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PREFACE

This book contains the abstracts of keynotes and papers submitted to, double blind peer reviewed, 
and accepted for the 5th International Building Resilience Conference 2015, 15th – 17th July at 
Newcastle City Hall, Newcastle, Australia.

The Conference is organised by: the School of Architecture and Built Environment, Faculty of 
Engineering and Built Environment at the University of Newcastle; the Global Centre for Disaster 
Resilience, Huddersfi eld University, UK.  The Conference is organised in support of the UNISDR 
'Making Cities Resilient' campaign and in association with our partners: the ANDROID Disaster 
Resilience Network; the United Nations International Strategy for Disaster Risk Reduction 
(UNISDR); the Asian Disaster Preparedness Center (ADPC); the Royal Institution of Chartered 
Surveyors (RICS) UK, Disaster Management Commission; and the International Journal of 
Disaster Resilience in the Built Environment, Emerald Publishing.

Communities around the world are faced with the threat of disasters on a daily basis. 
National governments, local government associations, international, regional and civil society 
organisations, donors, the private sector, academia and professional associations as well as 
every citizen needs to be engaged in reducing their risk to disasters. All these stakeholders must 
play their part in contributing to building disaster resilient communities. The 2015 International 
Conference on Building Resilience encourages debate on individual, institutional and societal 
coping strategies to address the challenges associated with disaster risk. 



Key themes include:

1. Resilience
1. Conceptual understanding of resilience
2. Overall systems resilience
3. Measurement of resilience

2. Built environment
1. Structural mitigation
2. Infrastructure
3. Sustainable development
4. Shelter and housing

3. Communication
1. Community engagement and participation
2. Inter-disciplinary working and partnerships
3. Digital media
4. Knowledge management

4. Disaster risk
1. Multi-hazard scenarios
2. Risk assessment, monitoring and evacuation

5. Slow-onset disaster
1. Conceptual understanding of slow-onset disasters
2. Climate change impacts and slow-onset disasters
3. Risk assessment and monitoring of slow-onset disasters
4. Social impacts of slow-onset disasters

6. Healthcare facilities, infrastructure and system resilience planning
1. Emergency planning and disaster response
2. Community resilience planning for emergency preparedness
3. Social determinants of health
4. Health and wellbeing of disadvantaged and socio-economically excluded populations
5. Health system resiliency planning

7. Social resilience
1. Livelihoods
2. Social protection and vulnerability
3. Social support processes
4. People, displacement and security

8. Governance
1. Local government and disaster risk reduction
2. National planning
3. Role of NGOs
4. Evidence based policy making

9. Education
1. Capacity building
2. Lifelong learning



 This event builds upon the successful 2008, 2011, 2013 and 2014 International Conferences on 
Building Resilience, which was held in Sri Lanka and the United Kingdom. The 2011 Conference 
was held in association with the launch of The Making Cities Resilient: 'My City is getting ready!' 
campaign, which addresses issues of local governance and urban risk. The 2013 Conference 
further supports the campaign focus areas up to 2015, including city-to-city learning and capacity 
building, and an emphasis on partnerships.

The Conference organisers are also delighted to welcome three keynote addresses by leading 
academics and practitioners: Professor Kevin Hall, Deputy Vice Chancellor (Research and 
Innovation), University of Newcastle, Australia; Dr. Louise Brooke-Smith immediate past Global 
President of the RICS; Professor Makarand (Mark) Hastak, Professor and Head of Construction 
Engineering and Management Purdue University USA. These keynote addresses provide a local 
and global perspective and vision for disaster resilience research.

Further contributions to the Conference are made by members of the research community and 
practice that address disaster risk and the need to develop resilience from diverse perspectives, 
as demonstrated by the range of subjects tackled by authors. The abstracts are a brief summary 
of the full research articles that can be found in the USB Drive that accompany this book. All 
abstracts and full papers were reviewed in their entirety, prior to publication, by the International 
Scientifi c Committee comprising independent, qualifi ed experts. The Editors would like to extend 
their sincere gratitude to all the authors of the published contributions for their excellent work and 
participation at the International Conference on Building Resilience 2015.

The conference is being held in Newcastle, a metropolitan area is the second most populated 
area in the Australian state of New South Wales and includes most of the Newcastle and Lake 
Macquarie local government areas. It is the hub of the Greater Newcastle area which includes 
most parts of the local government areas of City of Newcastle, City of Lake Macquarie, City of 
Cessnock, City of Maitland and Port Stephens Council.  162 kilometres  NNE of Sydney, at the 
mouth of the Hunter River, it is the predominant city within the Hunter Region. Famous for its 
coal, Newcastle is the largest coal exporting harbour in the world, exporting over 97 Mt of coal 
in 2009–10 with plans to expand annual capacity to 180 Mt by 2013. Beyond the city, the Hunter 
Region possesses large coal deposits. Geologically, the area is located in the central-eastern 
part of the Sydney basin.

 Recenlty Newcastle has had a number of devastating signifi cant events that have resulted in 
severe damage.  The most recent was in April 2015 the result of a large east-coast low (similar to 
a tropical cyclone) that left the city devastated and closed for a number of days.  It is our hope that 
Newcastle will benefi t greatly from the research and activities associated with the Conference, 
and that the city provides an appropriate backdrop for tackling challenging questions about how 
to develop disaster resilient communities.
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Abstract 

Our built environment comprises large interdependent infrastructure networks. When we add a 
new piece of infrastructure or a new building into the mix, we rather increase the complexity 
further in relation operations and management of such infrastructure network. Ensuring 
appropriate functionality of these networks is absolutely crucial for supporting the community 
residing within the built environment. Functioning of a society depends on numerous 
infrastructure functions offered by the range of infrastructure network collectively. If any part of 
the infrastructure network becomes obsolete due to any external or internal disturbances, the 
impact will be eventually felt within the community. Whether such an impact is felt at a local 
level or in entirety, that depends on the degree of dependency of the community on the particular 
infrastructure network and also the interconnectivity of that network in relation to other network. 
Thus, in any attempt to address risks and vulnerability within the community, the first step is to 
map out the interdependent infrastructure network and community dependencies on various 
functions drawn from individual infrastructure or the network. The multi-level community is 
highly fragmented especially in a social context. Such fragmentation is characterized by 
numerous roles that people play within the society. Dependency of every person in the community 
on the infrastructure functions in their respective business or social roles can be understood by 
investigating their associations with infrastructure functions and the underlying network 
structure. Thus, in an attempt to assess the risks and vulnerability, this research aims to develop a 
new methodology utilizing the social network theory. It has been hypothesized that risk and 
vulnerability of the community is based on their interactions and social ties within both the 
community and infrastructure networks structure. Relative impacts of risks of one person or unit 
on another in relation to community dependency and association of infrastructure need to be 
visualized before developing the objective risk management strategy. The applicability of the new 

mailto:bdglowsp@nus.edu.sg
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SNA based methodology will be demonstrated using an institutional precinct comprising multiple 
buildings. The findings will add significant new knowledge for managing risks and vulnerability 
of the community within the built environment context.              

Keywords: Infrastructure, risks and resilience, Social Network Analysis 

1. Introduction 

Our built environment comprises numerous interconnected infrastructure networks (such as 
water, power, IT) and the functioning of the community relies on the seamless operation of 
sustained services of these networks. Over past decades, numerous work has been published on 
the topic of infrastructure related disasters and vulnerability to the community. Recently, the 
prominence of the research into infrastructure risk and resilience has been highlighted due to 
number of incidences evident around the world. Referring to the Sept 11 incident or Hurricane 
Katrina in the US, many agencies are investigating on the solutions for critical infrastructure 
protections and maintaining sustained operations for supporting the community without 
disturbances arising from any perturbed situations.  As these extreme events revealed significant 
failures of the readiness or preparedness of the authorities responsible for community support and 
wellbeing, the effectiveness of the existing practices and underlying approaches are exposed to 
scrutiny and further considerations. No matter whether it’s a man-made disaster or the Act of 
God, ultimately the community is the most vulnerable part within the society and suffering of the 
population is inevitable. In any attempt to address the community vulnerability and preparedness 
for mitigations potentially arising for any extreme events, the community must be clearly 
understood in relation to their livelihoods and the reliance on the infrastructure systems at large.   

Taking into consideration of the community dependencies on these networks and exposure to the 
risks associated with a specific infrastructure network being inoperative due to a sudden failure, 
this research develops a Social Network model for investigating the risks and impacts on the 
community. While the term ‘emergency management’ encompasses hazards, risks and recovery 
associated with any event and underlying policies, the focus of this research is not simply on the  
emergency management per se. The aim of the research is to develop an approach for quantitative 
assessment of risks and vulnerability among the community in relation to be infrastructure being 
inoperative due to a sudden failure. The community is an integral part of the built environment 
and the operation of the built environment is facilitated by a range of highly interconnected 
infrastructure networks. Thus, in any attempt to understand the community risks and associated 
vulnerability, the interconnectedness of the infrastructure network and the community 
interdependencies on the infrastructure services are absolutely crucial for investigation. 

2. Background reviews 

Although more robust construction in and of itself will not eliminate the consequences of 
disruptive events, there is widespread recognition that the engineering community has a valuable 
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role to play in finding and promoting rational, balanced solutions to what remains an unbounded 
threat [3]. There has been considerable research aimed at developing knowledge that will enable 
the construction of a generation of buildings that are more robust and safer, for example, through 
reduction of injury inducing blast debris, the development of glazing materials that do not 
contribute to the explosion-induced projectile hazards and have enhanced security application, as 
well as the integration of site and structure in a manner that minimises the opportunity for 
attackers to approach or enter a building While literature review on infrastructure risks, 
vulnerably and resilience within the built environment context provides enormous results across 
approaches, methodologies and findings on case studies, there is currently no any single method 
that measures the quantitative links between the communities with the built environment systems. 
Bulk of the research focuses on sustainable building and operations of infrastructures with the 
viewpoints of emergency management due to potential disruptions arising from natural disasters 
such as Tsunami, Earthquake, Hurricane, Flood etc. In the risk and vulnerability fronts, 
numerous quantitative and qualitative approaches have been proposed by the researchers and 
significant body of knowledge has been created around the policy framework especially focusing 
on the precautionary measures and post-construction initiatives. However, the fact that the 
operations of the built environment is dynamic in nature  and the functioning of the community 
requires multiple level supports from the highly connected infrastructure systems has not been 
objectively considered in any of the current attempts. In this research, the proposed model using 
the social network theory intends to unfold the interlinks between the community and the 
infrastructure integrating the multifaceted dimension of the built environment in the context of 
disaster mitigation and building resilience.    

The argument that sustainability approach in the context of risks mitigation and resilience is 
closely coupled with social, cultural and environmental forces has been evident in [9]. However, 
how the social challenges are objectively considered with other dimensions is not quite discussed. 
The need for a new conceptual framework for better integration of social forces around the 
sustainable operation of community is asserted by a number of researchers [7][13]. Quarantelli 
(1998) suggested a paradigm shift in the disaster research which should focus more on 
conceptualisation of the social dimensions and appropriate considerations of the community 
centric needs and requirements. While McEntire (2003) clearly suggested the shift of disaster 
research from natural disaster and policy framework to more value based workable solutions, 
how such an approach integrates community with the built environment has not been discussed. 
Boin and Hart (2006) concluded the causes of vulnerability within the community are highly 
social in nature and they must be addressed socially in any attempt for building resilience in the 
society. Some of the social causes highlighted by Boin and Hart (2006) include ethnicity, race, 
socioeconomic status, gender and age etc. Such realisations eminently identify the need for 
fundamental research in the area of disaster risks and resilience within the built environment 
context.  

The links and relationships between the disaster and vulnerability and underlying social impacts 
are appropriately identified in past literatures [3][10]. The need for understanding of the 
community composition and their intricate dependencies on infrastructure systems has also been 
realised by some researchers in the risk and resilience context [8]. However, current literature 
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lacks any clear methodology linking the multi-level community and their professional roles and 
activities that supported by the infrastructure systems within the built environment. 

3. Social Network Analysis and its application 

The research aims to develop a conceptual model focusing on the social networks of extended 
stakeholders, their perceptions and interests in relation to critical infrastructure systems and 
underlying key functions supporting the effective operations associated with their business roles 
or positions within the selected boundary conditions. No matter how the policy framework is 
employed in disaster management practice, without understanding the dependencies of the multi-
level community on interdependent infrastructure networks within the built environment, a precise 
solution for managing risks and containing the impacts is not quite possible.    

By utilising the Social Network Analysis (SNA), the precise linkages between the multi-level 
communities with the critical functions of the infrastructure systems can be investigated.   While 
complex mathematical tools are widely used for modelling infrastructure dependencies by many 
leading researchers [1][4][5], the power of Social Network Analysis (SNA) has not been 
exhausted in relation to collective representation of the community (such as individuals or 
organisations), the dyadic ties, their roles, interests and perceptions in relation to their business 
roles and operations being supported by the critical infrastructure networks. Thus, Social 
Network Analysis (SNA) has been employed for problem analysis which is based an accurate 
identification of problems and thoughtful articulation of the current industry situations in view of 
risks and vulnerability assessments focusing on both community and the infrastructures. The 
novelty and applicability of the SNA based methodology will be demonstrated using a case study 
in the following sections. The findings will result in a preliminary reference model that forms the 
basis for comparison with the real situations in order to identify areas of weaknesses and building 
the capacity for resilience. 

4. Research Methodology 

While the assessment of risks and vulnerability of community in relation to the highly dependent 
critical infrastructure network being inoperative is one of the key research topics across many 
countries, the current practice seriously lacks any tensible model for assessing the relationships of 
the community with the infrastructure within our built environment.   Addressing this knowledge 
gap, this research aims to develop a new methodology that takes into consideration of the 
grassroots level understanding of the stakeholders’ composition and their activities being 
supported by the interdependent infrastructure network systems.  Utilising the Social Network 
Theory, the framework facilities an accurate mapping of the stakeholders with their dependencies 
on the infrastructure networks focusing on a defined physical boundary condition. Based on the 
Social Network Models and analysis, quantitative assessment of the stakeholders’ dependencies 
with respect to the infrastructure functions being associated with the respective roles and 
activities can be performed. Such analysis will then allow assessing the impacts and vulnerability 
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of both stakeholders and the infrastructure networks which will eventually be taken into 
consideration for building resilience against the failure scenarios.        

Figure 1 depicts the principles for assessing infrastructure impacts on stakeholders and building 
resilience adopted in the current research. While there have been numerous approaches presented 
in the mainstream literature for identification  of stakeholders, there is no any single approach 
that can be considered superior over others. However, snowball sampling method which is based 
on the social network of stakeholders is considered to be quite effective especially in the Social 
Network research. The concept of social network theory has been widely published in sociology 
based research and it is not the point of discussion in the current manuscript. However, as 
depicted in Figure 1, following are the brief steps to be followed in the context of current 
research. 

The first step involves a clear definition of the boundary conditions in relation to the study 
domain where the networks of stakeholders’ community and critical functions of the 
infrastructure systems are required to investigate. 

Identification of the stakeholders is then performed based on their roles, activities and affiliations 
within the organisations. Thus, in the stakeholders’ identification process, roles and positions, 
physical locations and their activities are all necessary to capture. Similarly, critical 
infrastructure types and underlying critical infrastructure functions are then identified considering 
the supports provided to the community for seamless operations in their day-to-day business.   

In order to assess the meaningful relationship between the stakeholders and the critical 
infrastructure functions, the stakeholders are then required to respond to a questionnaire and 
identify their activities and dependencies on infrastructure functions within the organisation. 
Based on the information received, there are four kinds of relationships can be investigated, 
namely communication or information exchange, information sharing and propagation, power and 
influence on one another and frequency and linkages [11].  

Relevant mapping between the stakeholders’ roles and activities and the infrastructure functions 
are then developed based on empirical data using Social Network models (SNA) and  
visualisation of the networks is performed using NetMiner software package.  It  is worth noting 
that the there are numerous visualisation software packages are available such as UCINET, 
NetMiner, R, Pajek, Gephi etc. and all these packages provide more or less the similar 
functionality.  

The SNA models are then investigated based on numerous SNA measures of actors and links 
which are then used to quantify the relative position, power, influence and linkages of a 
stakeholder and infrastructure type within their respective networks [4].  In the SNA models, the 
conceptualisation of the importance or visibility of a node or an actor is usually defined by four 
major types of centrality namely Degree, Closeness, Betweenness and Eigenvector Centrality. 
While the degree centrality reflects the activeness of an actor or a node within the network, 
closeness centrality is the measure of how shortest path to arrive from one node to the next. 
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Similarly, betweenness centrality the measure of the degree of mediation of information flow from 
one node to the subsequent nodes. Eigenvalue centrality is the measure of influence of one node 
on others in terms of strength of relationships with respect to the central actors [6].  

 

Figure 1. The principles for assessing infrastructure impacts on stakeholders and building 
resilience 

Based on the network measure of three key network models namely stakeholders, critical 
functions and stakeholders’ associated networks, the most and least influential actors will be 
identified. While the stakeholders and critical functions networks highlight the strengths of 
respective actors, the propagation or ripple effect due to one stakeholder being affected by a 
particular infrastructure function on others is not quite clear in these networks. Thus, the analysis 
of an affiliated network based on stakeholders’ associated functions will be required to analyse. 
Based on the associated network analysis, the impact of one critical infrastructure function being 
failed upon other stakeholders and functions in the network will be possible to investigate. In 
order for developing resilience, mitigation measures against the adverse impacts arising out of 
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any potential failure scenarios will be developed. Such mitigation measures and underlying 
implementation strategy need dynamic monitoring and adjustments for ensuring seamless support 
and operations within the society. 

5. Case study and data collection 

Referring to Figure 1 above, the first step towards model development is to identify the boundary 
conditions on a case project. For this purpose, the scope of the research has been defined focusing 
on a distinct boundary of a higher education institutional campus in Melbourne, Australia 
surrounded by four commuters’ roads.  Within this defined boundary, there are a total of 80 
buildings that support the diverse functions within the institution. The users of these buildings 
(referred as stakeholders) are quite diverse and their dependencies on the functions supported by 
these buildings and underlying infrastructure systems are highly varied and commensurate by the 
roles and positions within the organisation.  In order to understand the risks and impacts on 
stakeholders   associated with the infrastructure network within the selected project boundary, 
both the stakeholders and infrastructure functions need to be identified.  By identifying the key 
infrastructure functions and the stakeholders, network maps can be developed based on the 
empirical data which will then be used for quantifying the stakeholders’ associated risks and 
vulnerability and devising appropriate mitigation strategies. 

Based on the analysis of the 80 buildings and users within the institutional organisation, a total of 
51 stakeholders under five board community categories have been identified as shown in Table 1. 
Similarly, a total of 20 critical functions under the six broad categories of critical infrastructure 
have been identified as depicted in Table 2. 

While the analysis of network models requires empirical data from the representative respondents 
sample from the project site, at the time of developing this manuscript, the data collection process 
in progress. However, based on the expert judgement of the authors with in-depth understanding 
of the project in terms of operational environment, a hypothetical dataset was developed by 
mapping the roles and responsibilities of the stakeholders with the critical infrastructure 
functions.  The dataset was then compiled and analysed using NetMiner Software package. As 
the purpose of the current manuscript is to demonstrate the unique methodology and extension of 
scholarly knowledge in the field of risk and resilience, the hypothetical dataset serves the purpose 
without compromising the novelty of the research presented.   
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Table 1: Identification of stakeholders in the case project  

Community Group Select an appropriate community category 

S1. Professional 
staff of the 
university 

S1.1 Security; S1.6 Libraries staff; 

S1.2 Maintenance; S1.7 Museum staff, University 
clubs staff; 

S1.3 Student service staff; S1.8 Venue management staff; 
S1.4 Yardman, health service 
staff, Sport facilities and club 
staff; 

S1.9 Client service/ Campus 
support staff (External ancillary 
services staff); 

S1.5 Counselling services staff;   S1.10 University student union 
staff. 

S2. Academic and 
Education Staff 

S2.1 Academic staff S2.6 Research collaborators 
S2.2 Professional staff S2.7 Session tutors 
S2.3 Post-doctorate student S2.8 Honorary Academics 
S2.4 Research Higher Education 
Student S2.9 Guest lecturer 

S2.5 Research supervisor S2.10 Visiting Research Scholar 

S3. University 
Student 

S3.1 Domestic fulltime student S3.5 Domestic part-time student 

S3.2 International fulltime student S3.6 International part-time 
student 

S3.3 Community Access program 
(CAP) student 

S3.7 Professional master program 
student  

S3.4 Exchange student S3.8 Dual degree program student 
S3.1 Domestic fulltime student S3.5 Domestic part-time student 

S4. General Public 

S4.1 University alumni S4.6 Surrounding community 
S.4.2 Visiting company and 
industry 

S4.7 University research partner 

S4.3 Donors S4.8 External student 
S4.4 External organization S4.9 External researcher 
S4.5 External clients S4.10 Past employee 

S5. Business 
Affairs and other 
Services 

S5.1 Financial and banking 
representative S5.8 Post office and mailboxes 

S5.2 Academic dress and regalia 
shop S5.9 Computer suppliers 

S5.3 Telecommunication provider 
(company representative 
services) 

S5.10 Cafes, takeaway food and 
coffee kiosk (canteen) 

S5.4 Store and groceries S5.11 Pharmacy 
S5.5 University bookshop S5.12 Cinema and theatre 
S5.6 Hairdresser S5.13 Travel agency 
S5.7 Newsagent and stationary 
shop  
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Table 2: Identification of the critical infrastructure sectors and critical functions in the case 
project  

Critical Infrastructure 
(CI) Sector 

Critical Function or Products/Services Dependency 

C1. Banking and 
Finance 

C11 Insurance, investment and mutual fund companies. 

C12 Financial services (taxation, securities and commodities 
exchanges). 
C13 Banks (and non-bank) services. 

C2. Transportation  C21 Ground access (local roads, trains, highway, transfer centers, 
bridge, tunnel)  
C22 Marine (waterways systems, ports, sea transportation, shipping, 
etc) 
C23 Aviation (airports, air traffic control centers and airways 
services). 
C24 Postal services, couriers and logistics (major distribution 
centers and services). 

C3. Energy C31 Electricity and power distribution networks, local power supplies 
C32 Oil and natural gas (production, storage and transportation 
facilities) distribution networks. 

C4. Water Supply  C41 Utilities: sanitation, wastewater, rain water and sewer system. 
C42 Basic and potable (drinking) water service, storage facilities. 
C43 Water treatment plants, pipelines, delivery pumping stations, 
control centers. 

C5. Healthcare C51 Healthcare services and system (internal department, paediatric 
department, etc). 
C52 Emergency services (First aids, medical service, police, fire 
brigade and rescue system, etc). 

C6. Information 
Technology  and 
Telecommunications 

C61 Telecommunication and digital services infrastructure. 
C62 Internet infrastructure and accessibility, connectivity and speed 
etc. 
C63 Broadcasting system (TV, radio, Wi-Fi, etc), data center, cyber 
security and software. 

C7. Space C71 School building, office, laboratory, library space, etc. 
C72 Public space and commercial (parking lot, garden, leisure 
space, etc). 
C73 Residential (student lodge, graduate house, etc). 

 

6. Data analysis and discussion 

As mentioned earlier, the dataset was prepared based on a carefully designed questionnaire 
survey that comprises four parts. The first part is about respondent’s profile that includes 
respondents’ physical location, work or organisational unit and age bracket. These information 
are necessary for running ‘what-if’ scenarios in the risk and impact assessment models. The 
second part of the questionnaire is to identify the respondent’s role and position where a total of 
51 roles have already been defined under five broad categories based on the in-depth assessment 
of project organisation. Every respondent is expected to select at least one or possibly more roles 
as appropriate for his/her job roles within the organisation. The third part of the questionnaire is 
about the identification of the critical functions out of 20 listed functions under seven broad 
categories which potentially support performing the job roles of the respondents in their current 
position within the organisation. A 5-point Likert scale has been used to capture the degree of 
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dependencies of the critical functions for developing necessary valued or weighted networks. The 
last part of the questionnaire is about the interdependency measure of the respondent’s selected 
critical functions (as selected in third part) with the other critical functions. This measure of 
associate interdependency matrix is based on the influence or impacts being exerted by their 
associated functions on others.   Based on the collected data in above format, respective network 
models are built and the key SNA measures such as Degree Centrality, Eigenvector Centrality 
etc. are analysed. 

Table 3 depicts the Eigenvector centrality of stakeholders in the 2-mode Stakeholder vs Critical 
Function network models.  As seen, S13 being the ‘Student Services Staff’ with an Eigenvector 
Centrality of 0.313 is one of the most central roles within the organisation. Referring to Table 4, 
the critical functions C31 and C62 being ‘Power services’ and ‘Internet infrastructure’ with the 
higher Eigenvector Centralities of 0.545 and 0.423 respectively highlight the critically of these 
functions and underlying infrastructure provisions. These centrality measures are based on the 
association with the critical functions in the 2 mode network model which signifies the importance 
of support being provided to the business of the stated organisation by the critical infrastructure 
networks. By referring to both the Tables 3 and 4, the assessment of the criticality of the 
stakeholders’ business roles and associated physical location such as the building can be 
ascertained in relation to the support being provided by the particular critical functions within the 
interdependent infrastructure networks. 

Table 3: Eigenvector Centrality of Stakeholders in 2-Mode Network analysis  

Stakeholders Eigenvector Centrality Stakeholders Eigenvector Centrality 
S11 0.239 S37 0.179 
S12 0.157 S38 0.149 
S13 0.313 S41 0.031 
S14 0.129 S42 0.091 
S15 0.184 S43 0.044 
S16 0.179 S44 0.064 
S17 0.060 S45 0.038 
S18 0.191 S46 0.026 
S19 0.091 S47 0.093 

S110 0.134 S48 0.033 
S21 0.292 S49 0.039 
S22 0.191 S410 0.011 
S23 0.245 S51 0.083 
S24 0.197 S52 0.083 
S25 0.129 S53 0.149 
S26 0.139 S54 0.070 
S27 0.220 S55 0.059 
S28 0.050 S56 0.051 
S29 0.118 S57 0.099 

S210 0.091 S58 0.105 
S31 0.131 S59 0.023 
S32 0.212 S510 0.107 
S33 0.059 S511 0.164 
S34 0.024 S512 0.123 
S35 0.034 S513 0.258 
S36 0.049   
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Table 4: Eigenvector Centrality of Critical Functions in 2-Mode Network analysis  
Critical Functions Eigenvector 

Centrality 
Critical Functions Eigenvector 

Centrality 
C11 0.159 C42 0.142 
C12 0.211 C43 0.045 
C13 0.197 C51 0.158 
C21 0.165 C52 0.171 
C22 0.008 C61 0.369 
C23 0.109 C62 0.423 
C24 0.129 C63 0.079 
C31 0.545 C71 0.271 
C32 0.082 C72 0.173 
C41 0.156 C73 0.0791 

 

Figure 2 below shows the network map showing the relationship between the stakeholders with 
the critical infrastructure functions resulted in the 2-mode network analysis.  The 2-mode 
networks, also known as affiliated networks or membership networks represent the involvement 
of the set of actors with a set of events [14]. Conceptually, the social relationship of the actors is 
defined in terms of their joint participations in social events or by their common memberships in 
the organisation.    
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Figure 2. Network Map showing the relationship between the stakeholders with the critical 
infrastructure functions 

As seen in Figure 2, the stakeholders identified in this case project are known to have relevant 
social interactions or ties based on their shared goals within the organisation and the common 
support being received from the supporting infrastructure networks. In this affiliated network 
analysis, the two types of nodes being used are a set of actors which are the 51 stakeholders and 
the set of events which are the 20 critical infrastructure functions. As the theory of the affiliated 
or 2-mode network is found in the mainstream literature [6][14], the same has not been discussed 
in the current manuscript.  

  

 

 

 

 

 

 

 

   

 

  

 

 

 

 

 

 

Figure 5. Concentric Map showing the 
stakeholders’ relative position and importance in 
the affiliated network 

 

Figure 6. Concentric Map showing the relative 
positions and importance of the critical 
functions in the affiliated network 

 

Figure 3. Network map showing the stakeholder to 
stakeholder interactions in affiliated network 

Figure 4. Network map showing the critical 
functions’ interactions in affiliated network 
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Figures 4 and 5 present the network maps depicting the stakeholder to stakeholder and critical 
function to critical function interactions in affiliated network respectively. As mentioned earlier, 
the affiliated network is usually based on actor’s interaction with a set of events.  Based on such 
interaction matrix, bipartite matrix can be computed in the NetMiner software package. The brief 
theory on bipartite analysis as discussed in [6] is presented below: 

A Bipartite matrix can be schematically represented as the following:  
 

 
The Co-attendance matrix in the 2-mode dataset 

 
 

The Co-participation matrix in the 2-mode dataset 
 

 

For a symmetric “g x g” co-attendance matrix, XA, whose non diagonal values are the number of 
events attended by each pair of actors, the density measure is expressed as:  

 

 
For a symmetric “h x h” co-participation matrix, XE, whose non diagonal values are the number 
of actors participating in each event, the density measure is expressed as:  

 

 
 

Actors’ degree centrality:  
 

  

Events’ degree centrality:  
 

  

Following the bipartite analysis theory, respective 1-mode networks of stakeholder and critical 
functions have been generated and underlying SNA measures are investigated. Table 3 shows the 
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Eigenvector Centralities of the Stakeholders’ resulted from Bipartite Analysis. As seen, S13 and 
S21 being the Student Services Staff and Academic Staff with centrality values of 0.360 and 
0.245 respectively are found to be most central stakeholders among the 51 identified stakeholders. 
These two stakeholders are to potentially receive the highest impacts arising out of the critical 
infrastructure being inoperative due to sudden failures. The relative impacts on the stakeholders 
can be assessed based on the centrality values which then provide a clear understanding about the 
risks and vulnerability of the stakeholders associated with the failure scenarios of the critical 
infrastructure networks. The criticality of the infrastructure types and networks is assessed based 
on the centrality values of the critical functions resulted in the respective network analysis.      

Table 5: Eigenvector Centrality of Stakeholders’ resulted from Bipartite Analysis   

Stakeholders Eigenvector Centrality Stakeholders Eigenvector Centrality 
S11 0.184 S37 0.179 
S12 0.179 S38 0.149 
S13 0.360 S41 0.031 
S14 0.191 S42 0.091 
S15 0.091 S43 0.044 
S16 0.134 S44 0.064 
S17 0.292 S45 0.038 
S18 0.191 S46 0.026 
S19 0.245 S47 0.093 
S110 0.197 S48 0.033 
S21 0.329 S49 0.040 
S22 0.139 S410 0.011 
S23 0.220 S51 0.083 
S24 0.050 S52 0.083 
S25 0.118 S53 0.149 
S26 0.091 S54 0.070 
S27 0.131 S55 0.059 
S28 0.112 S56 0.051 
S29 0.059 S57 0.099 
S210 0.024 S58 0.105 
S31 0.034 S59 0.023 
S32 0.049 S510 0.107 
S33 0.184 S511 0.164 
S34 0.179 S512 0.123 
S35 0.060 S513 0.158 
S36 0.191   

 
In order to assess the risks and vulnerability of the stakeholders and critical infrastructure 
networks, the study of interaction networks facilitated by the social network theory provides a 
good basis. One of the key advantages of the interaction networks is the ability to assess the 
propagation effect of one actor being affected on others in the network structure. As the concept 
of resilience is precisely confined to the containment of risks at the source and reduction of ripple 
effect downstream, the analysis of interaction networks of stakeholders and the critical functions 
as demonstrated in this research provides a  significant opportunity for containing infrastructure 
related risks and developing resilience for the community.    
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7. Conclusions 

This research puts forward a new approach for quantifying the risks and impacts and ripple 
effects on community arising out of interconnected infrastructure networks being inoperative due 
to any sudden disruptions. A model has been developed for understanding the community 
dependency on the infrastructure operations, assessing risks and vulnerability and developing 
resilience in the community in the advent of disruptions. Social Network Analysis has been 
utilised to investigate the relational linkages between the multilevel community groups or sub-
groups and critical infrastructure functions supported by the critical infrastructure networks. It 
has been demonstrated that the Social Network Analysis (SNA) methodology provides a 
significant opportunity to address these challenges by mapping out the key actors and their 
associations with the risk events in any particular context. Based on a pilot study, this research 
highlighted the applicability of the model that allows visualising the interconnectedness of the risk 
events associated with the critical infrastructures and the community and assessing impacts on 
community in the event of any disturbances in the infrastructure networks. Application of model 
allows understanding the impacts and thereby developing resilience and supporting wellbeing 
within the vulnerable community.      
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