (Raô da) 0.69 0.107 

Total for Summer 0.63 0.098 Total for summer 1.176 0.182 

Hat (Al Shana)- wool hat 0.17 0.026 Head scarf 0.062 0.01 

Table 1 Thermal insulation value for the female and male traditional Libyan clothing 

in summer 
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Table 29 Thermal insulation value for male and female traditional Libyan clothing 

in winter 

In winter season the traditional Libyan clothes for women are 

usually heavier than summer as they wear a heavy Cardigan. On the other 

hand the men traditional clothing for winter are even heavier as they wear 

(Al Jared), wrapping it around the body over the internal clothing (long 

sleeve shirt and trousers and heavy vest or jacket) as illustrated in figure (3). 
 The above tables show that the thermal insulation for the women 

traditional Libyan clothing are heavier then men in summer and lighter in 

winter. This can be related to cultural factors, as wearing Reôda is obligatory 

for women in many families especially in extended families houses and in 

most of the older generation. Menôs clothing varies from light clothing with 

low insulation value 0.63 clo to higher thermal insulation value in winter 

with 1.952 clo by wearing a heavy jacket, 0.49clo, and Al Jared with 0.982 

clo.  

From investigating the thermal insulation of Libyan clothing; where 

in the summer, females in Libya usually wear heavier clothes than the male 

clothing, while in winter men were recorded to wear heavier clothes than 

women.  The research shows that, older generations tend to wear heavier 

clothing than the younger generation, and wearing traditional Libyan clothes 

is more common in the older generation.  

The variation of clothing is subject to climate and culture, in terms 

of climatic aspect; from the survey the subject were found to wear less than 

0.5clo if the operative temperature is higher than 25ᴈ and they wear heavier 

cloths when temperature is low. The clothing as an indicator of behavioural 

adaptation to the climate is illustrated in figure (5).  

 

 

 

 
 

Male ï winter clothing CLO m2.oC/
W 

Female ï winter clothing Clo m2.oC/W 

(1) Shirt (Suriya) 0.22 0.034 Long-sleeve shirt (Eqmeja) 0.29 0.045 

(5) Trousers (Serwal) 0.26 0.04 Heavy long-sleeve sweater 0.37 0.058 

(4) Heavy jacketï (Farmela) 0.49 0.076 Trousers (Serwal) 0.26 0.045 

(6) External material (Al-Jared) 0.98 0.155 External material (Raô da) 0.69 0.107 

Total for winter 1.95 0.35 Total for winter 1.61 0.25 

Hat (Al Shana)- wool hat 0.17 0.026 Head scarf 0.06 0.01 
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Figure. 5, the average clothing insulation worn in the three cities 

 

The subjects were asked about their activity over the last two hours 

before the interview, and this information is used to develop a met estimate 

for each participant. Using the Metabolic Rate table, ANSI/ASHRAE 

Standard 55-1992R (Activity levels ï Metabolic Rates for Typical Tasks). 

According to ANSI/ASHRAE Standard 55-1992R (Activity levels ï 

Metabolic Rates for Typical Tasks) most of the activities are ranged between 

standing or sedentary work with 1.2 met (70W/m
2
), to medium light work 

with 2 met (116 W/m
2
). This shows that women tend to record more activity 

than men; this is mainly as a cultural factor in the country where only 

women are responsible for housework.  

However, the standard table has been calculated based on the western 

life style, there is many factors determined the metabolic rate such as the 

meaning of the activity description can be vary according to culture, using 

2.0 met as an estimate for housekeeping in the ANSI/ASHRAE Standard 55-

1992R cannot be applied on the Libyan women were housecleaning includes 

heavy work such as cleaning carpet or courtyards.  

 

 

4. Comfort Vote Data Analysis  

 
The result obtained from the survey, are used to indicate the comfort 

temperature for Tripoli, Ghadames and Gheryan. First Linear regression 

analysis using the least square method have calculated between the thermal 

sensation as dependent variable and the indoor operative temperature, from 

the results the thermal comfort temperature was calculated using Griffiths 

method (Griffiths, 1990). Finally, the linear regression analysis was used to  
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predict the thermal comfort temperature using the running mean outdoor 

temperature as predictor. 

  

The response of the subjects to the thermal environment (Actual 

Mean Vote) is plotted against the indoor operative temperature. The linear 

regression of the relation between the thermal sensation and the operative 

temperature in the three cities in summer, winter and spring shows that the 

respondents were thermally comfortable in a wide range of indoor operative 

temperature. The air movement below 0.5m/s and with average relative 

humidity 50%, the operative temperature is sufficient thermal index to define 

the neutral temperature. 

 

 
Table 310 the result of the linear regression 

 

The relationship between the AMV and the operative indoor 

temperature for the three cities are shown in Figures (6). According to the 

polynomial trend line illustrated in the graphs, in the three cities people 

voted comfort in wide range of operative temperature; in the city of Tripoli 

the people voted comfort in operative temperature ranges from 20ᴈ to 32ᴈ, 

and in Ghadames they vote comfort in operative temperature ranges from 

20ᴈ to 35ᴈ, while in Gheryan people vote comfort when the operative 

temperature in between 20ᴈ and 30ᴈ. This shows that in Libya people tend 

to adapt to wide range of temperature.   

 

Moreover a linear regression analysis shows that the desert 

(Ghadames) is higher than the coastal zone (Tripoli) and the mountain zone 

(Gheryan), indicate that people in Ghadames tolerate higher temperature 

than Tripoli and Gheryan. The neutral temperature found from the linear 

regression equations illustrated in Figure (6) Shows the results of linear 

regression in the form: C = aTi + b. In other word to calculate the comfort 

temperature  (Tn) for the summer and winter, in Tripoli subjects voted 

neutral (C=4) when the temperature is 26.3ᴈ, In Ghadames the subjects 

voted neutral in a higher temperature 27.8ᴈ. In Gheryan the subjects voted 

neutral in a lower temperature 25.4ᴈ. Statically, the correlation coefficients 

for comfort temperature in the three cities are low; there are two reasons for 

this result; first this is expected for any field studies that attempt to predict  

Location Values for a Values for b Correlation coefficient r2 

Tripoli 0.1684 -0.4368 0.69 

Ghadames 0.1005 1.2014 0.4 

Gheryan 0.1599 -0.0664 0.63 
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human psychology and respond toward thermal comfort. Secondly, the low 

number of subjects in the survey for each city (nearly 50 per season) and 

measurement error can result this low regression.  

 

Taking the comfort temperature value from the people who voted 

neutral reduces the data by neglecting the other votes and therefore an 

unreliable comfort temperature. As noted by Nicol ñIf, for any block of data, 

the mean operative temperature and the mean thermal sensation are known it 

is simple to calculate the thermal comfort temperatureò this also known as 

Griffiths method, (Nicol, Humphreys, and Roaf 2012 -P16). Therefore, for a 

small group of subjects using the Griffiths method is more reliable for 

evaluating the mean comfort, by assuming the increase in temperature for 

each thermal sensation scale point using the Griffiths slope G (K-1), this is 

equivalent to the regression coefficient between the comfort vote and 

operative temperature. 

 

In this study the regression coefficient between the comfort vote and 

operative temperature was found from the scatter chart illustrated in figures 

(6). The study used Griffiths method and adopted Humphreyôs assumption 

for the G value where the increase in temperature for each thermal sensation 

scale point is 2K.  And the correlation between the comfort vote and 

operative temperature was found from the chart illustrated in figure (6), the 

comfort temperature was calculated for each vote using the following 

equation 

Ὕ  Ὕ ὝὛ
Ὃ (1) 

Where 4  is the comfort temperature, 4  is the mean operative 

temperature, ÁÎÄ 43 is the mean thermal sensation. The Top and Ts was 

found from the field survey for each city and during each season, the 

comfort equation for the three cities was as follows  

Ὕ ὥ Ὕ  ὦ   (2) 

According to research questionnaire for example at operative temperature 30 

ᴈ a person voted (5 slightly warm) on the thermal sensation scale, therefore 

to feel comfort (4) we need to reduce the operative temperature 2K which is 

equivalent to one thermal sensation, and his comfort temperature will be 30-

2K= 28ᴈ. According to chart figure (6) the thermal comfort temperature 

equations for the three cities have been calculated as follows  

 

Ὕ πȢφφσρὝ  ψȢψχσυ   (3)                            R
2
 

=0.90(Tripoli)      
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 Ὕ πȢχωω Ὕ  υȢυωχς      (4)                        R
2
 =0.91 

(Ghadames)         

Ὕ πȢφψπσ Ὕ  ψȢρςψσ     (5)                      R
2
 =0.89(Gheryan)               

 

From the above equations (3,4 and5) it is clear that subjects in Ghadames 

tolerate higher temperature than Tripoli and Gheryan. For example for the 

indoor operative temperature 30ᴈ, Ghadames comfort temperature is nearly 

29.5ᴈ, while in Tripoli and Gheryan it is 28.5ᴈ. 

 

Figure. 6, Poly. and linear regressions of AMV on indoor Temperature for objects in 

three cities during the three seasons 
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3.3 THE COMFORT TEMPERATURE VERSUS RUNNING MEAN 

OUTDOOR TEMPERATURE 

According to Adaptive theory, predicting thermal comfort temperature is 

dependent on indoor environment and out door temperature. Therefore 

calculating comfort temperature using the running mean outdoor temperature 

is crucial. In this study the running mean outdoor temperature was selected 

as predictor of the comfort temperature with  θ πȢψ using the following 

equation (Humphrey, 2010); 

 

 

4  θ 4 ρ ᶿ 4  

 
 

The running mean outdoor temperature was taken from the data 

collected from the three cities using a long term-temperature reading 

computer chip (iButtom) installed outside the houses for 10 days during 

summer, spring and winter seasons, using the courtyard temperature data in 

Tripoli and Gheryan, and the roof temperature in Ghadames. However, for 

missing data, it has been estimated with respect to the weather data collected 

from meteorological stations. Chart illustrated in figure (7) shows the 

correlation between the running mean outdoor temperature and the comfort 

temperature for the three cities. Comfort temperature for the three cities can 

be found from the above chart as follows: 

 

 

Ὕ πȢυρὝ ρτȢρς                              R
2
=0.85                

(6) 

Ὕ πȢτφὝ ρφȢχς                              R
2
=0.7                  

(7) 

Ὕ πȢτχὝ ρτȢςφ                               R
2
=0.7                 

(8) 

 
 

To indicate the limits of the comfort zones for the three cities it can be 

assumed that subjects can be comfortable in a range from 3 to 5 on the 

thermal sensation scale, 3 for slightly cool and 5 for slightly warm.  
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5. Conclusion  

The Paper analysis the outcome of two studies, first, is the finding from 

investigating the thermal insulation of Libyan clothing; where in the 

summer, females in Libya usually wear heavier clothes than the male 

clothing, while in winter men were recorded to wear heavier clothes than 

women. Thermal insulation of the traditional Libyan clothing was tested in a 

climatic chamber and the results show that male traditional clothing is 

0.63clo in summer and 1.95clo in winter. While female traditional clothing 

is 1.17clo in summer and 1.6clo in winter. The research shows that, older 

generations tend to wear heavier clothing than younger generation, and 

wearing traditional Libyan clothes is more common in older generation.  

 

Secondly, a thermal comfort investigation in the three cities is 

conducted to calculate comfort temperature in Libya; Occupantsô adaptive 

adjustments have a great influence in setting the thermal comfort 

temperature in the three cities. The study correlates the comfort temperature 

with the indoor operative temperature and the running mean outdoor 

temperature to define comfort temperature. The study investigates and 

assigns the thermal comfort temperature in three climatic zones in Libya, 

and three equations were concluded from the study, using the running mean 

outdoor temperature as predictor of the thermal comfort, that can indicate the 

limits of the comfort zones for the three cities.  

 

It is important to highlight the critical use of Griffiths method and the 

Humphreyôs assumption for the G value where the increase in temperature 

for each thermal sensation scale point is only 2K, and according to the field 

study people seems to adapt and feel comfort at high temperature, therefor 

more studies in the field are required.  

Figure. 7, Comfort temperature versus running mean outdoor temperature 



279 

THERMAL COMFORT IN LIBYA - FIELD STUDY 

 

 

 

There is limited thermal comfort research in Libya conducted by just 

a few studies (Ealiwa et al. 2001; Alzubaidi, 2002; Akair and Bánhidi 

2007)(Akair and Bánhidi, 2007; Alzubaidi, 2002; Ealiwa et al., 2001), thus, 

thermal comfort standards are not defined in Libyan Codes yet. The small 

numbers of respondents in most of the thermal comfort investigations in 

Libya do not give a good estimation for population responses. Therefore 

more studies in the field are required. The data in this research can be part of 

a broader study to set a thermal standard for the North African Countries 

óAl-Maghreb Al-Arabieô includes (Libya, Tunisia, Algeria, Mauritania and 

Morocco).  
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Abstract 
Residential and commercial buildings consume one fifth of the worldôs total 
energy and accounts for one third of the global greenhouse gas emissions. 
Annual Energy consumption in Sri Lanka has rapidly increased over the past 
years. Building accounts for 64.7% of the total national energy consumption 
in 2013 and 26.1% of the energy is consumed by non-domestic buildings. 
Thus highlights the importance of investigating the energy consumption of 
urban office building stock. 

 Majority of the office buildings in Colombo are dominated by air-tight 
envelopes with glazed facades. . Thus demands for active systems to 
condition the indoor environments. This trend in the office building stock 
has originated energy intensive office interiors with an average annual 
building energy index of 250 KWh/m2.Although 80% of the urban building 
stock in Colombo Sri Lanka is composed of office buildings there is a 
limited research attention on the energy behavior of this building stock. Thus 
this study focuses on mapping a nexus between urban built form and energy 
intensity of the office building stock in Sri Lanka. 

Physical configuration of the building stock varies along the main arteries 
of the study focus area. Of which 53% and 47% of the buildings have a 
shallow and a deep plan form respectively.75% of the office buildings are 
attached with another structure and these physical configurations have a 
direct impact on the Building Energy Index. Further fenestration details of 
the critical façade have different compositions of glazed and Aluminum 
cladding Of which 17%, 26%, 57% are evident for glazed, Aluminium 
cladding and Aluminium cladding with glazed respectively. Results 
indicated that the energy intensity of the buildings associated with the 
orientation, fenestration detailing of the critical faced and building form. 

Keywords: office buildings, energy consumption, building form typologies  
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1. Introduction  

Residential and commercial buildings consume one fifth of the worldôs total 
energy and accounts for one third of the global greenhouse gas emissions 
(IEO, 2010). During the past half a century new building construction has 
increased and consequently affected the energy demand from buildings due 
to the present practice on energy intensive artificially conditioned building 
interiors with mechanically ventilated, artificially lit and air conditioned 
mechanisms.  

In office buildings, energy is mainly used for lighting, cooling and 
heating. Cooling energy demand of a building is affected by heat gain 
internally (electrical lighting, building equipment, and people) and externally 
(solar radiation, air temperature, and wind) and also heating energy demand 
is affected by heat loss through facades (Susorova et al., 2013). Many studies 
have investigated the thermal performance of building forms in respective to 
climates (Steadman et al., 2000, Steemers et al, 2003). 

The research on building shape proposes the shape Coefficient is directly 
proportionate to its external wall surfaces. The relationship between the 
building shape and energy consumption changes with the climatic 
conditions. In rigorous climates a linear correlation is evident. However, 
there is no significant relationship in mild climates (Depecker et al. 2001). 

Other influencing building configuration factors on energy consumption 
are focused on façade formations such as window orientation, window to 
wall ratio (WWR) and geometric factors on internal spaces such as a ratio of 
room width to depth. These design strategies were investigated using energy 
stimulations for different climate zones. A model room of a typical office 
building has been simulated to identify the annual energy consumption and 
the results show that energy consumption in hot climates are significantly 
affected by the façade formations and geometric factors (Susorova et al., 
2013).  

Most of these studies on the impact of building form on energy 
consumption have followed a common research approach focusing on 
different climates, seasonal changes with simplified built forms. However a 
less research focus towards actual office built forms and existing building 
stock is evident.   

Although few studies represent the energy consumption patterns of the 

built forms in tropical climates (Charde et al., 2013, Fasi et al., 2015, 

Steemers et al., 2010), it is vital to investigate the actual building stock in 

tropics as the 70% of the global urbanization will be concentrated in 

developing countries of Asia and Africa by the year 2030 (UNFPA, 2007). 
Since the current urban expansion of the city of Colombo is planning 

towards the implementation of Megapolis development, which will   initiate 
a burgeoning trend in the construction of more and more urban office 
buildings in the Colombo Municipal Council Region. However a limited 
research attention is evident on the impact of the office building forms and 
energy consumption pattern. Thus it is vital to explore the existing office  
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building stock to comprehend a relationship between the physical 
configuration of the built forms and its energy demand.  
 

Current building stock in Sri Lanka accounts for 64.7% of the primary 
energy consumption, of which 26.1% is consumed by non-domestic building 
sector (SSEA, 2013). Office building stock dominates the urban built forms 
in the city of Colombo. However unavailability of actual data of this 
building stock has become a prime restriction in future research. Thus this 
study focuses on developing a nexus between urban built forms and energy 
intensity of the existing office building stock in Colombo Municipal Council 
region.   

2.  Colombo Municipal Council Region 

Colombo Municipal Council region which is the focus area of this study is 
situated in the Colombo district (6Á55ô N, 79Á51ô E at a latitude of 8m), in 
the Western province of Sri Lanka. This district represents the highest 
population density of the country within the range of 2001 to 4000 
persons/Km

2
. Colombo as the commercial capital is composed of a 

residential population of 647,000 with 700,000 floating population (Urban 
Transport System Development Project for Colombo Metropolitan Region 
and Suburbs CoMTrans Urban Transport Master Plan). Approximately 50% 
of the floating population commute for employment. The maximum office 
building stock of the Colombo district is concentrated in the Colombo 
Municipal Council region which contains 35 Grama Niladhari (GN) 
divisions. Thus the study investigates the office building stock distributed 
among 35 GN divisions of the CMC region.  

2.1 ITôS CLIMATE  

Climate of Colombo is characterised as a tropical monsoon climate with 
uniformly high temperatures with high humidity. Mean monthly temperature 
over the year varies from 26°C to 29°C with the highest average in March to 
April (Maximum temperature 36°C). Mean monthly relative humidity varies 
from 60% -80% during a year. Colombo experience long hours of sunshine 
and mean hourly global horizontal radiation varies from 398 to 350 W/m² 
within a year with the highest in the month of March (Maximum hourly 
global radiation, 1030 W/m²). 

2.2 OFFICE BUILDING STOCK IN CMC REGION  

Figure 1 shows the percentage distribution of office building stock in the 
CMC region. The GN divisions such as, Keselwatte (18.92%), Suduwella 
(16.19%), Kollupitiya (15.02%) and Fort (11.42%) represent the highest 
building stock in this region. In these GN divisions the location of the office 
buildings are predominately along the major traffic arteries which represents 
Galle road, Dharmapala Mawatha, Sangharaja Mawatha, Sir James Peiris 
Mawatha and D.R Wijewardana Mawatha. 



284 

I.RAJAPAKSHA, W.S JAYASINGHE2 & U. RAJAPAKSHA 

 

 

 
 GN Divisions Percentage of 

office buildings 

a. Kesellwatte 18.92% 

b. Suduwella 16.19% 

c. Kollupitiya 15.07% 

d. Hunupitiya 12.25% 

e. Fort 11.42% 

f.  Cinnamon Gardens 9.94% 

g. Wekanda 9.38%` ̀

h. Thibirigasyaya 7.46% 

i Aluthkade West 6.92% 

j. Kirula 6.93% 

k. Kompannaweediya 5.77% 

l. Millagiriya 5.05% 

 

m. Bambalapitiya 
 

4.39% 

 

Figure 21 Percentage of office buildings in Colombo Municipal Council (CMC) 

2.1 JUSTIFICATION FOR SELECTION OF THE STUDY FOCUS 

East-West orientation is one of the significant design strategies on heat gain 
of tropical buildings. Among the 35 GN divisions of CMC region, 13GN 
divisions have a concentration of office buildings more than 4%. Within the 
13 GN divisions, the highest office building stock of 75% of the East-west 
orientation is evident in the GN division of Kollupitiya. These buildings are 
predominantly located along Galle Road and R.A De Mel Mawatha. Thus 
the study represents the critical office building stock for heat gain in the 
CMC region and this paper presents physical configuration and energy 
indices of the office building stock in the Kollupitiya GN Division.  

3.0 Characteristics of the office building stock in the study focus 

Major characteristics of this office building stock are that 90% are fully air-
conditioned and mean number of floors is within the range of 5 to 7 storeys. 
However 10% of the stock has amalgamated air conditioned working spaces 
and naturally ventilated common areas like lobbies and corridors. Mean 
building energy index (BEI) of this office building stock is 243.12 
KWh/m²/annum.  

 
Five types of office building plan forms were identified and these plan 

forms can be generalised as basic plan forms and composite plan forms. The 
basic plan forms consist of square, linear and circular plan forms. Composite  
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plan forms derived from a combination of basic plan forms and they 
demonstrate L and U shapes. Within this stock 75% of the buildings 
demonstrates a combination of linear and square plan forms distributed 
along the Galle Road and R.A De Mel Mawatha. In these basic plan forms 
58% and 17% are with linear and square plan forms respectively. Circular 
plan forms are not evident in this office building stock.  

 
 Composite built form of L shape is a combination of two linear plan 

forms or a linear and a square plan form. Moreover the amalgamation of 
three linear plan forms represents the U shape. These composite plan forms 
along the Galle Road and R.A De Mel Mawatha are consists of 16% of L 
and 9% of U shape plan forms respectively. Graphical representation of the 
basic and composite plan forms and its combinations are shown in figure 2a. 

 
East and west facades in the tropics are affected by direct solar radiation 

and influence the solar heat gain into the building interiors. Thus these 
facades denote critical facades for tropical climates. Furthermore these 
facades represent the front of the building due to easy access from the road. 
These East and West front facades represent different compositions of 
glazed and Aluminium cladding. Of which 17%, 26%, 57% are evident for 
glazed, Aluminium cladding and Aluminium cladding with glazed 
respectively. These glazed facades are composed of fixed and openable 
panels with blinds to control the heat gain. Fenestration details of these 
critical façades are shown in figure 2b. 

 
When considering the positioning of these buildings this stock represents 

75% of attached built forms and the balance is free standing. Thus the figure 

3 shows a combination of the positioning of the built form in relation to two 

main types of plan forms with the East West orientation.  

 
Basic plan forms  

Linear plan forms 

 

 

 58% of the buildings has a 
rectangular plan form 

 

Square Plan form 

 

    

17% of the buildings has a 

square plan form 

 

Circular plan form  

 

Non of the buildings have a 

circular plan forms facing east 

west orienation 
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Composite plan forms  

L shape Plan form 

 

 

16% of the buildings are with 

a L shape plan form 

U shape plan form 

         

9% of the buildings are with a 

L shape plan form 

Figure 2a Categorization of buildings according to the plan forms 

Critical façade characteristics  

Buildings with glaze and 
 Aluminium  

Buildings with aluminum facades  Buildings with fixed/non fixed   
glaze panels  

 
  

57% of the buildings are 

cladded with Aluminium and 
glasses in the front faced 

26% of the buildings are 

Aluminium Cladded throughout 
the front façade. 

17% of the buildings have full 

length glass openings in the 
front façade. 

Figure 2b Categorization of the critical façade 

 

3.1 NEXUS BETWEEN THE BUILDING ENERGY INDEX (BEI) AND 

THE BUILT FORM 

Building Energy Index is a quantitative measure to evaluate the energy 

consumption of a building within a period of an year in relation to its floor 

area. The unit of this index is kWh/m2/annum. Corresponding building 

energy indices of the stock was calculated and the Figure 4 represents the 

building with the highest Energy Index of this building stock. It is evident 

that the Building Energy Index of this stock varies within the range of 150 ï 

300 kWh/m2/annum. Of which 68% and 16% corresponds to 200 and 300 

kWh/m2/annum respectively. Figure 5 shows the physical configuration in 

relation to positioning and plan forms of the 5 buildings which represents the 

maximum BEI of this building stock.  
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Figure 3 office building typology 
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Buildings with the highest Building Energy Index have a configuration of 

basic and composite plan forms. Buildings with basic plan forms has a 

higher building Energy Index than composite plan forms. Furthermore 

buildings with glazing in the critical façade have a higher Building Energy 

Index than the other fenestration details.  

 

3.2 NEXUS BETWEEN THE BEI AND ASPECT RATIO 

Aspect ratio of a building is a ratio between length and width. Literature has 
informed a building with an aspect ratio above 2 with an East West 
orientation consumes more energy due to the increasing demand in the 
operation of cooling plant (Geoffrey J et al., 2004). Moreover the buildings 
where the long side of the building facing east-west orientation has more 
energy use intensity as a result of the direct heat gain. Buildings with an 
aspect ratio (length/width) above one have a shallow plan form. A deep plan 
form has an aspect ratio less than one. Buildings with deep plan forms 
consume more energy due to artificial lighting and air conditioning. Figure 6 
shows the relationship between the BEI and aspect ratio. 
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Figure 4Buildings Energy Index of the office building stock 
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A Free standing building 

  

B Attached building 

  

C Free standing building 

  
D Free standing building 

 
 

E Attached building 

Figure 5 Physical configurations of the buildings with the highest BEI 

 
It is evident that the physical configuration of the building stock varies 

along Galle Road and R.A De Mel Mawatha. Of which 53% and 47% of the 
buildings have a shallow and a deep plan form respectively. Critical façade 
of the shallow plan forms are East-West oriented. Thus these plan forms get 
direct solar radiation. Critical façade of the deep plan forms are North-South 
oriented. Conventional wisdom reveals that the shallow plan forms consume 
less energy than deep plan forms. In contrary some buildings with shallow 
plan forms had higher building energy index than the deep plan forms. Thus 
denote that these buildings are attached with another structure from one side 
or both sides. In addition fenestration details of the building envelop 
influence the energy consumption of the building. 
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