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Preface

The main theme of WBC16 is the cogent message that the built environment is an important
enabler for the well-being of its citizens, the success of its companies and the competitiveness and
coherence of the whole society. Special attention is given to the development of the built
environment in different countries and continents, and the interplay of various stakeholders and
experts at all scales of activities.

This is the second volume of five for the proceedings of the 2016 CIB World Building Congress
“Intelligent Built Environment for Life” (WBC16) held May 30 — June 3 2016 in Tampere Finland.
This volume contains contributions, which were submitted to the themes ‘Environmental
Opportunities and Challenges; Regarding Nature and Outdoor Conditions’ and ‘Constructing
commitment and acknowledging human experiences’, and thus it is divided into two main parts.
The first part (sections one and two) contains 16 papers, which were allocated to the theme
‘Regarding nature and outdoor conditions’. The second part (sections three to six) contains 46
papers, which were allocated to the theme ‘Constructing commitment and acknowledging human
experiences’. In total, there are 156 authors from throughout the world.

Environmental Opportunities and Challenges; Regarding Nature and Outdoor Conditions
This theme considers issues such as the interaction of the built and natural environment,
sustainability indicators, environmental aspects, resilience, roles and responsibilities, and
international cooperation. The assessment of sustainability issues, from life cycle impacts, to
service life predictions and carbon emission measurements, appear as a distinctive collection of
papers and are therefore grouped in section / under the heading ‘Sustainability Assessment’.
Papers about the effects of the natural environment and climate change on buildings, workers
conditions, resilience and facades, are grouped in section 2 under the heading ‘Nature and
Outdoor Conditions’.

Constructing commitment and acknowledging human experiences

The second part of this volume presents papers related to leadership, end users, decision making,
human resource management, communication and behavioural studies. A significant proportion of
the papers submitted to this theme investigate health and safety issues; with specific topics like
national regulations, post-accident disputes, permits, SME safety policies and even workaholics on
site. These are grouped in section 3 under the title ‘Health and Safety’. Knowledge management,
organisational characteristics, skills development, and communication are also vital issues, and
these papers are grouped in section 4, titled ‘Organisations, Knowledge and Communication’.
Papers exploring subjects such as contract management, project management, procurement and
tendering, project organisation, project performance and productivity constitute section 5 ‘Projects,
Procurement and Performance’. A genre of papers about human experiences attracted
contributions focused on learning behaviour, clients and stakeholders’ experiences, as well as user
satisfaction. Papers addressing these issues are grouped in section 6 with the title ‘Users, Clients
and Stakeholder Engagement .

Acknowledgements

The editors of the second volume of the WBC16 proceedings would like to express their sincere
thanks to all authors who contributed to this volume with their valuable work. We are grateful to
all the reviewers from the scientific committee who assisted authors to improve their papers to the
level of publishable quality. Last but not least we would like to compliment the members of the
Congress Programme Committee and the Local Organising Committee for their efforts over the



past years, which have resulted in the inspiring CIB World Building Congress 2016, of which this
volume is one of the deliverables for future reference.

Dr. ir. Matthijs Prins

Associate Professor of Design and Construction Management, and joint coordinator of the CIB
WO096 Architectural Management commission. Department of Management in the Built
Environment, Delft University of Technology.

Prof. dr. ir. Hans Wamelink

Full Professor of Design and Construction Management, and joint coordinator of the CIB W065
Organisation and Management of Construction commission. Department of Management in the
Built Environment, Delft University of Technology.

Prof. dr. Bob Giddings
Full Professor of Architecture and Urban Design, and joint coordinator of the CIB W096
Architectural Management commission. Department of Architecture and the Built Environment,
Northumbria University.

Dr. Kihong Ku
Associate Professor of Architecture, and press officer of the CIB W096 Architectural Management
commission. College of Architecture and the Built Environment, Philadelphia University.

Manon Feenstra
Student assistant and technical editor, Department of Management in the Built Environment,
Faculty of Architecture and the Built Environment, Delft University of Technology.

May 2016



Table of contents

P O AR ... 1
L= o] (=0 ] leT0 ] 01 (= o1 £ TUNUTT TP 3

Part 1: Environmental Opportunities and Challenges;
Regarding nature and outdoor conditions

SECTION I: Sustainability Assessment

Co-production of energy use and carbon emission reductions in building
environmental @SSESSMENT ..........ooiiiiiiiiiiii e 24
Long CHEN, Department of Civil Engineering, The University of Hong Kong
Wei Pan, Department of Civil Engineering, The University of Hong Kong

An ecomimetic case study: Building retrofit inspired from the ecosystem of leaf-
(o101 1] 0T =1 g 1 €U 36
Mercedes Garcia-Holguera, Department of Bioresource Engineering (McGill University),
Anna Zisa, Department of Bioresource Engineering (McGill University),
O. Grant Clark, Department of Bioresource Enginnering (McGill University)

A BIM-based Embodied Energy Calculation Prototype for Life Cycle Energy
ANalysis Of BUIIAINGS .....ccooiiiiiiieceeee et e e e e e e e e e e e e e e e eeennnes 51

Manish K. Dixit, Department of Construction Science, Texas A&M University

An Input-Output-based Hybrid Recurrent Embodied Energy Calculation Model

for Commercial FaCIlItieS ..........cooviiiiieee e 64
Manish K. Dixit, Department of Construction Science, Texas A&M University

Artificial Intelligence-Based Models Applied to the Service Life Prediction of

Adhered Ceramic Claddings .........coouuiiiiiiiiiiieii e e e e e e e e e e e e e eeaanaaes 77
Ana Silva, Instituto Superior Técnico, University of Lisbon
Jorge de Birito, Instituto Superior Técnico, University of Lisbon
Pedro Gaspar, Faculty of Architecture, University of Lisbon

Environmental Life Cycle Impacts of an Industrial Building in Finland....................... 89
Johanna Mero, Ramboll Finland Oy

Carbon Emissions of Deluxe Hotels: An Empirical Investigation in Hong Kong ...... 101
Dr. Joseph H.K. Lai, Department of Building Services Engineering, The Hong Kong Polytechnic University



SECTION II: Nature and outdoor conditions 113

Building community resilience within involuntary displacements by enhancing

collaboration between host and displaced communities: A literature synthesis.....

Pournima Sridarran, University of Huddersfield, United Kingdom
Kaushal Keraminiyage, University of Huddersfield, United Kingdom
Dilanthi Amaratunga, University of Huddersfield, United Kingdom

Impact of living plants on the indoor air quality in a large modern building............

Andrew Smith, School of Engineering, University of Central Lancashire, UK
Andrew Fsadni, School of Engineering, University of Central Lancashire, UK

The Choice of Fagade Material - Values and Beauty...........ccccccvviiiiiiiienn

Leif D. Houck, Department of Mathematical Sciences and Technology, Norwegian University of Life Sciences

The effect of climate change on the amount of wind driven rain on concrete

FA AT S ..o

Toni A. Pakkala, Tampere University of Technology
Antti-Matti Lemberg, Tampere University of Technology
Jukka Lahdensivu, Tampere University of Technology

Housing Reconstruction Following the 2012 Nigerian Floods: Was it Built Back

B Ot O 2 oo

Abdulquadri Ade Bilau, Department of Building Production, Tallinn University of Technology
Emlyn Witt, Department of Building Production, Tallinn University of Technology

Irene Lill, Department of Building Production, Tallinn University of Technology

Shehu Ahmadu Bustani, Spinal Engineering Services Limited

An Overview of Urban Resilience to Natural Disasters in Brazil ..........c..cccoevenn....

Karolyne Ferreira, Construction Engineering Department, Escola Politécnica, University of Sao Paulo
Alex K. Abiko, Construction Engineering Department, Escola Politécnica, University of Sao Paulo

Understanding the impacts of climate change on cultural heritage buildings: a

CASE OF YOIK, UK ..o

Ksenia Chmutina, School of Civil and Building Engineering, Loughborough University

Rohit Jigyasu, Institute of Disaster Mitigation for Urban Cultural Heritage, Ritsumeikan University
Lee Bosher, WEDC, Loughborough University

Charles Naylor, School of Civil and Building Engineering, Loughborouh University

Heat Stress in the U.S. Construction INdustry...........cccceeeeiiiiiiiiiiiie,

Nicholas Tymvios, University of North Carolina at Charlotte
Michael Behm, East Carolina University,

Andrea Yunyan Jia, Curtin University

Kevin Johnson, East Carolina University

..165



Part 2: Constructing commitment and
acknowledging human experiences

SECTION Ill: Health and Safety 209

What does ‘common sense’ really mean in health and safety? ................cccccooe. 210
Emmanuel Aboagye-Nimo, School of Environment and Technology, University of Brighton
Ani Raiden, Nottingham Business School, Nottingham Trent University

An Ethics Reasoning Approach To Health And Safety In Construction................... 223
Philip McAleenan, Expert Ease International
Ciaran McAleenan, Ulster University

Regulatory Factors Contributing to Building Collapse in South Africa: A Case

01 (8o PSRRI 236
Fidelis Emuze, Central University of Technology, Free State
Leonarda van Eeden, Central University of Technology, Free State
Franco Geminiani, Nelson Mandela Metropolitan University

Construction Permit to Work Requirement in South Africa: Closing

ComMmMENCEMENT GAPS ...uniiiiieiie et e e e et e e e e e et e e e e e eebbneeeeaeens 247
Fidelis Emuze, Central University of Technology, Free State
Rose Matete, Nelson Mandela Metropolitan University
John Smallwood, Nelson Mandela Metropolitan University

Using institutional theory to understand occupational safety and health practices

in smaller construction firms inthe UK ... 259
James Pinder, School of Civil & Building Engineering, Loughborough University
Alistair Gibb, School of Civil & Building Engineering, Loughborough University
Andy Dainty, School of Civil & Building Engineering, Loughborough University

Potential Strategies to Improving Safety in Small Construction Organisations........ 272
Riza Yosia Sunindijo, Faculty of Built Environment, UNSW Australia, Sydney, Australia

Challenges for the FIFO/DIDO Workforce in the Australian Construction
Industry: Impacts on Health, Safety and Relationships..........ccccoovviiiiiiiiiiiiiiiiiiiin, 283
Herbert Biggs, Curtin University & Queensland University of Technology Australia
Xiangyu Wang, Curtin University Australia
Sherif Mohamed, Griffith University Australia
Simon Colquhoun, Curtin University Australia
Nathan Dovan, Griffith University & Queensland University of Technology Australia

Health and Safety Management Practices in the Nigerian Construction Industry:
A Survey of Construction Firms in South Western Nigeria .............cccccooeeviviiiiniinnns 293
Joshua O. Agbede, University of the West of England
Patrick Manu, University of the West of England
Oluwole A. Agbede, University of Ibadan
Abdul-Majeed Mahamadu, University of the West of England



An Investigation into Post-Accident Disputes Involving Migrant Workers in

T a T F=T o L] PR 305
Wei Cheng Teo, Formerly Department of Building, National University of Singapore
Yang Miang Goh, Department of Building, National University of Singapore

Behavioural Health and Safety: Links to Reporting of Close Calls in Construction .318
Toby Rowe, Vinci Construction UK
Alistair Gibb, Loughborough University

Workaholics on site! Sustainability of site managers’ work situations?.................... 328
Rikard Sandberg, Division of Construction Management, Chalmers University of Technology
Ani Raiden, Nottingham Trent Business School
Christine Raisanen, Division of Construction Management, Chalmers University of Technology

SECTION IV: Organisations, Knowledge and Communication 340

Importance of Retaining Knowledge at Water Works - Findings from Finnish

WAter WOTKS ...ttt e e e e e e e e e e e e e e e e e e e annnnes 341
Sirpa Sandelin, Faculty of Technology, Satakunta University of Applied Sciences

Nuisance in communication between facility users and builder: a language

o7 1 [T TP 353
Jussi Savolainen, Sumplia Workshop Ltd
Anette Lundstrém, University of Jyvaskyla
Emma Kostiainen, University of Jyvéskyla

Exploring Dimensions of Job Satisfaction and Relationships with Performance:

Evidences from Construction Professionals...........coooouuiiiiiiiiiiiiii e, 365
Bo Xiong, Queensland University of Technology

Towards new shores in the Norwegian AEC-industry — A review of building

process-related R&D initiatives and theirimpact ...............c.iiiiiiiiiie 375
Anita Moum, SINTEF Building and Infrastructure, Norway

Construction Camps in Building and Civil Engineering Construction...................... 387
John Smallwood, Nelson Mandela Metropolitan University
Claire Deacon, Nelson Mandela Metropolitan University

A heritage park as a form of communication.................ooovriiiiiiii 399
Elzbieta Trocka-Leszczynska, Faculty of Architecture, Wroclaw University of Technology
Joanna Jablonska, Faculty of Architecture, Wroclaw University of Technology

Work environment and communication of posted workers on a Swedish

CONSTFUCHION PrOJECT ... ..t e e e e e e e eeeees 410
Emilia Almér, NCC AB Sweden
Radhlinah Aulin, Division of Construction Management, Lund University, Sweden



SECTION V: Projects, Procurement and Performance 423

Revisiting the Relationship between Physical Strain and Task Productivity ............ 424
Wonil Lee, Department of Construction Management, University of Washington
Giovanni C. Migliaccio, Department of Construction Management, University of Washington

Empowerment in construction: a qualitative analysis of subcontractors' quality

= LT U ] = o7 ST SPRRPPP 436
Jussi Viita, Department of Civil Engineering, Tampere University of Technology
Juha-Matti Junnonen, Department of Civil Engineering, Tampere University of Technology

Emotional Intelligence: A Conceptual Model for Managing Productivity, Creativity

AN PeIrfOIMANCE.......ouee et e e e e e e eeeees 449
Michael A T Wheatley, BAE Military Air & Information
Jack S Goulding, UCLan School of Engineering

Creativity and the Construction Project Manager: An Exploratory Study................. 461
Davies, S., Department of Architecture and Civil Engineering, University of Bath
Copping, A, Department of Architecture and Civil Engineering, University of Bath

Project Managers Skills Assessment in the AEC Industry ..........coooovriiiiiiicccieennn. 473
Michael A T Wheatley, BAE Military Air & Information
Laura Ramirez R., School of Engineering, Universidad de los Andes, Bogota, Colombia
José Luis Ponz, Department of Civil and Environmental Engineering, Universidad de los Andes, Bogota, Colombia
Hernando Vargas, Department of Architecture, Department of Civil and Environmental Engineering, Universidad de
los Andes, Bogota, Colombia

Transparency and accountability as antecedents of value for money in

(o700 51 (U (3 [0 o RSP PR PPPPPPIRt 485
George Ofori, National University of Singapore

Improving alliance projects through facilitation ..............cccciieie 498
Anne Kokkonen, SimLab, Aalto University
Teemu Lehtinen, SimLab, Aalto University
Rita Lavikka, SimLab, Aalto University

Is it faster and is that measurable? A Quantitative Research Into The Time

Effects Of Integrated Contract Forms In Development Processes .......................... 510
Bahar Akbarian, ICSadviseurs
Matthijs Prins, Faculty of Architecture and the Built Environment, Delft University of Technology
Clarine van Qel, Faculty of Architecture and the Built Environment, Delft University of Technology

Equipment Productivity in Infrastructure Projects in GCC Countries ...........cccccce..... 523
Mohamed Abdelaal, University of Bolton
Hassan Emam, University of Bolton
Peter Farrell, University of Bolton



Walking the line: Navigating the space between calculus-based and relational

trust in construction supply Chains .........coouuiii i 536
Zelinna Pablo, Division of Education, Arts and Social Sciences, University of South Australia
Kerry London, Dean’s Office, Division of Education, Arts and Social Sciences, University of South Australia
Malik Khalfan, School of Property, Construction and Project Management, RMIT University

SECTION VI: Users, Clients and Stakeholder Engagement 548

Rethinking the link between public engagement and project success..................... 549
Vivien W'Y Chow, Department of Real Estate and Construction, University of Hong Kong
Roine Leiringer, Department of Real Estate and Construction, University of Hong Kong

Consensus building in the pre-design phase of building projects ... 561
Marko Keindnen,, Tampere University of Technology, Finland
Ulrika Uotila,, Tampere University of Technology, Finland
Jaakko Sorri,, Tampere University of Technology, Finland
Olli Terié, Tampere University of Technology, Finland
Kalle Kéhkénen,, Tampere University of Technology, Finland

Mechanisms for industry transformation: analysis of organisational citizenship
behaviours in a design-production iNNOVatioN ...............coiiiiiiiiiii e 573
Kerry London, Dean’s Office, Division of Education, Arts and Social Sciences, University of South Australia
Zelinna Pablo, Division of Education, Arts and Social Sciences, University of South Australia
Malik Khalfan, School of Property, Construction and Project Management, RMIT University

Overview of dual process behavioural models and their implications on decision-
making of private dwellers regarding deep energy renovation.............cccccccvvvvnnnnnn. 591
Victoria Taranu, Hasselt University
Griet Verbeeck, Hasselt University

People and Activities in Energy Efficient Buildings: Comparitive Study of User,
Owner and Facilities Management Perspectives in SChoolS ...........ccccceeeieeiiieeeennn. 604
Roberto Valle Kinloch, Norwegian University of Science and Technology
Antje Junghans, Norwegian University of Science and Technology
Ida Nilstad Pettersen, Norwegian University of Science and Technology
Elli Verhulst, Norwegian University of Science and Technology

Approaches to Safeguarding Sustainability Requirements in Public Construction
Projects — the Client’'s Perspective...........cooooviiiiiiieiiicccieee e 617
Abderisak Adam, Construction Management, Chalmers University of Technology
Géran Lindahl, Construction Management, Chalmers University of Technology

Engaging End-users for Sustainable Repurposing and Improved Occupancy ........ 630
Riikka Kyrd, Department of Industrial Engineering, Aalto University
Antti Peltokorpi, Department of Civil and Structural Engineering, Aalto University
Karlos Artto, Department of Industrial Engineering, Aalto University



Veteran Workforce Development: How Veterans can make a Positive Impact on
Workforce Development in the Construction Industry...........ccccceeiiiiiiiiiiiiiiiiies 641
Salman Azhar,, Auburn University, AL, USA
William Noel, Auburn University, AL, USA
Abid Nadeem, Nazarbayev University, Astana, Kazakhstan
Gulzhanat Akhanova, Nazarbayev University, Astana, Kazakhstan

Evaluating Urban Living Labs for Modernisation and Social Upgrading of

Suburban Areas in Finland and Sweden.............coooouviiiiiiiiiiiiie e 654
Riikka Holopainen, VTT
Maija Federley, VTT
Pekka Tuominen, VTT

The paradoxical nexus between corporate social responsibility and financial
performance in international construction business ...............ccceeiieiiiiiiiiiiiieeeiie, 666
Meng Ye, Dept. of Real Estate and Construction, The University of Hong Kong
Weisheng Lu, Dept. of Real Estate and Construction, The University of Hong Kong
Dongping Fang, Dept. of Construction Management, Tsinghua University
Roger Flanagan, School of Construction Management and Economics, The University of Reading

Building energy retrofits, occupant health and wellbeing............c.coooviiiiiiiicceennn. 679
Ulla Haverinen-Shaughnessy, National Institute for Health and Welfare
Maria Pekkonen, National Institute for Health and Welfare
Mari Turunen, National Institute for Health and Welfare
Anu Aaltonen, Tampere University of Technology
Virpi Leivo, Tampere University of Technology

Perspective of Social Usability in the Change Processes of an Academic
LAY o] o] =T = NP UPRRUPR 688

Emma Kostiainen, University of Jyvéskyla
Suvi Nenonen, Tampere University of Technology

Review of end users’ role in facility management in university environment. A
basis for a complementary approach to enhance interaction between end users

anNd ProfeSSIONAIS ........uuieiiiie e 702
Kirsi Taivalantti (Ms.), PhD-student, School of the Built Environment, University of Salford

Spatial borders and affordances of a temporary school building — Enhancing the
school engagement and learning eXpPerience ............ccooeivieiiiiieieieiiiiie e 715
Kaisa Airo, Aalto University
Lauri Vaara, University of Helsinki
Suvi Nenonen, Tampere University of Technology

Integrated learning for students in the Built Environment ..................cccooiiin, 726
Daphene Koch, PhD, Purdue University



Campus Retrofitting (CARE) Methodology: A Way to Co-Create Future Learning
ENVIFONMENTS ... e 738

Suvi Nenonen, University Tampere University of Technology, Finland

Robert Eriksson, Aalto University, Finland

Olli Niemi, Tampere University of Technology, Finland

Antje Junghans, NTNU, Norway

Susanne Balslev Nielsen, Technical University of Denmark, Denmark

Géran Lindahl, Chalmers University of Technology, Sweden

How to Manage Corporate Real Estate and End-Users Engagement into Smart

Workplace Change Strategies: A Case Study .........ooovriiiiiiiiiiiiiie e 750
Chiara Tagliaro, ABC Department, Politecnico di Milano
Andrea Ciaramella, ABC Department, Politecnico di Milano

Developing “Owner Project Capabilities” for Public Sector Clients Delivering

Infrastructure Projects: A Dynamic Capabilities Approach............ccccceeeeviiiiiiiiiinnnn, 767
Selorm Emmanuel Adukpo, Department of Real Estate and Construction, The University of Hong Kong
Roine Leiringer, Department of Real Estate and Construction, The University of Hong Kong

10



Part I: Environmental Opportunities
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Co-production of energy use and carbon emission
reductions in building environmental assessment

Long CHEN,
Department of Civil Engineering, The University of Hong Kong
dragoncl@hku.hk
Wei Pan
Department of Civil Engineering, The University of Hong Kong
wpan@hku.hk

Abstract

Building Environmental Assessment (BEA) has been increasingly utilized in low carbon
building design as a structured approach to evaluating alternative design solutions. Energy use
and relevant carbon emission are two most important aspects of BEA schemes. However,
almost all BEA schemes only allow credits to energy use and carbon emission reductions to
certain levels, which are far below the net zero standards promoted in many countries as a
government climate change policy. Any interaction between energy use and carbon reductions
is largely unknown. The aim of this paper is thus to explore the co-production between energy
use and carbon emission reductions in order to support the delivery of buildings towards net
zero energy and net zero carbon in tandem. This paper first examines the weights of the energy
use and carbon emission related criteria in selected typical BEA schemes. The paper then
drawing on the case of Hong Kong traces the evolution of such weights in BEA during the
period 1996-2015 since BEA was first introduced in Hong Kong. The scenario of zero carbon
was used to forecast the trend of the weights’ evolution using the industry life cycle theory
combined with linear, polynomial and ladder functions. The results show that the use of ladder
function can best describe the possible trend of the weights of energy use and carbon emission
reductions criteria in BEA, while linear and polynomial functions are more applicable if
emerging low-carbon technologies are popularly adopted. The findings suggest that the co-
production existing between energy use and carbon emission reductions can accelerate the
transition of buildings towards net zero energy and zero carbon.

Keywords: Decision criteria weight, carbon emission, energy use, building environmental
assessment, zero carbon.
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1. Introduction

Buildings together account for over a third of greenhouse gas (GHG) emissions and energy
consumption in the world, and therefore are a key sector where to achieve energy consumption
and carbon emission reductions (Zhang, Pan and Kumaraswamy, 2014). There have been
concerns about how to improve building practices to eliminate or minimise their detrimental
effects on the environment (Cole, 1999; Holmes and Hudson, 2000; Ding, 2008). Since the
1990s, the concepts of sustainable design and high performance building, as well as their
increasing industrial applications, have been furthering with the cognisance of the impact of
buildings on the environment (Todd, Crawley, Geissler and Lindsey, 2001; Haapio and
Viitaniemi, 2008). Significant changes were witnessed to mitigate the side impact of the
building sector, such as the application of renewable energy and the usage of recycled materials.
More recently, low-carbon building (LCB) and zero-carbon building (ZCB) have emerged as
innovative and important approaches to reducing carbon emissions and energy consumption of
buildings, and have attracted essential policy attention in many countries and regions (Pan and
Ning, 2015). For example, in the United Kingdom (UK), the government has set ambitious
targets to achieve “zero carbon” for new homes from 2016 and for non-domestic new buildings
from 2019 (DCLG, 2007; HM Treasury, 2008). Similarly, in the United States (USA) and the
European Union (EU) member countries, carbon reduction agenda of new buildings has been
prompted as part of their building energy policies with clear goals (EU, 2010; Crawley, Pless
and Torcellini, 2009; Panagiotidou and Fuller, 2013).

With the rising interest and demand from policy decision makers for achieving buildings’
energy savings and carbon emission reductions, there is also an increasing need for
comprehensive and structured building environmental assessment (BEA) (Forsberg and
Malmborg, 2004). The first attempt to establish comprehensive means of simultaneously
assessing a broad range of environmental considerations in buildings was the Building Research
Establishment Environmental Assessment Method (BREEAM) established in the UK in 1990
(Crawley and Aho, 1999; Grace, 2000; Haapio and Viitaniemi, 2008). Since then many different
BEA schemes have been launched and adapted around the world, e.g. PromisE in Finland,
Leadership in Energy and Environmental Design (LEED) in the US, Comprehensive
Assessment System for Built Environment Efficiency (CASBEE) in Japan and Building
Environmental Assessment Method (BEAM) in Hong Kong. These BEA schemes cover
different phases of a building’s life cycle and take different environmental issues into account,
assessing different building components and whole buildings in global, national and even local
contexts (Haapio and Viitaniemi, 2008).

There have been previous studies of reviewing various BEA schemes (Crawley and Aho, 1999;
Reijnders L and van Roekel A, 1999; Forsberg and Malmborg, 2004; Aotake et.al, 2005;
Finnveden and Moberg, 2005; Haapio and Viitaniemi, 2008; Ding, 2008), comparing the
assessed criteria in different BEA schemes (Jonsson, 2000; Todd, Crawley, Geissler and
Lindsey, 2001) and exploring the application of BEA in the building sector (Lowe, Kortman and
Howard, 2000; Gibberd, 2005). However, little research has focused on the weighting systems
or credits of the detailed criteria and indicators. Furthermore, almost all BEA schemes only
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allow credits to the reductions of energy use and carbon emission to certain levels that are far
below the net zero standards promoted in many countries as a government climate change
policy. Any interaction between energy use and carbon reductions is largely unknown. The aim
of this paper is thus to explore the co-production between energy use and carbon reductions in
BEA in order to support the delivery of buildings towards net zero energy and net zero carbon
in tandem. The results of this exploration should inform decision making in building energy and
carbon policy and practices and help accelerate the take-up of the LCB and ZCB approaches.

2. Methodology

The research was carried out through the combination of a comparative analysis of the weights
or credits of identified energy use and carbon emission criteria in selected BEA schemes, and a
detailed examination of the co-production of energy use and carbon emission reductions in
Hong Kong during the period 1995-2015 since the first BEA was introduced in Hong Kong.
The overall research design is illustrated in Figure 1.

Relationship between kLU

Energy use (EU) directly & Cl

Delivery of LCB/ZCB in
Hong Kong

Carbon emissions (CE)
directly related criteria

Evolution of co-
production in Hong Kong JToN

Forecast of co-production

in Hong Kong

AL

Figure 1: Detailed research methodology

There exist many different BEA schemes that share many similarities and also contain
differences (Haapio and Viitaniemi, 2008). In order to achieve focused and effective
comparison, only typical BEA schemes were selected to be included in the analysis reported in
this paper. The in-depth examination of the co-production of energy use and carbon emission
reductions was carried out with the case in Hong Kong for the period from 1996 (when the first
BEA was introduced in Hong Kong) to 2015 when the results are being reported. The practices
of building towards zero carbon in the UK are regarded as leading in the world, and thus are
used as a benchmark for the analysis of the case in Hong Kong. The industry life cycle theory
(Klepper, 1997) and mathematical methods were adopted to analyse the trend of the weights of
energy use and carbon emission reductions in BEA in Hong Kong. The scenario of zero carbon

was engaged for forecasting the trend.

2.1 Selection of BEA schemes

Seven typical BEA schemes were selected for analysis (Table I). The selection took into
account the factors of evaluation objects, climate, culture of building and living, the
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development of building industry and the moderate uniform of new buildings (Haapio and
Viitaniemi, 2008), and was particularly based on the following considerations. First, all the
schemes included in the analysis have been published and widely adopted (e.g. Grace, 2000;
Hansen, 2005). Second, only those for new constructions were considered due to the focus of
the study on design decision making for sustainable buildings. Third, considered in favour were
those BEA schemes developed in Europe and North America, where the BEA schemes are
comparatively more established and widely used, and in Hong Kong, Japan and Mainland China
which share similar climatic and/or building conditions.

As a result, the seven selected BEA schemes include BREEAM, LEED, Green Building
Challenge (GBC) and PromisE which were developed and adopted popularly in North America
and Europe, and HKBEAM/BEAM Plus, CASBEE and Assessment Standard for Green
Building which were developed in Hong Kong, Mainland China and Japan, respectively.

Table 1: Building environmental assessment schemes selected

Issue year Country/
Name (Latest Primary level assessment criteria

version) Region

Management, Health and wellbeing, Energy;,
BREEAM' 2014 UK Transport; Water, Materials; Waste, Land use and
ecology, Pollution; Innovation.

Location and transportation; Sustainable sites; Water
LEED? 2014 USA efficiency, Energy and atmosphere; Material and
resource; Indoor environmental quality.

Site regeneration and development, urban design and

2012 infrastructure; Energy and resource consumption;
GBC (known as Canada Environmental loadings; Indoor environmental
SBTool quality; Service quality; Social, cultural and
2012) perceptual aspects, Cost and economic aspects.
o . Health of users, Consumption of natural resources,
PromisE 2006 Finland Environmental loadings; Environmental risks.
HK- Site aspects, Materials aspects; Energy use;, Waste
BEAM/BEAM 2012 Hong use; Indoor environmental quality; Innovations and
Plus Kong additions.

Indoor Environment,; Quality of service; Outdoor
CASBEE 2014 Japan environment (On-site); Energy,; Resources and
materials; Off-site environment.

Assessment 2014 Mainland | Land saving and outdoor environment; Energy saving
standard for China and energy utilization; Water saving and water
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green building resources utilization; Material saving and material
(GB/T 50378- resource utilization, Indoor environment quality;
2014) Construction management; Operation management,
Promotion and innovation.

Note 1: BREEAM UK New Construction for non-domestic buildings.
Note 2:LEED v4 for Building Design and Construction: New Construction.
Note 3: PromisE for new office buildings.

2.2 Identification of energy and carbon criteria

Each typical BEA scheme contains various assessment criteria, at different levels of the criteria
hierarchy, to achieve the comprehensive and detailed evaluation of buildings and constructions.
Relevant energy use and carbon emission criteria as specified in the selected BEAM schemes
were selected. Those criteria are primarily at the first level of the criteria hierarchy.
Nevertheless, relevant criteria at the secondary level are also considered for the special cases
where there exists overlap between energy use directly related criteria and carbon emission
directly related ones. The identified criteria are summarized in Table 2.

Table 2: Building environmental assessment targeted criteria

Name Targeted criteria

For energy use:
> Energy;
BREEAM For carbon emission:
»  Energy-Reduction of energy use and carbon emissions;

»  Energy-Low carbon design.

For energy use:

> Energy and atmosphere (EA);
LEED gy phere (EA)
For carbon emission:

»  Energy and atmosphere (EA)-Green power and carbon offsets.

For energy use:

»  Energy and resource consumption;
For carbon emission:

Environmental loadings-

»  Cl.1 GHG emissions from energy embodied in original construction
GBC? materials;

»  Cl.2 GHG emissions from energy embodied in construction materials used
for maintenance or replacement(s);

»  Cl1.3 GHG emissions from primary energy used for all purposes in facility
operations;

»  Cl.4 GHG emissions from primary energy used for project-related
transport.
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For energy use:

> Consumption of natural resources-Energy consumption;
PromisE
For carbon emission:

»  Environmental loadings-Emissions into air.

For energy use:

HK- »  Energyuse (EU),
BEAM/BEA
M Plus For carbon emission:

> EU-EU IReduction of CO, emissions.

For energy use:

»  Energy;
CASBEE
For carbon emission:

»  Off-site environment-consideration of global warming.

For energy use:

GB/T »  Energy saving and energy utilization,

50378-2014 | For carbon emission:

»  Promotion and innovation-bonus item (no weights).
Note 4. Cause the active criteria and their weights are adjustable in SBTool, this paper uses the example
focusing on Energy and Emission issues in design phase of SBTool 2012 User Guide-Part B.

3. Comparative analysis using typical BEA schemes
3.1 Overview of weights of energy use and carbon emissions

(1) USA-LEED: LEED does not specify weights of each criterion, but allocates available
credits to each indicator. The weights of energy use (EU) and carbon emission (CE) related
criteria can be calculated:

EU weights = (Available credits of EU|Total available credits)x100%
CE weights = (Available credits of CE/Total available credits)x100%

(2) Canada-GBC (SBTool): In the latest version of GBC framework, SBTool 2012, the criteria
and weights are both adjustable by users. In order to simplify this study, all the criteria and their
weights used in this study are all derived from the example of SBTool applications focused on
energy and emission issues in SBTool 2012 User Guide-Part B (2012).

(3) UK-BREEAM: In the latest version of BREEAM (UK) New Construction for non-domestic
buildings (2014), the weights of primary level criteria, section weighting, have been given, but
the weights of secondary level criteria have not been given. Having the available credits of each
criterion and considering the overlaps existed between EU and CE criteria, we can get:
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Available credits of CE
Total available credits of EU

CE weights = x EU  weights ()

(4) Finland-PromisE: PromisE (2006) provides the weighted value, available weights, of
indicators. Therefore, equation (1) can also be used to calculate the weights in this scheme.

(5) Hong Kong-BEAM (BEAM Plus): Hong Kong BEAM and BEAM Plus are similar to
BREEAM in the UK. The weights of EU criteria are given without weights of CE criteria, and
can also be calculated using equation (2).

(6) Japan-CASBEE: CASBEE divides the criteria into two equal parts: environmental quality

of building (Q) and environmental load reduction of building (LR). The weights of EU criteria
are given, and CE related criteria can be calculated using:

CE weights = (1/3xPrimary Level weights)/2 3

(7) Mainland China- GB/T 50378-2014: The weights of the EU related criteria have been
provided in this scheme, but not of the CE related criteria.

3.2 Comparative analysis

According to the identified criteria in 7able 2 and their corresponding weights embedded in the
typical BEA schemes, the statistic results are summarized in 7able 3 and Figure 2.

Table 3: Weights of energy use and carbon emissions directly related criteria

Countries/Region North America Europe Asia
s
us4’ Canada | UK’ Finland Hongj Japan Ma.l nland
Criteria Kong China
Energy use 26.40% | 27.61% | 15.00% | 13.5% 35.00% | 20.00% | 28.00%
Carbon emission 1.60% | 45.82% | 7.26% | 17.5% 12.50% | 10.00% | 0

Note 5: Overlaps existed in EU and CE related criteria.

(1) Importance of energy use & carbon emission

The comparative analysis reveals that all of the countries affiliated with the BEA schemes
studied are concerned with the EU criteria, whose weights are all above 10%. The weight of the
EU criteria in BEA is the highest in Hong Kong (35%), followed by in Mainland China (28%),
Canada (27.61%), USA (26.4%) and Japan (20%), albeit being much lower in the UK (15%)
and Finland (13.5%). These results indicate that energy saving has become an international
consensus, with increasing recognition of the importance of the EU criteria in BEA schemes.
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Figure 2: Comparison of weights of identified EU and CE related criteria

The weights of the CE criteria in the BEA schemes vary from each other to a greater extent than
that of the EU criteria. Canada takes the lead in specifying the weight of the CE criteria being
45.82%, far higher than other countries and regions, including Finland (17.5%), Hong Kong
(12.5%), Japan (10%) and UK (7.26%). It is worth noting that such weights in the USA and
Mainland China are extremely low or none, being 1.60% and 0%, respectively. Considering the
criteria in LEED and GB/T 50378-2014, this result suggests that the USA and Mainland China
are still focusing on energy use rather than carbon emission reductions. However, similar with
the UK, the USA and China incorporate the importance of carbon emissions reductions into that
of EU criteria, leading to the relatively low weights of CE criteria. These results reveal very
imbalanced recognition of the weighting level of carbon emission reductions among the BEA
schemes in different countries and regions, which is mainly attributed to the scope of CE and
EU criteria in different BEA schemes.

(2) Relationship between energy use and carbon emission

The interrelationship is obviously existed between EU and CE criteria in BEA schemes from the
UK, the USA, Mainland China and Hong Kong. In these four countries and regions, CE criteria
always act as sub-divisions of EU criteria which usually have higher weights than CE criteria,
revealing that the reductions of energy use can be achieved through the reductions of carbon
emissions. However, unlike the BEA schemes where the weights of EU criteria are higher than
CE criteria, GBC and PromisE have the relatively lower importance of EU criteria, which is
mainly attributed to the relatively independence of EU and CE criteria in these BEA schemes.

4. Evolution of co-production of energy use and carbon
emission reductions in BEA in Hong Kong

In Hong Kong, EU criteria and CE criteria in BEA schemes are interrelated as mentioned
before. As a pioneer in the delivery of low-carbon/zero-carbon buildings in subtropical climate,
it has developed its own BEA schemes, HK-BEAM/HK-BEAM Plus. The first version of HK-
BEAM (for new offices) was launched in Hong Kong in 1996, and the latest version of HK-
BEAM (Plus) in 2012. During the past two decades, HK-BEAM and HK-BEAM Plus have
been prompting the development of sustainable buildings, low-carbon buildings and zero-
carbon buildings in Hong Kong. The importance of energy saving and carbon reduction has
been revealed to the public and the government (7able 4 and Figure 3). Meanwhile, the Hong
Kong government has set ambitious carbon reduction targets (Environment Bureau, 2010) and
issued comprehensive building energy codes and regulations (BEC) in Hong Kong (EMSD,
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2012). BEC in Hong Kong have evolved during the past nearly two decades since their
introduction, towards more stringent requirements on energy efficiency and further carbon
reduction (Figure 4). The promotion of energy saving in Hong Kong actually drives more
people to pursue carbon emission reduction in tandem.

Table 4: Weights of energy use and carbon emissions directly related criteria in Hong Kong

Issue year
Criteria 1996 1999 2004 2010 2012
Energy use 27.12% 23.75% 29.63% 35.00% 35.00%
Carbon emission 0 0 0 12.5% 12.50%

5. Towards net zero carbon building in Hong Kong

According to the trend shown in figure 3, from 1999 to 2012, the increasing concern with
energy use has been promoting the attention paid to carbon emissions. The future development

of the weights of EU and CE related criteria in Hong Kong BEAM can correspondingly divided
into three scenarios.

Figure 3: Weights of energy use and carbon emissions directly related criteria in Hong Kong

HK-BEAM HK-BEAM
1999 Plus v1.1
I'he first The BEC
Building BEC (lighting| BEC (lift Ordinance
Regulation and air- and Performance came into full
(Cap. 123) conditioning) | escalator) based operation
I 1996 1998 2000 2002 2004 2006 2008 2010 2012 201 4>
The first BEC HK-BEAM HK-Environmental
version of HK-  (electrical) 2004 Bureau: -50-60%
BEAM (office carbon intensity levdl
building) by 2020
HK-BEAM Plus v1.2
C—) Building energy codes (BEC) issued

———> Carbon reduction targets and BEAM issued

Figure 4: Timelines of BEAM and carbon reduction agenda issued in Hong Kong

Scenario (1) Short-term (polynomial function): After the stable period with static weights of EU
and CE criteria, Hong Kong will pay more attention to the carbon emission reductions. Some
new low-carbon technologies, such as renewable energy and solar panel, will arise and the
industry is gradually adapt to these changes. Eventually the weights of EU criteria, especially
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the CE criteria, will increase gradually at the smooth speed, preparing for the following rapid
development in the second scenario. Hong Kong currently is also moving into this scenario.

Scenario (2) Medium-term (linear function): After scenario 1, more and more new low-carbon
technologies will be proposed, popularly adopted and eventually forge a path for the industrial
revolution towards zero carbon buildings. The weights of EU and CE criteria thus trend to
increase linearly without any adjustment period, indicating that EU and CE criteria are rapidly
improving their importance and attracting the public attention.

Scenario (3) Long-term (ladder function): After a long time of development of energy saving
and carbon reductions technologies and relevant ordinances, the construction industry needs
much time to digest these new technologies and prepare for the possible increase next time. The
weight will also increase in this scenario as in scenarios (1) and (2), but the scenario (3) has
adjustment period where the weight keeps stable and unchanged, indicating the attention and
efforts paid to EU and CE criteria are enough to accelerate the delivery of ZCBs in Hong Kong.

These three scenarios together comprise the comprehensive “Zero-carbon industry life cycle” as
shown in figure 5.
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Figure 5: Zero-carbon industry life cycle

6. Conclusions and future research

This paper has explored the co-production between energy use and carbon emission reductions
in order to support the delivery of buildings towards sustainability and zero carbon in tandem.
The research was conducted through a comparative analysis of the weights of energy use and
carbon emission related criteria in seven typical BEA schemes and case study of the evolution
of such weights and BEA development in Hong Kong. Based on the time series analysis method
and industry life cycle theory, the co-production of energy use and carbon emission reductions
in Hong Kong and three scenarios of “Zero carbon industry life cycle” have been identified.
These three scenarios are named short term, medium term and long term, based on the use of the
polynomial, linear and ladder functions for forecasting. These scenarios together contribute a
new perspective of exploring the future of sustainable development of buildings towards zero
carbon in Hong Kong. Future research should examine the evolution of the weights of EU and
CE related criteria in other BEA schemes. Quantitative examination of multiple cases should
validate the co-production functions in a wider context.
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Abstract

Ecomimetics is a branch of biomimetics that focuses on the transfer of functions and processes from
ecosystems to architectural systems. One goal of this emerging field is to optimize resource use in
buildings for climate change adaptation and mitigation. The design method presented here is an
iterative and transdisciplinary approach that guides architects, engineers and designers through an
ecomimetic exercise. This paper adopts a case study approach to test the performance of the
ecomimetic method. Thermoregulatory functions of leaf-cutting ants’ thatched nests were studied as
a case for inspiring resource use optimization in an existing building in Montreal, Canada. This case
study reveals the opportunities for building design innovation, as well as some modifications and
improvements to the ecomimetic method.

Keywords: biomimetics, biomimicry, ecomimetics, ecological design, sustainable design
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1. Introduction

During the past few decades the fields of engineering and design have seen increased efforts to
innovate with nature-inspired solutions (Lepora, Verschure, & Prescott, 2013). Researchers and
professionals refer to the process of learning and modeling from nature as biomimetics, biomimicry or
bionics (Benyus, 1997; Gruber, 2011), which are used interchangeably in this paper. Despite recent
advances and growing interest in the field, biomimetic projects in architecture lack a systematic
approach to the design process, and most of the successful examples are a result of haphazard
collaborations between biologists and designers. Mimicking biological systems can be done in
multiple ways: designers can opt to transfer properties from a single organism or a part of an
organism; they can learn from the behavior of a group of organisms; or they can mimic the multiple
interactions and processes occurring in an ecosystem (Pedersen Zari, 2007; Garcia-Holguera, et al.,
2015b). Most researchers agree that there are two main approaches to biomimetic design: a top-down
and a bottom-up (Ayre, 2004; Gamage & Hyde, 2012; Gruber, 2011; Pedersen Zari, 2007; Speck &
Speck, 2008). The former starts with a design problem and then looks for a solution in the biological
realm, whereas the latter identifies a biological strategy first and then finds the field, process, or
product where its properties could be transferred. The research presented here follows a biomimetic
top-down approach aiming at transferring properties of an ecosystem into a building system.
Ecosystems are complex systems integrating biotic and abiotic components that present multiple
interactions and feedback relationships amongst each other. Ecosystems show nonlinear behavior, and
in most cases rely solely on sun heat and light as their primary source of energy. Ecosystems are
resilient in part because of the redundancy of their components, functions and processes. The
property of resilience allows ecosystems to more easily adapt to new or changing conditions, while
evolving into new ecological organizations. Like ecosystems, buildings are also complex systems and
they as well integrate biotic (e.g. users, plants) and abiotic components (e.g. construction materials).
Both buildings and ecosystems are governed by thermodynamics: both are dissipative systems that
need constant inflow of high quality energy (i.e. exergy) in order to maintain their structures (Allen,
2001; Fernandez-Galiano, 1991; Kibert, Sendzimir, & Guy, 2000). These commonalities are at the
core of the research presented here because they allow abstracting characteristics and properties of
ecosystems and transferring them into building systems. The purpose of such endeavor is to address
climate change adaptation and mitigation through the optimization of resource use in buildings.
Garcia-Holguera et al. developed a systematic approach to biomimetic design for architects, engineers
and designers, referred to as the ecomimetic design method (2015b). The purpose of this paper is to
test the usefulness and applicability of the ecomimetic design method, and to identify possible
improvements for it as well as to highlight potential challenges and obstacles that designers might
encounter. To do so, this paper develops a case study that implements such ecomimetic design
method as a step-by-step process for mimicking the thermoregulatory properties and functions found
in leaf-cutting ants’ nests into a building system.

2. Methods

The ecomimetic design method makes part of a PhD research work, and it is open to improvements
and modifications resulting from its implementation in several case studies. The ecomimetic design
method uses a top-down approach in that it starts with a design problem and addresses it by following
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a process of design steps that can be repeated in multiple exercises. Such a design approach is more
familiar to engineers and architects than a bottom-up approach. The ecomimetic design method
currently consists of six design stages: 1) Architectural design goals; 2) Ecological solution searching;
3) Abstraction and representation of ecological systems; 4) Correlation of architectural and ecosystem
components; 5) Transference of ecosystem’s principles to an architectural system; 6) Modeling and
benchmarking. Each stage will be described in parallel to their implementation in the results section.
For a detailed explanation of the ecomimetic method refer to Garcia-Holguera et al., 2015b.

For the purpose of this case study, the ecomimetic design method was applied to an existing building
of our selection: Thomson House, a heritage building located in Montreal, Canada. Thomson House
was selected due to the fact that audit reports were easily accessible and because of its considerable
thermoregulation issues. The following section describes each stage of the ecomimetic design method
applied to our selected building.

3. Results
3.1 Stage 1: Architectural design goals

The first stage of the ecomimetic design method consists of identifying one or several design
objectives. These must be expressed in thermodynamic language and address resource issues as well
as specific contextual environmental concerns of the building (Garcia-Holguera et al. 2015b).
Thompson House was built in 1935 and shows deficiencies in energy performance. A recent audit
report evaluated roof and wall insulation as well as thermal resistance of windows and found them to
be significantly below the required ratings of the New Buildings Code (Réglement sur I’économie de
I’énergie dans les nouveaux bdtiments) (MMA and BP, 2013). Due to its location in Montreal,
Canada, temperature regulation of the building must confront extreme changes in seasonal
temperatures as well as significant snowfall. Montreal has a humid continental climate with a low
annual average of daily temperatures of 5.3°C. Over an average year, daily minimum temperatures
range between -16.5°C and 14°C while daily maximum temperatures range between -6.5°C and
25.7°C. The average yearly precipitation is of 1067.7 mm of which about 228.8 cm is snowfall
(Climate, 2015). Thompson House offers study lounges, offices, conference rooms, a restaurant, and a
bar and consumes an average of 1 428 434 MJ per year (MMA and BP, 2013). If combining all its
sources of energy (i.e. electricity, natural gas and steam), energy is used mainly by the cooking
equipment (34%) and for space heating (31%) (MMA and BP, 2013). In consideration of all of the
above, the architectural design goal for the building system of Thompson House is to identify one or
more strategies inspired by ecological systems that can help reduce the energy use in the building.
The next step consists of searching for an ecosystem whose function addresses this design goal.

3.2 Stage 2: Ecological solution searching

The second stage of the ecomimetic design method provides guidance on how to search for the
ecosystem to be mimicked. The publicly available and online database AskNature was used for this
exercise as suggested by the ecomimetic method (Garcia-Holguera et al., 2015b). The AskNature
database catalogs numerous ‘“nature’s solutions to human design challenges” through a search
function which require an input that refers to an organism’s function (e.g. prevent turbulence, process
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information, break down etc.) (AskNature, n.d.). Different searching approaches on the database
provided several results whose strategies are related to the desired goals defined in stage 1.

The nests of South American leaf-cutting ants (Acromyrmex heyeri) were selected as the ecosystem to
mimic due to their appealing thermoregulatory functions. In accordance to stage 2, we gathered
information about this ecosystem in order to acquire a deeper understanding of its thermoregulatory
functions. Studies by Bollazzi and Roces describe the performance of the leaf-cutting ant ecosystem
(2008; 2010a, b, c). These ant species live in temperate regions of South America and build mound
shaped, single-chambered thatched nests on the soil surface that achieve more stable temperatures
than those of the environment. Like other leaf-cutting ant species, they cultivate a fungus inside the
nest chamber, which constitutes the sole food for their larvae. The fungus’ optimal growth requires
temperatures between 25-30°C and a high relative humidity. To enable such growth, the ant colony
maintains a proper nest climate through various building properties and behaviors. First, according to
the authors, it is the thermal properties of the thatch, which largely manage the temperature surpluses
inside the nest (Bollazzi and Roces, 2010c). The thatch material consists mainly of plant materials and
soil particles providing it with a lower thermal diffusivity than the surrounding soil. These thermal
properties of the thatch have been proven to prevent nest overheating by the incoming solar radiation
during the day and avoid losses of the accumulated heat into the cold air during the night. Second,
temperature surpluses inside the nest are also gained from metabolic heat inputs from ants’ work and
organic material decay inside the nest. Third, the fungus’ high heat capacity also helps in storing heat
in the nest. Moreover, a dynamic behavioral process of modifying the thatched nest architecture
controls for temperature and humidity inside the nest: the ants open and close nest apertures and add
or remove thatch thickness (Bollazi and Roces, 2010a, b, c).

Although the geographical locations of the Acromyrmex heyeri’s ecosystem and of Thomson House
are not related, the strategies learned from the ecological system can be adapted to the specific climate
conditions of Montreal because this exercise relies on the abstraction of functions and processes. The
depth and extent of available quantitative information about the thermoregulatory processes of this
ecosystem were a major advantage that made us choose this ecosystem over others. Another reason to
select this ecological system is that the leaf-cutting ant mounds have more similarities with human
constructions than other ecosystem’s structures, and a more straightforward approach was preferable
considering this is the first case study putting the ecomimetic design method in practice. With an
ecosystem selected and information on its functioning gathered, thatched nests’ thermoregulatory
functions can be abstracted and represented in the following stage.

3.3 Stage 3: Abstraction and representation of ecological systems

Stage 3 consists of understanding the ecosystem’s organization and behavior through time.
Throughout this design stage, the ecosystem’s components, structure and interactions as well as
intervening parameters are identified, abstracted and represented with graphic tools used for
environmental modeling, engineering and system thinking theories (Garcia Holguera et al, 2012;
2015a; 2015b). The appeal of using these tools lies in their regard for transdisciplinary understanding
(Garcia Holguera et al, 2012; 2015b).
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The first tool is an Energy System Diagram (ESD), which graphically represents the flows of energy
and materials as well as the structural organization of our chosen ecosystem. American ecologist
Howard T. Odum developed ESD. ESD’s value for visualizing a system’s components, organization
and interactions has been recognized in several disciplines (Garcia Holguera et al 2012, Odum, 1994,
2007). Figure 1 illustrates the ESD of an Acromyrmex heyeri thatched nest. It is worth noting that
developing such ESD was an iterative process of which many versions could have resulted.
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Figure 1: Energy System Diagram of a leaf cutting ant thatched nest

The second tool suggested in stage 3 of the ecomimetic method is STELLA, a software used
particularly for environmental modeling. STELLA is a computer simulation tool that helps
understanding the dynamic behavior of complex systems and has been proven useful for representing
the behavior of both architectural building systems as well as environmental systems (Ford, 2010;
Garcia-Holguera et al, 2015a). Figure 2 illustrates the conceptual model built on STELLA of an
Acromyrmex heyeri colony thatched nest. Each parameter of the model was assigned a quantitative
value that defined the initial conditions of the model. Such values were based on a series of informed
assumptions and thermodynamic values found on the literature about leaf-cutting ants’ nests (a
detailed description of such assumptions can be provided by the authors upon request). Simulations of
the model were conducted to ensure the modeled and theoretical ecosystem’s performance exhibits its
real behavior as empirically tested by Bollazzi and Roces (2010 a,b,c). Figure 3 represents the

modeled behavior of the ecosystem over time for our final simulation.
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Figure 2: Conceptual model of a leaf cutting ant thatched nest developed with STELLA
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Figure 3: a) Heat exchange of the thatched nest over time; b) Ventilation interactions in the thatched
nest over time. For the x axis on both graphs, month 0 and 12 refer to December.
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From Figure 3a, we can observe that the heat in the nest has a cyclical variation over a year and that
such variation seems to be affected primarily by the heat loss through ventilation. The rapid increase
in heat loss by ventilation around May seems to be particularly correlated with a rapid drop of the heat
in nest (Fig. 3a: decrease after month 5 in x-axis). This contrasts with the other heat inflows and
outflows (i.e. external heat gains, internal heat gains and heat losses through the soil) whose
relationship with the variation of nests heat is not as clear. This observation is important as it suggests
that the ventilation plays a major role in the thermoregulatory behavior of the thatched nest ecosystem
and therefore is a function we could focus on pursuing further in the ecomimetic exercise. With this
focus in mind, understanding the influences that contribute to the variation of the heat losses through
ventilation becomes of special interest. Figure 3b helps us address such inquiry. It is from this second
graph that we can observe that the heat loss through ventilation is closely correlated to the number of
thatch openings. Therefore, from this exercise and in consideration of all of our model's assumptions,
we are able to suggest that the function of the openings in the thatch are central to the admirable
thermoregulation performed in Acromyrmex heyeri nests and that such function is therefore a source
of inspiration for potential application in human building systems.

These abstractions, representations and simulations have allowed us to recognize the components and
their relative contribution intervening in the ecosystem’s thermoregulation. In other words, this stage
has provided us a thorough understanding of the ecosystem to mimic. We have recognized the
components affecting the system and their relationships as well as the feedback loops that support the
dynamic thermoregulatory behavior of thatched nests. With this understanding, correlations between
the ecosystem and the building can be drawn in the following step.

3.4 Stage 4: Correlation between ecological systems and architectural
systems

The goal of stage 4 is to find one or several correlations between the function performed by a
component of the ecological system and the function performed by another component in the
architectural system. To reach this goal, the ecomimetic method suggests classifying such functions in
the form of a table using H.T. Odum’s functional typologies of ESD as seen in Figure 1(i.e. source,
storage, producer, consumer) (for a detailed description of the symbols of functional categories, refer
to Garcia Holguera et al., 2012; 2015b). Table 1 shows the components of the ecosystem associated
with corresponding components in the building. The column listing components of the leaf-cutting ant
thatched nest was derived from the ecosystem’s ESD of stage 1 (Figure 1). For the column of
Thompson House, current components were gathered from the Audit Report’s description of the
building, and the ecomimetic retrofit hypothetical components were listed out of a creative
brainstorming process stemming from our understanding of the ecosystem (MMA and BP, 2013).
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Table 1. Correlation between components in ants thatched nests and components of both current and

hypothetically retrofitted Thompson House

2 >

nests rmaterials 3, Air flow through openings

Symbol Leaf-cutting Ants Thatched Nest Thompson House
Current Ecomimetic Retrofit
Source  |Thatch matenial, food, external air humidity, solar Construction materials, stearn, Thatched-like envelope materials
radiation electricity, natural gas, external air
Q humity, solar radiation, municial
water, food
Storage  |Thatched envelope, heat in nest, humidity n nest, water |Building envelope, heat m building, |Thatched-like envelope, humidity
cotitent in fungus hurmidity in building retention unitfungus-like component
O ( Lecontained strucutre with high
water content for high heat capacity)
(e.g. greenhouse, solarium)
Interaction |Metabolic decay (Le. microorganisms decomposing Atr-flow ventilation Air-flow ventilation mduced by

thatched-like openenings

Consurmer

Ant workeers, Fungus, Larvae

Plugload equipment (e.g. fan/purmp),
lighting systern, heating system, hot
water systern, hydraulic systern, users

Prograrmmed ant-like behaviour
openings, cooling system, inproved
conitrol equiptnent

O

(e.g. from adminstration, kitchen, and
students)

3.5 Stage 5: Transference of ecosystem’s principles to an architectural
system

In this stage, the architectural system is modeled and its dynamic behavior simulated so that it mimics
the abstracted performance of the selected ecosystem. The goal of this stage is to obtain a set of
design guidelines for retrofitting the selected building. The design guidelines may be implemented if
the technology exists, however if the technology is not yet available, the design guidelines will
constitute a new lead for their research and development. In accordance to this stage of the
ecomimetic design method, first, an ESD of Thompson House was developed in order to represent the
hypothetical structure and component’s organization of the retrofitted building (Figure 4). The ESD of
Thompson House is a simplification of the potential architectural system that integrates the various
thermoregulatory strategies observed in the thatched nest ecosystem and identified as important in
stage 3. The ESD of Thompson House allowed us to gather a broad understanding of the energy flows
in the proposed building system.
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Figure 4: Energy Systems Diagram of a Thompson House hypothetical architectural system based on
the leaf-cutting ant thatched nest ESD.

Figure 5: Conceptual model of Thompson House hypothesized architectural system developed with
STELLA software. The elements over the grey rectangles represent the new variables for the
ecomimetic retrofit (Appendix 2 for a detailed description of assumptions can be provided by the
authors)
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Then, a dynamic model of the hypothesized Thompson House was conceived in STELLA after
multiple iterations (Figure 5). The model integrates different components and their interactions in
order to reproduce in the building system the dynamic behavior observed in the selected ecosystem.
The STELLA conceptual model presented in Figure 5 shows in black some existing components in
the Thompson House building, and also incorporates other proposed components (components with
grey rectangles underneath) to mimic a thatched nest. Simulations of the dynamic interactions among
these components can be seen in Figure 6.

Figure 6: Dynamic behavior of Thomson House with the ecomimetic strategies incorporated: a)
Representation of flows of heat losses in Thompson House. b) Detail of the heat losses through the
envelope including the ‘thatch like’ envelope. For the x-axis on both graphs, month 0 and 12 refer to
December.

The ecomimetic model of Thomson House reduces the heat losses during the winter months thanks to
the thermal properties of the new envelope and reduces the heat gains during the summer season by
implementing a ventilation strategy that mimics leaf-cutting ants’ behavior of opening and closing
thatch apertures. The amounts of ‘Envelope heat loss’ in the ecomimetic model of the Thomson
House (Fig. 6a) are substantially reduced when compared with the ‘envelope heat loss’ in the model
of the existing Thomson House (Fig. 7).
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Figure 7: Current annual heat exchange in Tomson House based on data from (MMA & BP, 2013).
For the x-axis month 0 and 12 refer to December

A more detailed analysis of the building envelope in Figure 6b shows that the ‘thatched-like’
envelope displays a substantial reduction in heat losses compared with the existing components of the
envelope (walls, roof and windows). The results obtained with the STELLA dynamic model, as
shown in Figure 6, are relevant for estimating the expected behavior and usefulness of the proposed
ecomimetic strategies.

The set of design guidelines resulting from this stage consist of retrofitting Thompson House with an
envelope that has thermal properties similar to those observed on the thatched nest and small
apertures whose opening and closing behavior function similarly to those in the thatched nest. This
‘thatched-like envelope’ would cover the south and southwest facades of the original building because
of their higher exposition to sun radiation (the thermal properties of the envelop, for the purpose of
this exercise, would be similar to those present in aerogels). In addition part of the thatch envelope’s
surface will be able to open and close small apertures controlled through artificial intelligence and
coded by the administrators of the building. Analogous to the apertures on thatched nests, these
openings will react to changes of temperature and humidity in the internal and external environment.
Another design guideline drawn from this exercise is to add a ‘humidity retention unit’ in the building
whose main function would be to help regulate the humidity and temperature levels. This component,
like the ‘thatch-like envelope’, may be realized in a variety of ways. One of them could be a vertical
garden under the new envelope, which could additionally have the function of supplying food to the
kitchen in Thompson House and improving indoor air quality.

Before the set of guidelines are implemented in the architectural project, the ecomimetic design
method suggests a modeling and benchmarking exercise as the last stage, Stage 6. In Stage 6, first an
architectural model integrating the ecomimetic strategies identified in Stage 5 is built. This model
needs to provide enough information to run a performance evaluation of the design. If the evaluation
shows that the energy use was optimized then the ecomimetic strategies might be implemented in the
construction documents. If the evaluation shows no optimization of resources use, then an iterative
process must be undertaken at some stage of the ecomimetic method. Such stage allows comparing
the results with building performance standards. Stage 6 is currently under development by the
authors so its results will not be covered in this paper.
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4. Discussion

We tested the usefulness and performance of the ecomimetic method stages 1-5 under the
hypothetical scenario of designing a retrofitted Thompson House. The ecomimetic inspirations were
the thermoregulatory properties and processes leaf-cutter ants’ thatched nest. The purpose of this
discussion is to comment on the challenges and obstacles we encountered using the ecomimetic
method, to give recommendations for future users of the method, as well as to identify possible
improvements of the method itself.

On stage 1, the main challenge encountered was determining the scope of the design objectives. For
our hypothetical scenario, targeting a broad design objective was appropriate enough, but for other
cases a better-defined and more specific objective may be needed. We recommend users of the
method to, if possible, start with rather open objectives and maintain flexibility in redefining their
objective iteratively as they go through other stages.

For stage 2, an important obstacle we encountered was the limited extent of ecosystem options in the
AskNature database from which to choose to continue the exercise. The ecomimetic method suggests
that the element from nature to be inspired from ought to be an ecosystem. However, the AskNature
database does not offer a filter for ecosystems, but rather for options such as: strategies, products,
people etc. Therefore, the database results had to be trimmed down by the authors to those that were
ecosystems. For example, typing on the search bar “how does nature regulate temperature” yielded
161 results of which only less than 10 were ecosystems (e.g. south american grass cutting ant
colonies, mallee fowl nests, hot spring grass & fungus, Honey bees hive vibrations, wood ants nest).
Similarly, exploring the database by nature’s function for ‘resource efficiency’ yielded 93 results of
which very few were ecosystems (e.g. transvaal savanna, tropical rainforests, dehesa ecosystem,
riparian habitat). In addition to the limited ecosystem options offered by AskNature, the selection of
the ecosystem was largely restricted by the availability of scientific research about the ecosystem that
included thermodynamic quantitative values. A detailed and ideally quantitative thermodynamic
understanding of the ecosystem is required for stage 3 and so the lack of such available information
seems to largely constrain the application on the ecomimetic method. We recommend users of the
method to conduct stage 2 without solely the help of the AskNature database. The ecomimetic method
could benefit from refining search approaches beyond the suggested searching tools included in
Garcia-Holguera et al. (2015). Another important concern that arose from this step was the
appropriateness of our selected ecosystem in being able to inspire a building under very different
contextual conditions, particularly climatic considerations. To what extent are Acromyrmex heyeri
thermoregulatory strategies context dependent and non-transferable into other contexts, such as the
context of extreme weather of Montreal? Without the ability to answer this inquiry, here we adopted
an attitude of predisposition and openness to learn from the leaf-cutting ants’ strategies. However this
important consideration ought not to be ignored by users of the method.

As for stage 3, developing the ESD of the ecosystem was a useful tool for clarifying a common
understanding of the ecosystem’s components, structure and interactions. This leads us to suggest that
the value of developing an ESD lies largely in being an exercise for users of the method (e.g.
designers, ecologists, architects, etc.) to engage in a common interpretation of the ecosystem.
Challenges may arise when categorizing the components of the ecosystem according to Odum’s
symbols or when identifying feedback loops. It remains pertinent to develop ESDs in an iterative and
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collective manner and acknowledge that different versions might arise. The validation of the ESD
consists in a consensual process among the users of the ecomimetic method.

Developing the STELLA model that performs the desired behavior was the most challenging
undertaking of the method both for the ecosystem and the building system on stages 3 and 5.
Obstacles were encountered particularly in finding quantitative values for the multiple parameters.
STELLA requires all parameters in the system to have quantitative values assigned. Homogenizing
units of the multiple values is also imperative for coherent simulations. The lack of available
information is a barrier that users of the ecomimetic method will likely encounter at this stage.
Assumptions were brought in and the model design was largely an iterative process. The validity of
our assumptions ought to be taken with caution. Modeling ecosystems and theoretical buildings
require a bundle of estimations, some less refined than others. We recommend users of the method
keep a clear record of the following: the assumptions made on the model, the justifications for their
relaxation, and the sources from which parameter values were taken from.

Whereas the modeling process requires substantial creativity, the creation of table 1 (Stage 4) was a
creative process as well. This is the case particularly for the ecomimetic retrofit column, in which for
some desired functions performed in the ecosystem, there were no known associated architectural
components. This obstacle calls for up-to-date knowledge on recent innovations and provides clues
for innovation opportunities through the development of non-existing components. As for the known
components suggested in the ecomimetic retrofit, different ideas might create equally valuable sets of
functional components.

5. Conclusions

The ecomimetic method as developed by Garcia-Holguera et al. (2015b) was tested throughout this
research. The method has proven to be a useful step by step process for learning from an exemplary
ecosystem: leaf-cutting ants thatched nests, and theoretically transfer relevant processes and functions
to potentially optimize resource use in a building: Thompson House in Montreal, Canada. The method
has facilitated the understanding of our selected ecosystem’s structure, organization, components
interactions and behavior thanks to the use of abstraction and representation tools. The exercise
permitted us to identify openings in the thatch and their consequent ventilation to be a relevant
thermoregulatory function in Acromyrmex heyeri colonies. We have suggested strategies to
implement such ventilation-based approach in our building system alongside other potential
additional components that could perform other thermoregulatory strategies in a similar way than in
the thatched nests. It has been observed that the design process was enriched by the multidisciplinary
collaboration of the researchers involved in this project. Different backgrounds and points of view
have facilitated a better understanding of the ecological and building systems.

In the future, the ecomimetic design method will be implemented in at least two more case studies.
The second case study will learn from freshwater marshes for optimization of water use in buildings
as well as other resource use issues. Further development of this research should address the
professional environment and the educational aspects of future users of the design method. First, the
method could be tested with the collaboration of architectural and engineering firms throughout the
design of a real building to be built. The implementation and construction of the ecomimetic strategies
obtained in the design process would represent the most relevant validation of the method and would
highlight additional challenges. Second, the method could be integrated in architectural and
engineering design courses to better understand the pedagogical obstacles that undergraduate and
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graduate students might encounter when developing innovative and multidisciplinary projects. This
educational goal would also facilitate the future implementation of the method in the architectural and
engineering practices.

In addition, the ecomimetic design method could be used for developing new technologies in
collaboration with other researchers. Some strategies identified in the design process are incipient and
need further development with the involvement of biologists, ecologists, architects and engineers.
Overall the ecomimetic method is a useful tool for innovative design that can help architects and
designers optimize resource use in buildings.
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Abstract

Buildings consume approximately 40% of global energy each year in their operation alone. In
order to reduce a building's total energy use effectively, a life cycle energy accounting is critical
that accounts for both the embodied and operating energy. Embodied energy is consumed in the
processes of building material production, transportation, construction, maintenance, renovation
and final demolition. Operating energy is consumed in operating the buildings in the processes
of air-conditioning, heating, lighting, and powering building equipment. For a comprehensive
reduction in a building's total life cycle energy usage, optimizing both the embodied and
operating energy is recommended. Computing operating energy is more straightforward than
embodied energy due to a lack of a complete and representative embodied energy database.
Additionally, while operating energy computation capability has been added to Building
Information Modelling (BIM) authoring tools, embodied energy calculation remains isolated.
There are commercial software available to estimate embodied energy, however, they are based
on secondary data. For an industry-wide application of embodied energy analysis, it is crucial to
integrate embodied energy calculation capabilities into a BIM authoring tool.

Among major embodied energy accounting methods are process-based, input-output-based and
hybrid methods. The process-based method is product specific but provides incomplete
calculation, whereas the input-output-based method is complete but lacks specificity. The
hybrid method is a combination of the process and input-output-based methods. According to
literature, there is no perfect method currently available to compute embodied energy in a
complete manner. In this paper, an improved embodied energy calculation method is proposed
and used to compute complete and representative embodied energy of commonly used building
materials. A framework to integrate embodied energy data into a BIM authoring tool such as
Autodesk Revit Architecture is also proposed. The results of embodied energy computation are
validated by comparing them to empirical data.

Keywords: Embodied energy, building materials, life cycle energy analysis, embodied carbon,
Building Information Modelling
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1. Introduction

The building sector consumes approximately 40% of global energy mostly in building
operations (BEDB, 2012). Because most of this energy usage is fossil fuel-based, it contributes
to approximately 40% of the global carbon emission annually (BEDB, 2012). A growing
consensus in literature agrees on an urgent need to optimize building energy consumption by
identifying energy saving opportunities and developing tools to simulate energy performance
(Bassett et al., 2013). Additionally, studies (Hernandez and Kenny, 2010; Snow and Prasad,
2011; Dixit and Yan, 2012) emphasized meeting the optimized energy demand through onsite or
offsite renewable energy sources so that dependence on fossil fuels can be reduced. Although a
great number of studies focused on energy optimization, most of them did not include all life
cycle energy components (Paleari et al., 2013). The research community must analyze a
building as a system of energy input and output in order to effectively optimize its life cycle
energy consumption (NSTC, 2008; Karimpour et al., 2014). This lack of a system’s approach
hinders efforts to reduce building energy consumption comprehensively (Sturgis and Roberts,
2010). Before we optimize the energy use of a building, there should be a systemic net-energy
accounting tool in place covering the entire life cycle of a building (Sturgis and Roberts, 2010;
Dixit, 2015).

According to Dixit et al. (2012), the total energy consumed by a building over its service life
includes the energy of its construction, maintenance, operations, and final demolition. The sum
of all energy consumed in constructing the building is termed initial embodied energy (IEE).
IEE includes the energy embodied in construction materials, related onsite and offsite
transportation, construction and administration processes (including labor), and other required
services such as consultancy, banking, marketing, etc. (Crawford, 2004). When occupied, the
building is maintained and renovated using building materials and related processes. The total
energy used in these activities is called recurrent embodied energy (REE) (Vukotic et al., 2010;
Dixit et al., 2015). During this stage, operating energy (OE) is also consumed in building
operations (lighting, HVAC, hot water, power etc.). At the end of its service life, the building is
deconstructed and its waste is sorted and hauled for reuse, recycling, or disposal. This end-of-
life phase energy usage is termed demolition energy (DE) (Vukotic et al., 2010). The total
energy consumed by the building is a sum of IEE, REE, OE, and DE (Dixit, 2015). In order to
reduce energy use of a building effectively, one must account for all of these energy
components and compute the net-energy requirement of the building (NSTC, 2008; Bassett et
al., 2013).

While computing operating energy is straightforward, embodied energy calculation is
not (Ristimaki et al., 2013). It is due to a lack of location-specific, accurate, and complete
embodied energy data of construction materials (Dixit, 2015). Most existing databases are
questionable due to their geographic, technological, and temporal non-representativeness
(Khasreen et al., 2009; Dixit et al., 2010). Studies identified an urgent need to establish an
embodied energy database for commonly used construction materials (Karimpour et al., 2014;
Dixit, 2015). This paper provides a framework of an Application Programming Interface
(API) for embodied energy calculation integrated into a building information modelling
(BIM) authoring tool.
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An improved embodied energy calculation method was used to compute embodied energy
values for construction materials. The improved method proposed by Dixit et al. (2015)
and Dixit (2015) is referred, which provides material-specific and complete embodied energy
values for materials manufactured in the United States.

2. Literature Review

2.1 Embodied Energy and Net-zero Buildings

Buildings consumed over two fifth of the annual energy in 2009 in the United States resulting in
approximately 40% of the total carbon emission (USDOE, 2012). Most of this energy
consumption originated from a buildings’ operation. If the energy embodied in construction is
also incorporated, the share of construction industry in the total national energy consumption
would reach 48% (Baum, 2007). Literature agrees on applying a systemic approach to reducing
energy consumption of the building sector in order to reduce its carbon footprint effectively
(Fischer, 2010; Sturgis and Roberts, 2010). One of the approaches suggested in the literature is
the concept of net-zero energy building. A net-zero energy building supplies its optimized
energy requirements through onsite or offsite renewable energy sources in order to be net-zero
in its fossil fuel-based energy usage (Hernandez and Kenny, 2010; Marszal et al., 2011; Dixit,
2015). In order to optimize energy needs substantially, a life cycle-based energy accounting of
buildings which focuses on both the embodied and operating energy is important (NSTC, 2008).
Optimizing operating energy of a building may affect its embodied energy. For instance,
installing better insulation in a building envelope to minimize heat transfer may increase its
embodied energy because most insulation materials contain higher embodied energy (Sturgis
and Roberts, 2010; Waldron et al. 2013). Similarly, optimizing embodied energy may increase
operating energy usage. Calculating operating energy is more standardized and simpler than
embodied energy due to the unavailability of complete and reliable embodied energy data
(Langston, 2006; Dixit et al., 2013).

2.2 Embodied Energy Calculation: Methods and Issues

Among widely known methods to compute embodied energy are process-based and input-
output-based (I0) methods (Crawford, 2004). There are also hybrid methods that combine the
process and 10-based methods (Dixit, 2015). The process-based methods involve gathering
energy use data from material manufacturers, construction sites, vendors to calculate the total
energy embodied in construction materials and processes (Acquaye, 2010). Although some
energy use data is easy to collect, some is not due to data confidentiality or unavailability.
Therefore, process-based embodied energy calculations are considered reliable but incomplete
(Crawford, 2004; Acquaye, 2010). In addition, when process-based embodied energy values of
construction materials are used to compute the embodied energy of a building, some processes
related to services such as consultancy, inspection, administration, etc. may remain excluded
(Ding, 2007).
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In an IO-based method, the flow of money from energy sectors to an industry sector
manufacturing the material under study is utilized to compute embodied energy (Treloar, 1998).
The national 10 accounts that include 10O tables publish monetary flows annually (Horowitz and
Planting, 2009). The 10O tables can be used to calculate the direct and indirect input requirements
of an industry sector from energy providing sectors. The direct requirements indicate the total
energy directly required to produce one $ output of an industry sector. The direct requirements
also result in industry-wide indirect requirements. The sum of direct and indirect requirements is
termed total requirements of a sector, which indicate its total energy usage (in $) per unit of its
monetary output (in $) (Crawford, 2004). The total energy requirements are then converted from
monetary units ($/$ output) to energy units (British thermal unit (Btu)/$ output) using energy
prices (Crawford, 2004). However, if the energy prices are inaccurate, they may cause serious
errors to embodied energy values (Acquaye, 2010). The 10-based embodied energy values,
therefore, are complete but may be unreliable due to the uncertainties of energy prices. Because
an 10-based method involves calculating the embodied energy of an industry sector with an
aggregated output, all products manufactured by the sector have the same embodied energy
values, which may not be accurate (Dixit, 2015). According to Treloar (1998), 10-based
methods may also count energy inputs more than once resulting in an overestimation of
embodied energy.

A hybrid method is either process-based or 10-based (Acquaye, 2010). In a process-based
hybrid method, the framework remains process-based and IO data are used to make up for
unavailable data (Bassett et al., 2013). Because the main framework is process-based, the
process-based hybrid method still carries the limitations of a process-based method (Acquaye,
2010). For instance, using a bill of quantities and embodied energy of construction materials,
the embodied energy of a building can be calculated. However, other onsite and offsite
processes such as construction, fabrication, administration, transportation, and services are not
completely covered (Crawford, 2004). Similarly, when the embodied energy of complex
materials such as reinforced concrete is calculated using a process-based hybrid method, the
embodied energy of cement, gravel, and steel is multiplied to their respective volumes. This,
however, excludes the energy consumed in mixing, placing, and curing the reinforced concrete
components (Crawford, 2004).

In an 10-based hybrid method, process data is inserted into an IO framework to make it more
reliable (Dixit et al., 2015). For instance, when energy usage is inserted in energy units into an
10 model, the embodied energy calculation can avoid the use of unreliable energy prices (Carter
et al., 1981). However, the conversion of embodied energy from the unit of Btu/$ to Btu/Ib still
needs material prices, which may not be reliable (Dixit et al., 2015). In addition, due to the main
framework being 10-based, the embodied energy intensity is for the entire industry sector rather
than one specific material (Treloar, 1998). Furthermore, this method excludes the energy
embodied in labor and capital inputs because 1O tables do not cover these inputs (Treloar,
1998). Other issues such as the counting of energy inputs multiple times also remain unresolved
(Treloar, 1998). In spite of some limitations, an 10-based method is considered relatively the
most complete method (Treloar, 1998; Crawford, 2004; Acquaye, 2010; Dixit et al., 2014).
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3. Research Goal and Methods

In this paper, the current version of the 10-based hybrid method is improved to enhance its
completeness, reliability, and specificity. The energy embodied in commonly used construction
materials is calculated using the improved method. A framework of a BIM prototype is
developed to demonstrate embodied energy and BIM integration. First, using the Benchmark
Input-Output Accounts published by the United States Bureau of Economic Analysis (USBEA),
an 10 model is developed using the raw Make and Use tables. The process of creating an 10
model can be referenced from Horowitz and Planting (2009). Note that the calculated embodied
energy values include all energy and non-energy inputs used in the manufacturing of study
materials. These values do not include related transportation or energy embodied in
construction. The following improvements were done to the IO-model:

Process/Actual Energy Data Integration: Actual energy use data was collected for each industry

sector and integrated into an 10 model developed using 2002 United States Benchmark Input
Output Accounts using the approach suggested by Carter et al. (1981). This approach does not
rely on energy prices, which may be under-estimated or over-estimated. A detailed explanation
can be found in Dixit et al. (2015).

Primary Energy Factor (PEF) Calculation and Integration: Treloar (1998) revealed that an 10
model may involve counting energy inputs multiple times and suggested using PEFs for each

energy providing sector of the IO model. In this paper, all energy and material inputs to energy
sectors were removed and PEFs for the energy sectors were calculated and used instead. Dixit et
al. (2014) provides a detailed explanation of the PEF calculation.

Calculating and Integrating the Energy of Labor and Capital Inputs: The energy embodied in

human labor and capital inputs was quantified and integrated into the IO model to fill any
system boundary exclusions related to human labor and capital investment. A more detailed
explanation of the calculation can be referred from Dixit et al. (2015).

Sectorial Disaggregation: To compute the embodied energy of a specific material, the

aggregated output of an industry sector must be decomposed as suggested by Joshi (1998). In
this study, some of the industry sectors that originally had an aggregated output were
disaggregated using their input and output data.

The calculated values of embodied energy of commonly used construction materials were
comparatively evaluated with the published values. Because embodied energy values of all
materials were not available in the referred studies, average values were calculated and used.
The referred studies include Chen et al. (2001), Scheuer et al. (2003), Alcorn (2003), and ICE
(2011). Note that the referred studies come from different time and may not represent the
calculated values temporally. Therefore, a correlation analysis was preferred for comparative
evaluation of the results. For comparing the results with published values, a scatter chart
(coefficient of determination) was used. A coefficient of determination (+°) greater than 0.81
and less than 0.81 but more than 0.64 is assumed to show a very strong and strong
positive
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correlation, respectively (Taylor, 1990; Chan, 2003). To demonstrate the integration of
embodied energy and a BIM authoring tool (Autodesk Revit Architecture), two approaches
were discussed.

4. Results and Discussion

The calculated values of embodied energy of construction materials under study are listed in
Table 1. The embodied energy values calculated using the improved IOH model were in
MBtuw/$ of industry output. Using the appropriate material prices, these values were converted
into the unit of MBtu per unit length, area, or volume. The units of embodied energy values are
mentioned in the first column of Table 1. Note that the energy embodied in study materials was
quantified with a break up of energy sources used in their manufacturing process. Such a
calculation is important to accurately determine the carbon dioxide emissions resulting from
energy consumption.

Table 1: Calculated values of embodied energy of study materials

Embodied Energy in kBtu

$ S g
s - T I, f iR s
S oz § 8 5% 3 5§58 33
Study Material ~ © © N =0 L TON ~ R
Carpet (3/8" Thk.), Level Loop fi2 0.4 0.9 8.2 5.2 6.5 1.3 22.5
Wood Lumber fi3 1.5 0.8 306 109 533 10.6  107.8
Hardwood Plywood & Veneer fi3 6.6 3.8 1302 57.9 155.1 424  396.0
Softwood Plywood & Veneer Ji3 0.9 1.1 587 241 469 126 1443
Paints & Coatings gal 6.0 9.7 51.8 47.0 909 11.7  217.0
Adhesives gal 5.8 107 59.9 495 90.7 13.7  230.3
Plastic Pipes & Fittings ft 3.6 23 255 221 519 4.2 109.7
Polystyrene Insulation fi2 4.7 5.6 442 447 736 9.0 181.7
Bricks (2 1/4"X3 5/8"X7 5/8") No. 0.0 0.2 1.8 4.8 1.5 0.4 8.7
Clay Wall & Floor Tiles (1/4" Thk.) Ji2 0.2 0.7 11.0 142 6.0 3.0 35.2
Vitrified Clay Sewer Pipes (6" Dia.) ft 0.5 28 235 674 24.7 9.9 128.9
Glass (1/4" Thk.) Ji2 0.1 0.4 9.7 192 3.8 1.1 34.3
Cement Ji3 0.6 111.2 81.7 175 70.7 8.5  290.3
Concrete fi3 04 184 212 128 288 5.8 87.4
Gypsum Board (1/2" Thk.) fi2 0.0 2.8 2.4 3.3 3.0 0.3 11.7
Lime fi3 0.2 208 14.9 237 24.0 3.5 87.1
Stone kg 0.0 0.1 1.1 0.5 1.0 0.5 3.2
Mineral Wool Insulation fi2 0.1 1.0 9.8 9.0 3.9 1.4 25.2
Virgin Steel kg 0.1 205 290 191 6.1 2.1 76.9
Primary Aluminum kg 4.7 0.5 130.7 13.5 29.0 2.2  180.7
Copper kg 0.1 3.6 290 153 6.4 2.4 56.8

Figure 1 compares the embodied energy intensities (kBtu/$ industry output) of the industry
sector manufacturing the study materials. Apparently, the energy intensity of aluminium was the
highest (126 kBtu/$), particularly for electricity usage (91 kBtu/$), which is in agreement with
the literature opinion. The second most energy intensive material was lime (112 kBtu/$).
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Materials with mostly heating dominated manufacturing processes such as glass (31 kBtu/$),
lime (31 kBtu/$), and brick (23 kBtu/$) demonstrated higher natural gas consumption per $ of
industry output. Similarly, materials such as cement (36 kBtu/$), lime (27 kBtu/$), and steel (16
kBtu/$) involve a production process that showed a higher coal consumption. The production
processes of materials such as paints, adhesives, and plastics consume a significant amount of
petroleum products as raw material (feed stock), which was evident in their higher petroleum
intensity. The most labor and capital intensive material was lime that consumed 4 kBtu of labor
and capital energy per $ of its output. Note that the embodied energy per unit of mass or volume
for each of the study material would be quite different than energy intensities due to different
product prizes.

The embodied energy results (Table 1) were compared with comparable studies. Figure 2
presents a scatter chart illustrating the correlation of the calculated and published values. A
coefficient of determination (+°) of 0.72 indicates a high positive correlation. It means that the
calculated values may be different than the published values but the pattern of change across the
study materials is in agreement. A difference in the magnitude of calculated and published
embodied energy values is expected due to a wider system boundary covered by the IOH model
used in this study.
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Figure 1: Embodied energy intensities of industry sectors producing study materials
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4.1 A BIM-Embodied Energy APl Framework

The IOH-based values calculated in this study can be integrated into a BIM authoring tool such
as Autodesk Revit Architecture. There are two approaches to BIM-embodied energy integration.
In the first approach, embodied energy of construction materials can be manually inserted into
Autodesk Revit Architecture using a shared parameter. A shared parameter can be shared across
projects within the same organization. As an example, a shared embodied energy and embodied
carbon parameter was created in Autodesk Revit Architecture to integrate embodied energy and
carbon emission values. The shared parameter then can be converted into a project parameter
attached to the Materials category in a Revit project. Using custom parameter option, the values
of embodied energy and carbon can be inserted into the Revit material library. Figure 3 shows a
generic Revit project with concrete columns, beams, and slabs. The schedule on the left
provides the embodied energy schedule of structural columns. Using the same process the total
embodied energy of the entire project can be calculated. In the second approach, an Application
Programming Interface (API) is developed to access the shared parameter of embodied energy
associated with each material in Revit Material Library. Figure 4 demonstrates a framework for
a BIM-embodied energy API. An API gets a required parameter (e.g. embodied energy) from a
Revit project and finds the right value from a spreadsheet. It also sets the new value to that
parameter and returns it to the Revit project. The API is developed using the C-sharp
programming language. The spreadsheet includes embodied energy and carbon dioxide
emission values for commonly used construction materials.

Figure 2: Correlation of the calculated and published embodied energy values
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Figure 3: An example of shared parameter being used to pass along embodied energy values

APl in C# Environment

r--—-----------—-

Get Embodied
Energy Parameter

Autodesk Revit
Architecture 2015

Set Parameter Value
From Spreadsheet

Return Embodied
Energy Parameter

Figure 4: A schematic illustration of API development process

5. Conclusions

This study demonstrates an embodied energy calculation using an improved IOH method
to provide more complete and accurate material-specific embodied energy values. Because the
fuel or energy source-specific embodied energy is calculated, the calculated energy values
can be translated into carbon dioxide emissions more accurately than using an average
embodied energy value aggregated for all energy sources. Although the calculated
values differed significantly from published values in their magnitude, they were in
agreement with the published values when compared using the correlation analysis. Note
that system boundary differences across this study and other referred studies would cause
embodied energy values to vary. A framework for integrating embodied energy and carbon
dioxide values into a BIM authoring tool is also proposed and discussed. One of the
key challenges to creating and evaluating a net-zero/carbon neutral building design is the
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lack of a single integrated tool to assess the life cycle energy and carbon impacts. The author
of this study in collaboration with other researchers have already developed two Revit APIs
for computing operating energy use and renewable energy generation (see Dixit and Yan,
2012 and Yan et al., 2013). The future research goal is to integrate embodied energy
analysis into a BIM-integrated operating and renewable energy assessment tool. Such a
tool is expected to simplify the time and resource consuming net-energy analysis process,
which currently involves creating separate models and switching back and forth among
renewable energy, operating energy, and embodied energy tools.
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Abstract

Built facilities consume a significant amount of energy during their service life contributing
considerably to carbon emission. In the United States, buildings alone consume 40% of annual
energy causing at least 39% of total annual carbon emission. The total energy consumed by
built facilities includes operating and embodied energy. The amount of energy used in the
processes of air-conditioning, heating, hot water supply, lighting, and operating building
equipment is called operating energy. The embodied energy is used in constructing,
maintaining, and deconstructing the facility. A significant portion of the embodied energy
comes from construction processes and building materials used during a facility's maintenance
and replacement processes. This portion of embodied energy is called recurrent embodied
energy. Because the field of facility management involves decisions regarding a facility’s
operational, maintenance, and replacement performance; it can help reduce both the embodied
and operating energy and consequently the life cycle carbon footprint of the facility.

One of the commonly used embodied energy calculation methods is the input-output-based
hybrid method, which provides embodied energy intensities per unit of an industry sector's
output (in $). The embodied energy intensities of an industry sector representing maintenance
and replacement activities can be integrated into a life cycle cost model to compute the
recurrent embodied energy of a facility's maintenance and replacement phases. In this paper, a
model is proposed to calculate the recurrent embodied energy of a commercial facility. The
model is developed based on the United States input-output accounts. The calculated embodied
energy values are used to compute carbon emission due to maintenance and replacement
activities. The results are discussed and compared with the published studies from literature.
Finally, a discussion on the involvement of facility managers during the facility design and
construction phases is presented.

Keywords: Embodied energy, recurrent embodied energy, facility management, life cycle
energy, life cycle cost model
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1. Introduction

Built facilities, in the United States, consume nearly 40% of nation’s energy in their operation
alone adding nearly 39% of the annual carbon emission (Dixit et al., 2013). If the energy
consumed in building construction is added, this percentage may reach 48% of the total national
energy supply (Baum, 2007). For a comprehensive and effective reduction in this vast energy
and carbon footprint of built facilities, the energy consumed in both the facility construction and
its operation and maintenance must be optimized (Bassett et al., 2013). So far, studies have had
a unidirectional focus on either the energy of construction or operation (Dixit et al., 2013).
However, a need to address total life cycle energy has been strongly emphasized in the relevant
literature (Fischer, 2010). A built facility consumes two types of energy over its service life: (1)
embodied and (2) operating energy. The embodied energy is consumed in constructing a facility
directly through construction, transportation, and related processes. It is also consumed
indirectly through the use of construction materials and equipment. Each material or equipment
installed in a building consumes energy when it is manufactured and delivered to a construction
site. This energy is called its embodied energy (Treloar et al., 2001). The total energy directly
and indirectly consumed in a facility’s construction is called its initial embodied energy (IEE)
(Cole and Kernan, 1996; Dixit et al., 2015). Once constructed and occupied, the facility is
operated consuming operating energy. When occupied, the facility is maintained, repaired, and
its components are replaced. These processes of maintenance, repair, and replacement consume
construction materials and require related processes. The sum of total energy consumed directly
and indirectly in these maintenance and replacement processes is called recurrent embodied
energy (REE) (Cole and Kernan, 1996; Langston and Langston, 2007).

Unlike IEE, REE is consumed annually and depends largely on a facility’s service life (Dixit et
al., 2014a and 2014b). This means that the longer the service life of a facility the higher it’s
REE. In a study of commercial facilities, Dixit et al (2014a) found a very strong and positive
correlation between the total REE and the total life cycle embodied energy (LCEE). This strong
and positive correlation suggests a strong influence of REE over LCEE. Literature has also
indicated that the amount of REE embodied in a facility can constitute a significant portion of
the total life cycle embodied energy. For instance, in a study of secondary schools in Australia,
Ding (2007) found that the total REE over a 60-year service life can be equal to approximately
72% of the school buildings’ total LCEE. Similarly, Cole (1996) determined that for a service
life of 25, 50, and 100 years, the REE of these components was 1.3, 3.2, and 7.3 times their IEE,
respectively. A strong influence of REE on a facility’s LCEE also suggests its importance in
optimizing the life cycle carbon footprint of the facility. Dixit et al. (2014a) concluded that by
selecting low-embodied energy, durable, and long-service life materials, a facility’s total REE
can be optimized. Because a majority of maintenance and replacement decisions are made by
facility managers, their role in reducing the energy and carbon footprint of facilities could be
very important. According to Dixit et al (2014a) and (2015), the field of facility management
can influence approximately 10% of the United States’ annual carbon emission through REE.

Calculating a facility’s operating energy is more straightforward than its LCEE due to a lack of
a standard calculation method (Ristimaki et al., 2013; Dixit et al., 2015). Among widely-used
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embodied energy calculation methods are: (1) process-based method, (2) input-output (10)-
based method, and (3) hybrid methods (Dixit et al., 2012; Ristimaki et al., 2013). Each of these
methods cover different extents of system boundaries. A system boundary defines the embodied
energy inputs covered by a calculation method (Dixit et al., 2013). Most of the existing versions
of the calculation methods do not provide complete, accurate, or reliable embodied energy
calculation (Acquaye, 2010). For instance, a process-based method is accurate but is considered
incomplete, whereas an [O-based method is unreliable but is regarded as complete. Hybrid
methods combine the benefits of the two methods (Crawford, 2004). One of the hybrid methods
is the 10-based hybrid (IOH) method, which utilizes the national input-output data (Acquaye,
2010). The output of this method is in the units of energy usage/$ output of an industry sector
(e.g. MJ/$). Although an IOH method is considered to provide most complete results, it also
requires improvements as suggested by the literature (Acquaye, 2010; Dixit et al., 2015).

In this paper, an IOH model is developed and improved for the United States’ industry sectors
to compute the IOH intensity of an industry sector involved in the maintenance and replacement
activities of non-residential facilities. Using life cycle cost data and IOH intensity, the REE of
88 healthcare facilities is quantified and evaluated.

2. Literature Review

2.1 Embodied Energy Model for Built Facilities

The total Life cycle embodied energy (LCEE) of a facility constitutes its initial (IEE), recurrent
(REE), and demolition embodied energy (DE). As shown in Figure 1, the IEE covers the energy
embodied in construction materials and processes used in the initial construction of a facility.
IEE also includes the energy embodied in various equipment installed in the facility and other
processes such as transportation, administration, and consultancy services. After the facility is
built, occupied, and used, the activities of maintenance and replacement consume energy and
also nonenergy inputs such as building materials, assemblies, and equipment. Also, if any part
of the facility is refurbished or a system is retrofitted, energy and non-energy inputs are
consumed. Sum of the energy spent directly and indirectly in the use phase maintenance and
replacement activities is termed REE (Cole and Kernan, 1996). Because the maintenance and
replacement works occur periodically, the amount of REE depends primarily on the facility’s
service life. It also depends on its materials, assemblies, and systems. For instance, materials or
systems with lower embodied energy and replacement ratio (long service life) would result in
lower REE. REE also depends on the maintenance requirements of products used in the facility
(Winistorfer et al., 2005; Dixit et al., 2014b). Similar to the construction phase, the maintenance
and replacement activities require resources such as building materials, labor, and equipment
(Dixit et al., 2014a). The processes of construction (e.g. repair), transportation, and management
are also needed at this stage. The sum of energy directly and indirectly required to demolish the
facility and haul its materials for recycling, reuse, or disposal is called its DE (Cole and Kernan,
1996).
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2.2 Embodied Energy Calculation: Major Issues

A process-based calculation, a bottom up approach, utilizes the process-based embodied energy
data of construction materials and construction and other related processes (Crawford, 2004;
Dixit et al., 2015). An embodied energy database of construction materials with robust data
quality, therefore, becomes extremely important in a process-based analysis. Most process-
based data comes from material manufacturers and, therefore, considered reliable. However,
due to unavailability or confidentiality not all data can be sourced. Apparently, most process-
based data may be regarded as incomplete (Ding, 2004; Crawford, 2004). Unlike process-based
analysis, an 10-based analysis is a top down approach in which the embodied energy of an
entire industry sector is quantified (Crawford, 2004; Dixit et al., 2015). The basic assumption in
an 10-based approach is that all of the products manufactured by the industry sector have the
same embodied energy intensity per monetary unit of their output. Because all monetary
transactions by an industry sector can be traced and translated into energy flows using energy
tariffs, I0-based data are considered complete (Dixit et al., 2015). However, due to aggregated
output of the industry sector, the results are not specific to a product (Crawford, 2004).
Additionally, the unreliability of energy tariffs induces a potential for under estimation or over
estimation of embodied energy (Acquaye, 2010). Other issues such as homogeneity and
proportionality assumptions also contribute to the unreliability of 10-based results (Crawford,
2004; Dixit et al., 2015). Because none of the two methods is perfect, a hybrid method combines
the two methods to improve the quality of embodied energy calculation. Two types of hybrid
methods are available: (1) process-based hybrid and (2) 10-based hybrid (IOH). In a process-
based hybrid approach, the void of unavailable data is filled by integrating 10O data, whereas
process-based data are incorporated into an 10 model to improve the reliability of calculation in
an IOH method (Crawford, 2004).

Although both the hybrid approaches can be further improved, enhancing the reliability and
specificity of an IOH method is more straightforward. Studies such as Treloar (1998), and
Crawford (2004) improved the current form of the IOH method. In spite of these advances,
studies (Crawford, 2004; Acquaye, 2010) suggested further improvements to its system
boundary completeness, accuracy, and specificity. A potential incompleteness arises from the
energy embodied in labor and capital investment, which may not be included in IO accounts
(Dixit, 2015). Additionally, to make the IOH results more material-specific, an industry sector
can be decomposed into two sectors using the sector’s input and output data (Dixit et al., 2015).
Furthermore, if the actual energy usage of all industry sectors of IO accounts can be determined,
it can be integrated into the IO model to circumvent the use of unreliable energy tariffs. Treloar
(1998), Acquaye (2012), and Dixit et al. (2014 and 2015) also discussed the potential of
counting energy inputs multiple times in an IOH method, and suggested using primary energy
factors (PEFs) to address this issue.

2.3 Recurrent Embodied Energy

The REE of a facility is consumed primarily in two types of activities: maintenance and
replacement. A facility’s systems and components may not possess the same service life as the
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facility, and may require one or multiple replacements over its service life (Winistorfer et al.,
2005). These replacements involve material use and construction processes, which contributes
to the total REE of the facility (Ding, 2007). In the case of facility maintenance, two types of
maintenance activities are common: scheduled and unscheduled. Over 50 years of service life, a
facility’s REE could be equal its IEE (Cole, 1996). In a study of secondary school facilities in
Australia, Ding (2007) found that the REE, over a 60-year service life, was 72% of the school
facilities’ total LCEE. Building components such as envelope, finishes, and services, which may
not contain higher initial embodied energy, require a significant amount of REE (3.2 times the
initial embodied energy in a 50-year service life) (Cole, 1996). Likewise, Cole (1996)
determined that for a service life of 25, 50, and 100 years, the REE of these components was
1.3, 3.2, and 7.3 times their IEE, respectively. Treloar et al. (2000) and Adalberth (1997) also
calculated REE as 45% (50-year service life) and 32% (30-year service life) of IEE,
respectively. Pullen (2000) calculated an annual REE of 1% of the total IEE of a facility. This %
value agrees with the values calculated by Adalberth (1997b) and Treloar et al. (2000).

2.4 Facility Management and REE

The management of facilities involve decisions regarding maintenance and replacement, which
can affect their energy and carbon footprint significantly (Elmualim et al., 2010; Dixit et al.,
2014b). The maintenance, repair, and replacement activities consume significant REE directly
in construction, transportation, and administration processes and indirectly through the use of
construction materials and equipment (Brown and pit, 2001; Dixit et al., 2014b). With an
effective maintenance and replacement program, the amount of REE can be significantly
optimized by selecting low-embodied energy, locally available, and durable materials or
products with a longer service life. Materials with high reuse and recycling potential would also
contribute to REE savings (Dixit et al., 2014a). Additionally, facility managers are involved in
the operation of building systems such as air-conditioning, heating, lighting, etc., which
consume a majority of a facility’s total operating energy. With an effective facility management
strategy, this operating energy usage can be considerably optimized (Brown and pit, 2001;
Elmualim et al.,, 2010). In a study focused on commercial facilities, Dixit et al. (2014)
concluded that approximately 90% of a facility’s total life cycle embodied and operating energy
can be influenced by facility management decisions.

3. Research Goal and Methods

The main goal of this paper is to develop an improved IOH model for computing the REE of
commercial facilities in the United States. The calculated values of REE were quantified with a
break up of different energy sources used in the United States. Using the fuel-specific carbon
emission factors, the carbon embodied in commercial facilities was calculated. For comparative
evaluation, the results were compared with those published in relevant literature.

The process of IOH model development was completed in four steps. First, an input-output (I0)

model was developed using the detailed Benchmark Input-Output Accounts published by the
United States. The model comprised of a direct requirement and a total requirement matrix of
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commodities manufactured and used in the United States. Next, to create an IOH model, actual
energy consumption by each industry sector (process data) of the IO model was collected,
refined, and integrated into the model. Integrating process data of energy use avoided the use of
unreliable energy tariffs to translate energy flows from monetary to physical units and enhanced
the reliability of the model. In the third step, the energy embodied in labor and capital inputs
was quantified and integrated into the model to improve its system boundary completeness. To
address the issue of energy double counting, a set of Primary Energy Factors (PEFs) were
calculated for five energy sources: (1) electricity, (2) natural gas, (3) petroleum; (4) coal, and (5)
crude oil and natural gas. Finally, using the PEFs, the embodied energy intensity of the industry
sector involved in maintenance, repair, and replacement activities (NAICS 230201,
Nonresidential Maintenance and Repair) was computed. A more detailed explanation of the
IOH model and PEF calculation can be found in Dixit et al (2015) and Dixit et al (2014c),
respectively. The embodied energy intensity resulted from the IOH model was in the units of
MJ/$ output of the industry sector. By multiplying the maintenance and replacement costs and
the embodied energy intensity, the total REE of facilities under study was calculated.

3.1 Case Study Facilities

This paper sourced total maintenance cost, current replacement value (CRV), and gross exterior
floor area data of 88 healthcare facilities in North America from the Operations and
Maintenance Benchmarks Survey for Healthcare Facilities (IFMA, 2009). Most of the facilities
were acute care hospitals. Figure 1 illustrates a breakup of study facilities. Although survey
included over 150 healthcare facilities, only 88 facilities available with all required data were
used in the study. The age of the facilities were in the range of <5 years to >50 years. Because
the survey did not provide replacement cost data on these facilities, standard replacement costs
for hospital facilities published by the Whitestone Facility Maintenance and Repair Cost
Reference was used (Whitestone Research, 2009). Using the three key life cycle data:
maintenance cost, replacement cost, and CRV; this paper demonstrated the integration of
embodied energy and life cycle cost model.
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Figure 1: Types of healthcare facilities under study
4. Results

The total embodied energy intensity of the Nonresidential Maintenance and Repair sector was
computed as 12.3 MJ/$ of the industry output. This value indicates that for each $ spent on
maintenance, repair, or replacement activity, 12.3 MJ of total primary energy is consumed.
Approximately 42% of this total energy (5.15 MJ/$) is directly consumed, whereas the
remaining energy (7.15 MJ/$) is consumed indirectly through materials and related processes.
Table 1 lists the embodied energy and embodied carbon intensities of the Nonresidential
Maintenance and Repair sector for each energy source used by the industry sector.

Table 1: Calculated embodied energy and carbon intensity

Energy Sources Used in the United States

Intensity of Industry Sector — -
Coal Electricity Natural Gas Petroleum Labor & Capital Total

Embodied Energy (MJ/$) 0.48 2.85 1.66 3.04 1.67 12.30

Embodied Carbon (kg/$) 0.04 0.43 0.08 0.37 0.15 1.08

Figure 2, on its secondary axis, illustrates the total annual REE calculated using the maintenance
cost data sourced from the IFMA survey and the replacement cost referenced from the
Whitestone Research. The primary axis shows the annual carbon dioxide emissions resulting
from the REE consumption. The average annual REE per square meter of the floor area was
approximately 1378 MJ resulting in around 11 kg/m2 of average annual carbon emission. This is
significant because when translated over a life cycle of 50 years, the total REE and carbon
dioxide emission reaches 68.9 GJ and 560 kg per square meter of the gross exterior floor space,
respectively.
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Figure 2: Total annual REE and carbon emission of case study facilities

When analysed by each REE component, the total REE of maintenance and replacement was
computed as 950 MJ/m*> and 428 MJ/m’, respectively. Figure 3 shows the REE values
associated with different maintenance and replacement components. The overall maintenance
activities included the maintenance of building exterior, interior systems, roads and grounds,
utility and central system, and process treatment and environmental systems. The total REE
embodied in external maintenance activities was quantified as 21 MJ/m” All of the maintenance
related to the facilities’ envelope (roof, exterior walls, and ground slab) and exterior signage
was included in the external maintenance. The interior system maintenance covered building
interior elements (interior walls, doors, ceilings, partitions, finishes etc.), interior signage, and
mechanical, plumbing, and electrical systems. The external and interior maintenance activities
involved approximately 296 MJ/m? of REE.
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Figure 3: REE associated with various replacement and maintenance components
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The calculated values of REE were also compared with those published in related literature.
Note that the system boundary differences across these published studies would cause the
calculated REE values to vary significantly. Table 2 compares the results of this study with the
ones referred from various studies. Because most studies had multiple case studies, there results
are displayed under the categories of minimum, maximum, and average. When total REE is
compared, the differences with published values were large. One of the reasons for these large
differences may be the varying system boundary definitions. Table 2 also provides a brief
description of what is included in the referred studies. Some of the larger REE values calculated
by Treloar et al. (2001), Suzuki and Oka (1998), Langston and Langston (2007), and Treloar
(1993) were due to a wider system boundary covering a majority of building elements. In this
study, almost all of the maintenance and replacement expenditure was covered, which may be
the primary reason for larger REE values.

Table 2: Calculated embodied energy and carbon intensity

Studies Annual REE (MJ/m’)
Min. Max. Average System Boundary Inclusions

Treloar, 1993 219 219 219 Envelope & interior components

Cole & Kernan, 1996 85 103 94 Envelope, interior, site, services components
Only few envelope, interior, services

Jaques, 1996 89 89 89 components

Suzuki & Oka, 1998 224 224 224 Most envelope, interior, services components

Eaton et al., 1998 147 153 150 Structure & HVAC

Pullen, 2000 202 202 202 Few envelope, interior, services components
All envelope, interior, site, services

Treloar et al., 2001 435 435 435 components

Scheuer, 2003 88 88 88 Most envelope, interior, services components

Junnila et al., 2006 85 166 125.5 Most envelope, interior components
Repainting & replacing some envelope &

Page, 2006 37 61 49 HVAC components

Ding, 2007 49 216 132.5 Envelope, interior, site, services components
Most envelope, interior, site, services

Langston & Langston, 2007 160 262 211 components

John et al., 2009 30 73 51.5 Envelope & interior components

Fernandez, 2008 33 122 77.5 Only building maintenance

Average 147

This study, total REE

including maintenance &

replacement 445 6307 3376

This study, total REE of L . e

maintenance 18 5879 2048 ,;Ll{lﬂed);;egi:l&tgzimor, site, utilities, & other

This study, total REE of ext.

& int. maintenance 11 1148 580

This study, total REE of ext.

maintenance 0.06 167 83
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5. Discussion

The calculated values of REE and resulting carbon dioxide emissions highlight the significance
of facility management practices in controlling this extensive energy and environmental
footprint of commercial facilities as also discussed by Dixit et al. (2014a). In the United States,
the Building Energy Data Book (2014) reported 81.1 billion square feet of commercial floor
space in 2010 that is projected to reach 103 billion square feet by the end of 2035. Using the
REE and carbon dioxide values calculated in this study, this total commercial floor space
represents approximately 10% of the total annual energy consumption in the nation in 2010.
When translated into carbon dioxide emissions, the total annual REE results in over 16% of the
total annual carbon dioxide emissions. Because facility managers are involved in decision-
making regarding maintenance, replacement, and material and product selection, their decisions
can greatly impact the total annual energy usage and carbon dioxide emissions of the nation.
With the commercial floor space reaching 103 billion square feet in 2035, this impact would be
enormous. As discussed by Dixit et al. (2014b), facility managers can help optimize this energy
and carbon footprint by selecting durable, long-service life, locally available materials with low
embodied energy and high reuse and recycling contents. Durability and long service life would
decrease the number of replacement over a facility’s service life. Sourcing materials or products
from local vendors and suppliers can help reduce transportation distances considerably, which
eventually optimizes total REE. Materials or products with low embodied energy and high reuse
and recycling potential can assist in recovering initial as well as recurrent embodied energy.

6. Conclusions

The IOH model developed in this paper represents significant improvement to the completeness
and accuracy of the current version of an IOH method. The calculation and integration of the
energy embodied in labor and capital good filled some incompleteness inherent in an 10-based
method. Furthermore, avoiding the use of energy prices enhanced the reliability of the model
and its results. Most studies calculated embodied energy as a single energy value, which may be
less accurate in determining the resulting carbon emission. In this paper, the values of REE were
computed with a breakup of various energy sources, which provided a more accurate calculation
of carbon dioxide emissions. The error originating from energy double-counting was also
eliminated by apply the approach suggested by Treloar (1998). In spite of these improvements,
there remains some potential for further advancement. For instance, the industry sector used in
this study represents all nonresidential facilities, which may include other nonbuilding facilities.
A sectoral disaggregation process can be applied to decompose the aggregated industry sector to
compute facility-specific REE values.
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Abstract

In Mediterranean countries, ceramic tiles are one of the most common materials for cladding,
with a high diversity of dimensions, colours and textures, allowing the execution of decorative
panels, which enrich the building stock. Ceramic tiles are also an extremely durable material.
Lisbon presents, in old quarters of the city, several examples that witness this durability, showing
buildings with more than a hundred years with their ceramic decorative panels intact. However,
in recent years, due to changes in the construction methods and the development of new building
materials (whose durability is unknown), ceramic coatings present increasing degradation levels,
with a wide incidence of defects during their life cycle. Thus, it seems relevant to develop studies
focusing the durability and service life of ceramic claddings. In this study, artificial intelligence-
based models are applied to the service life prediction of adhered ceramic claddings. For this
purpose, 195 ceramic claddings systems (directly adhered to substrate) are analysed, through
visual inspections of facades in real service conditions. Artificial intelligence-based models are
able to compute reality, emulating the ability of the human mind to learn in an environment of
uncertainty and imprecision. These models try to measure real-life concepts using mathematical
equations. In this study, two artificial intelligence-based models are applied: artificial neural
networks (ANNSs) and fuzzy systems. ANNs can be seen as emulations of biological neural
systems, and are able to learn through patterns of behaviour, generalizing and adapting to new
situations (predicting the behaviour of new case studies). Fuzzy systems combine numerical
accuracy with transparency in the form of linguistic rules, describing the relationship between
variables by if-then rules. Computationally, artificial intelligence-based models can be described
as universal function approximators, achieving better results than classical linear regression
models. The results obtained reveal that the proposed models are able to describe and predict the
service life of ceramic claddings.

Keywords: Ceramic claddings; Artificial intelligence-based models; Service life prediction.
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1. Introduction

Artificial intelligence-based models are able to compute reality resembling to “the remarkable
ability of the human mind to reason and learn in an environment of uncertainty and imprecision”
(Zadeh, 1992). According to Hernandez-Orallo et al. (2016), this concept is based on the
anthropocentric confidence that intelligence underlies most human behaviour. Artificial neural
networks and fuzzy logic-based models are the most common artificial intelligence-based models,
also called as soft computing methods or computational intelligence, with several applications in
the construction sector. Jang et al. (1997) refer that neural networks can recognize patterns and
are able to adapt themselves to deal with changing environments whereas fuzzy logic systems are
able to apply human knowledge in mathematical inference and in decision-making processes.
However, the application of these methodologies to service life prediction of building fagades is
relatively recent (Silva et al., 2013; Vieira et al., 2014). The main advantage of these models is
related with their capability of solving problems without a previous knowledge of the specific
model, as is the case for the traditional statistical approaches (Krarti, 2003). This study proposes
the application of computational intelligence-based models to the service life prediction of
adhered ceramic claddings. For this purpose, 195 ceramic claddings systems (directly adhered to
substrate) are analysed, based on visual inspections, which evaluate the degradation condition of
facades in real service conditions. In this study, two comutational models are applied: artificial
neural networks and fuzzy logic-based models. Artificial neural networks act as an emulation of
biological neurons and have the capability of reasoning based on a set of degradation patterns,
learning with this patterns even when subjected to an environment of uncertainty and imprecision.
On the other hand, fuzzy logic systems are able to apply human knowledge in mathematical
inference and in decision-making processes. Although these models are very complex, they lead
to consistent and reliable results that can be applied in the optimization of maintenance strategies,
reducing the environmental and economic costs of these claddings during their life cycle.

2. Evaluation of the degradation condition of ceramic
claddings

Mediterranean countries haves a long tradition in the application of ceramic tiles as decorative
panels and as building claddings. Ceramic tiles are considered a noble and durable material, with
a great diversity of sizes, colours and textures, thus having a significant aesthetic potential when
applied as external cladding. Ceramic tiles are also an extremely durable material. Lisbon
presents, in old quarters of the city, several examples that witness this durability, showing
buildings more than a hundred years old with their ceramic decorative panels intact. In Portugal,
ceramic claddings correspond to a small percentage of the fagcades claddings (present in 5.5% of
the buildings built between 1946 and 2001) (Flores-Colen et al., 2008) and their use is often
associated with fashion trends. For this reason, the sample analysed (195 case studies) presents a
wide range of construction periods and typologies, which starts in the twentieth century until the
present day. In the sample analysed, there is a clear peak of using this type of cladding (in the
period 1920-1949), which can be explained by socio-economic reasons (Bordalo et al., 2011).

In recent years, due to changes in the construction methods and the development of new building
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materials (whose durability is unknown), ceramic claddings present increasing degradation levels,
with a wide incidence of defects during their life cycle. Furthermore, various authors (Zhi and
Wei; 1997; Guan et al., 1997) refer that the most common defects are the result of poor
workmanship in tile placement, namely due to poor surface preparation, the presence of voids
between the tile and the adhesive, caused by the application of a very thin adhesive layer either
by not complying with the adhesive opening time, or due to an inadequate tile setting pressure. In
this study, the most common defects detected in ceramic claddings are grouped into four
categories (Silvestre and Brito, 2009; Bordalo et al., 2011): i) visual defects - e.g. defects of a
strictly aesthetic nature, not compromising the loss of performance of the cladding; ii) cracking -
considering three types: glazing cracking (normally caused by the ageing of the tiles); cracking
with no predominant direction (usually of superficial nature and affecting large portions of the
cladding surface); markedly orientated cracking (usually local, deep and wide); iii) deterioration
of the joints - which can jeopardize the performance of the entire cladding, since joints absorb the
claddings’ deformation and for ensuring the water-tightness of the system; iv) adhesion failure
and/or detachment of ceramic claddings - which is the most serious defect, with dire consequences
to the built environment and in the safety of users and owners.

To evaluate the overall degradation of ceramic claddings a quantitative index, proposed by Gaspar
and Brito (2008), is applied, which expresses the global performance of the fagades according to
their physical and visual condition, previously assessed by the field work inspections. This
quantitative index, called severity of degradation, is obtained through the ratio between the extent
of the degradation of the fagade, weighted as a function of the degradation level and the severity
of the defects, and a reference area, equivalent to the maximum theoretical extent of the
degradation for the fagade under analysis - equation 1.

Where S, is the weighted severity of degradation of the facade (%); Axis the area of coating affected
by an defect, in m?; k,is the defect’s n" multiplying factor, as a function of its condition (between 0
and 4); k.. is the weighting coefficient corresponding to the relative importance of each defect based
on the cost of repair (kq,,» € R"); k is the weighting factor equal to the highest degradation level in the
facade; A is the total area of the cladding, in m* Since distinct defects detected in claddings have
different levels of severity. The coefficient £, ,takes into account the relative importance of each
defect, concerning their repair cost. The cost of repair is calculated as the ratio between the sum of the
costs of each operation within the required intervention and the cost of replacing the cladding.

3. Application of artificial intelligence-based models to the service life
prediction of ceramic claddings

The use of “intelligent” models - as fuzzy logic systems or artificial neural networks - has been

implemented in several knowledge areas, aiming to modelling complex phenomena. In this study,
these two approaches are used in the service life prediction models of adhered ceramic claddings.
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The durability and the service life of this type of claddings are estimated, according to their age and
to the most relevant parameters that explain the loss of performance of this type of claddings.
According to a sensitivity analysis performed in this study, the variables with higher influence in
ceramic claddings’ degradation process are distance from the sea and tiles size. Yiu et al. (2007)
refer that external environmental conditions are one of the major causes of degradation of ceramic
tiling systems. Claddings exposed to marine environments are subjected to harmful salts that
promote the presence of defects such as exfoliations or spalling (Lubelli et al., 2004). Concerning
the tiles’ size, a study performed by Medeiros (2002) shows that one of the most unfavourable
conditions for detachment of tiles stems from the use of ceramic tiles greater than or equal to 20 cm
in any direction. Thus, in this study, the tiles’ size was categorized according to the lateral sizes of
the tile; if at least one size is greater than 20 cm, then the cladding belongs to category “L > 20 cm”,
otherwise the cladding belongs to category “L <20cm”.

3.1 Artificial neural networks

ANNs are usually seen as emulations of biological neural systems (Rezeki et al., 2006), being
inspired by the basic mechanisms of the human brain functioning, gathering information through a
learning process (Kazanasmaz et al., 2009). Typically, ANNs comprise hundreds of simple
processing units interconnected through a complex communication network (Lippmann, 1987).
ANNSs can be “trained” to solve difficult problems, which the numerical solutions are not easily
achieved by other more conventional approaches. In this study, a multilayer perceptron model
(MLP) is applied, using a back-propagation algorithm in the training sample. The MLP is used to
develop an expression to estimate the severity of degradation of ceramic tiling systems. In all runs
the global set of patterns is divided into two groups: training (85% of the sample - 166 case studies)
and cross-validation (15% - 29 case studies). The sample used for cross-validation is also used to
test the networks. To apply this model it is necessary to codify the categorical variables; the variables
distance from the sea and size of the tiles have only two possible arbitrary “values” according to the
data collected during the field work, which are: i) distance of the building from the sea - less than 5
km, value 1; otherwise, value -1; ii) tiles’ size - less than 20 cm for at least one of the sides of the
tile, value -1; otherwise, value 1. A 3-4-1 architecture is adopted and the 3 entries are: age of ceramic
claddings, distance from the sea and tiles’ size, and the output is degradation severity. The
degradation severity (Sy) is a function of these variables, as seen in equations (2) and (3).
Coefficients /o to /s4and co;a cs;are presented in Table 1.

Where V| represents the age of the ceramic cladding, V> distance from the sea and Vs tiles’ size.
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Table 1: Coefficients of the proposed formula

i hi C,0i Gli Cy2i Cy3i

) ) ) @) )
0 2.39E-01
1 2.58E-02 3.02E-01 3.06E-03 -4.74E-01 3.74E-01
2 9.01E-02 -9.66E-01 2.86E-02 4.72E-01 -3.41E-01
3 1.61E-01 -5.20E+00 1.01E-01 1.62E-01 5.83E-01
4 -7.39E-02 4.15E-01 -7.53E-03 1.69E-01 -2.45E-01

3.2 Fuzzy logic systems

Conventional computational models tend to deal with reality in a binary form, restricting it to only
two hypothesis, as “0/ 17, “yes / no”, “true / false”. These models are therefore unable to deal with
ambiguous variables (Mukaidono, 2001). However, the available knowledge about a given reality
can be neither absolutely true nor absolutely false and can be sometimes inaccurate, imprecise,
incomplete or even unrealistic (Klir and Yuan, 1995). In fact, as stated by Zadeh (1973), the human
reasoning is not based on a traditional two value logic but uses instead fuzzy truths and fuzzy rules
of inference. According to Rajasekaran et al. (2011), fuzzy logic is one of the modelling techniques
most widely used in artificial intelligence and the models produced are based on four basic concepts:
1) fuzzy sets; ii) linguistic variables; ii) possibility distributions; and iv) fuzzy IF-THEN rules. In
this work, Takagi-Sugeno (TS) fuzzy models are used (Takagi and Sugeno, 1985), which consist of
fuzzy rules where each rule describes a local input-output relationship. Furthermore, a fuzzy C-
means (FCM) is applied as clustering algorithm.

Concerning the application of fuzzy systems to the 195 ceramic claddings studied, 85% (166
cases) of the sample are used in the model training and 15% (29 cases) as a test sample. The
training and test samples are the same that were previously applied in the ANNs models, allowing
a more precise comparison between the two proposed models. In the application of this model it
is necessary to codify the categorical variables; in this case, the variables distance from the sea
and size of the tiles have only two possible arbitrary “values”, which are: i) distance of the
building from the sea - less than 5 km, value -1; otherwise, value 1; ii) tiles’ size - less than 20
cm for at least one of the sides of the tile, value 1; otherwise, value -1. The fuzzy rules describing
the local input-output relation are presented in equations (5) and (6), with the three explanatory
variables: age, size of the ceramic tiles and distance from the sea.

Rule 1: If u;is A11and usis Arpand usis Az and ugis A4 then:

v, (k) = =2.59-102 1, — 2.61-1@ u, + 6.34-105 u, — 8.80-102 6))

Rule 2: If u11s Az and uz1s A2z and w3 is Az and ugis A24  then:

v, (k) = —8.05-105u, — 2.64-103 1, + 2.43-103u, — 2.87-10-3 (6)

Where u; represents distance from the sea, u» size of the ceramic tiles and u3 age of the buildings.
The antecedent fuzzy sets are represented by A;;, where i is the number of the rule and j represents
the various variables analysed. In other words, the one-dimensional fuzzy sets A4;; are obtained from

h

the multidimensional fuzzy sets defined point-wise in the ™ row of the partition matrix by
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projections onto the space of the input variables x;. The model output, S, (severity of degradation of
ceramic claddings), is computed by aggregating the individual rules contribution - equation (7).

o _ 2Btk
>ob %

In Takagi-Sugeno fuzzy models the discriminant function fi(x) is defined as shown in equations

(5) and (6). The number of rules C, the antecedent fuzzy sets A4;, and the consequent parameters
a; and b; are determined by means of fuzzy clustering in the product space of the input and output
variables. 8 represents the degree of activation of the i"rule.

Figure 1 shows the membership functions for each of the three input variables included in the
fuzzy model applied to ceramic tiling systems. The analysis of the variables included in the model
reveals that the clustering clearly divides the data between newer and older buildings. In the
remaining variables, distance from the sea and size of the ceramic tiles, all the categories give the same
contribution to the output of the rules number one and two.

Figure 1: Membership functions for the fuzzy model proposed for ceramic tiling systems
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4. Discussion

Table 2 presents some statistical indicators related to the accuracy of the proposed models. Both
models present high accuracy levels with a Pearson correlation coefficient of 0.88 and 0.93 for
ANNSs and fuzzy logic models, respectively, which reveals a very strong correlation between the
predicted and the observed values. Furthermore, the models have an MAPE (mean absolute
percentage error, which is a statistical measure usually used for evaluating the performance of
predictive models) lower than 10%, thus showing a potentially very good predictive capacity.
Likewise, the percentage of patterns with APE (absolute percentage error) greater than x = 10%, x
= 20%, and x = 30% is analysed, concluding that the errors of the models are relatively low,
considering the complexity of the degradation phenomena of ceramic tiling systems.

Table 2: Statistical indicators used to evaluate the accuracy of the proposed models

Model r MAPE | APE>10% | APE>20% | APE >30%
ANNs 0.93 52% 17.2% 0% 0%
Fuzzy systems | 0.88 7.4% 31.0% 0% 0%

The proposed models lead to coherent and physical credible results. Figures 2 and 3 show the
cumulative distribution function of the estimated service life values obtained by ANNs and fuzzy
logic models, respectively.

Figure 2: Cumulative distribution function of Figure 3: Cumulative distribution function of the
the estimated service life obtained by ANNs  estimated service life obtained by fuzzy model

From the application of the ANNs model an average estimated service life of 50.2 years is
obtained, with a standard deviation of 3.52 years. From the analysis of the results presented in
Figure 2, it is possible to conclude that an ESL of 44 years has a probability higher than 95% of
being exceeded and an ESL of 56 years presents a probability higher than 5% of being exceeded.
In this model, the estimated service life of ceramic claddings ranges between 39.8 and 53.5
years, with high prevalence of values between 50 and 55 years (86% of the sample). Using the
Takagi-Sugeno fuzzy model, an average estimated service life of 50.8 years is obtained, with a
standard deviation of 6.8 years. According to the results presented in Figure 3, an ESL of 39
years has a probability higher than 95% of being exceeded and an ESL of 62 years presents a
probability higher than 5% of being exceeded. These results are in accordance with the values
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proposed in the literature; various authors (Tam et al., 1993; Galbusera et al., 2014) quantify
the expected service life of external ceramic claddings as 50 years; the BMI (Building
Maintenance Information) suggests an expected service life of 45 years for claddings using
metallic elements for fixation (with a range of values between 25 and 55 years).

Figure 4 shows an analysis of the average estimated service life according to the variables included in
the models applied to ceramic tiling systems. The results reveal that claddings located nearer the coast
(< 5 km from the sea) are more prone to degradation, with lower estimated service lives (when the
ceramic tiles have the same size). Smaller ceramic tiles (L < 20 cm) tend to deteriorate slower, having
higher estimated service lives (for the same conditions concerning their proximity from the sea). The
most favourable situation corresponds to a cladding located at more than 5 km from the sea and with
smaller tiles (with an average ESL of 61 and 54 years according to fuzzy and ANNs models,
respectively). The most harmful situation corresponds to fagades in coastal areas with larger tiles (L >
20 cm), with an average estimated service life of 45 and 40 years according to fuzzy and ANNs
models, respectively. In intermediate situations, it is not possible to identify a clear degradation pattern,
1.e. it is not clear which is the most influential variable, distance from the sea or tiles’ size, in the
degradation process of ceramic claddings. The results obtained by fuzzy model are usually more
optimistic.

Figure 4: Analysis of the average estimated service life according to the variables included in

the proposed models

Table 3 shows real examples (within the sample analysed) of the four possible combinations of
the two variables included in the proposed models. As referred before, the results obtained by the
ANNSs and fuzzy logic models are close to field work data. These results are consistent and
coherent with the empirical perception about the degradation phenomenon of ceramic tiling
systems.
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Table 3: Examples of the application of the proposed models to real case studies

Description of the case study

Observed values

Predicted values

Predicted values by

by ANNs fuzzy logic model
Ceramic cladding
with 28 years,
located at less Sw="17.7% Sw=17.9% Sw=8.7%

than 5 km from
the sea and with
L<20cm.

ESL =47.3 years

ESL =50.8 years

ESL =47.4 years

Ceramic cladding
with 35 years,
located at less

than 5 km from
the sea and with

L>20cm.

Sw=18.5%

ESL =36.6 years

Sw=13.8%

ESL =39.8 years

Sw=18.3%

ESL =37.8 years

Ceramic
cladding with 34
years, located at
more than 5 km
from the sea and

with L <20 cm.

Sw="17.4%

ESL =55.7 years

Sw=6.4%

ESL = 53.5 years

Sw=17.5%

ESL =54.2 years

Ceramic cladding
with 42 years,
located at more
than 5 km from
the sea and with

L>20cm.

Sw=15.8%

ESL = 47.2 years

Sw=15.6%

ESL = 44.8 years

Sw =17.8%

ESL = 45.6 years

5. Conclusions

In this study, the application of artificial intelligence-based models is analysed, namely artificial
neural networks and fuzzy logic systems applied to the service life prediction of ceramic
claddings. These methods seek to combine knowledge-based on human reasoning with
mathematical inference, which may support decision-making processes, i.e. these approaches are
able to learn from a set of behaviour patterns (in an uncertainty and imprecision environment),
adapting to model and explain new cases and examples hitherto unknown to the model.

Artificial neural networks are able to acquire empirical knowledge from a set of learning data for
a given problem. Therefore, these models is able to learn and generalize from experiences and
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examples (using for this a training sample), adapting to new situations. This is an extremely
important capability because it allows solving complex problems whose analytical or numerical
solutions are difficult to achieve by more conventional approaches. However, the models based
on artificial neural networks are still regarded as “black box” models, since the model is defined
using thousands of synaptic weights whose logic interpretation may be complex.

The fuzzy logic models are described in the literature as “grey box” models; the operation process
is known, however, the results obtained depend on the sample used. Like the artificial neural
networks, these models are able to learn and generalize based on experiments and examples.
Furthermore, fuzzy logic models combine numerical precision with transparency in the form of
linguistic rules. Fuzzy logic models can deal with the uncertainty associated with complex
phenomena - such as degradation of construction elements - with higher precision and better
performance than the classical linear models. In fact, fuzzy logic models are known to be able to
effectively model inaccurate data, and even if the sample presents some outliers or influential
points, these case studies do not contribute to bias the results. However, the complexity associated
with such models can constrain their use in modelling the service life of ceramic claddings, since
they can become difficult to understand by users who are not familiar with this type of
mathematical approaches.

The proposed models react to data that are used in their definition (as any statistical or prediction
model), being in principle more reliable and precise with the increase in the number of available
data or by increasing the representativeness of the samples. Regardless of their benefits and
limitations, artificial intelligence-based models are able to conveniently describe the degradation
of ceramic claddings. In the case of artificial neural network models an estimated service life of
50 years is obtained and using the fuzzy logic systems an estimated service life of 51 years is
obtained. These values seem realistic (in the same order of magnitude of the values present in the
literature), with small deviations and errors. A high correlation between the observed values
during the field work and the values predicted by the proposed models is also observed. Fuzzy
logic models lead to the most optimistic results, but still reliable with regard to its physical sense.
Finally, it should be noted that these models allow obtaining the estimated service life for each
case study (within the test sample), making it possible to estimate the dispersion associated with
the results obtained, as well as set histograms describing the behaviour of the data, that can be
used to define probability distributions. This information is very useful in the definition of
maintenance plans, giving information concerning the risk associated with the failure of ceramic
claddings.
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Abstract

Buildings and construction activities account for a notable share of total energy consumption,
greenhouse gas emissions, waste production and use of virgin materials over their life cycle in
Finland and globally. Legislation and regulation concerning these issues is becoming stricter
and the industry is also developing voluntary actions to tackle these problems. Life Cycle
Assessment (LCA) is a tool that helps quantifying the environmental impacts over the whole
building life cycle, without burden shifting.

The main objective of this research is to quantify the environmental impacts caused by an
industrial building over its whole life cycle using process LCA. The results show, that the
overall lifecycle greenhouse gas emissions - expressed in global warming potential - of the case
study building reach 2.68E+07 kg CO; eq. 79 % of these are building operation related, and 21
% are embodied in construction materials. The results are in line with previous research
assessing residential and office buildings.

LCA industry has developed multiple software tools that can be utilized to calculate
environmental life cycle impacts of goods and services. The industrial case building material
production impacts were calculated using three available LCA software tools, to find out
whether the selection of the tool significantly affects the results. Even though the selected tools
all use different database and have varying features and abilities, the results obtained are of the
same magnitude for the whole building as well as the main building elements.

Keywords: Life Cycle Assessment (LCA), industrial building, environmental impacts, LCA
tools
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1. Introduction

1.1 Motivation for the Research

Sustainability related issues have gained more importance in the real estate and construction
(REC) industry. In the European Union (EU) buildings account for 42 % of final energy
consumption, 35 % of greenhouse gas (GHG) emissions, use of over 50 % of all extracted raw
materials and 30 % of overall water consumption (European Commission, 2012). Legislation
and regulation concerning these issues is becoming stricter and the industry is also developing
voluntary actions to tackle these problems. The awareness of industry actors is rising when
demand from clients and authorities for more sustainable solutions is becoming stronger
(Malmgqvist, et al., 2011).

Buildings are products with long service life over which they cause emissions and other waste
flows into the environment (Junnila, 2004). Building life-cycle starts with extraction of raw
materials and production of construction materials that are assembled together to form a
building in the construction phase. After the building has been commissioned, the emissions
extend over a long service-life, usually at least 50 years, over which substantive amount of
energy is consumed in form of heat and electricity. Also other resources, like water and virgin
materials required for building operation, maintenance and repairs are consumed continuously
and waste is generated. The function of buildings might change several times requiring larger
retrofits and hence even more resources. The end-of-life (EOL) phase continues to cause
environmental impacts when the building is demolished and materials are processed and
recycled, reused or disposed to landfills.

Environmental impacts, like GHG emissions that are contributing to climate change, are
becoming more widely known and studied within the REC industry. Life Cycle Assessment
(LCA) is a tool that enables quantification of environmental impacts generated during a
product’s life cycle from raw material extraction, production and use phase to end-of-life, like in
a buildings’ case, demolition (SFS-EN ISO 14040, 2006). One of the most important qualities
of LCA is that so called burden shifts or trade-offs can be avoided when the whole product
system is modelled and environmental impacts are assessed over the whole life cycle (Wolf, et
al., 2012). Burden shifting means that improvements achieved in some part of a product system
or at some stage of life cycle would bring about negative impacts in another part of the system
or at another point in time.

When measured in gross floor area, industrial buildings cover approximately 11 % of the total
Finnish building gross floor area making industrial buildings the second most important
building type after residential buildings in Finland (Official Statistics of Finland, 2014). Several
studies have been made where environmental life cycle impacts of buildings have been
quantified and analysed. Most of these LCAs have been executed for residential buildings
(Saari, 2001)(Blengini, 2009) (Ortiz-Rodriguez, et al., 2010) (Pasanen et al., 2011) (Passer et
al., 2012) (Rossi, et al., 2012). There are also examples of studies analysing office buildings
(Junnila, 2004) (Junnila, et al., 2006) (Wallhagen, et al., 2011) (Kofoworola & Gheewala, 2008)
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and public buildings (Chang, et al., 2012) (Scheuer, et al., 2003). Though environmental life
cycle impacts of residential, office and public buildings have been studied rather widely,
industrial buildings have so far not been addressed.

1.2 Scope of the Research and Used Methods and Materials

The main objective of this research is to quantify the environmental impacts caused by an
industrial building over its whole life cycle. The results will be put in context of previous
research to find out whether industrial buildings cause similar impacts as residential and office
buildings. The material related embodied impacts are calculated using three different existing
LCA software tools; SimaPro, 3600ptimi and ILMARI. This is done in order to reveal possible
difference in results and to find out why they might occur. This is important when new LCA
tools are constantly being developed.

So to sum up, the aim of the study is to:
1. Quantify the environmental life cycle impacts of an industrial building in Finland,
2. See how the results settle in line with existing results obtained from studies assessing
residential and office buildings;
3. Find out whether the impacts differ when calculated using different LCA software tools.

The empirical part of this research is a quantitative life cycle assessment of a case building.
Cradle-to-grave process LCA is conducted for an industrial building using 3600ptimi LCA
software tool. The emissions caused by material manufacturing are also calculated using two
other LCA tools: SimaPro and ILMARI. The obtained results are compared and reasons behind
possible differences are analysed. All life-cycle stages from construction material production,
building operation and maintenance to end-of-life are included in the case building LCA. Only
the construction installation process on site is left outside the scope. The service life used in
calculations is 60 years. The results are expressed in global warming potential (GWP) value in
carbon equivalents.

Building elements that are included in the calculations include foundations, structural elements,
building envelope, structural floors and ceilings, roof assemblies, structural wall assemblies, and
interior non-bearing walls. Excluded items include all external site elements like paved areas,
and site equipment, interior finishes as well as building service elements; plumbing, air
conditioning, electrical, data transfer and mechanical elements and elevators. When assessing
the operational life-cycle impacts, the studied building operations include space cooling and
heating, service water heating, elevators, pumps and fans and other building services required to
maintain desired indoor conditions. User related electricity, like lighting and receptacle
equipment is also included.

2. Building Life Cycle Assessments

Typical building life cycle consists of the stages presented in figure 1 below (SFS-EN
15978, 2011). The product stage (modules Al to A3) takes into consideration the cradle
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to gate processes for the construction material production from raw material extraction to the
factory gate. The construction process stage (modules A4 to A5) covers the processes from
the factory gate to the completion of the construction works, including all transportation,
storage and installation. The use stage (modules B1 to B7) covers the building usage and
operation from completion of construction works to the point of time when the building is
demolished. This stage includes building services (heating, ventilation, air conditioning,
cooling, lighting, water supply, etc.), maintenance and cleaning and other operations-related
activities. The end of life stage (modules C1 to C4) covers building deconstruction and
preliminary on-site sorting of materials, transport of materials to final disposal or recycling site
and waste processing activities for reuse, recovery or recycling.

Figure 1 Display of modular information for the different stages of building assessment (figure
modified from SFS-EN 15978, 2011)

As is often the case when studying buildings, process life cycle assessment is applied in this
study. In process analysis, environmental impacts generated over a product life-cycle are
assessed through flows of material, energy and emissions to and from the studied system
(Pandey, et al., 2011). The system can be modelled to the required detail and specific products
within the process can be studied. The inclusion and exclusion of processes is a subjective
choice made by the person conducting the study which results in a problem with the system
boundary definition (Suh, et al., 2004). The problem of system boundary selection and the
incompleteness of LCA results (if all relevant processes are not included in the modelling of the
studied system) is called truncation error (Lenzen, 2000). The influence of truncation error in
overall LCA results can be as high as 50 %.

Total life-cycle environmental impacts of buildings consist of two types of emissions: embodied
and operational (Ramesh, et al., 2010). Embodied emissions are caused by all processes of
construction material production, transport, onsite construction activities and maintenance and
renovation of the building while operational emissions take place in the use phase and are
caused by energy consumption required to maintain the desired indoor environment through
heating, cooling, lighting and other building services and appliance operation (Dixit, et al.,
2012). After having assessed the LCA results of 73 case studies, Ramesh et al (2010) concluded
that in average the operational energy accounts for 80-90 % and embodied energy for 10-20 %
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of total building life cycle energy use and that the generated emissions are in line with energy
consumption. Junnila (2004) studied three office buildings and stated that operation of the
building causes 70-85 % of climate change impact over the building service life while embodied
impacts account respectively for 25-30 %.

In this research, carbon equivalents are used to assess the negative environmental impacts
caused over the life cycle of an industrial building. By the definition of ISO, greenhouse gases
are “gaseous constituents of the atmosphere -- that absorb and emit radiation at specific
wavelengths within the spectrum of infrared radiation emitted by the Earth’s surface, the
atmosphere and clouds” (SFS-EN ISO 14064-1, 2006). The most known greenhouse gas is
carbon dioxide (CO,), but there are other gases like methane (CH4) and nitrous oxide (N,O).
When talking about the GWP, the radiative forcing impact of one mass-based unit of these gases
is compared to an equivalent unit of CO, over a given period of time.

3. Life Cycle Assessment of and Industrial Building

3.1 Presentation of the case building and used tools

The case building is a 12 547 gross square meter vehicle repair centre situated in Southern
Finland. At the time of this research, the project was at its implementation design phase. The
building consists of approximately 7200 m” of industrial space and 4300 m? of office space. The
remaining area is either storage or technical space. The building frame is mainly executed as
precast reinforced concrete element construction. Some characteristics of the case building
industrial areas include high ceilings and long spans. There are no intermediate floors or walls
in the industrial spaces and surfaces are left unfinished. On the other hand, the load bearing
floor slabs are thicker than in regular office or residential buildings because they need to support
large vehicles indoors. The building is connected to the local district heating network. Heat is
distributed through radiators in office space and floor heating and air-circulation heating in
industrial areas.

As one goal of this study is to find out whether the embodied impacts differ when calculated
using different LCA software tools, three LCA software tools, that are capable of calculating the
initial embodied impacts, were chosen: SimaPro, 3600ptimi and ILMARI. SimaPro is widely
known and one of the most used LCA tools (Pré, 2014). It is developed by Dutch Pré
Consultants. 3600ptimi is a fairly recent and building specific LCA tool developed by Finnish
Bionova (Bionova, 2015). ILMARI carbon footprint calculation tool has been developed by the
Technical Research Center of Finland (VTT) and Poyry Finland Oy. It should be stated that
within this research, the licence of 3600ptimi used covers only LEED (Leadership in Energy
and Environmental design) environmental certification system compliant LCA. So it is unclear
whether other licences of the same software include more features.

In order for the results obtained from these different tools to be somewhat comparable, the LCA
modelling was executed as similarly as possible with all the three tools. However, the tools are
somewhat different by nature. SimaPro, for example, allows for a considerably more
detailed analysis with option of developing own assemblies. SimaPro also features several
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options for life cycle impact assessment method, such as CML, EDIP, ReCiPe, TRACI, EPS
and IMPACT. For this study, CML 2 (2000; v.2.05) is chosen, because it is also used
within 3600ptimi. ILMARI doesn’t specify which methodology is used in calculations.

Within SimaPro, the Ecoinvent database is used. Ecoinvent includes data for most common
construction products, like concrete and rebars. However in many cases when using SimaPro,
construction materials are not ready in the database. The user has to know the material
ingredients of construction materials, like insulation boards, which is not always evident.
ILMARI and 3600ptimi are building-specific LCA tools and include hence large material
library of construction products. They both have information ready for whole structural
elements, like hollow core slabs which are commonly used in Finnish construction projects. In
SimaPro, the user has to “construct” these structural elements so information about their
ingredients is required. The data in ILMARI is mainly collected from the Finnish Building
Information Group’s environmental declarations and secondly from public databases and most
important Finnish manufacturers’ EPDs (Hakkinen, 2011). 3600ptimi contains emissions data
from mainly Nordic and Central European construction material manufacturers.

3.2 LCA process

The bill of quantities used in the study was generated from the architectural and structural
building information models using Solibri Model Checker and the structural types of the
building. At the time of this research, the model was still incomplete, so some information was
added to the materials list manually, such as the amount of steel reinforcement in prefabricated
concrete elements. After the actual amounts of construction materials were determined, the
amounts were submitted in all three LCA tools. Secondary data available in the built-in
databases of the three used software tools was used in the inventory because actual material and
product manufacturers were not known at the time of the LCA study. When possible, however,
the data quality was estimated based on age of the data, geographical specificity, technology
coverage and third party verifications.

As always in building life cycle assessments, set of assumption and simplifications were made
during the study. As construction materials bill of quantity was compiled in volume, average
densities were used in order to calculate the mass of different materials. Material densities were
collected from literature and material manufacturer’s technical product descriptions. Material
losses that are expected to occur at the construction site were taken into consideration. The
losses were estimated based on a study by Sirje Vares (2001). Transportation to the construction
site was also estimated based on manufacturing plant location of biggest Finnish material
manufacturers. Because the LCA was executed before the building construction began, actual
distances could not be acquired. Transportation covers the distance from product or material
manufacturing plants to the project site.

Operational impacts were calculated by hand using yearly electricity and district heat

consumption values and average Finnish emission factors. Energy simulation of the case
building was executed using IDA Indoor Climate and Energy software, IDA ICE. Yearly
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electricity and district heat consumption determined through energy simulation at design stage
are assumed to stay equal during the 60 years which is of course not likely in reality. The
emission factors used in this study are based on carbon neutral vision of Finnish Energy
Industries. In the vision (2010), it is estimated that emissions caused by electricity production in
Finland drop from 280 to 30 g CO; eq/kWh between 2010 and 2050 and respectively emissions
from district heat production drop from 220 to 25 g CO; eq /kWh.

3.3 Results

In the actual research, six environmental impact indicators were studied but in this paper, only
GHG emissions are presented. The case building total embodied GHG emissions expressed in
carbon equivalents reach 5.51E+06 kg CO, eq. As the building gross floor area is 12 547 m?, the
normalized results are respectively 439 kg CO, eq/m’. Embodied impacts consist of material
production, transportation to the building site, maintenance and material replacements, and end-
of-life stage including demolition and material processing. Embodied emissions in different life
cycle stages are presented in table 1 below. Within the embodied impacts, material
manufacturing causes almost 85 %; end of life little over 9 % and the rest (transportation and
maintenance) together a little over 6 %. Global warming potential was chosen as reference
indicator because so far it has been the most addressed environmental impact indicator within
existing literature and previous research. Additionally, it is the only indicator that can be
calculated using ILMARI software.

Table 1 Embodied global warming potential of different life cycle stages of the case building

Building life- _ 2°°3!  Share of

cycle stage Warmi.ng . total
Potential impacts
kg CO2 eq %
A1-A3 4,66E+06 84,60 %
Al 1,37E+05 2,49 %
B1-B3 5,20E-02 0,00 %
B4-B5 2,11E+05 3,83 %
C1 5,87E+04 1,07 %
C2 2,94E+04 0,53 %
C3-C4 4,12E+05 7,48 %
Total 5,51E+06 100

The building consumes annually about 2 210 MWh electricity and 990 MWh district heat
energy. When multiplied with the average Finnish emissions factors, the total operational GHG
emissions of the case building reach 2.13E+07 kg CO; eq over the 60-year study period. These
values translate into normalized emissions of 1697 kg CO, eq /m”* and 29.3 kg CO, eq/m’,year.

When the operational emissions are added up with the embodied emissions discussed earlier and
presented in table 1, the overall global warming potential of the studied building expressed in
CO, equivalents reach 2.68E+07 kg CO, eq meaning 2136 kg CO, eq /m* and 35.6 kg CO,
eq/m’,year. As can be seen in figure 2, over the whole building life cycle, the operational energy
use causes most emissions: 79 % of the overall emissions. Construction material production and
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the transportation of materials to the site together account for 18 %. The maintenance and
material replacement and end-of-life phase both have a share of 1 % of the total emissions.

2%
17% N A1-A3 Construction
1% Materials
[-1% . .
/. A4 Transportation to site

B1-B5 Use, maintenance
and material replacement

B6 Operational energy

use
79% "

Figure 2 The share of total GWP caused in different building life-cycle stages.

As construction materials account for the largest share of embodied GHG emissions, 85 % for
the case project, the building life-cycle stages A1-A3 are looked into in more detail. Material
production related emissions were calculated using the three previously mentioned LCA tools.
The results obtained for different building elements using the three tools are presented in table 2
below in carbon dioxide equivalents. As ILMARI automatically totals the emissions caused by
transport of materials to the construction site with the emissions caused by materials
manufacturing processes, the life-cycle stage A4 is also included in the case of ILMARI.

Table 2 Greenhouse gas emissions in kg CO; eq caused by construction materials

Building element SimaPro 3600ptimi ILMARI

Foundations 5,98E+05 4,99E+05 7,15E+05
Ground floors 1,68E+06 8,16E+05 1,18E+06
Structural frame 1,65E+06 1,97E+06 1,88E+06
Facades 4,11E4+05 5,40E+05 3,76E+05
Roofs 1,70E4+05 4,58E+05 6,28E+05
Internal dividers 1,81E4+05 3,70E+05 4,24E4+05
Total 4,69E+06 4,66E+06 5,20E+06

As can be seen in table 2, building frame and ground floors cause most emissions according to
results obtained using all three tools. Building frame causes most emissions according to
3600ptimi and ILMARI, but the results obtained using SimaPro suggest that the ground floor
causes slightly higher emissions. Due to the function of the building as large vehicle
maintenance centre, the building ground floor needs to support heavy loads of truck and bus
traffic inside. The reinforced concrete floor slab in the industrial spaces is partly even 300 mm
thick. Foundations are the third most important element accounting for approximately the same
share of GWP emissions (11-14 %) regardless of the tool. Also the share of internal dividers is
relatively close (4-8 %) when calculated with all three tools. Most variance happens for the
share of ground floors which for 3600ptimi is 17 % and for SimaPro 36 %. Roofs and internal
dividers seem to account for the smallest part of environmental impacts over the whole building
life cycle regardless of selected tool.
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4. Discussion

To answer the first research question of environmental life cycle impacts of an industrial
building in Finland, the overall lifecycle greenhouse gas emissions of the case study building
reach 2.68E+07 kg CO, eq. The material related embodied impacts are 5.51E+06 kg CO, eq and
operational impacts 2.13E+07 kg CO; eq. Embodied life cycle impacts proved to present 21 %
of overall life cycle impacts of the case building while operational impacts cover 79 %.

In figure 4, the embodied life cycle global warming potential of the case building is presented
together with GWP of 19 other case buildings assessed in nine existing research studies. Since,
there were no examples in previous research of an industrial building LCA, the results obtained
in this study are compared with those of office and residential building LCAs. As can be seen in
figure 4, the results of the study seem to be in line with previous research. Both the GWP value
of 439kg CO, eq/m” for embodied impacts and the 29.3 CO, eq/m” ,year for operational impacts
settle in the mid-range of the chart.

1000 120

Embodied impact [kg CO; eq /m?]

Operational impact [kg CO; eq/m?year]

Residential

vz | ndustrial

Office

= Operational Impacts

Figure 3 Results of industrial building LCA in comparison with residential and office buildings

It must be kept in mind that the studies are not comparable due to the differences in their
scopes and the differences in studied buildings. Multiple reasons may explain why the results
between studies vary. Scope of each LCA is determined to serve the goal of the study. Also the
type of reported building area varies when some discuss net floor area (Passer, et al., 2012)
(Blengini, 2009), others gross floor area (Junnila, 2004) and few heated area (Pasanen, et al.,
2011).

97



As the LCA of the case building was conducted as process LCA, there are some fundamental
limitations to the preciseness of the results obtained mainly due to the earlier mentioned
truncation error and the decision made to exclude some of the building systems from the
analysis. To recapitulate the main issue in truncation error is that the system boundary is limited
when it comes to upstream activities in supply chain of construction materials production.
Another issue in result preciseness is representativeness of the data in the three databases
compared to the actual case building.

5. Conclusions

Based on the research results, industrial building life cycle impacts are similar to those of office
and residential buildings. Most important when assessed in global warming potential are the use
phase operational impacts followed by construction material production. In order to reach lower
environmental impact over the whole building life cycle, most attention should hence be paid on
efforts reducing operational energy use or the emission intensity of energy production. Of
construction materials, most important elements are the building frame and ground floors
followed by foundation structures. The share of embodied and operational emissions of the
overall emissions is in line with previous research as was visualized in figure 4. Industrial
buildings seem to prove no exception to office and residential buildings.

The LCA software industry has developed multiple software tools to calculate environmental
life cycle impacts of buildings. Not all tools require extensive knowledge on LCA. Three LCA
software tools were utilized in this study to quantify embodied environmental impacts of an
industrial building. Considering the third and final research question, the results obtained using
those three different tools proved to be similar but to still include some differences. The
construction material production emission results varied from 4.66E+06 obtained using SimaPro
to 5.20E+06 kg CO, eq obtained using ILMARI.

All tools prove same building elements to cause biggest impacts even though there are
differences whether the building frame or ground floors cause higher emissions. As the same
bill of quantity of construction materials was applied in each tool, difference in results can be
concluded to be caused either by differences in the database each software tool uses or their
impact assessment methodology. For example the greenhouse gas intensity of material
production of different construction materials vary between the databases the tools use. It seems
that the variances between databases for different materials are evened out when the whole
building is analysed. Difference in greenhouse gas intensity of production of construction
material might also be due to the selection of material within the database each tool uses.
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Abstract

Hotels, which are part and parcel of the tourism industry, utilize resources for their round-the-clock
operations. Deluxe hotels, in particular, consume substantial resources in order to satisfy the demands
of upmarket patrons. Aimed at investigating the greenhouse gas emissions (commonly known as
“carbon emissions”) of deluxe hotels and their relations with the hotels’ maintenance costs, a study
was conducted based on empirical facilities management data. To gather reliable data of hotels’
characteristics, utilities consumptions and maintenance costs, face-to-face interviews were held
individually with the representatives of 12 hotels in Hong Kong. Based on the Hong Kong
government’s guidelines on quantification of carbon emissions, the collected data were processed to
determine the emissions arising from resources consumptions of the hotels. Indirect emissions
resulted from the use of electricity purchased from power companies dominated the carbon emissions
of the hotels. Emissions due to the use of water and the associated waste water treatment were
negligible. Among the characteristic parameters, gross floor area was found to be a better
normalization factor for the emissions. Carbon emission was negatively correlated with capital project
cost, implying that appropriate input of resources for facilities improvement could mitigate the
emission. While these findings are useful information for hotel operators and facilities managers,
further effort is needed to include more hotels in the analysis in order to obtain more representative
results.

Keywords: Carbon, energy, greenhouse gas, hotel, maintenance cost, resources.
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1. Introduction

Buildings are major consumers of energy (IPCC, 2007; WBCSD, 2009). With a remarkably high
density of buildings, Hong Kong is among the energy-intensive cities. In parallel to the rise in energy
use and resources consumptions for activities in buildings, the greenhouse gas emissions (GHGs) of
Hong Kong have continued to increase (EPD, 2012), exceeding the levels of many developing
countries (IEA, 2009).

In order to help the quantification of GHGs (commonly known as “carbon emissions”) of buildings,
the Environmental Protection Department and the Electrical and Mechanical Services Department
have jointly published a set of guidelines (EPD-EMSD, 2010). Unlike some overseas places where
reporting of carbon emissions has become a regulatory requirement, it is not mandatory for building
owners or facilities managers to report the carbon emissions of their buildings in Hong Kong (Lai,
2014). In fact, implementation of carbon audits has not been a common practice (Lai et al., 2012).

Around the world there have been various studies on carbon emissions of hotels (Filimonau et al.,
2011). Besides purely theoretical studies, some empirical research works have been carried out using
record data of buildings. In the study of Jiang and Tovey (2009) where nine commercial buildings in
China were covered, the yearly carbon emissions associated with their electricity consumptions were
around 158 kg/m”. In Singapore, Wu et al. (2010) analyzed the carbon emissions of 29 hotels and
showed that their carbon intensity ranking is sensitive to the denominator used for normalization. The
study of Huang et al. (2015), which considered scope 1 and scope 2 emissions under the GHG
Protocol (WRI-WBCSD, 2004), found that the annual average carbon emission level of Taiwanese
luxury hotels was 132 kg/ m*. In Hong Kong, a pilot carbon audit was carried out on a typical hotel
(Lai et al., 2012) and the hurdles to making the audit complete include: lack of proper record of
resources consumed by facilities; optional reporting of carbon emissions due to mobile combustion
sources; and unavailability of record data pertaining to commercial tenants in the hotel.

Despite the difficulties in empirical carbon audits, a detailed comparative study covering not only
GHG emissions due to energy use but also those arising from the use of other resources was
conducted on three archetypes of hotels (Lai, 2015), each of which being an archetype of its own
class: 5-star, 4-star and 3-star. In order to further investigate the carbon emissions of hotels, an
extended research project was commenced. And because maintenance costs are often not fully
understood (Chimack et al., 2006), their effects on reducing carbon emissions were examined under
the project. As reported in the following, facilities management data of 12 hotels were collected. After
describing the research methodology of the project, analyses made on the data collected are explained
and discussed. At the end of this article are conclusions drawn from the analysed results and further
works needed in the future.

2. Methodology
2.1 Scope and data collection
The scopes of carbon emissions covered in the study are summarized in Table 1. For Scope 1, the

emissions are due to combustion of stationary and mobile sources. Scope 2 embraces emissions
resulted from consumptions of purchased electricity and gas. Whereas the guidelines of EPD-EMSD
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(2010) provide that it is optional to report other indirect emissions, Scope 3 emissions due to the use
of water and associated treatment of waste water were included in the scope of the study.
Quantification of such emissions necessitates record data of the corresponding utilities consumptions.

Table 1: Scopes of carbon emissions covered

Classification Emission activities
Scope 1 * Stationary sources combustion
*  Mobile sources combustion
Scope 2 *  Consumption of purchased electricity
*  Consumption of purchased gas
Scope 3 *  Consumption of fresh water

* Treatment of waste water

In order to identify the amounts of maintenance expenditures of the hotel buildings and investigate if
such expenditures affect the volumes of the buildings’ carbon emissions, cost items including those
for engaging maintenance staff, covering repair and maintenance works, and financing capital projects
such as renovation or improvement works (e.g. for replacement of energy inefficient equipment) were
required. Because utilities consumptions and maintenance costs are often regarded as sensitive
information (Lai et al., 2008), it is important to build up trust with representatives of the hotels before
requesting them to provide the needed data. As such, a face-to-face interview was held with each of
the representatives in order to collect reliable data. For utilities consumptions, the data collected
include the hotels’ annual consumptions of electricity, town gas, diesel oil and water. For
maintenance costs, the interviewees were requested to provide their annual total maintenance
expenditures, with breakdowns of staff payroll, repair and maintenance cost, and capital project cost.
In addition, characteristic information about the hotels, including their class, building age, gross floor
area, number of guestrooms, occupancy rate and number of guests, was collected.

2.2 Quantification of carbon emissions

The procedures and formulas used for calculating the amounts of carbon emissions of the hotels,
which are based on the above-mentioned guidelines (EPD-EMSD, 2010), are described in the
following.

Similar to the steps taken in an earlier study (Lai, 2015), the amount of carbon dioxide (CO,) emitted
from stationary and mobile sources of fuel combustions, which belong to Scope 1 carbon emissions,
were obtained by inputting the amounts of fuels used and the emission factor of CO, for the
respective fuel types into equation (1). Based on the same amounts of fuels used and by equations (2)
and (3), the emitted amounts of methane (CH,4) and nitrous oxide (N,O) were calculated.

C f=F t=T

ECOz T Lfel L=l AfJ x F(COZ)f (M
S VAT T

Ear, = D rm Dy Are X Franr X Gren, )
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Eyo=D 0 D dri X Fino)r * Ginyo0) ®)

Referring to the amount of electricity purchased from the respective power company (i.e. Hong Kong
Electric Company or China Light and Power Company) during the reporting period, the
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corresponding amount of carbon emissions under Scope 2 was determined by equation (4). Likewise,
the amount of emission due to the use of gas (i.e. town gas supplied by The Hong Kong and China
Gas Company Limited) was calculated using equation (5).

E t=T

Eco = > Ay *xFu 4)
G t=T

Eco =) Ay *Fy (5)

For Scope 3 carbon emissions, the amounts of CO, emitted from the use of electricity for processing
the fresh water consumed were determined by equation (6). Similarly, those emitted from the use of
electricity for processing the resultant sewage were calculated by equation (7), where the default
emission factor is dependent on whether the water was used by restaurants or for catering services
(equation (8)).

w t=T
Eco, = >, AwyxEu) (6)
S t=T
Ego, = X - Ay % Fow) 7
FD|(W), =CaXF(S)t (8)

The total maintenance cost of the hotels, consisting of maintenance staff cost, repair and maintenance
cost, and capital project cost, was calculated using equation (9).

=T

Cr = Em Cesn + Cirn + Cipy ©)
Notations for the above equations:
Agy  =amount (kWh) of electricity used in the " period
Ay, = amount (litre) of the /" type of fuel used in the #” period
A~ =amount (unit; 1 unit = 48 MJ) of gas used in the " period
Aw; ~ =amount (m’) of fresh water used in the / period
C, = activity-dependent factor (0.7 for restaurants and catering services; 1.0 for other
commercial,

residential and institutional purposes)

Cpy = capital project cost (HKS) in the " period
Cg: = repair and maintenance cost (HK$) in the s period
Ci: = maintenance staff cost (HKS) in the M period
Cr = total maintenance cost (HK$)
EgH4 = CH4 emission (kg) due to stationary or mobile sources of fuel combustions
E goz = CO; emission (kg) due to stationary or mobile sources of fuel combustions
E C]?Oz = CO; emission (kg) due to use of purchased electricity
E cGoz = CO, emission (kg) due to use of purchased gas
Egoz = CO, emission (kg) due to processing of sewage
E EVOZ = CO, emission (kg) due to use of fresh water

E]%O = N,0 emission (kg) due to stationary or mobile sources of fuel combustions

(cHy )= emission factor of CHy for the fh type of fuel
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F(002 T emission factor of CO, for the /* type of fuel

Fpiwy = default emission factor (kg/m®) of electricity consumed associated with the amount of
sewage
processed in the # period
Fup), = emission factor of electricity used in the 1" period (specific for individual power companies)
F) = emission factor (kg/unit) of gas used in the " period
F( N,0)f = emission factor of N,O for the /* type of fuel
Fsy = emission factor (kg CO,-e/kWh) of electricity consumed associated with the amount of
sewage
processed in the 7" period
Fay, = emission factor (kg CO,-e/m’) of electricity consumed associated with the amount of water
used in the /" period
f =1,2, ..., F (assigned to the /" type of fuel; F = total number of fuel types)

G(cy,) = global warming potential of CHy

Gy,0) = global warming potential of N,O
t =1, 2, ..., T (assigned to the " period; T = total number of time periods)

2.3 Correlation analysis

After the above calculations of carbon emissions and maintenance costs, the Pearson product-moment
correlation coefficient (»), which is a measure of the correlation between different pairs of
independent variable (X) and dependent variable (Y) under investigation, was computed using
Equation (10), where each of the tested datasets [(x), ..., X,); (1, ..., V)] contains n items. The value of
r ranges between -1 and +1, with -1 indicating total negative correlation, 0 for no correlation, and +1
for total positive correlation.

nE:’:XY — EZIX :IY (10)

V) (S0 (3 - (37

3. Results and Discussion

V=

3.1 Characteristics and utilities consumptions

Data of 12 deluxe hotels were collected and the major characteristics of the hotels are summarized in
Table 2. None of the hotels was newly completed; on average the hotels were about 15 years old, with
the newest and the oldest being 2 and 27 years old respectively. Ranging from 14,975 to 60,493 m?,
the mean gross floor area of the hotels was 46,533 m”. In total, there were 5,300 guestrooms in the
hotels. The mean (442) and median (457) number of guestrooms were comparable. Reflecting a
generally high user demand, the mean annual occupancy rate was 82.6% and the rate of the most
popular hotel was as high as 90.0%. In terms of number of guests, the lowest was 74,241 per year
while the highest amounted to 378,815 per year, or 1,038 per day.
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Table 2: Age, scale and occupancy of the hotels

Mean Median Min. Max. S.D.
Age (vear) 15.3 16.5 2 27 8.8
Floor area (m’°) 46,533 48,783 14,975 60,493 12,215
Guestroom (nos.) 442 457 113 602 135
Occupancy rate (%) 82.6 84.4 65.0 90.0 7.8
Guests per year (nos.) 265,420 270,027 74,241 378,815 85,860

The main energy sources of the hotels were diesel oil, town gas and electricity. Seven of the hotels
used diesel oil for cooking or heating purposes and the mean annual consumption was 313,422 litres
(Table 3). Town gas was used for the same purposes in all the 12 hotels. Varying from 10,757 to
1,152,438 units (1 unit = 48 MJ), the mean annual consumption level of town gas was 280,460 units.
The last, but not the least, energy source was electricity. All the hotels used it for running electrical
installations and, on average, 16,558,556 kWh was consumed per year per hotel. In addition, water is
an indispensable utility for all the hotels. Altogether they consumed over 2.1 million m® of water a
year, with the smallest annual consumption being 43,305 m’ and the largest being 297,000 m”.

Table 3: Annual utilities consumptions of the hotels

Mean Median Min. Max. S.D.
Diesel (litre) 313,422 26,615 0 1,081,260 423,608
Town gas (unit) 280,460 221,692 10,757 1,152,438 299,540
Electricity (kWh) | 16,558,556 15,304,937 4,434,537 30,305,782 7,113,756
Water (m’) 175,567 181,618 43,305 297,000 67,544

3.2 Carbon emissions

Scope 1 carbon emissions consist of direct emissions resulted from combustion of diesel oil and town
gas at stationary sources in the hotels. The amounts of such direct emissions, which cover various
greenhouse gases (CO,, CH4 and N,O), were determined using Equations (1) to (3). As summarized
in Table 4, the annual amount of carbon emission due to the use of diesel oil varied from over 2.8
million kg CO,-equivalent (CO,-e) to nil (where diesel oil was not used). Town gas was used in all
the hotels and the resultant amount of carbon emission under Scope 1 was on average 716,017 kg
CO,-¢ per hotel.

Belonging to Scope 2 (i.e. energy indirect emissions) are carbon emissions due to consumption of
purchased electricity and town gas, which were determined using Equations (4) and (5) respectively.
Clearly, electricity was a dominant energy source for the hotels; its consumptions gave rise to a mean
annual emission level of over 10.2 million kg CO;-e, and the median level among the hotels,
exceeding 10.1 million kg CO,-e, was comparable. When compared with the Scope 1 counterpart, the
carbon emissions due to consumption of purchased town gas under Scope 2, between 6,176 kg CO,-¢
and 661,591 kg CO,-e, were significantly less.
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Table 4: Summary of annual carbon emissions (in kg CO»-e)

Mean Median Min. Max. S.D.
Scope 1- Diesel 820,160 69,645 0 2,829,437 1,108,496
Scope 1 - Town gas 716,017 565,980 27,464 2,942,179 764,728
Scope 2 - Electricity | 10,262,336 10,143,168 3,503,284 17,171,440 4,226,174
Scope 2 - Town gas 161,007 127,269 6,176 661,591 171,960
Scope 3 - Water 101,864 105,374 25,126 172,319 39,189

Emissions resulted from the use of water, under Scope 3, were obtained using Equations (6) to (8).
Ranging between 25,126 kg CO,-e and 172,319 kg CO;-e, the mean and median levels of this
category of emissions have the same order of magnitude as those of town gas under Scope 2.

Based on the total amounts of carbon emissions of the hotels, the proportions of the three scopes of
emissions were worked out, as shown in Figure 1(a). Scope 2 emissions, representing over 86% of the
total emissions, were dominant. In contrast, the proportion of Scope 1 emissions was small, and that
of Scope 3 was even less. When categorized by energy source type, most (over 85%) of the carbon
emissions were resulted from the use of electricity. The proportion of emission due to consumption of
town gas, at about 7%, was a distant second. A slightly lower proportion (6.8%) of the total emission
was produced from using diesel oil. The use of water added a negligible amount to the total emission.

Scope 3,

Electricity, :
85.08Y

Town gas,
7.27%

Diesel, 0.84%
6.80%

(@) (b)

Figure 1: Proportions of carbon emissions
3.3 Normalization of carbon emissions

As observed from the major characteristics above (Table 1), the sampled hotels varied in age, scale
and occupancy. Making direct comparisons between the amounts of carbon emissions of hotels with
different ages would not be fair because their facilities’ conditions and hence their required amounts
of resources consumptions may be different. For hotels with different sizes, it is obvious that
comparing their raw amounts of carbon emissions would not be fair. Likewise, a hotel with a higher
occupancy is expected to consume more resources than one with a lower occupancy. As the former
hotel would have a larger amount of carbon emissions, it would be unfair to compare its carbon
emission with that of the latter hotel.
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For the above reasons, it is necessary to identify an appropriate parameter for normalizing the
amounts of carbon emissions before they could be compared and analysed further. To this end, an
initial step was taken to figure out the proportions of the three scopes of carbon emissions normalized
by different factors that are of potential influence on the amounts of emissions. As the results in Table
5 show, the proportions for the case where the emissions were without normalizations (i.e. the base
case) were: 12.74% (Scope 1), 86.42% (Scope 2) and 0.84 (Scope 3). For the cases where the
emissions were normalized by floor area and number of guestrooms of the hotels, the proportions
were not largely different from those of the base case. The largest differences from the base case
values were found with the case where annual number of guests was used as the normalization factor.
But such differences, ranging from -6.5% (Scope 1) to +1.0% (Scope 2), were not substantial.

Table 5: Proportions (%) of normalized carbon emissions

Normalization factor
None Floor area ( m’) No. of guestrooms Annual no. of guests
Scope 1 12.74 12.71 12.31 11.91 [-6.5%]
Scope 2 86.42 86.47 86.88 87.28 [+1.0%]
Scope 3 0.84 0.83 0.81 0.81 [-3.6%]

Note: Values in square brackets are differences from the base case values.

Further to the above step, a series of trials were carried out by preparing scatter plots of the hotels’
total carbon emissions against their ages, scales and occupancies. Not different from the anticipated
result, the total carbon emissions of the hotels generally increase with their number of guestrooms
(Figure 2). Nevertheless, the R’ value of the best-fit trend line for this scatter plot was low, at 0.2445
only. Another scatter plot, as shown in Figure 3, was made by showing the distribution of the total
carbon emissions against the hotels’ gross floor areas. An upward trend similar to that in the
preceding figure was noted. Whereas both number of guestrooms and gross floor area can represent
the scales of the hotels, the goodness of fit of the trend line for the scatter plot based on gross floor

area was significantly higher (R’ = 0.4507).

A further trial of scatter plot was made by showing the total carbon emissions of the hotels against the
numbers of guests they received (Figure 4). Although this plot exhibits also an upward trend, the rise
in the emissions with increase in number of guests was relatively gentle and the R’ value of the trend
line was only 0.1745. Given that occupancy rate is an alternative parameter that can reflect user
demand, data of the hotels’ occupancy rates as well as their total carbon emissions were used to
prepare another scatter plot. But as shown in Figure 5, no apparent trend was observed.
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From the above trials, it can be concluded that the total carbon emissions of the hotels vary more
closely with their gross floor areas than the other three parameters (i.e. number of guestrooms,
number of guests, and occupancy rate). On this basis, gross floor area was selected as the parameter
for normalizing the carbon emissions, and the normalized emission values were used in the ensuing

analyses.

Based on the total amounts of carbon emissions normalized by the gross floor areas of the hotels,
proportions of the three scopes of emissions were calculated. Emissions belonging to Scope 2, as
shown in Figure 6(a), contributed to over 86% of the total emission, which is almost the same as that
shown in Figure 1(a). The contribution due to Scope 1 activities was comparatively small, at about

12%. The proportion of Scope 3 was negligible.

As for the normalized carbon emissions categorized by energy source, the proportion resulted from
the use of electricity was dominant, at about 85% (Figure 6(b)). Similar to the results shown in Figure
1(b), the proportions of emissions due to the use of town gas, diesel oil and water were relatively

small.
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Figure 6: Proportions of normalized carbon emissions
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3.4 Maintenance cost and its relation with carbon emission

Of the 12 hotels, 11 provided data of maintenance staff cost and repair and maintenance cost. Data of
capital project cost for covering improvement work (e.g. installation of energy saving devices) were
available from eight of the hotels. On average, the capital project cost and the repair and maintenance
cost, at about 9.8 million and 9.6 million respectively, were comparable, and they made up the
majority of the total maintenance cost. But the minimum, maximum and standard deviation values
show that the variations in capital project cost were larger.

Table 6: Annual maintenance costs (HK$) of the hotels

Mean Median Min. Max. S.D.
Repair & maintenance [n=11] | 9,641,863 7,900,000 1,700,000 18,414,369 | 5,426,597
Capital project [n=8] 9,849,487 6,937,611 1,191,000 23,000,000 | 7,765,165
Maintenance staff [n=11] 6,731,237 6,240,000 4,287,780 12,000,000 | 2,349,788
Total maintenance [n=38] 26,357,122 | 28,281,514 | 13,813,362 | 35,000,000 | 7,130,428

In order to test whether the amounts of carbon emissions were dependent on the resources spent on
maintenance for the hotels, Equation (10) was used to compute the Pearson product-moment
correlation coefficient (r) for different pairs of maintenance cost items and scopes of carbon
emissions. For this part of computations, values of normalized maintenance costs (HK$/m?) and
normalized carbon emissions (COz—e/mz) were used. The results, as summarized in Table 7, show that
there was no perfect correlation between any pair of the parameters. The only case where a significant
correlation was found was between capital project cost and Scope 3 emission (r = -0.7096). The
correlation was negative, meaning that the amount of Scope 3 emission decreased with increase in
capital project cost. This suggests that the capital projects probably covered improvement work for
reducing water use, thus leading to drop in Scope 3 emission (Equations 6 to 8).

Table 7: Pearson r coefficients between maintenance costs and carbon emissions

Scope 1 emission Scope 2 emission Scope 3 emission Total emission
Repair & maintenance 0.1302 [0.7028] 0.1281 [0.7074] 0.0173 [0.9598] 0.1462 [0.6680]
Capital project -0.1746 [0.6793] -0.3743 [0.3609] | -0.7096 [0.0487%*] | -0.3644 [0.3749]
Maintenance staff -0.2366 [0.4836] 0.3796 [0.2496] -0.1535 [0.6522] 0.2876 [0.3911]
Total maintenance 0.2307 [0.5825] 0.3966 [0.3306] -0.0603 [0.8873] 0.3891 [0.3408]

Notes: Figures in square brackets are significance values; *correlation is significant at the 0.05 level (2-tailed).

On the other hand, it was anticipated that a larger input of resources for repair and maintenance work
would help improve the performance of facilities in the hotels, leading to reduction in the
corresponding carbon emissions. Likewise, maintenance staff with a higher remuneration would
perform better in operating the facilities, thereby minimizing the amounts of resources used and hence
their carbon emissions. But these anticipations were not supported by the above results, as there were
no significant correlations between the remaining pairs of parameters.
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4. Conclusions

Reliable data of 12 deluxe hotels were collected through face-to-face interviews with the hotels’
representatives. Among the three scopes of carbon emissions studied, Scope 2 emissions dominated as
the hotels relied heavily on the use of electricity purchased from power companies. On average, the
amounts of emissions resulted from the use of town gas and diesel oil were comparable. Water
consumptions and the associated sewage treatment accounted for a negligible portion of the total
carbon emissions.

Using different factors to normalize the carbon emissions led to different results. When compared
with number of guestrooms, number of guests and occupancy rate, gross floor area was found to be a
better normalization factor for the emissions.

The cost of capital projects and that for repair and maintenance accounted for the majority of the
hotel’s maintenance expenditures. The finding that there existed a significant, negative correlation
between capital project cost and carbon emission shows that appropriate input of resources for
improving the facilities in the hotels could mitigate carbon emission. As the representativeness of the
above results is limited by the number of hotels covered so far, it is necessary to include more
samples in the analysis in future.

Acknowledgements

The study was supported by research grant YBA9 of The Hong Kong Polytechnic University and
research grant B-Q47P of the General Research Fund, Research Grant Council of Hong Kong.

References

Chimack M, Aardsma J, Novosel D (2006) Energy Reduction through Practical Scheduled
Maintenance, U.S. Department of Energy.

EPD (2012) Greenhouse Gas Emissions and Carbon Intensity in Hong Kong, Environmental
Protection Department, Hong Kong.

EPD-EMSD (2010) Guidelines to Account for and Report on Greenhouse Gas Emissions and
Removals for Buildings (Commercial, Residential or Institutional Purposes) in Hong Kong,
Environmental Protection Department and Electrical and Mechanical Services Department, Hong
Kong.

Filimonau V, Dickinson J, Robbins D and Huijbregts M A J (2011), “Reviewing the carbon footprint
analysis of hotels: Life Cycle Energy Analysis (LCEA) as a holistic method for carbon impact
appraisal of tourist accommodation.” Journal of Cleaner Production 19: 1917-1930.

IEA (2009) CO; Emissions from Fuel Combustion, International Energy Agency, Paris.

IPCC (2007) Climate Change 2007: Synthesis Report, Intergovernmental Panel on Climate Change,
Geneva.

111



Jiang P and Tovey N K (2009) “Opportunities for low carbon sustainability in large commercial
buildings in China.” Energy Policy 37: 4949-4958.

Lai J H K (2014) “Mandatory Reporting of Greenhouse Gas Emissions from Buildings: Stakeholders’
Opinions in Hong Kong.” Energy Policy 75: 278-288.

Lai J H K (2015) “Carbon footprints of hotels: Analysis of three archetypes in Hong Kong.”
Sustainable Cities and Society 14: 334-341.

Lai J HK, Yik F W H and Jones P (2008) “Expenditure on Operation and Maintenance Service and
Rental Income of Commercial Buildings.” Facilities 26(5/6): 242-265.

Lai J H K, Yik F W H and Man C S (2012) “Carbon Audit: A Literature Review and an Empirical
Study on a Hotel” Facilities 30(9): 417-431.

WBCSD (2009) Energy Efficiency in Buildings: Transforming the Market, World Business Council
for Sustainable Development.

WRI-WBCSD (2004) The Greenhouse Gas Protocol: A Corporate Accounting and Reporting
Standard (revised edition), World Resources Institute and World Business Council for Sustainable

Development.

Wu X, Rajagopalan P and Lee S E (2010) “Benchmarking energy use and greenhouse gas emissions
in Singapore’s hotel industry.” Energy Policy 38: 4520-4527.

112



Part I: Environmental Opportunities
and Challenges

2. Nature and Outdoor Conditions



Building community resilience within involuntary
displacements by enhancing collaboration between
host and displaced communities: A literature
synthesis

Pournima Sridarran,

University of Huddersfield, United Kingdom
(email: Pournima.Sridarran@hud.ac.uk)
Kaushal Keraminiyage,
University of Huddersfield, United Kingdom
(email: K.Keraminiyage@hud.ac.uk)
Dilanthi Amaratunga
University of Huddersfield, United Kingdom
(email: D.Amaratunga@hud.ac.uk)

Abstract

Improving resilience through empowerment of communities is becoming a much sought after
strategy for community level disaster preparedness. Community resilience is the ability of a
community to bounce back to its operational equilibrium after a hazardous stress. This ability
builds up over time based on many underlying factors such as community’s age distribution,
food supply, livelihood, population stability, indigenous knowledge, and communication
capacity. Often, these factors make communities different from one another and define their
level of resilience to disasters and other hazardous stresses.

Involuntary relocations alter the equilibrium position and stress absorbing ability of a
community by merging two (or more) communities with different resilience equilibrium
positions. In this case, resilience of these communities towards potential disasters could be
disturbed. Therefore, when involuntary relocations are to be exercised, maximising the potential
and collaboration of the communities is essential to enhance the overall resilience of the
communities involved. Accordingly, this paper aims to develop a conceptual model to integrate
possible mechanisms to build community resilience within involuntary settlements by
enhancing collaboration between host community and displaced community.

This study was conducted through a comprehensive literature review to investigate the research
question: ‘How involuntary settlements alter the resilience of the communities in Sri Lanka?’ It
has been found that the operational equilibrium of host and displaced communities would make
a shift immediately after relocation, because introduction of a new community will alter the
context of all the influencing factors of a community’s resilience. That shift would also be
higher for the displaced community compared to the host community.
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Consequently, the prospects for the people who have been expelled from their habitual
residence are often uncertain as they are forced to live in a place among people with different
culture and behaviour. Furthermore, economic status, social settings and psychological aspects
could also act as stress factors that affect the resilience of the community. It is challenging to
build community resilience between two communities, which are different from one another.
Besides, time and financial constraints often act as barriers for resettlement planners to consider
such aspects during relocation planning. Therefore, an integrated approach to build community
resilience needs to be incorporated in the policy design and decision-making of relocations by
drawing possible linking mechanisms that facilitate collaboration between communities

Keywords: Community resilience, Involuntary relocations, Host communities, Displacements
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1. Introduction

The rate of Internally Displaced Persons (IDPs) who have been displaced within national
boundaries is increasing considerably without drawing much attention of the world.
International Organization for Migration (2004) defines IDPs as ‘persons or groups of persons
who have been forced or obliged to flee or to leave their homes or places of habitual residence,
in particular as a result of or in order to avoid the effects of armed conflict, situations of
generalized violence, violations of human rights or natural or human-made disasters, and who
have not crossed an internationally recognized State border’ (pp.32-33). Major reasons for the
internal displacements are conflicts, consequences of change in the land usage, and natural
disasters (Betts, 2009). People without the ability and/or wealth to move away from any of these
three situations are known as trapped population (Foresight, 2011). The government, relevant
local authorities, or non-governmental organisations relocate this trapped population to
safeguard against the negative effects of disruptive events. In contrast to the voluntary
displacements, these involuntary relocations are not self-selected or self-motivated (Cao,
Hwang, & Xi, 2012).

Generally, involuntary relocations aim at improving the lives of the trapped population. Also,
‘Guiding principles on internal displacements’ (United Nations, 2004) states in its Principle 7
that, the authorities undertaking such displacement shall ensure, to the greatest practicable
extent, that proper accommodation is provided to the displaced persons, that such displacements
are effected in satisfactory conditions of safety, nutrition, health and hygiene, and that members
of the same family are not separated. However, involuntary relocation often acts only as a
temporary relief and fails to ensure IDPs’ long-term modes of livelihood (Perera, Weerasoori, &
Karunarathne, 2012).

Immediate consequences of involuntary resettlements have an effect on both displaced
community and host community. Host community is defined herein as the community in whose
neighbourhood the displaced people are relocated (Kabra & Mahalwal, 2014). For example,
social disintegration and severe impoverishment are some of the immediate consequences of
involuntary displacements, which affect the economy of the region (Cernea, 1995). According
to Cernea (1995), IDPs have higher possibilities to experience eight negative consequences:
landlessness, joblessness, homelessness, marginalisation, food insecurity, increased morbidity,
social disintegration, and loss of access to common resources (Xi, Hwang, & Drentea, 2013).
Therefore, the host community often blames the IDPs for their economic losses.

Further, cultural, regional, and ethnic differences between host and displaced communities often
trigger discrimination and racism in their day-to-day life (International Committee of the Red
Cross, 2011). Consequently, the prospects for the people who have been expelled from their
habitual residence are often uncertain as they are forced to live in a place among people with
different, culture and behaviour (Berry, 1997). Furthermore, economic status, social settings and
psychological aspects could also act as stressors that affect the resilience of the community.
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Every community has a level of resilience towards disasters. In general, resilience refers to the
ability of a system to return to its equilibrium position after a disturbance (Proag, 2014). The
term community resilience refers to the capacity and the ability of a community to return to its
equilibrium position using community resources after unexpected disruptive events (Magis,
2010). Resilience of a community builds up based on many underlying factors over the time.
Those factors include the community’s age distribution, food supply, livelihood, housing stock
construction quality, population stability, indigenous knowledge, infrastructure availability, and
communication capacity (Cutter, Ash, & Emrich, 2014). These factors make communities
different from one another.

Involuntary relocations make a community to displace involuntarily and another community to
host involuntarily (Kabra & Mahalwal, 2014). Operational equilibrium of these communities
would make a shift immediately after relocation, because introduction of a new community will
alter the context of all the influencing factors of a community’s resilience. Also, that shift would
be higher for the displaced community compared to the host community. It is challenging to
build community resilience between two communities, which are different from one another.
Besides, time and financial constrains often act as barriers for resettlement planners to consider
such aspects during relocation planning (Perera et al., 2012).

Sri Lanka is a country that experienced all types of displacements (Das, 2008). According to the
Ministry of Resettlement Reconstruction and Hindu Religious Affairs Sri Lanka (2015), around
45,000 IDPs are yet to be resettled in Sri Lanka. On the contrary, Internal Displacement
Monitoring Centre (IDMC), an international non-governmental humanitarian organisation stated
that, as of 2015 around 73,700 IDPs remain to be resettled in Sri Lanka. These figures show that
a considerable number of IDPs are yet to be resettled in Sri Lanka, although the actual number
has not been established owing to practical difficulties.

A number of case studies in Sri Lanka (Das, 2008; Manatunge, Herath, Takesada, & Miyata,
2009; Perera et al., 2012; Takesada, Nakayama, & Fujikura, 2009) also provided evidence to the
effect that the incompatible community integration would affect the community resilience and
slow the rate of recovery process. Therefore, the importance of collaboration between the host
and displaced communities needs to be drawn upon in addressing the economic, social, cultural
and psychological consequences of involuntary relocation projects in Sri Lanka. Furthermore,
an integrated approach to community resilience by drawing mechanisms to facilitate
collaboration between communities needs to be incorporated in the policy design and decision-
making.

2. Literature Review

This study was conducted through a comprehensive literature review to investigate the research
question: ‘How involuntary settlements alter the resilience of the communities in Sri Lanka?’
Peer reviewed journal papers, official reports, conference proceedings, and books have been
referred in order to gather the data for this study. Collected data were analysed and synthesised
to draw conclusions.
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2.1 Disaster-induced relocations

Disasters have been defined in different ways depending on the contexts and disciplines.
Combs, Quenemoen, Parrish, and Davis (1999) defined disasters as ‘a time and place specific
event that originates in the natural environment and the resulting disruption of the usual
functions and behaviours of the exposed human population’ (p.1125). However, this definition
doesn’t reflect the severity of the event. United Nations International Strategy for Disaster
Reduction (UNISDR, 2009) defines disasters as ‘a serious disruption of the functioning of a
community or a society involving widespread human, material, economic or environmental
losses and impacts, which exceeds the ability of the affected community or society to cope using
its own resources’ (p.9). This definition represents the same as Comb’s with a special emphasis
on severity of the event. Drawing from the above definitions, disasters can be defined as
disruptions that put the community in need for external assistance for recovery. For the purpose
of this research, UNISDR’s definition has been adopted as the definition for disasters.

EM-DAT: The International Disaster Database (2015) classifies the disasters based on its
technicality as natural disasters and technological disasters. It further subdivides the natural
disasters into geophysical, meteorological, hydrological, climatological, biological, and extra-
terrestrial. As well as, it subdivides the technological disasters into industrial accidents,
transport accidents, and miscellaneous accidents. However, an older classification by Robinson
(2003) suites this article more as it is classified based on the time taken for the displacement.
Robinson (2003) classifies the disasters into two main types: natural disasters and man-made
disasters. It can be further divided into five subcategories (Refer Table 1). Among these types,
sudden impact disasters and complex emergencies trigger immediate displacements, whereas
the other types of disasters give time for a planned relocation. These categories need to be
handled differently, because the people who have been displaced due to sudden impact disasters
and complex emergencies might live in temporary shelters soon after the disasters. Therefore,
government needs to pay immediate attention in order to reduce their vulnerability and to ensure
their wellbeing.

Table 1: Disaster types that induce displacements

Natural Disasters Sudden impact disasters Flood, earthquake, storm, volcanic
eruption, landslide, tsunami

Slow-onset disasters Drought, famine, environmental
degradation, deforestation, pest infestation,
desertification

Epidemic disasters Cholera, measles, dysentery, respiratory

infections, malaria

Man-made Disasters Industrial/technological Activities that lead to pollution, spillage of
disasters hazardous materials, explosions, and fires
Complex emergencies War, internal conflict, human rights
violation

Source: (Robinson, 2003)
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Disaster types recommended by Robinson (2003) can be categorised as shown in the Figure 1
depending on the urgency for displacement. Disaster types that are written in the grey box
(Figure 1) could trigger immediate displacement or eventual displacement depends on the
severity. People who have been displaced because of disasters that trigger immediate
displacement would move to temporary shelters. If resettling in the same habitual residence is
impossible, relevant authorities relocate them to another location permanently or semi-

permanently.
Immediate displacement Sudden impact disasters Temporary
Complex emergencies shelters
Epidemic disasters l
Industrial/technological disasters
Eventual displacement Resett]
Slow-onset disasters esettlements

Figure 1: Urgency of displacements and disaster types

However, there are so many challenges associated in planning and implementing relocation
programmes. Time is often not sufficient for proactive planning and community consultations,
as it requires immediate decisions (Badri, Asgary, Eftekhari, & Levy, 2006). On one hand,
living and adopting a new environment is always a challenge for the displaced persons and on
the other hand hosting a new community is a challenge for the host population.

2.2 Community Disaster Resilience

Literature on disaster management is intertwined in multi-discipline approach bringing together
scholars from different areas (Beggan, 2011). Progressively, the knowledge and practices of
disaster resilience have been highlighted in recent past. Community disaster resilience is the
ability of a community to bounce back to its operational equilibrium, while retaining its
structure and identity, using common resources after an unexpected hazardous stress (Magis,
2010). However, Manyena, O’Brien, O’Keefe, and Rose (2011) argue that, the community will
be in the same vulnerable state at which it has already been before the disaster, if the community
bounced back to its same operational equilibrium position. Therefore, disaster resilience should
be the ability of the community to bounce forward to a better position. Similarly, Aldunce,
Beilin, Handmer, and Howden (2014) stated that, bouncing back to the same position is almost
impossible, because disasters alter some of the characteristics which determines the equilibrium
position of the community. Based on those arguments, community disaster resilience can be
defined as the ability of a community to bounce forward and adopt changes within the possible
minimum time using common resources while returning its essential attributes after a hazardous
stress.

Generally, resilience is a system which build upon several subsystems (Holling, 1973).
Similarly, disaster resilience of a community also builds up over time based on several
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subsystems such as social, economic, institutional, infrastructure and built environment,
and community capital (Cutter, Burton, & Emrich, 2010). Researchers have identified
four dimensions (4Rs) of resilience that build the properties of subsystems’ resilience
(Bruneau et al., 2003; Cimellaro, Reinhorn, & Bruneau, 2010). They are Rapidity, Robustness,
Redundancy, and Resourcefulness (Refer Table 2).

Table 2: Four dimensions of resilience

Rapidity The capacity to meet priorities and achieve goals in a timely manner in
order to contain losses and avoid future disruption

Robustness The capacity to meet priorities and achieve goals in a timely manner in
order to contain losses and avoid future disruption

Redundancy The capacity to satisfy functional requirements in the event of disruption,
degradation, or loss of functionality

Resourcefulness The capacity to identify problems, establish priorities, and mobilize
resources when conditions exist that threaten to disrupt some element,
system, or other unit of analysis

Source: (Bruneau et al., 2003, pp. 737-738)

Proag (2014) illustrated operational equilibrium/ desired functionality level as a steady state in
his study. However, functionality of a community is not an outcome but a process (Cox &
Hamlen, 2015). Therefore, the community’s operational equilibrium cannot always be
illustrated as a steady state. Because, the factors that build up the resilience will keep on
changing over the time and space. Based on these facts it can be presumed that the resilience of
a community cannot be equally distributed among the whole community. Further, Berkes,
Colding, and Folke (2003) stated that, considering resilience within a particular time span, a
single steady state is impossible whereas multiple stable states are possible. These multiple
states can be the level of resilience in different aspects such as economic resilience, social
resilience, ecological resilience, and built environment related resilience of a community.
Within a given time, the equilibrium of a particular sector of resilience can be a single steady
state. It can be illustrated as shown in the Figure 2. The recovery curve that is the equilibrium
curve after the disaster can be altered depends on several factors such as intensity of the
disaster, availability of resources, construction recovery, and amount of business interuption.
Cimellaro et al. (2010) argues that, it is difficult to predict the tendency of recovery as it
depends on several factors subject to the type of disaster, level of interuption, and state of the
commuinity. Also, any forms of alterations in the community would change the tendency of
their recovery.
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Figure 2: Resilience of a particular sector of a community

2.3 Involuntary relocations and community disaster resilience of Sri
Lanka

Involuntary relocation alters the equilibrium position and stress absorbing ability of a
community by introducing another community, which has a different equilibrium position. In
this case, resilience of these two communities towards potential disasters could be disturbed
(Refer Figure 3). Therefore, maximising the potential and collaboration of the communities is
essential to enhance the overall resilience of the communities. Therefore, this research focuses
on building community resilience within involuntary settlements by enhancing collaboration
between host community and displaced community in Sri Lanka. Sri Lanka experienced a
variety of displacements. Recent Sri Lankan case studies (Das, 2008; Manatunge et al., 2009;
Perera et al., 2012; Takesada et al., 2009) encountered different issues that slowed the process
of recovery after involuntary resettlement.
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Figure 3: Resilience of a particular sector of a community after the relocation
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Case 1

In 1977 the Government of Sri Lanka accelerated the Mahaweli multipurpose project to
generate hydroelectric power, store and divert water for irrigation, downstream water regulation
for flood control, develop human settlements, and provide physical and socio-economic
facilities to settlements. This project forced around 3400 families including 900 families who
are from areas prone to earth slips to relocate (Manatunge et al., 2009). However, settlers did
not express satisfaction about the arrangements for more than two decades, which is a very slow
recovery (Takesada et al., 2009). Takesada et al. (2009) claim that the inequality between host
and displaced communities as the obvious reason for the slow recovery. Because, 60% of the
settlers received only marginally productive tea plots, inexperience of the settlers within the tea
plantation created a big difference in income between non-settlers and settlers shortly after
relocation. This difference preventing them from acting as a community and the displaced
population expressed dissatisfaction in common engagements.

Case 2

Similarly, in 2005, 1083 Tsunami affected households were relocated in Hambantota under the
Siribopura resettlement-housing programme. Perera et al. (2012) stated that the income of the
settlers after resettlement did not show considerable improvement. Further, the authors
identified that, owing to resettlement as well as market failure generated by the absence of
formal land right, 30% of the settlers lost their jobs especially farming related jobs and self-
occupation. Moreover, the authors claim that the socio-cultural values were insufficiently linked
with the economic and real estate aspects, which is the basis for the sustainable resettlement
(Perera et al., 2012). Therefore, account has also to be taken of the change in living environment
leading to conflict between the life style of the displaced and the changed environment in which
they have been relocated.

Case 3

Recently, the Government of Sri Lanka entered into an agreement with the Government of India
to build a coal power plant in Trincomalee and it is expected to be completed by 2017 (Ceylon
Electricity Board, 2013). The project requires around 2795 acres of land, which may contribute
to involuntary relocations in future, of which a substantial fraction could be in new and hitherto
unfamiliar built environments.

3. Discussion

Case studies show that Sri Lankan resettled communities experienced certain issues that slow
the process of their recovery. According to the case studies, the major reason is incompatible
community integration. Consequently, this affects successful community integration and
community resilience. However, the relocating agents have often overlooked these issues owing
to time limitations, drawbacks in the policies, and financial unpreparedness (Magis, 2010).
Also, potential future relocations identified in Sri Lanka through recent statistics (IDMC, 2015;
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Ministry of Resettlement Reconstruction and Hindu Religious Affairs Sri Lanka, 2015).
Therefore, need exists within Sri Lankan context to integrate compatible community
collaboration to build community resilience. Government of Sri Lanka made several legislations
and policies to execute the relocations legally and effectively. However, governments/relocation
agencies adopt a top down approach by following certain procedures considering the laws,
regulations, and expectations from the communities. These procedures do not include any
measures to ensure the resilience of the community as a whole.

Cernea (1995) described eight economic consequences of displacements, which leads to
impoverishment of the displaced persons. They are landlessness, joblessness, homelessness,
marginalisation, increased morbidity, food insecurity, loss of access to common property, and
social disarticulation. However, in planned relocation programmes relocating agents provide
land and houses for the re-settlers. Therefore, landlessness and homelessness problem cannot
exist in this context. The likely occurrence of other problems is subjective to specific cases.
However, the poverty of the displaced persons cannot be denied. As Maldonado (2012) stated,
IDPs suffer economically, even though all their losses have been restored.

From the study conducted by Nicassio and Pate (1984) based on the relocation of Indochinese
refugees, some of the severe social problems of re-settlers can be related with planned
relocations. They are, painful memories of disaster and departure, job skills and placement
related issues, lack of ethnic support, cultural difference, and difficulty in practicing religion.
These issues for the IDPs cannot be as severe as identified by refugees. However, it is relevant
up to a certain extent depends on the level of difference between both the communities.

In some cases displaced community’s economic, social characteristics affect the host
community. In 1990, around 100,000 people from a particular ethnic community have been
expelled from the north of Sri Lanka to the district called ‘Puttalam’ due to ethnic strife. Over
the time, some cultural and social practices of the IDPs such as dowry system, dressing styles,
have begun to influence the host community (Thalayasingam, 2009). Thalayasingam (2009)
further states that the educational performance of IDP children was higher compared to the host
children. Also, IDPs of Puttalam gave more importance to the education and that encouraged the
local host community children to follow secondary and territory education.

However, displaced and host communities developed some clashes among themselves and
displaced community has been marginalised by the host community out of fear of losing
resources, government job allocation and educational quota (Brun, 2009). A common tendency
can be observed based on the case studies (Brun, 2009; Thalayasingam, 2009) is, host
community welcome the displaced persons at the beginning and by the time they withdraw their
assistance owing to the fear of loosing resources. The reason being, migration process can be a
benefit for a certain group and a loss for another group. It is difficult to identify the people who
are vulnerable and who are in need. Therefore, all the assistance and benefits are given for all
the displaced persons without any discrimination. This might create an imbalance in the society
and lead to tension and jealousy among local people (Brun, 2009). These issues restrict both
communities to act as a community and make them vulnerable to future disasters. Furthermore,
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disaster resilience of the community in terms of availability of temporary shelters, food supply,
and evacuation plans might get affected and make both communities vulnerable to future
disasters.

4. Conclusions

Disasters sometimes make lands unfit for human habitation and forces its residents to move
away from it. It is government’s responsibility to relocate the trapped population to another safe
environment. Disaster-induced involuntary relocations are rather common in Sri Lanka.
However, displaced and host communities face many problems related to economic, social, and
cultural incompatibilities that could slow the recovery process. (Das, 2008; Manatunge et al.,
2009; Perera et al., 2012; Takesada et al., 2009). Also, this can alter the equilibrium level of the
community and disturb the disaster resilience of the community. Governments/relocation
agencies adopt a top down approach by following certain procedures considering the laws,
regulations, and expectations from the communities. Whereas, the ideal approach is the bottom
up in which communities engaged in the decision-making. Following the ideal approach is often
not practical as the government is given only limited time and resources. Therefore, finding a
middle ground by connecting both the mechanisms is necessary to reduce relocation failures and
to enhance quick recovery.

A conceptual model (Refer Figure 4) was developed integrating the top down and the bottom up
approaches in order to find out the middle ground.

Figure 4: Conceptual model

The model shows that how relocation decision has been taken (top down approach) and how it
is expected (bottom up approach). The government or the relocation agencies usually have

124



procedures and policy requirements that needed to be followed during relocations. Also, they
will consider the requirements of the communities up to a certain extend as the time and
financial constraints restrict them. Similarly, host and displaced communities may have their
own expectations towards the government. Also, they may have benefits and obstacles for
having another community in their midst. Both the approaches have their own pros and cons. In
order to achieve the benefits of both the approaches, a middle ground approach, compromising
both the parties, need to be taken for a successful implementation of relocations, and to build a
resilient community.
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Abstract

The purpose of this paper is to investigate the use of living plants in enhancing the indoor air quality
(IAQ) and the general indoor environment within a large modern open-plan office building with a
central atrium design and a building management system (BMS) in place. Poor indoor air quality was
measured within the building, primarily due to the low relative humidity during the winter months.
Previous literature suggests that the incorporation of plants in buildings helps to regulate relative
humidity whilst also bringing perceptual benefits and potentially reducing short-term sickness
absence.

The investigation was developed through quantitative and qualitative data. The quantitative
element involved the use of experimental and control zones within the building, selected on the basis
of orientation, user density and users' work roles. Plants were selected based on the transpiration rates
of various commercially-available species. Relative humidity was continuously monitored using data
loggers with half-hourly logging intervals for a duration of six months. Carbon dioxide gas
concentration was measured using a dedicated hand-held sensor. Qualitative user perception data was
gathered through the use of a structured questionnaire distributed to staff members working in each of
the experimental and control zones.

Initial findings suggest that the plants have not instigated the positive effects on IAQ that
were expected. The recorded data on relative humidity displayed only non-significant variations
between the experimental and control zones. These findings are attributed, in part, to the atrium
design, which results in a substantial volume of air within the building, leading to cross-contamination
and excessive dilution of the introduced humidity as a result of plant transpiration. The study extends
the previous, mainly laboratory-based, investigations to a real working environment. However, this
introduces a range of other experimental factors, thus impacting the results.

Implications for further research and practice include the extension of this research approach
to consider a wider selection of buildings studied over a longer period of time, taking further account
of seasonal fluctuations and the impact of additional variables present in real working environments.
The practical value of this study is evident through the sustainability aspect provided by the potential
of indoor plants to reduce carbon emissions of the general built environment through the elimination
or reduction in use of energy and capital-intensive humidification air-conditioning systems.

Keywords: relative humidity, thermal comfort, air quality, indoor plants
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1. Introduction

Over the past three decades, the indoor air quality in commercial and domestic buildings has been
widely investigated with studies focusing on respiratory irritants such as nitrogen and sulphur
dioxides and carcinogens such as asbestos, formaldehyde and other volatile organic compounds
(VOCs). A number of authors have also investigated the percentage relative humidity (%RH) in
indoor air which represents the ratio of the percentage of water vapour held by the indoor air to the
equivalent saturation level at a given temperature. Arundel et al. (1986) and Nagda and Hodgson
(2001) reported that indoor humidity is not typically classified as an indoor contaminant. However, a
number of studies (Wyon et al., 2002; Wolkoff and Kjaergaard, 2007; Wan et al. 2009) and building
design guides (CIBSE, 2005&2006) recommend an indoor %RH in the range of 40 to 60%. Humidity
levels below 40%RH are undesirable due to negative health implications whilst humidity levels above
the maximum recommended value are undesirable due to a combination of health and building
damage implications. As reported by CIBSE (2006), humidity levels lower than 30%RH could only
be acceptable for limited periods of time. CIBSE also reported that at these humidity levels, occupants
could be prone to allergies and respiratory illnesses due to dust and other airborne particles.

At significantly low levels of indoor humidity, Bron et al. (2004) reported a change in the precorneal
tear film in humans which results in a slight discomfort in the eye (dry eyes) while Doty et al. (2004)
reported a sensory irritation of the upper airways. Wyon et al. (2002) reported that human skin
exposed to 15%RH was significantly drier than the same skin exposed to 35%RH. Wyon et al.
associated the latter health symptoms with the classic definition of sick building syndrome. More
recently, Wolkoff and Kjaergarrd (2007), reported that the health implications of indoor humidity are
complex and have not been widely investigated. This is due to the fact that the influence of the
relative humidity on the combined impact of VOCs and other indoor contaminants is not well-
understood. Low humidity levels are also associated with the susceptibility to electrostatic shocks.
This is due to the fact that the body voltage is a function of the indoor air %RH. Therefore a drop in
the %RH results in an increase in the body voltage (CIBSE, 2006). CIBSE reported that carpeted
office buildings equipped with underfloor heating could be susceptible to electrostatic shocks due to
significantly dry carpets. Hence, a lower limit of 55%RH is recommended for such buildings.

Higher levels of humidity are mostly the result of poor ventilation and significant evaporation from
moisture sources such as bathrooms, kitchens and indoor plants. Such levels of humidity could lead to
condensation on the internal walls, which could result in mould, microbial and house dust mite growth
(CIBBSE, 2005). In colder climates, as typical to countries in Northern Europe, heated only buildings
could experience prolonged periods where the indoor humidity falls below the recommended lower
value of 40%RH. This happens as the ability of air to hold water vapour is a direct function of the
temperature. Therefore, as the outdoor air is heated to the indoor room temperature, the ability of this
air to contain water vapour is enhanced with a resultant drop in the percentage relative humidity.
Consequently, humidification systems are incorporated in heating systems to top-up the resultant
indoor %RH. However, in most European Union countries, the maintained indoor %RH levels are not
stipulated through statutory laws or regulations and therefore, due to financial implications, most
buildings do not make use of humidification systems.

The humidification of indoor air is typically achieved through mechanical means whereby water is
heated to steam and mixed with the supply air to the building. This could result in a significant
financial outlay with a further negative impact on the building’s carbon footprint. In fact, for each
10kg of water vapour per hour required for humidification, circa 7.22kWh of gas is consumed, with
an equivalent carbon footprint of 1.61 kgCO, (DEFRA, 2015).
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As reported by Lee et al. (2002) the indoor air quality is also a strong function of the indoor carbon
dioxide (CO,) concentration. Humans exhale CO, and therefore, occupied indoor spaces are
characterised with concentrations of CO, gas which are higher than the concentrations found in the
outdoor air. Usha et al. (2012) reported that high levels of indoor CO, concentrations are associated
with a poor indoor air quality which could lead to health issues such as headaches and mucosal
irritations, slower work performance, and increased employee absence. Moreover, Wargocki et al.
(2000) concluded that the perceived air quality in an office building was reported to improve with
higher ventilation rates. This in turn yielded an improved occupant perception of the indoor air
freshness, thus yielding better employee productivity levels as a result of the feel good factor and the
reduced sensation of mouth and throat dryness. For this reason CIBSE (2006) recommended a fresh
air supply per person between 5 and 8 litres per second which gives an internal CO, concentration in
the range of 1000 and 1350 ppm. Intriguingly, Fang et al. (2004) reported that the impact on the
perceived indoor air quality with lower ventilation rates (10 to 3.5 litres per second) can be
counteracted with a reduction in the indoor air temperature and relative humidity (23°C/50%RH to
20°C/40%RH).

2. The use of indoor plants in buildings

Wolverton (1996) explained that during photosynthesis, plants absorb carbon dioxide from the
atmosphere through the stomata (tiny openings on the leaves), while the roots absorb moisture from
the soil. Chlorophyll and other tissue in the leaves absorb radiant energy from a light source, which is
used to split water molecules into oxygen and hydrogen. Hydrogen and carbon dioxide are used by the
plant to form sugars, while oxygen, a by-product of photosynthesis is released into the atmosphere.

Costa and James (1995) reported that plants such as Rhapis palms and Marantas, which need regular
misting, or plants with high moisture content could benefit offices with low humidity. Their study
found that plants can increase the relative humidity of a non-air-conditioned building by about 5%,
although the density of planting required to achieve this was higher than would normally be provided
for a commercial office environment. Wolverton and Wolverton (1996) suggested that plants may be
used instead of humidifiers to add moisture to homes and offices through transpiration.

Smith et al. (2011) undertook a plant trial in a large open plan office, finding that short-term sickness
absence reduced by approximately 50% in the planted experimental area compared to a control area in
which absence increased slightly, calculating a net saving for the organisation of approximately
£40,000 (GBP). However, they also acknowledged that this trial was limited to one building and,
while the results supported the theory of live plants reducing absence rates, they suggested that the
true effect of plants is likely to be somewhat less than the near 50% reduction noted in that trial,
recommending further research in that regard. To date, we have not unearthed any significant further
research investigating the effect of plants on sickness absence.

Some evidence suggests that plants in buildings may help to reduce ambient noise levels although it is
unlikely that they would act as efficiently as construction elements in this regard. Costa and James
(1995) contended that they may offer acoustic quieting by absorption. Freeman (2008) also reported
that plants may absorb, diffract and reflect sound and this effect will be determined by variables such
as the size, species and shape of the plant, as well as its container, top dressing, compost and
positioning within the room. Costa and James (1995) also recommended that increased planting
densities than those currently used in the industry would be required for indoor plants to be more
effective in this regard.

130



Considerable attention in environmental psychology research has been given to the role of nature. For
example, outdoor natural environments and vegetation have been shown to provide several
psychological benefits including positive feelings (Sheets and Manzer, 1991), environmental concern
(Lutz et al., 1999) and enhanced cognitive functioning in children (Wells, 2000). Whilst it may be
impossible to have natural environment settings at many office buildings, research has considered that
natural environment views from windows can provide restorative effects from mental fatigue (Kaplan,
1993) and the negative effects of job stress (Leather et al., 1998). Bringslimark et al. (2011) assessed
whether office workers compensate for lack of nature views and found that workers in windowless
offices were approximately five times more likely to bring plants into their workplace. Plants in the
workplace have been associated with improved attentiveness (Lohr et al., 1996), task performance
(Shibata and Suzuki, 2001) and reduction in symptoms of sick building syndrome (Gou and Lau,
2012).

3. Methodology

The building considered in the present study is the head office building of a Local Authority in the
UK, located in southwest England. This detached building was constructed in 2011 and consists of
three floors with a total floor area of circa 10,300 square meters of office space. The latter is
predominantly arranged in an open floor design surrounding a central atrium (figure 1) with the main
entrance located at the ground floor level. The building has an energy performance operational rating
of ‘C” with an annual gas and electricity consumption of 73 and 72 kWh/m*/year respectively. 13.3%
of the former and 0.4% of the latter is attributed to renewable forms of energy. Gas is the main fuel
used for heating whilst electricity is used for lighting and all other power requirements typical to an
office building. The building services are fully linked to a central Building Management System
(BMS) which controls the ventilation, heating and the opening and closing of apertures. The building
design allows a significant percentage of the required ventilation to be achieved through natural stack
ventilation through the atrium. Strategically located CO, sensors monitor the indoor air quality with
the mean indoor CO, concentration maintained at circa 700 ppm. A central HVAC system, located on
the roof top, provides heating and supplemental ventilation through floor level diffusers with the
winter and summer indoor set point temperatures set at 22°C. No cooling or humidification systems
were available. As illustrated in figures 1&2, the double skin south facing fagade offers sound
insulation from the high-traffic road running along the south side as well as shading to minimise the
solar gains during the peak summer months. There were circa 1000 adults working in the building
with typical office hours between 8 am and 7 pm whilst the services offered were predominantly of a
back office type.
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Figure 1: Plan design schematic for the ground floor

Figure 2: Central atrium design and south facing shaded facade

Live indoor plants were installed in this building within the first floor southern section of the building
for a period of six months from December 2014 to June 2015. A further two control areas were
designated in the ground floor southern section (directly below the experimental zone) and the first
floor northern section (across the open atrium from the experimental zone). Following a similar
methodology to that of Smith et al. (2011), these areas were selected due to them being of similar size
and occupied by approximately the same number of people, doing similar jobs.

The plants used were selected mainly for their transpiration rate, according to Wolverton (1996) as
well as factors such as ease of maintenance, light requirements, size, shape and general aesthetic
qualities (Smith et al., 2011) as advised by a professional indoor planting company. They supplied
and maintained the plants throughout the trial period for the reason that previous research has shown
that the plants must be in the optimal condition for them to be successful in regulating the indoor
climate within buildings (Costa and James, 1995; Smith and Pitt, 2011).

The plants used are detailed in table 1 and these were installed at a density a little greater than under
normal commercial conditions, leading to the experimental zone being relatively densely planted.
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These included 30 floor-standing plants as well as a range of 24 smaller desk bowls, mainly
positioned on shared furniture such as filing cabinets. The plants were all soil-grown and provided
without top dressing. According to the advice of the planting company, total transpiration for the
experimental zone was expected to be around 21 litres of water per 24 hours. Maintenance of the
plants including watering, dusting and pest control (using natural products) was undertaken every 2
weeks.

Table 1: Plant species installed in the experimental zone

Number Container Plant Plant height (m)
12 Plastic trough (40cm x 18cm) | Spathiphyllum Sensation (Peace Lily) 0.35
12 Plastic trough (40cm x 18cm) | Nephrolepsis (Boston Fern) 0.40
20 Round plastic (40cm x 43cm) | Areca Palm 1.80
10 Round plastic (40cm x 43cm) Dracaena Janet Craig 1.80

3.1 Relative Humidity

The relative humidity, measured by two column-mounted HOBO UX100-003 humidity sensors in
each zone (six sensors in total) with accuracy of +3.5%, represents the ratio of the actual water vapour
density to the saturation vapour density given in equation (1). Readings were taken at half-hourly
intervals at each logging point. As illustrated in figure (3), the saturation vapour density is a strong
function of the air temperature. Therefore, a unit increase in the air temperature results in an
exponential rise in the capacity of air to hold water vapour. Hence, if no extra water vapour is added
to the heated air, the %RH drops.

0pRH = —Pactual (1)

Psaturation

where p is the density at actual and saturation conditions in kg/m’

Figure 3: Vapour saturation density with temperature
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3.2 Employee perceptions

Employee perceptions were tested using an online questionnaire, which was completed by occupants
of the experimental zone as well as the two control zones. The questionnaire asked respondents to
consider whether any of the following issues have changed since the beginning of the plant trial with
options of improved, stayed the same or got worse:

*  Humidity;

¢ Temperature;

* Background noise levels;

* Light levels;

* Personal space;

*  Work area design and layout;
* Privacy;

*  Work environment aesthetics.

The questionnaire remained open for a period of two weeks towards the end of the trial in June 2015.
Of the respondents who completed the questionnaire, 61 (55.45%) were located in the two control
zones, while 49 (44.54%) were located in the experimental zone, giving a total of 110 respondents.

4. Discussion

Figure 4 illustrates the data for the indoor relative humidity and temperature in relation to the outdoor
conditions. The total water supplied to the plants over the experimental period was measured as 3822
litres. With a total foliage area of circa 40m?, this results in a transpiration rate of circa 21.8 g/hr m’.
Contrary to the expectations of the present study, no significant differences in the relative humidity
were measured in the experimental and control zones. This could be attributed to the building design
which resulted in significant cross-contamination of the indoor air. Therefore, the open plan atrium
design resulted in the mixing of the air in the experimental and control zones. This yielded a
significant dilution of the water vapour transpired by the indoor plants located in the experimental
zone. Therefore, considering the building design adopted in the present study, our data shows that it
will be necessary to populate all the indoor areas with plants in order to achieve tangible results for
indoor humidity levels. Furthermore, the recorded mean indoor CO, gas concentration was in the
range of 850 to 1000 ppm. As reported by Lee et al. (2002) and Usha et al. (2012) such concentrations
are considered as indicative of good indoor air quality levels. In fact, CIBSE (2006) recommends a
ventilation rate yielding an indoor CO, concentration in the range of 1000-1350 ppm. Therefore, our
data shows that the results of the present study cannot be attributed to overventilation.
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Figure 4: Indoor and outdoor temperature and %RH with the target 40% indoor RH highlighted by
the horizontal dotted line

Figure 4 illustrates the trend where the lowest relative indoor humidity levels were recorded during
the month of February whilst the highest indoor humidity levels were recorded during the late spring
months. As illustrated in figure 3, this trend can be directly related to the relevant outdoor
temperatures. Hence, during the month of February, the outside cold air could only hold a small
fraction of water vapour at saturation conditions, and therefore, the warming up of this air to room
temperature resulted in a significant drop in the indoor relative humidity. As reported by Wan et al.,
2009 and CIBSE 2005, the indoor humidity levels should be in the range of 40-60 %RH. Therefore, it
is evident that during the first four months of the year this minimum threshold was not satisfied.

As anticipated, the qualitative data from the staff survey yielded a noticeable shift in perception
within the experimental zone regarding improved indoor relative humidity, although this is at odds
with the measured quantitative data. Approximately 27% of respondents in the experimental zone
perceived that %RH had improved and 65% felt that it had remained the same, with a minority of
approximately 4% believing that it had got worse. In the control zones, the majority of respondents
reported that relative humidity had remained the same (97%) as shown in figure 5. In accordance with
Wargocki et al. (2000) this perceived air quality improvement may yield an improved occupant
perception of the indoor air freshness, leading to improved employee productivity levels. A similar
trend was noted in regard to temperature, with the experimental zone respondents perceiving
improvements in temperature, which is also at odds with the measured data. However, the majority of
respondents in all areas perceived that temperature remained the same as shown in figure 6.
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Figure 5: Perceived changes in humidity during the trial

Figure 6: Perceived changes in temperature during the trial

In accordance with research by Costa and James (1995) and Freeman (2008), results suggest an
improvement in perceived background noise levels within the experimental area. Although physical
measurements of noise levels were not carried out in this research, this may provide an indication of
the sound absorption properties of plants in buildings. Of the respondents in the experimental area,
22% perceived an improvement in background noise levels, compared to 0% noting improvement in
the control areas as shown in figure 7.
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Figure 7: Perceived changes in background noise during the trial

The most significant improvement rate in the experimental area regards office aesthetics as shown in
figure 8, with the majority of respondents in the experimental area (45%) perceiving an improvement,
although a relatively significant response rate of 20% of respondents in the experimental area also felt
that aesthetics got worse, reflecting the subjective nature of office design considerations. This result
also supports previous research, which identified a general preference for plants (Smith and Pitt,
2008).

Figure 8: Perceived changes in aesthetics during the trial

Some of the more negative responses regarding plants concerned light levels and personal space, with
significant responses from the experimental area suggesting that these had got worse since the
beginning of the plant trial, 47% in the case of light and 39% in the case of personal space. This is
perhaps unsurprising, given that many of the plants were relatively large, providing shading and
potentially reducing natural and artificial light, at the same time as taking up floor and surface space.
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Regarding design and layout, the majority of respondents in the experimental area and control areas
perceived that this had stayed the same (67% and 93% respectively), perhaps suggesting that the
plants were not regarded as a design and layout aspect. However, 27% of respondents in the
experimental area perceived that this had got worse, possibly in line with the question on personal
space.

The result on privacy perceptions was inconclusive for the experimental area, with the majority (76%)
perceiving that it had stayed the same and 12% noting an improvement, which may have been due to
the plants. However, 10% considered that privacy had got worse. The reason for this is not clear,
although results on this question are possibly dependent on location of the respondents in relation to
the positioning of the plants. Within the control group, 92% perceived that it had remained the same,
while 7% felt it had got worse. As with the experimental group, it is not clear why privacy may have
got worse and we are not aware of any further interventions within the office space.

5. Conclusions

The current study has shown that the use of plants to enhance the indoor air quality is a feasible option
which could result in both tangible and intangible benefits. In spite of the fact that the measured
relative humidity data for the experimental zone failed to suggest a significant rise in the indoor
humidity levels, the water supplied to the plants over the test period, together with the typical indoor
plant transpiration rates reported in literature, suggests that the transpiration rates are significant.
Therefore, when coupled with an improved control of the indoor air flow, the plants have the potential
to supplement the indoor relative humidity, thus improving the building comfort and potentially
yielding energy savings where humidification systems are installed.

These results also need to be considered in the context of the potential perceptual or psychological
effects of plants uncovered in previous studies and supported in this study. Perceived improvements
were noted in regard to perceived indoor relative humidity (%RH), temperature, background noise
levels and aesthetics. However, perceptions of light levels, personal space and privacy got worse in
this study.

Further work will be undertaken on the analysis of the air flow patterns in the building through
computational fluid dynamics (CFD) techniques. Funding will also be sought for the installation of
plants in all the indoor zones. The evaluation of the potential energy savings through the use of plants
as a replacement to traditional humidification systems will also be developed. This will be done
through the concurrent analysis of the potential transpiration of plants in relation to the water vapour
top-up required during the winter months.
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Abstract

With the need for more environmental friendly buildings in mind, the object of the study is to
investigate what factors influence the choice of fagade materials in a contemporary Norwegian
building project. Later years there has been an increased focus on environmental friendly
building. Official politic, legislation and official support of different organisations advocating
sustainable building aim at affecting the level of sustainability in the building industry. Finding
answers to the research question, the article aims to contribute to the picture of to what extend
sustainable values affect the decision makers. In this specific case we have looked at seven
public projects. The method used consists of a literature research, seven interviews with the
respective client project managers and five of the architects. Additionally a study of the
different projects’ available project documents, was conducted. In some projects, the choice of
fagade material was influenced by the general guidelines originating from the government, the
user, the client or special building programs. For the projects that were examined methods such
as LCC calculations, greenhouse gas accounting and LCA analysis, with the respective tools
LCCweb.no, klimagassregnskap.no and SimaPro, were part of the basis for decision-making for
facade claddings. For some projects, these analyses and calculations were used only due to
documentation requirements, and thus had no major impact on the decision-making. For other
projects, they were used to evaluate alternatives on product level. The findings in this
investigation shows that sustainability, aesthetics and cost are considered to be the most
important factors influencing the choice of facade material. The participation in different
sustainability programs do seem to have influenced the evaluation and choice of facade
material, both through developed processes and the required use of tools aimed at measuring.
The decision makers conclude on a spectre of materials such as different wood solutions and
bricks. The explanation for this is partly the projects’ different functions, partly how the
different project groups execute and evaluate the environmental analysis, and partly the
differences in project goals.

Keywords: Sustainable, decision making, facade material
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1. Introduction

In the first century BC, Vitruvius wrote about architecture, and is known for the criterions on
which to judge good architecture; firmitas, utilitas and venustas — durability, utility and beauty
(Vitruvius and Rowland 2007). Vitruvius also wrote about economy and the balancing of cost
and common sense in the construction. Resent research has been done to investigate how
architects evaluate architecture, and in respect of the fagade Vitruvius’ criterions are still
valuable (Volker 2010). In the later decades, daylight and the use of glass has been considered
an important quality, especially in school buildings (Wu and Ng 2003), although recently — at
least in Norway — a focus on environmental issues has led to less emphasis on daylight (Houck
2015). The facade is a crucial part of the building design. It not only gives a signal of a
building’s function and content, but also often, intentionally or unintentionally, reflects a
client’s values. Functionally the facade works as a climate shield and weather protection. The
facade can have a transparent, less transparent and close appearance. Traditionally, the choice of
facade material has been linked to parameters like construction, available materials, design and
cost efficiency. More recent factors to consider are energy solutions and environmental aspects.

The research question in this article is:
- What factors influence the choice of fagade materials in contemporary public Norwegian
building project?

The research is limited to look at the choice of fagade materials for office buildings and
buildings for education within two different public clients; Statsbygg, and Undervisningsbygg.
Statsbygg is the Norwegian government’s property developer. Undervisningsbygg is the Oslo
public building agency for school buildings. Project leaders and architects who have
participated in to seven building projects are interviewed about the process and considerations
leading to the final choice of facade material. The Norwegian building industry consist of
different participants who may have different interests, but who at the same time are dependent
on each other. The different participants’ experience and competence is mainly developed
through the execution of building projects. Parallel governmental financed organisations are
working to affect the building industry to develop more sustainable and environmental friendly
buildings. Limited to the decisions on facade materials, this paper will look into to what degree
such organisations and public programs succeed to play a role when it comes to the decision
making in a project. It has been out of the boundaries of this investigation to look at how the
different environmental tools have been used. E.g. if the GHG calculations have included
production, transportation and embodied CO2 in materials, and operational energy.
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2. Theory and framework

2.1 Previous research

Denizou at al have investigated the choice of material for larger urban buildings. The purpose
has been to find the mechanisms behind the choice of materials with emphasis on wood. Main
findings are that public framework can affect the choice of building materials. The research
group recommends to emphasize pilot projects as a tool to achieve more knowledge and
acceptance towards the use of wood in future urban building projects (Denizou, Hveem et al.
2007).

In 2012 the Statsbygg, the Norwegian Directorate of Public Construction and Property, ordered
a report from Rambgll to investigate what arguments are used to choose other building materials
than wood, and to examine when in the building process wood is deselected (Rambgll 2012).
Main findings in this research are 1) that requirements related to building materials may be
incorporated in public zoning plans, and 2) the participant who influence the most on the choice
of material depends on the project procurement arrangements.

A Norwegian research, based on a questionnaire answered by 285 architects, indicate that the
architects’ intentions to use structural timber in urban buildings is influenced by attitudes
towards using structural timber in buildings three to five stories or more. The findings also show
that the architects’ preference towards the use of structural timer is related to previous
experience with the use of structural timber in urban construction (Bysheim and Nyrud 2008).

2.2 Public framework and programs

Currently there exists different initiatives and building programs supporting and promoting
more environmental friendly building. Generally one could say that for the investigated projects,
all the clients have environmental aspirations. These aspirations are operationalized through the
cooperation with the different frame work initiatives.

Framtidens byer — Cities of the future — was founded in year 2008, and is a cooperation between
the state, the private sector, and thirteen biggest cities/municipalities in Norway. The goal is to
reduce the use of energy, reduce carbon dioxide emissions, improve the city environment and
adaption to climate change (Kommunal- og moderniseringsdepartementet 2014).

FutureBuilt is a part of Cities of the future. The vision of the program is to develop high quality
sustainable buildings and city areas of the 13 member cities. The program emphasize high
quality architecture close to public transport. The National Association of Norwegian Architects
is responsible for the managing and operation of the program. The program runs from year 2010
to 2020. The program not only has a set of requirements to be met by the buildings adopted by
the program, but also have mandatory requirements to the development and building process
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itself such as; architecture competitions, greenhouse gas accounting, user participation processes
and Building Information Modelling (BIM).

Framtidens Bygg — Buildings of the future, is a also a part of Cities of the future and is available
for 10 more cities than the member cities. The target is to participate in pilot projects, and
develop competance and experience in sustainable planning, building and rehabilitaiton of
buildings. A set of quality requirements are developed and has to be met for buildings adopted
by the programe. (Moe and Waage 2014, Kommunal- og moderniseringsdepartementet 2015).
Projects adapted by the program are offered consultant help, seminars, planning tools and
working methods. The National Association of Norwegian Architects is responsible for the
managing and operation of the program.

ZEB (Zero Emission Building) is a Norwegian national research centre on zero emission
building. The goal is to eliminate the greenhouse gas emissions caused by buildings and place
Norway in the front of innovation and implementation within the field. The main objective is to
develop competitive products and solutions for existing and new buildings. The centre
encompasses residential, commercial buildings and public buildings. The ZEB centre has 24
public and commercial partners, and it is organized as a joint unit hosted by the Norwegian
University of Science and Technology (NTNU) and SINTEF, geographically located in
Trondheim (ZEB 2015). ZEB-COM is a term meaning Zero Emission Buildings — Construction,
Operation and Materials (Statsbygg 2015).

Enova was established in year 2001 and is owned by the Norwegian state. The objective of the
organization is to promote more environmental friendly consumption and generation of energy
in Norway. Enova does this through targeted progammes and support schemes. The enterprise is
financed via funds allocated from the Energy Fund. The Energy Fund is financed via a small
additional charge to electricity bills. Additionally, the Energy Fund has been allocated the
proceeds from "The “Green Fund for Climate, Renewable Energy and Energy Efficiency
Measures”. The Green Fund’s capital this year is 35 Billion NOK (ENOVA).

It will be beond the limits of this article to go into the accurate definitions of the different terms
like passive house, almost zero energy building (nNEB), zero energy building and pluss energy
house. But to explain theese terms very short, a building with passive house standard follows
the requirements in the Norwegian standard NS3701:2012 - Criteria for passive houses and low
energy buildings. School buildings should use less than 75kwh/a. An “almost zero energy
building” (nNEB) definition is proposed in a cooperated report as a building using less than
70% energy then the requirements in TEK 10 — the Norwegian building regulation, which means
36 kwh/a for school buildings (Rambgll and Arkitektur 2013). A common definition of the term
“pluss energy house” is a building where the building through its lifespan (often used 50-80
years) generates more energy than it consumes during its lifespan, the production of building
materials and the construction itself included. FutureBuilt defines plus energy house based on
the energy use during the operation (SINTEF-Byggforsk 2014).
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2.3 Statsbygg and Undervisningsbygg

Statsbygg manages and operates 2,350 buildings, spread across 600 sites in Norway and abroad.
Statsbygg yearly operates about 160 construction projects (Statsbygg 2015). According to
Statsbygg, this was the first Norwegian organization in its size in the construction industry
having a strategy towards sustainable building including reduction of greenhouse gases. Todays
strategy focus on redusing the energy consumption in buildings, reduction of greenhouse gases
and the limitation of materials containing substances hazardous to the environment . Long term
goals are among others, zero energy buildings and reduced environmental footprint. Short term
goals are the use of EPD — environmental product declarations for minimum ten products, the
limitation of envrionmental hazardous substances in materials and the limitation of materials
from not renevable resources (Statsbygg 2014).

Being the Oslo public building agency for school buildings, Undervisningsbygg manages,
operates and maintain 1,3 million m2 of building area. Undervisningsbygg manages 750
buildings, and constructs yearly for about 235 million euros (Undervisningsbygg 20147?).
According to Undervisningsbygg’s strategy document on sustainability 2012-2015, the three
main focus areas are energy use, waste and the use of environmental friendly materials
(Undervisningsbygg 2012). In the period 2012-2015 Undervisningsbygg plans to use BREEAM
in pilot projects, but non of the investigated projects are using BREEAM.

3. Method

The methods used are literature study, case studies, and interviews. Public projects were chosen
as case studies, and the two collaborating public building organisations were Statsbygg and
Undervisningsbygg. The case study of consists of seven Norwegian public building projects,
some finished, and some still in the planning process during the study, see table 1. In depth
interviews have been conducted with 12 clients and architects involved in the projects (table 1).
An interview guide was developed for the interviews. The first part of the interview aimed at
mapping general information about the informer, the organisation and the actual project. The
second part of the interview was related to the fagade itself; the factors influencing the choice of
material, and what participant affecting and deciding the material, and lastly when in the process
the choice was made. The interviews were conducted by two persons, one interviewing, the
other taking notes. Additionally, the interviews were recorded. The processed texts (in
Norwegian) were mailed to the participants for control. Additionally project documents has
been examined; Policy documents, Technical documents, reports on LCC, LCA, GHG
calculations and the use of EPD (Environmental Product Declarations).

The choice of case studies is the result of a cooperation with Statsbygg (SB) and
Undervisningsbygg (UB), and is as followed:
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Function M2 Client Status Contract type Project leader/
May 2015 Architect

1 Police station 3170 SB Building process Turnkey PL1/Arch. not available
2 Research 7475 SB Planning Alliance with turnkey PL2/ARCH2

3 Office, teaching 1250 SB Planning Alliance with turnkey PL3/ARCH 3

4 Office 49700 SB Planning Traditional contracting PL4/ Arch. not available
5 School 11680 uB Planning Turnkey PL5/ARCH5

6 School 9677 uB Finished Turnkey PL6/ARCH6

7 School 9750 UB Under construction Turnkey PL7/ARCH7

Table 1: Investigated projects
1) 2) 3)
4) 5) 6)
7)

Fig.: 1) Vabakkjen (Link Arkitektur), 2) Framsenteret (pka Arkitekter), 3) Campus Evenstad
(Ola Roald Arkitektur), 4) Folkehelseinstiuttet (Ratio Arkitekter), 5) Brynsengfaret skole (HRTB
Arkitekter), 6) Bjornsletta skole (L2 Arkitekter), 7) Lillohoyden skole (Planforum Arkitekter)
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4. Results

All the investigated projects turned out to have strategic goals concerning sustainability. 5 of the
7 projects were part of Fremtidens Bygg, FutureBuilt or ZEB. In four of the projects, this has
resulted in a passive house energy standard requirement. Two of the projects have expressed
energy requirements on the level of zero, or close to zero energy use and are considered pilot
projects by the client. One project has the goal to be a so called plus energy house.

The majority of the interviewees consider the construction of the outer wall and the facade
material as two independent building elements. The interviewees were coherent in their opinion
about the process leading to the final facade material. During the conceptual planning, the
material was chosen in general terms, e.g. wood or stone. In the detail planning a more specific
product was chosen, and then later the exact way of execution, formats and fixing was decided.

All project used the tool LCCweb.no (Life Cicle Cost). Mostly, this executed by the client, but
also in some cases by the contractor. In some projects, the LCC calculations played an
important role in the decision of fagade material. In one project, local building regulations
required brick, and therefore an LCC analysis could not be crucial. GAG analysis, using the tool
klimagassregnskap.no, were executed in all of the projects, but would not necessarily be crucial.
In project 7, a GHG analysis was executed to fulfil the requirements in the contract, but had no
practical influence on the choice of materials. The GHG calculation includes material,
operational energy use, operational transport, energy use and transport in the building phase. All
projects used EPDs as a tool, and applied this on the facade material. The results show, that
despite all projects having ambitious sustainability goals, a variety of facade materials such as
wood, fiber concrete and bricks were chosen.

The interviews show that the choice of facade material was highly influenced by the
environmental ambitions and also the program the project was part of.

PL1: “The project went from passive house standard to plus house standard during the process.”
PL2: “In an early phase of the project, it was decided to reduce the greenhouse gas emissions
with 50%. This affected the choice of fagade material.”

PL 5: “As a consequence of being a Future Built project, changes may happen.”

PL 6: “Gradually the project became a Future Built project, and therefore a strong focus on
sustainability. As a result of this process, the facade material was changed.”

ARCH 6:”For a Future Built project, not only the architectural aspects count in the choice of
material, but also the material has to prove to be sustainable.”

Statsbygg, Undervisningsbygg and the respective programs had “sustainability” procedures
linked to the different design stages. Mostly the interviewees regarded these systems as
valuable, and were satisfied with the systematic and also predictable approach. But also there
were critical statements as PL4: “decisions need long processes. You need a parliamentary
resolution to continue. This can also be a weakness.”

Some of the interviewees mentioned concerns about the outer wall thickness linked to passive
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house demands. In most cases the informants consider the choice of facade material as
independent from the outer wall construction. The exception in this investigation is the project 3
Campus Evenstad, where the outer wall is constructed in one piece; a cross laminated timber
(CLT)/insulation sandwich (80 mm CLT, 310 mm wood fiber insulation, 60 mm CLT).

Table 3 shows the different material choices in the investigated projects. Four of the projects
have concluded to use wood as the main fagade material. In two projects — both schools, it was
decided to use brick, and in one project fiber cement cladding. The interviewees in the two brick
projects were the opinion, that despite a high GHG footprint, brick would score well the longer
the life span of the LCC calculation. Especially in rough-use environments like schools, brick
was considered a good choice. In project two, the client was sceptical to the use of wood due to
the rough use of school, but decided to use Accoya and not brick.

Of the four projects where wood was chosen as the main facade material, the involved
interviewees meant that wood the main challenge of wood was durability. Of the three school
projects in this investigation, only one project has chosen a wooden fagade. “It should not be
“legal” to use wood in school buildings,” one interviewee said, due to the rough use. The four
“wood” projects choose different types of products; accoya, Kebony, pine (panels) and CLT. In
one project also solar panels were chosen. This was made possible due to funding by Enova.
Also the client wanted to test this technology/material and learn from it. Also in project two and
six brick was considered seriously. PL 2 said,”a GHG evaluation of brick with a 60 year
building life span turned out positive compared to wood. A holistic conclusion was necessary to
exclude brick.” PL6 said a wide range of materials were assessed, but brick was not possible to
choose due to the GHG footprint.

Project Program Ambition EPD | GHG LCC Main fagade material
1 Framtidens Passive house and later | Yes | Yes Yes Untreated ore pine
bygg plus house
2 Framtidens Passive  house, Pilot | Yes | Yes. Operation, | Yes Kebony
byer Project Materials, Transport
3 ZEB-COM Zero energy, use of | Yes | Yes. Construction, | Yes Cross laminated
timber, pilot project Materials, Operation timber
4 FutureBuilt Passive house, maybe | Yes | Yes. GHG reduction | Yes Fiber concrete
close to zero 50%
5 FutureBuilt Close to zero energy | Yes | Yes. Yes Brick, integrated solar
application house  (nNEB), pilot panels
project.
6 FutureBuilt Passive  house (first | Yes | Yes. Operation, | Yes Accoya
school in Oslo) Material, Transport
7 . Passive house Yes | Yes Yes Brick (requirement in
the zoning plan)

Table 3: The different projects and their choice of fagade material
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Factors for choosing facade material

Figure 2 shows how the interviewees have answered on the question on what factors were
emphasized when choosing the fagade material in the project. The most frequently mentioned
factors are sustainability (11), aesthetics (9) and cost (8).

Other 2
5 Maintenance 6
S Cost 8
= Estethics 9
Sustainability 11
0 2 4 6 8 10 12

Number of interviewees (n=12)

Figure 2: Factors emphasized when choosing facade material

In some projects, the choice of fagade material was influenced by the general guidelines
originating from the government, the user, the client or special building programs. For the
projects that were examined, methods such as EPD analysis, LCC calculations, greenhouse gas
accounting and LCA analysis (only project 3) were part of the decision-making for facade
claddings. For this purpose the respective tools LCCweb.no, klimagassregnskap.no and
SimaPro were used. For some projects, these analyses and calculations were used only due to
documentation requirements, and thus had no major impact on the decision-making. For other
projects, they were used to evaluate alternatives on product level. In projects with a clear focus
on GHG, brick could not be an option according to the interviewees. Also the interviewees were
the opinion that in projects with only documentary requirement and not specific measurable
goals, there is room for more holistic interpretations and decisions. Also, in some projects LCC
analysis are executed on the type of material, but not used to compare the same type of material,
but for different products.

5. Discussion

The findings in this investigation shows that sustainability, aesthetics and cost are considered to
be the most important factors influencing the choice of facade material. In this research
sustainability seem to be a factor as important (or more) than aesthetics. We have to have in
mind, that the sustainability goals in each project are measurable, whereas aesthetics are not.
However, a possible future research question is to investigate to what degree the conception of
beauty is in change. More simple expressed; how can something be beautiful if it is not
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sustainable? If the architects’ or clients’ conception of aesthetics change to correspond with
sustainable solutions, then there will be no contradictions between the two parameters aesthetics
and sustainability.

When the term or factor “sustainability” is broken down into different elements, it becomes
clear that the projects have different ambitions. The use of LCC and GAG analysis vary, and
also the importance in the decision making. In all of the investigated projects, an EPD analysis
of the fagade material is executed to determine the final facade material product. The difference
in energy ambitions can partly be explained by the difference in building year; Bjornsletta was
the first passive house school in Oslo. Campus Evenstad, if the project reaches its goals, it will
be the first ZEB-COM building in Norway. So, even if Bjornsletta is not defined as a pilot
project, and has lower ambitions than Evenstad — which is called a pilot project, they are both
“first off” projects in their context. In the Statsbygg report of Rambgll, one conclusion was that
the participant who influence the most on the choice of material depends on the project
procurement arrangements. However, in this research there are different project procurement
arrangements, but all very ambitious. Maybe the question of which participant influence the
most is of less interest — as long as there are ambitious and measurable sustainability goals, and
a culture or framework on how to work with this aspect.

When analysing what factors influence the choice of materials, it becomes clear, that not only
the economical, aesthetical and sustainable (and other) factors play a role, but also the project
process itself. A finding is that the process itself affects the decision making. Probably this is
the most important tool to develop not only technical goals for a project, but also a culture on
how to think, discuss and approach sustainable goals. Although not part of the investigation, it
should be reflected on the importance the sustainable framework programs play as facilitator on
sustainability. Denizou at al’s research showed that public framework can affect the choice of
building materials. The findings in this paper supports these findings.

The use and impact of calculations and analyses of EPD, GHG, LCC, and LCA may have a
potential for improvement. The findings show, that these factors play very different roles in
each project.

6. Conclusions

The findings in this investigation shows that sustainability, aesthetics and cost are considered to
be the most important factors influencing the choice of facade material. Also for the architects,
sustainability at least as important as aesthetics.

Based on the findings in the seven investigated cases, the participation in different
environmental programs do seem to have influenced the evaluation and choice of fagade
material, both through developed processes and the required use of tools aimed at measuring.
Bysheim and Nyrud’s findings showing that the architects’ preference towards the use of
structural timer is related to previous experience with the use of structural timber in urban
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construction (Bysheim and Nyrud 2008) may also apply on other parts of the building and its
solutions. This means, that the framework programs like FutureBuild, ZEB and others not only
play an important role for the specific projects, but may also contribute indirectly to improve
future projects through former participants.

All investigated projects had environmental ambitions. Still the decision makers conclude on a
spectre of materials such as different wood solutions and bricks. An explanation for this is the
difference in the projects’ requirements and incoherent use of LCC, LCA, EPD and GHG
calculations and analyses. Although the different projects even use the same calculation tools,
the project processes and goals are still different. Each tool can be used in different ways and
the results are in some cases more advisory. In other projects quantitative goals have to be
achieved. In one case the requirements in the zoning planning overrule conclusions based on
sustainable criteria. Different building functions may also lead to different choices of materials.
In this investigation some clients and architects were very sceptical to the use of wood facades
for school buildings.

Further research may assess to what degree participants in projects within a public frame work
program influence sustainability goals, project processes and decisions in future projects. Have
the public frame work influenced the participants’ attitude towards sustainable building
solutions. Another interesting research question is to what degree the architects’ aesthetic
judgement and values are influenced by the knowledge of sustainability values and solutions.
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Abstract

Private and public buildings built of concrete make up 34% of the whole building stock in
Finland, of which almost 40% is now 30-50 years old. The financial and functional impact on
Finnish society of this aged building stock is critical because one third of the country’s
population lives in these apartment blocks. There is a rising national concern on increasing
maintenance needs of Finnish building stock. It has been concluded that new conceptual
approaches to tackle the problem are acutely needed. The main reasons for facade degradation
in the Finnish climate are freeze-thaw weathering of concrete and corrosion of reinforcement
induced by carbonation of the surrounding concrete. A common denominator in every
mechanism is water in varying forms. It can either work as a passage for harmful substances,
e.g. chlorides, cause damage by its phase changes (freeze-thaw) or cause dissolution of
substances in concrete. Two recent projects conducted by Finnish Meteorological Institute and
Tampere University of Technology, have shown that future climate conditions in Finland are
likely to get worse in terms of durability of structures exposed to climate. Precipitation during
the winter season is going to increase while the form of precipitation is going to be increasingly
water and sleet. At the same time, the conditions for drying are going to get worse. Thus, the
deterioration rate of structures will accelerate in the most of Finland if maintenance and
protection actions are neglected. To simulate the effect of changing climate conditions, it has
been studied how the amount of wind-driven rain (WDR) on facades may change in future
climate based on a greenhouse gas scenario. The study was conducted by comparing typical
Finnish suburban concrete block build in 1970’s in two different locations (coastal area and
inland) at current climate and in 2050 and 2100. Based on the study the amount of WDR will
increase more in coastal areas than in inland and will be more focused on south and south-west
directions. The total increase in WDR will be approx. 15%, while the greatest increase (50%)
will be faced by the westward facades in coastal area.

Keywords: Climate change, wind-driven rain, modelling, concrete
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1. Introduction

47% of Finland’s national property consists of the existing building stock. Thus, the
maintenance and protection of the existing building stock are highly important for the welfare of
the nation which makes the study of adaptation to climate change of existing building stock
significant from the economic and also sustainability point of view. In Finland its significance is
emphasized due to buildings’ exposure to severe weather conditions.

A significant part of the Finnish building stock is relatively young and homogenous compared
to the rest of Europe. A considerable number of envelopes of the precast concrete buildings
erected 1960s and ‘70s have come near the end of the service life largely due to weathering.
Thus, it is important to explore the possible climate change scenarios considering their effect on
critical outdoor conditions for deterioration of structures, for the repair need of existing building
stock and for the timing of repair actions.

Despite the rather young age of the precast building stock, several problems have been
encountered in their maintenance and repair. Considering their technical service life, those
buildings have in common e.g. highly durable frames but durability problems with facades and
balconies exposed to Nordic outdoor climate. Thus, the durability properties of concrete
buildings have not been adequate. The structures have deteriorated due to several different
mechanisms whose progress depends on many factors related to structures, exposure and
materials, which lead to widely varying service lives.

Based on the latest research conducted at Tampere University of Technology (TUT), the
durability properties of existing concrete fagades and balconies have been found to be poor
(Lahdensivu et al. 2010, Lahdensivu 2012, Pakkala et al. 2014). The material properties related
to freeze-thaw resistance of concrete and cover depth of reinforcement rarely fulfil the
requirements of national building codes. However, despite the insufficient durability properties
of concrete, damage that can be seen visually are relative rare.

Visual damage of concrete fagades and balconies has a strong correlation with precipitation,
wind directions during the rain and freeze-thaw cycles directly after the rain events (Lahdensivu
2012). The increasing amount of precipitation has been shown to have a strong correlation with
the rate of the two most important deterioration mechanisms of Finnish outdoor concrete
structures: carbonation induced corrosion of reinforcement and freeze-thaw deterioration (Kolio
et al. 2014, Pakkala et al. 2014). In this paper the effect of climate change on the amount of
wind driven rain on concrete facades is studied to assess the differences of climatic loads at
variable locations and fagade orientation.
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2. Background

2.1 Finnish concrete facades

Since 1970s almost all prefabricated concrete structures in Finland are based on the Concrete
Element System (Seppinen & Koivu 1970). That open system defines, for instance, the
recommended floor-to-floor height and the types of prefabricated panels used. In principle, the
system allows using the prefabricated panels made by all manufacturers in any single multi-
storey building.

The concrete panels used in exterior walls of multi-storey residential buildings were, and still
are, chiefly prefabricated sandwich-type panels with thermal insulation placed between two
concrete layers. Facade panels are made up of two relatively thin reinforced concrete layers
connected to each other by steel trusses. The outer layer is generally supported by the inner
layer. Sandwich facade panels are connected to the building frame by the inner layer, usually by
means of cast concrete joints and reinforcement ties.

2.2 Quality of concrete

The concrete grade used for concrete facade panels and most structural members of balconies
has been C30/37 since the late 1980’s in Finland based on the guidelines for durability and
service life of concrete (Concrete Association of Finland 1989). Earlier the grade was C20/25.
The cement used for concrete panels is mostly CEM 1 (42.5 N) (ordinary Portland cement)
because of the good early strength it gives to concrete which allows rapid formwork rotation at
the precast panel plant. White cement, CEM 1 (52.5 R), is also used in facade panels if
necessary, but its share of total use is marginal.

The freeze-thaw resistance of the concrete is conducted by air-entrainment of fresh concrete.
and it can be determined by testing a protective pore ratio (p;). In 1976 Concrete Codes started
to recommend the protective pore ratio of 0.15 which means that at least 15% of all pores are
never filled by capillary water. At the Concrete Code 1989, the protective pore ratio was lifted
to reach at least 0.20. Protective pore ratio p, < 0.10 can be considered to make concrete non-
freeze-thaw-resistant in Finnish outdoor climate (Lahdensivu 2012).

The success of air-entrainment of concrete used in facades and balconies have been studied by
Lahdensivu (2012) from the thin section analysis results of the samples in the BeKo database
(buildings built 1960-1995). Based on the study the freeze-thaw resistance differs considerably
between various surface types of facades. Pakkala et al. (2014) studied buildings built after the
requirement of protective pore ratio of 0.20 has been demanded and presented that only approx.
50% of the precast panels have met the freeze-thaw resistance requirements.

Lahdensivu (2012) presented that visually observable reinforcement corrosion damage existed
in 59% of the examined facades. 54% of damage was local and extensive corrosion was found
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only in 5.7% of the facades. The corrosion damage was almost solely due to carbonation
(Lahdensivu 2012).

2.3 Deterioration rate of concrete facades

The deterioration rate and need for repair of existing outdoor concrete structures, especially
concrete facades and balconies, have been monitored by systematic condition assessments over
20 years. Lahdensivu (2012) studied in his doctoral thesis the deterioration of prefabricated
concrete element buildings at present climate. His studies were based on 947 condition
assessment reports made on buildings built 1960 — 1996 (Lahdensivu et al. 2010). He studied
the changes on quality requirements, dominating deterioration mechanisms, their progress on
present climate based on climate data produced by the Finnish Meteorological Institute (FMI)
and effect of a geographical distribution on them. The most essential results were:
* There is a significant lack of quality with concrete structures, also with structures made
according to current concrete code,
* The most significant deterioration mechanisms have been carbonation induced
corrosion and freeze-thaw weathering,
* The most significant climatic causes for damage have been wind-driven rain and freeze-
thaw cycles within few days after the rain events,
* The deterioration rate has been faster in coastal areas than in inland.

Two recent studies by Kolio et al. (2014) and Pakkala et al. (2014) studied rates of carbonation
induced corrosion of concrete reinforcement and freeze-thaw weathering of concrete facades,
respectively, at the projected future climate. Kolio et al. presented that the increase of
precipitation decelerate the carbonation rate and thus the initiation phase of reinforcement
corrosion while the increase in CO2 level has a greater opposite impact. On the other hand, the
increase of precipitation amount and temperature accelerate the active corrosion phase. Pakkala
et al. concluded e.g.:

* Amount of precipitation will increase significantly until the end of the century and
relatively more at inland than at coastal areas,

* Amount of freeze-thaw cycles after rain events will decrease significantly after 2050’s
at southern Finland but remains almost at the same level at inland,

* The amount of precipitation is almost the same at coastal areas and inland but at coastal
areas the rate of freeze-thaw weathering is higher because of the annual average wind
speed is higher, thus more of the precipitation will shower the vertical surfaces,

* The WDR load is both at present and at future significantly concentrated on south-west,
south and south-east orientated facades and its relative increase is greater than the
increase of precipitation because of the higher wind speed during the rain,

* Concrete can be durable in the Nordic climate if it has been properly air-entrained.

2.4 Climatic conditions in Finland

Although Finnish climate is relatively steady considering the latitudes, it still varies
significantly from the mild and relatively rainy coastal area to the drier inland. However, the
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Finnish building stock is mainly concentrated in the few biggest cities and surrounding growth
areas. Finland can be divided into four main areas based on climatic differences and
concentration of population: the coastal area, southern Finland, inland and Lapland, see figure 1.
(Pakkala et al. 2014)

Northern Finland (Lapland)
Inland
. Southern Finland

. Coastal area

. Rovaniemi

> 1100 km

Helsinki-Vantaa K
> 500 km

Figure 1: Finland can be divided into four main areas based on climate and concentrations of
population. (Pakkala et al. 2014)

2.5 Climate change projections

Climate change as such has been studied worldwide for a long time. In this context, climate
change refers to global warming caused by an increase in greenhouse gases, especially carbon
dioxide (CO,). Climate change will affect the geographic and seasonal distribution of
precipitation, wind conditions, cloudiness, air humidity and solar radiation. Modelling of future
climate is based on alternative scenarios of greenhouse gas and aerosol particle emissions. In the
scenarios, different assumptions are made about the future development of population growth,
economic development, energy production modes, etc.

The ACCLIM (Jylhé et al. 2009) and FRAME (Vinha et al. 2013) projects have shown that
future climate conditions in Finland are likely to get worse in terms of durability of facades and
other structures exposed to climate. According to the data of the ACCLIM project, precipitation
during the winter season is also going to increase while the form of precipitation is going to be
increasingly water and sleet. At the same time, the conditions for drying are going to get worse.
Thus, the deterioration rate of structures will accelerate in most of Finland if maintenance and

protection actions are neglected. (Lahdensivu 2012)

The FMI examined in the ACCLIM project the different climate models and built models for
observing Finnish climatic conditions and adaptation to climate change. In all greenhouse gas
emission scenarios, based on three IPCC (2007) scenarios for the evolution of greenhouse gas
and aerosol particle emissions, the average temperature rises at a constant rate until 2040.
Differences between the scenarios start to emerge only after the middle of the century, see
figure 2. (Jylhd et al. 2009)
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Figure 2: Projections for (a) CO2 level, (b) annual mean temperature and (c) precipitation
change in 2000-2100, in relation to the mean of the reference period 1971-2000. The curves
depict 11 year running means, averaged over Finland and the responses of 19 global climate

models (Ruosteenoja et al. 2013). Projections are given separately for the three greenhouse gas
scenarios A2, AIB and Bl (IPCC 2007).

In the REFI-B project (Jylhé et al. 2013) the FMI also forecast the climates of the four regions
(coastal area, southern Finland, inland, Lapland) in three periods (2030, 2050 and 2100). The
forecasts are based on an average of 19 different models which are all based on greenhouse gas
emission scenario A2. The A2 scenario involves a situation where greenhouse gases are
assumed to increase significantly — it is a sort of worst-case scenario. The FMI also has other
significant greenhouse gas emission scenarios: A1B (quite large emissions) and Bl (small
emissions). (Ruosteenoja et al. 2013).

2.6 Modelling of wind-driven rain

Wind-driven rain (WDR) striking building facades has been the focus of several studies in the
last decades as mentioned by Blocken & Carmeliet (2004). The moisture load resulting from the
WDR depends not only on rainfall intensity and wind speed, but also on raindrop trajectories
around buildings. That increases the complexity of the phenomenon greatly.

The standard SFS-EN ISO 15927-3 (2009) presents a factor /4, (Wall annual index) which can
be used to estimate amount of precipitation collected by a free-standing driving-rain gauge in
flat open country to present the amounts of precipitation that impacts on a real wall. The wall
annual index is highly simplified simulation for assessing the WDR against building facades.
There are other methods to model the WDR as is mentioned by Blocken and Carmeliet (2004,
2010), e.g. CFD model. It takes into account more precisely the distribution of the WDR in
different areas of the facades. Although the wall annual index is simplified method, it gives
adequate results for e.g. comparing different locational effects on the amount of wind driven
rain on facades. Compared to CFD modelling it underestimates the amount of wind driven rain
near the top of the fagade but overestimates the amount on the top 2.5 metres with high
buildings and low rain intensity. The higher the rain intensity the more it underestimates the
amount of wind driven rain. The underestimation increases near the edges of the building. With
rain intensities from 10 mm/h to 30 mm/h the wall annual index gives adequately corresponding
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results with CFD modelling in the vertical middle line with high and low rise vertical buildings
and tower buildings. (Blocken et al. 2010).

3. Material and methods

3.1 Research material

Present and future climate projections and their effects on weather conditions critical to concrete
degradation have been prepared by the Finnish Meteorological Institute (FMI). The data used in
this study are hourly interpolated observations of temperature, wind speed, wind direction and
amount of precipitation over 30 years (1980-2009). The future climate projections, based on the
A2 scenario, were calculated by FMI to represent hourly data for a similar period in 2050 and
2100. The calculations of this study focus on two locations, the coastal and the southern Finland
areas, although both collected and forecast data are also available for other locations.

The locations of the buildings used in this study are set to the same areas as the climate data
mentioned above. Imaginary Finnish suburban city blocks, shown in the figure 3, are located at
the coastal area and at the southern Finland. The climate observations, both collected and
projected, are from Helsinki-Vantaa and Jokioinen. Two types of buildings were studied, both
represented typical Finnish multi-storey residential building of 1970°s with 2 staircases. The
other one was 4- and the other 8-storey.

141l 1 U ‘l—l L]

T
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Figure 3: Simplified Finnish suburban street plan with repetitive blocks.

3.2 Modelling of wind-driven rain

The Wall annual index Iy, is presented at the standard SFS-EN ISO 15927-3 “Hygrothermal
performance of buildings. Calculation and presentation of climatic data.” (2009) as follows:

Iy = [4CRC7OW (D

, where I, is the airfield annual index, Cy is a terrain roughness coefficient, Cr is a topography
coefficient, O is an obstruction factor and W is a wall factor. The airfield annual index I, is
defined as:

8
_ 2Xvrdcos(D-6)

=" — @)
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where v is hourly mean wind speed [m/s], » is hourly rainfall total [mm], D is hourly mean wind
direction from north [°], N is number of years for which data is available and the summation is
taken over all hours for which cos(D — 8) is positive.

The roughness coefficient depends on the height above the ground and the roughness of the
terrain in the direction from which the wind is coming, i.e. is there an open sea, a farm land, a
suburban area or an urban area in the upwind direction. The coefficient Cr at height z is
calculated as follows:

Cr(2) = Kgln (ZZT,) for z > Zmin (3)
Cr(z) = Cr(Zmin) for z < zZpin 4)

This study uses only the terrain categories / and /I see table 1.

Table 1: Terrain categories and related parameters. (SFS-1SO 15927-3 2009)

Terrain Description Kr Zp Zomin
category
1 Rough open sea, lake shore with at least 5 km open 0.17 | 0.01 | 2

water upwind and smooth flat country without obstacles

111 Suburban or industrial areas and permanent forest 022103 |8

The topography coefficient takes into account the increase of mean wind speed over isolated
hills and escarpments near the building subjected to the study. The research assumes the studied
buildings are located at flat surroundings when the topography coefficient Cr = 1.

Obstruction factor depends on the horizontal distance to the nearest obstacle which is at least as
high as the wall subjected to the study, see table 2. The wall factor is, in the case of flat roof

multi-storey building, 0.5 for the top 2.5 m of the wall and 0.2 for remainder.

Table2: Obstruction factor. (SFS-1SO 15927-3 2009)

Distance of obstruction 4— 88— 15— | 25— 40 - 60 — 80— 100 — | over
from wall [m] 8 15 25 40 60 80 100 120 120
Obstruction factor O 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

4. Results and discussion

Figures 4 and 5 show the amount of the WDR hitting facades facing various directions by using
the driving rain index I (see eq. 2) for different wind directions in the coastal and southern
Finland areas, respectively. The wind directions are given in degrees from north in 10°
increments. The figures give the present indices (30 year average, 1980-2009) and projections
for future climates in 2050 and 2100. Figure 6 shows wind direction related relative change of
the amount of WDR compared to present climate.
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Figures 4, 5 and 6 show clearly that south and south-west-facing facades will get significantly
more WDR. The same phenomenon has been noted in condition assessment studies where the
most deterioration has been observed on south-facing facades and balconies. By the end of the
century, wind driven rain will increase approx. 30% in both areas. At inland the increase will be
40% (Pakkala et al. 2014).

Figure 4: Airfield annual index vs. wind direction of present and future (2050, 2100) climates in
the coastal area. (Pakkala et al. 2014)

Figure 5: Airfield annual index vs. wind direction of present and future (2050, 2100) southern
Finland climates.

Figure 6: Relative change of the amount of WDR compared to present climate from different
wind directions.

161



The study showed that the height of the building does not have significant impact on the amount
of WDR. At the top 2.5 m of 8-storey building an increase at the amount of precipitation
compared to 4-storey building is 10% at the coastal area and 20% at southern Finland. At the
lower parts of the facades the amount of WDR is in practice the same.

Depending of the facade orientation the amount of WDR is 50 — 90% higher at the coastal area
compared to southern Finland, see figures 7 and 8. The highest difference is at the northern
facades. The most significant reason for the difference is, as it has been presented before, the
higher airfield annual index, i.e. the wind speed during the rain events. Other significant factor
is the chosen terrain category. If the terrain category is chosen to be the same with both studied
areas, the difference would be 10 — 40%. The south-faced facades can be subjected to 3.5 times
higher WDR load than north-faced facades.

Figure 7: Annual amount WDR on south-faced fagades at coastal area (above) and southern
Finland (below) at present climate.

Figure 8: Annual amount WDR on north-faced facades at coastal area (above) and southern
Finland (below) at present climate.

5. Conclusions

Precipitation has been shown to have an effect on all of the major deterioration mechanisms of
outdoor concrete structures. The future climate conditions in Finland are likely to get worse in
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terms of durability of structures exposed to climate because precipitation during the winter
season is going to increase while the form of precipitation is going to be increasingly water and
sleet. At the same time, the conditions for drying are going to get worse. Thus, in this study the
changes of the wind-driven rain (WDR) on facades were studied at two different locations. In
addition, the effect of facade orientation was studied.

The main results were:

* The amount of WDR is significantly higher at the coastal area than at southern Finland,

* The relative increase of the amount of WDR is higher at the coastal area because of the
increasing wind speed during the rain,

* The south-faced facades are exposed to 3.5 times higher WDR load than north-faced
facades,

* The top part of the facades are exposed to significantly higher WDR load than the lower
parts,

*  WDR will be more concentrated on south and south-west directions until the end of the
century,

* The most significant factors for high WDR load are the wind speed during the rain
event and the openness of the terrain near the studied building.

The method for calculating WDR is simplified, yet it gives adequate results for e.g. comparing
different locational effects on the amount of wind driven rain on facades. The main defect of the
method is an underestimation of WDR near the edges of the building.

Based on the study it can be concluded that at the future climate it is highly important to take
into account the surrounding terrain and locational and microclimatic aspects during planning
and with material choices. It should be taken into account that open areas, e.g. at the coastal
line, cause significant and increasing WDR load on the facades. In addition, the top part of
south and south-west-faced facades should be shielded from rain, e.g. with longer eaves.
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Abstract

The recently agreed Sendai Framework for Disaster Risk Reduction 2015-2030 calls for
reducing the exposure and vulnerability of communities and thus preventing the creation of new
disaster risks. It specifically identifies the need to use post-disaster reconstruction to "Build
Back Better" and thus emphasizes the strategic importance of housing reconstruction in
achieving disaster resilience. In the 2012 flooding in Nigeria, 7.7 million people were affected,
363 fatalities were recorded and approximately 600 000 houses were damaged or destroyed.
This disaster greatly worsened an already existing housing deficit thereby placing huge pressure
on all levels of government to address the sharp increase in housing demand.

This research assesses the performance of the post-flood housing reconstruction programme in
Lokoja, Kogi State, Nigeria. It identifies the efforts made to enable affected communities to
achieve improved disaster resilience after the event and compares these to the Build Back
Better expectations under the new Sendai Framework.

Qualitative data were collected from stakeholder interviews, project documents and reports and
personal observations in the field. The findings indicate that, while some aspects of Build Back
Better were implemented in this particular case, others were not and so the reconstruction
programme in Lokoja fell short of the Sendai Framework's Build Back Better expectations.

Keywords: Build Back Better, built environment, construction management, housing, post-
disaster reconstruction
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1. Introduction

The new Sendai Framework for disaster risk reduction 2015-2030 (SFDRR) sets out distinct
targets and priorities for action with the intention of reducing disaster losses. The framework
focuses on addressing global disaster risk drivers in order fto effectively protect vulnerable
persons, communities and countries. The SFDRR also aims to strengthen community and
environmental resilience to disasters (UNISDR 2015) and outlines guiding principles and
essential responsibilities for states and institutions. It emphasises the engagement of all-of-
society and all state institutions in disaster risk reduction practices (Wahlstrém 2015).

The SFDRR outlines seven global targets that are expected to be achieved by the end of the next
decade (UNISDR 2015). It further identifies four priorities for action to substantially reduce
disaster effects and losses over the next 15 years. The priorities for action are:

understanding disaster risk;
strengthening disaster risk governance;
investing in disaster risk reduction;

B

enhancing disaster preparedness for effective response and to “Build Back Better” in
recovery, rehabilitation and reconstruction.

This study is focused on the fourth of these priorities for action and, specifically, achieving
"Build Back Better". The case of a Nigerian housing reconstruction programme following the
flooding of 2012 is considered in terms of the "Build Back Better" expectations under the
SFDRR in order to determine whether the reconstruction programme measured up to these
expectations and, if not, what recommendations can be made for future initiatives.

In section 2, the Build Back Better concept and its elements are described in detail. In section 3,
the background to the reconstruction efforts following the 2012 flooding in Nigeria is presented.
The methodology for this research is described in section 4 and its findings are presented and
discussed in section 5. Section 6 of the paper sets forth conclusions and recommendations.

2. The Build Back Better Concept

The Build Back Better (BBB) concept seems to have originated following Hurricanes Mitch and
George in the Americas in 1998 when USAID and its partners agreed to reconstruct affected
buildings using techniques and standards to enable the resilience of structures. The measures
adopted included: incorporating environmental and geological analysis into designs;
encouraging the utilization of effective land-use planning; creating social and economic
opportunities for affected communities; and ensuring effective monitoring and coordination by
the donors (USAID 1999; Reliefweb 2006). However, BBB gained global attention and
adherence during the reconstruction of Aceh, Indonesia, following the Indian Ocean earthquake
and tsunami in 2004 (Lyons 2009).
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The post-disaster context offers an exceptional opportunity to develop an improved and resilient
built environment and BBB advocates the utilisation of this opportunity for the identification of
underlying and new disaster risk factors and proposes the systematic incorporation of long-term
mitigation measures into reconstruction (Kennedy et a/. 2008). In addition, BBB emphasises the
inclusion of disaster-hit communities in reconstruction processes to create livelihood support
and opportunities that facilitate long-term resilience for communities (Lyons 2009).

Several reconstruction guidelines (including FEMA 2000; Clinton 2006) aimed at “Building
Back Better” exist but these are not necessarily consistent and this can cause confusion.
Consequently, Mannakkara and Wilkinson (2013; 2014) reconceptualised the guidelines to
produce a comprehensive framework that considers the physical, social and economic
conditions of communities in post-disaster reconstruction and recovery. The authors categorised
the themes into three basic elements that represent the BBB concept:

1. Risk reduction;
2. Community recovery; and,
3. Implementation.

These three elements are broken down and further discussed in the following sections.
2.1 Risk Reduction

Risk reduction focuses on minimizing the damage caused by disaster. This includes measures
put in place to minimize vulnerability, improve the capacity and resilience of communities
(IFRC 2012). Such measures have been classified as structural and non-structural.

Structural Measures: Structural measures involve improved design, establishment and
enforcement of building codes and construction guidelines, strengthening of structures exposed
to hazards and implementation of effective construction practices (Wamsler 2006; Bosher et al.
2007).

Non-structural Measures: Non-structural measures include hazard-based land use planning
and vulnerability analyses, discouragement of development on high risk areas, the creation of
buffer zones, relocation of settlements to protected zones, public enlightenment campaigns
regarding hazards, vulnerability, risk reduction and the development of resilience to disasters
(Wamsler 2006; Shaw and Ahmed 2010).

2.2 Community Recovery

Community recovery emphasises the creation of sustainable employment and livelihood support
programmes for affected communities (Clinton 2006). It involves measures aimed at the
restoration and improvement of social and economic conditions for the affected communities.
Community recovery measures are classified into social recovery and economic recovery
(Mannakkara and Wilkinson 2014).
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Social Recovery: Social recovery refers to the need for disaster victims' physical, psychosocial
and cultural well-being to facilitate recovery (Lyons 2009; Mooney et al. 2011). Social recovery
calls for collaboration between the professionals involved (e.g. psychologists, designers) and the
community. Besides attending to mental health challenges, psychological support should be
provided to improve communities' adaptive capacity to disasters (Mooney et al. 2011).

Economic Recovery: Economic recovery concerns the return of businesses and local
economies to stability following a disaster (Chang and Rose 2012). It includes access to
subsidized loans and business grants, provision of equipment, seedlings to support farmers,
education and skill acquisition programmes to allow affected communities to participate in
reconstruction activities and to provide them with the means for sustainable livelihoods (James
Lee Witt Associates 2005; NEMA 2013; UN OCHA 2013)

2.3 Implementation

Implementation describes the processes by which risk reduction and community recovery is
executed. It involves a number of sub-themes that transmit the BBB concept efficiently. The
sub-themes as categorized in Mannakkara and Wilkinson (2013) are stakeholder coordination,
legislation and regulation, community consultation and, monitoring and evaluation.

Stakeholder Coordination: Stakeholder coordination deals with the organisation of
stakeholders involved in reconstruction projects. The BBB concept recommends the creation of
a central body that will effectively coordinate stakeholders involved in reconstruction and
recovery (Moe and Pathranarakul 2006).

Legislation and Regulation: BBB recommends supportive laws and regulations that are
instituted and enforced in order to reduce disaster risk and to create an enabling environment for
managing the reconstruction and recovery processes (Clinton 2006; Le Masurier ef al. 2006).

Community Consultation: The BBB concept emphasises the involvement of affected
communities in reconstruction (James Lee Witt Associates 2005). Community consultation
enables reconstruction projects' outcome goals to be better aligned with community needs and
thus it facilitates acceptability (ALNAP, 2011).

Monitoring and Evaluation: To ensure successful reconstructed, detailed management plans
should be formulated with long-term monitoring schemes to ensure that all the intended risk
reduction measures are duly incorporated (Clinton 2006; Moe and Pathranarakul, 2006).
Lessons learnt should be documented and adapted in future projects.

3. The 2012 Nigerian floods

The 2012 floods affected 30 of the 36 states in Nigeria and resulted in devastating property
losses with about 600,000 houses damaged or destroyed. 363 fatalities were recorded and over
7.7 million people affected (IFRC, 29 Sep 2012; UN OCHA, 15 Nov 2012).
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Responding to the disaster, the national government provided relief funds to affected states and
to some federal agencies for disaster response, relief and rehabilitation. Non-governmental
organisations and corporate bodies also supported the victims with relief materials and financial
assistance. Some state governments initiated mass housing schemes to ameliorate the disaster
effects on housing and to enable affected communities to recover.

Lokoja, the administrative capital of Kogi State was chosen as an ideal case study area for this
research because it was severely affected by the 2012 floods and has since benefited from recent
housing reconstruction and community recovery projects. Lokoja is located at the confluence of
the rivers Niger and Benue. Community members within Lokoja are largely farmers and are
often affected by floods that cause considerable damage to their properties.

In Lokoja, about 1700 houses were affected by the flooding, some of which were reconstructed
while others on the flood plain were to be demolished and the affected community relocated
(News24 2013). In April 2013, the Kogi State government initiated the construction of 272
housing units for the 2012 flood victims with priority being given to affected property owners.

4. Methodology

Qualitative data were collected from the literature, interviews, project documents and reports
and personal observations in the study area. 31 semi-structured interviews were conducted in
October and November 2015 with representatives of stakeholders involved in the housing
reconstruction and recovery programme.

Representatives of national level agencies and non-governmental organisations as shown in
Table 1(a) were interviewed to compile a detailed description of national efforts towards
community recovery. At the state level, agencies responsible for managing the government’s
efforts towards risk reduction, housing reconstruction and community recovery were identified
and each of these agencies (described in Table 1(b)) were interviewed to recount their
perspectives of the recovery programme. The head of the Farmers Association at the state level
also gave details of the disaster effects and efforts made by stakeholders to enable the recovery
of affected farmers.

At the project level, supervisory engineers and the contractors involved in the housing
reconstruction projects gave an account of the contractor-driven housing production processes.
Representatives of owner-driven reconstruction - building-owners who were relocated and
affected tenants - also give an account of their participation and efforts.

Representatives of local governments were also interviewed to describe local government’s
efforts and their inclusiveness in the recovery process. Representatives of the local community,
the residents of the new housing scheme, were interviewed to gain an understanding of their
involvement and opinions. Descriptions of these local level interviewees are provided in Table

1(c).
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Table 1(a): Profile of Interviewees at National Level

Interview Code (C) | Description No. of Interviews
Cl National Emergency Management Agency (NEMA) 1
C2 Manager, National Inland Waterways (NIWA), Lokoja 1
C3 Researcher, NASRDA 1
C30 Representative, The Nigerian Red Cross Society 1
C31 OXFAM, Nigeria 1

The information received from the interviewees was validated through triangulation. This was
done by verifying questions from other interviewees and available project documents and
literature. Personal details of the interviewees were kept confidential to encourage the reliability
of the information received. Data collected were encoded according to the elements and sub-
elements of BBB which were described in section 2 above. The findings and analysis are

presented in section 5 as a narrative based on this thematic categorization (Kvale 2007).

Table 1(b): Profile of Interviewees at State Level

Interview Code (C) | Description No. of Interviews
C4-C5 Managers, State Emergency Management Agency (SEMA) 2
C6 Head, Town Planning and Development Board, Kogi State 2
Cc7 Head, Department of Building Control, Kogi State 1
C8 Manager, Ministry of Land, Housing, Urban Development 1
C9-C10 Supervisory personnel/Engineers (Post-flood Housing) 2
Cl1-Cl2 Contractors, Post-flood Housing 2
Cl3 Manager, Ministry of Environment and Natural resources 1
cl7 Head, Kogi State Farmers Association 1

Table 1(c): Profile of Interviewees at Local Level

Interview Code (C)

Description

No. of Interviews

Cl4

Development officer, Lokoja Local Government

1

Cl5 Development officer, Ajaokuta Local Government 1
Cl6 Development officer, Kogi Local Government 1
Cl8 Community representative, Lokoja Local government 1
Ccl9 Community representative, Adankolo Local government 1
C20 Community representative, Koton-karfi Local government 1
C21-23 Residents, New Housing Estate 3
C24-26 Owner-built housing reconstruction and rehabilitation 3
C27-29 Tenants affected by flood (without allocation) 2
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5. Findings

Based on the analysed data, the study findings are presented and discussed under each of the
three elements of Build Back Better and their corresponding subthemes.

5.1 Disaster Risk Reduction

Structural Measures: According to C7-C10, the government adopted a contractor driven-
approach for the construction of new buildings due to the need for quick delivery. C6, C7 and
C8 reported that the buildings were designed to the structural standard and took account of the
soil conditions and environmental challenges of Lokoja. According to C7, no new building code
was established, rather existing codes and construction guidelines were enforced with
inspections carried out and approvals issued at prescribed developmental stages for all new
development. In addition, quality assurance mechanisms and procedures were established to
ensure quality control in reconstruction. C7 identified the quality management procedures
established included material quality and specifications checks, multi-department/agency
inspections and regular monitoring and supervision.

According to C7, C8 and C9-C10 some contractors who were politically well-connected did not
comply with the established quality management standard. C7 emphasised that they were given
executive fiat and operated without applying the laid-down quality management procedures
with the excuse that they were following a superior order that emphasized quick delivery.
Although, beneficiaries had just been allocated their dwellings, wall cracks and damped walls
were observed confirming that quality procedures were compromised (Figures 1a and 1b). C9-
C10 mentioned that some contractors lacked the capacity to do a good quality job, but were
awarded contracts due to their influence.

Figure 1(a) and (b) Figures showing visible defects on newly constructed houses for Post-2012
flood victims in Lokoja, Kogi State, Nigeria.

For owner-driven housing reconstruction, C24 reported that his building was destroyed by the
flood but since it was not located within the buffer zone, a new design submitted was approved
by the town planning board. C24 mentioned that the reconstruction of the building was often
inspected by supervisors from the board to ensure compliance with building guidelines.
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The authors observed a lack of drainage channels in the new scheme which exposed the
settlement to flood risk due to run-off. However, C13 reported that new drainage channels are
being constructed while old ones are being rehabilitated within the Lokoja metropolis to reduce
flood risk. In addition, C13 and Tribune (June 26 2015), reported that a shoreline protection and
embankment project alongside the river bank is being built to protect some high-risk
communities from exposure to flood risk and to serve as a recreational area and park.

Non-structural Measures: A number of non-structural risk reduction measures were
undertaken by the government. After the event, risk and multi-hazard vulnerability assessments
were carried out and a flood risk map was produced (Aderoju et al. 2014). Another study
identified the location to site the new housing scheme for relocated victims (Isa et al. 2015).

According to C5 and C7, only affected property owners with valid documents were relocated
from high risk zones while new developments were barred and buffer zones which were earlier
created were now enforced. However, C19, C22 and C23 reported that “we were relocated
without provision for basic facilities like schools, hospitals and connecting roads to the town”.

CS5 reported that National Meteorological Agency and Nigeria Inland Waterways Authority
provided early warnings that gave notice of the significant rise in water level to the community
through the State Emergency Management Agency (SEMA). All of C4, C5, C13 and C14-C16
mentioned that before, during and after the flooding, SEMA conducted public enlightenment
campaigns on vulnerability to flood risk, disaster preparedness and response using all media
channels.

5.2 Community Recovery

Social Recovery: C30 reported that assistance was provided by the Nigerian Red Cross Society
in the form of relief materials, health, hygiene promotion and, most importantly, the provision
of psychosocial support to help traumatized victims work through their experiences. According
to C4 and C5 teams of medical experts and psychologists were deployed to various internally
displaced persons camps to attend to the medical and psychological needs of the victims.

In terms of housing reconstruction, C21-C23 reported that they were not adequately involved in
the housing design and reconstruction process so that the houses provided to them had
inadequate numbers and sizes of rooms. It was observed that non-property owners were not
given consideration in the allocation of housing. Although, C27-29 mentioned that they were
given some money to rent dwellings.

Economic Recovery: According to C22 and C5, grants of NGN50,000 were given to property
owners. C14, C15 and C16 emphasised that some money was given to flood victims as relief to
ameliorate the effects of property loss. In addition, livelihood support programmes were
implemented by NGOs with the distribution of seedlings and fishing nets, while training and
capacity building programmes were conducted on risk reduction and disaster resilience (UN
OCHA, 01 April 2013).
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5.3 Implementation

Stakeholder Coordination: Following the 2012 disaster, a Flood Relief Management
Committee, headed by the Deputy Governor’s office was set-up to coordinate stakeholders
involved in reconstruction and recovery. C7 and C8 reported that the committee coordinated
recovery operations, procurement and monitored reconstruction progress and performance. C4
and C5 mentioned that training and capacity development programmes were organised for
management personnel to build disaster management capabilities and to enhance the
management of the reconstruction and recovery process. However, C18, C19 and C20
mentioned that they were only involved in the distribution of relief items to the locals.

Legislation and Regulation: According to C6, C7 and C8, no new legislation or regulations
were established. Rather, existing regulations regarding buffer zones were now enforced. C6
and C7 stated that the enforcement of the existing land use acts and building regulations would
ensure that disaster risks are reduced.

Community Consultation: According to C18-C20 they were shown designs of the buildings to
be reconstructed and taken to the housing reconstruction site during implementation (News 24
2013). We were given no choice but to accept what the government provided since we were
getting it for free. C22 and C23 complained that the new houses are too small.

Monitoring and Evaluation: C6, C7 and C8 stated that lessons learnt from the housing
reconstruction projects initiated by government were documented. C8 further mentioned that
lessons learnt are applied in an on-going bond-housing project (of 500 units). However, C8
noted that the Post-2012 recovery projects initiated by the government are still in progress.

5.4 Summary of Findings

Disaster Risk Reduction — Structural Measures — BBB not achieved: Some measures were
taken (embankment construction) but non-conformance with quality management procedures
during construction and the lack of drainage channels left the new buildings vulnerable.

Disaster Risk Reduction — Non-structural Measures — BBB achieved: Multi-hazard
vulnerability analysis, flood-risk mapping and (earlier identified) buffer-zones were enforced.
Housing was relocated from high-risk zones.

Community Recovery — Social Recovery — BBB not achieved: A lack of involvement of
owners in relocation planning, building design and construction processes and a lack of

consideration for non-owner residents compromised community recovery.

Community Recovery — Economic Recovery — BBB achieved: Several successful measures
were taken to enable affected communities to recover economically from the disaster.
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Implementation — Stakeholder Coordination — BBB achieved: A central committee to
coordinate stakeholder involvement was set up by the state government. However, the selection
of contractors was influenced by politics and local authorities should have been more involved.

Implementation — Legislation and Regulation — BBB achieved: Although no new legislation
was passed, existing land-use and building development regulations were enforced.

Implementation — Community Consultation — BBB not achieved: Inadequate consultation
(especially regarding the relocation site, building design types and the construction process).

Implementation — Monitoring and Evaluation — BBB not achieved: A systematic approach
to monitoring was initially established but this was negated by the political influence which
affected reconstruction implementation. Lessons learnt were documented for future projects.

6. Conclusions

The Sendai Framework for Disaster Risk Reduction 2015-2030 calls for priority action to Build
Back Better in reconstruction. Using a comprehensive BBB framework as a guide to evaluate
the housing reconstruction programme in Lokoja following the 2012 floods in Nigeria, it is
evident that considerable efforts were made by government agencies and other stakeholders and,
indeed, some of the elements that comprise BBB were achieved (refer to section 5.4). However,
other elements of BBB were not achieved. In particular, the non-conformance of some
contractors to the established quality management procedures resulted in some poorly
constructed housing units and the lack of drainage channels to mitigate flood risk threatens to
undermine the reconstruction and recovery programme unless it is quickly remedied. In
addition, the non—participation of the affected community in the design and reconstruction of
housing and the lack of consideration of non-owners (affected tenants) in the reconstruction and
allocation process indicate that this specific example of a recent housing reconstruction
initiative falls short of the BBB expectations under the new SFDRR.

This study has used the SFDRR as a reference framework to measure the performance of the
Nigerian post 2012 flooding housing reconstruction programme. By doing so, we can
recommend specific improvements in terms of:

e structural measures (building quality improvements),

* social recovery and community consultation (inclusion of all affected community members
and greater involvement of the community in the design and reconstruction process)

* monitoring and evaluation (putting in place safeguards to ensure that the reconstruction
programme is protected from political influence).
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Abstract

The purpose of this work is to analyse how Brazil is promoting urban resilience to natural
disasters. Brazil suffers all kinds of disasters due to its great territorial extension, but curiously
the one that impacts the most people - drought - is not the one that causes the most casualties -
landslides and flash floods. This work was developed based upon literature review on urban
resilience, desk research of all relevant topics and statistical data analysis. The main actions for
mitigating these disasters’ damage were the mapping of risk areas, training courses and a 24/7
monitoring center. The current Civil Defense protection policy is the first federal law focusing

on risk mitigation.
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1. Introduction

In 2010, the population of Brazil was just over 200 million inhabitants, with a urbanization rate
of 84,36% (IBGE, 2010). The increase in population density in the cities contributed to disaster
events becoming more expressive, since a larger number of people has been affected. Most
natural disasters that occur in developing countries are triggered by the ever growing population
density in risk areas (Sampaio et al., 2013).

Natural disasters are the consequences of natural phenomena occurrences lasting long enough to
produce a negative impact on society and infrastructure (Alcéntara-Alaya, 2002). EM-DAT
(Emergency Events Database) understands disasters as “situation or event, which overwhelms
local capacity, necessitating a request to national or international level for external assistance;
an unforeseen and often sudden event that causes great damage, destruction and human
suffering. Though often caused by nature, disasters can have human origins” (EM-DAT, 2015),
plus at least one of the following elements: a) 10 or more casualties; b) 100 or more people

affected; c) declaration of state of emergency; or d) request for international assistance.

In Brazil, the main source of disaster data are the emergency situation and state of public
calamity decrees, issued by local authorities and recognized by the federal government. The
criteria are: disaster intensity, need and availability of resources to be used in order to restore
normality (MI, 2007).

Since the establishment of the National Policy for Protection and Civil Defense (Politica
Nacional de Proteg¢do e Defesa Civil, portuguese acronym: PNPDEC), the issue has gained
more emphasis due to the understanding by political bodies that disasters can be avoided.

This work was developed based upon literature review on urban resilience, desk research of the
National Policy for Protection and Civil Defense and of the Disaster Response and Risk
Management Program, and statistical data analysis conducted on official data gathered from the
Brasilian Natural Disaster Annual Report, for the year 2012.

2. Urban Resilience

The concept of resilience became known by Holling (1973), who applied it in ecology to study
ecosystem dynamics (Janssen et al., 2006). Ecological resilience stands for the ability of a
system to keep its functions and controls after being subjected to disturbances (Gunderson,
2000). In an environment - society perspective, when transposing the concept to cities, it is
understood that a city is a complex system (social, economical and ecological) that, when struck
by external disruptions, is able to return to a previous state of equilibrium or even to improved
conditions as a result of adapting and learning from overcoming the event (Adger, 2000; Klein
et al.,2003).

According to Lhomme et al. (2013), urban resilience is the ability of a city to recover its
functions after suffering a disturbance. Desouza; Flanery (2013) defined urban resilience as the
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capacity of a city to absorb, adapt and respond to changes. Similarly, UNISDR defines
resilience as “the ability of system, community or society exposed to hazards to resist, absorb,
accommodate to and recover from the effects of a hazard in a timely and efficient manner,
including through the preservation and restoration of its essential basic structures and functions”
(UNISDR, 2009). The latter definition was the one adopted in this work because it was
understood to be the most complete one.

One of the main characteristic of resilience is the capacity of adaptation that, according to Folke
(20006), is the system’s capacity to endure and deal with external changes. This work agrees with
Klein et al. (2003, p.38) in their definition of adaptation capacity, which reads as “the capacity
to plan, prepare, facilitate and implement adaptation measures” in face of natural disasters.

Jabareen (2013) stresses the gap in the literature to measure and evaluate urban resilience,
besides the fact that this is a concept developed on multidisciplinary bases and which comprises
multiple aspects, just like cities. Although rich analyses are possible, a focus must be
established for the current work; such focus is the urban resilience to natural disasters.

3. Natural Disasters in Brazil

Brazil occupies 47.3 percent of the South American continent and borders all other countries,
except Ecuador and Chile. It is bounded by the Atlantic Ocean on the east and has a coastline of
7,491 km. Brazil is currently defined in its constitution as a federal republic, composed of 26
states and the Federal District, where its capital - Brasilia - is located. The federative units are
divided into five regions: South, Southeast, Center West, North and Northeast (Figure 1).

The South region corresponds to 6,77% of the total territory and has an urbanization rate of
84,36% (IBGE, 2010). The most common natural disasters in this region are pluvial floods,
flash floods and landslides associated with intense rain, which occurs more frequently from
December to March. Other disasters such as drought, windstorms, tornados and coastal floods
also occur in the region.

The Southeast region corresponds to 10,86% of the country’s area and has an urbanization rate
of 92,95% (IBGE, 2010). Like in the South region, the most frequent natural disasters are
pluvial floods, flash floods and landslides associated with intense rain, also from December to
March. Drought events can occur as well.

The Center West region represents 18,87% of the national territory and its urbanization rate is
88,8% (IBGE, 2010). This is the region with the least of natural disaster events, which are
mainly pluvial floods, droughts and forest fires.

The North region comprises 45,25% of the national territory and presents an urbanization rate of
73,53% (IBGE, 2010). This region does not present a dry season and has the highest
pluviometric annual indexes, making pluvial floods the most frequent natural disaster.
Nevertheless, isolated drought periods and forest fires might also occur.
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Figure 1 - Brazilian regions and South American countries

The Northeast region corresponds to 21,25% of the country’s territory and has an urbanization
rate of 73,13% (IBGE, 2010). This region is home to the greater part of the Brazilian semi-arid
climate, which makes drought the most recurrent natural disaster. However, pluvial floods and
landslides also occur.

The disasters that affected the Brazilian population in the year 2012 were droughts (52,76%),

pluvial floods (30,54%), flash floods (10,93%), windstorms (3,53%), landslides (0,73%) and
other (1,51%) according to MI (2012), as shown in Graph 1.
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Graph 1 - Distribution of affected people by type of disaster in 2012 (Adapted from the Brazilian Natural
Disasters Annual Report, 2012)

Graph 2 shows the percentage of casualties by natural disasters in 2012, as follows: landslides
and flash floods (27,96% each), windstorms (17,20%), pluvial floods (15,05%), drought
(6,45%) and fluvial floods (5,38%), according to MI (2012).

Graph 2 - Distribution of casualties by type of disaster in 2012 (Adapted from the Brazilian Natural Disasters
Annual Report, 2012)
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Graph 3 - Comparison of affected people and casualties by type of disaster in 2012 (Adapted from the
Brazilian Natural Disasters Annual Report, 2012)

Droughts affect the greatest number of people mainly because they occur more frequently in the
Northeast region, which is the poorest region of the country and has 27,83% (IBGE, 2010) of
the population.

However, when comparing both graphs side to side, as shown in Graph 3, it is possible to
observe that drought, despite affecting the greatest number of people, causes, alongside with
fluvial floods, the least number of casualties. The greater share of casualties is caused by
landslides and flash floods, since they usually occur in densely occupied areas, especially in the
South and Southeast regions - with 14,36 and 42,13% of the population (IBGE, 2010),
respectively.

The distribution of natural disasters among the five regions in Brazil, in 2012, was: a) January to
May: North region; b) January, March to July and November: Northeast region; ¢) January to
March: Center West region; and d) throughout the entire year in the South and Southeast
regions (MI, 2012).

4. Civil Defense

In Brazil, Civil Defense is the institution responsible for planning actions and managing risk
concerning natural disasters and technical incidents. The Protection and Civil Defense National
System is present in all three government spheres: Federal, State and Municipal. Each level has
its own duties and responsibilities and their work is coordinated by the National Civil Defense.

Historically, the Brazilian civil defense has always acted in a reactive manner, i.e. taking

measures only after a disaster event. According to Valencio (2010, p.752) the institution had
become dedicated to “mainly deal with standard procedures in the disaster response phase,
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related to scenario coordination and fulfillment of damage evaluation bureaucratic
requirements”. Two major disasters that took place in 2010 and 2011 exemplify this attitude.

In 2010, the states of Alagoas and Pernambuco, both in the Northeast region, suffered from
massive pluvial floods due to strong storms. According to the World Bank report, the indirect
and direct costs amount to R$ 1.89 billion in Alagoas state and R$ 1.4 billion in Pernambuco
state (World Bank, 2012).

Frota et al. (2010) stress that, in spite of these disasters, the National Civil Defense has still
maintained a reactive attitude, with little to no effort being made towards organizing and
conditioning State and Municipal Civil Defenses to avoid or mitigate new disasters.

In 2011, the mountainous region of Rio de Janeiro state, in the Southeast region, was hit by
several pluvial floods and landslides, also an outcome of severe rainstorms. The losses were
estimated at R$ 4.78 billion (World Bank, 2012).

Although landslides are expected in Rio de Janeiro state during summer, preventive
countermeasures were far from sufficient, if existent at all. Dourado, Arraes and Silva (2013)
classify the State Civil Defense as highly qualified to perform search and rescue operations in
landslide events, but poorly developed when preventing such events is concerned.

“The main issue identified in this period is the lack of prevention programs, which is enhanced
by political stimuli to the occupation of risk areas and the deficiency in integrated action
between state organs and local authorities” (translated from Dourado et al., 2013, p.51).

5. The National Policy for Protection and Civil Defense
(PNPDEC) and it Initial Progress

The federal law that provides guidelines to Civil Defense actions is the National Policy for
Protection and Civil Defense (PNPDEC), which entered into force in 2012. This policy is
composed of prevention, mitigation, preparation, response and restoring actions; with emphasis
on the adoption of preventive measures to minimize the effect of disasters, the stimulus for the
development of resilient cities and the inclusion of risk mitigation in urban planning.

Partnerships have been established with research and technology institutions and academia, who
provided technical and scientific support to natural disaster management, such as the National
Center for Monitoring and Disaster Warning (port. acronym: CEMADEN); the Disaster
Research and Study Center of Santa Catarina Federal University (port. acronym: CEPED-
UFSC); besides other traditional public companies that helped with mapping services, the
Brazilian Geological Service (port. acronym: CPRM) and the Technological Research Institute
(port. acronym: IPT).

Since the establishment of the PNPDEC policy, a national register of the municipalities that are

most susceptible to natural disasters has been made, and for each of these locations
two
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documents are prepared: a chart mapping susceptibility to gravitational mass movements and
floods and a geotechnical aptitude to urbanization chart. These two maps aim to provide the
Civil Defense and local, state and national authorities with information to assist in adequate
urban expansion planning, by pinpointing areas that are fit and unfit to urbanization. Thus,
avoiding the increase in risk areas in those cities. (Sampaio et al., 2013)

CEPED-UFSC created a series of capacitating courses in risk management for public
administrators and Civil Defense employees, with both theoretical and practical classes.
CEMADEN is a 24/7 meteorological, hydrologic and geologic monitoring center.

6. Discussion

According to Marengo (2007), global climate models predict possible changes that would cause
intense climate events, such as heat and cold waves, severe storms, floods and droughts. These
events would be of particular concern to big cities like Sdo Paulo and Rio de Janeiro, both in the
Southeast region.

Though climate change is a global concern, its local effects - such as floods and heat waves -
can be most damaging to urban centers, given their elevated carbon dioxide emissions and great
concentration of people, economical activities and infrastructures (Romero-Lankao and
Dodman, 2011).

The concept of resilience relates directly to the ability of recovering from a disaster in an
efficient manner, which can only be done through preventive planning and adaptation. It is
necessary to know what disasters might be faced and to create mechanisms that allow lessons
learnt to be passed on, which is not about turning a city immune to disasters, but mitigating risks
and damages alike.

The first steps of the National Policy for Protection and Civil Defense focus on building the
knowledge required to face disasters, and are restricted to preparing technical instruments,
training public administrators and Civil Defense employees and 24/7 monitoring. It is still
necessary to intensify and amplify the range of actions, mainly concerning raising awareness,
improvement of the city infrastructure and fairer urban policies. “[...] a well structured
institutional and administrative framework is a prerequisite for a city’s sound resilience
initiatives” (Malalgoda et al., 2013, p.80).

7. Conclusions

The concept of resilience serves as a guide to measure what to aim to reduce the risk of
disasters. Rather than as an end in itself, it is a primordial analysis category in all discussions
involving cities and natural disasters.

Data from 2012 showed that a significant share of casualties resulting from disasters occurred in
big cities, which can be aggravated by eventual extreme climate events.
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So far, the Brazilian Civil Defense was used to act only after disasters, in the response phase.
Changing culture is a very slow process, so the current policy, which strongly focuses on
preventive actions to resist natural disasters, is a very important first step that must be
continued, improved and reinforced in order to create a future risk management culture.
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Abstract

Cultural heritage is not only an important part of a country’s identity but also a key driver of
tourism (which can play an important role in a nation’s economic and social resilience).
However worldwide heritage buildings are gradually becoming more vulnerable, due to natural
decay and deterioration, effects of climate change, and human-induced impacts, such as poor or
ineffective maintenance. An increased number of extreme weather events, many of which are
associated with the impacts of climate change, are posing significant problems in managing and
conserving cultural heritage around the globe. Being exposed to a number of natural hazards
and having a great cultural heritage, York (UK) presents a case study that provides the basis for
the exploration of the strategies required for the improved disaster risk management of
vulnerable heritage buildings. Through the engagement with practitioners responsible for the
management of a range of heritage sites, this paper identifies the challenges faced when
considering climate change adaptation measures. It argues that improved climate change
adaptation and enhanced hazard mitigation strategies, involving a broad range of suitably
trained stakeholders, are extremely important considerations when it comes to the assessment,
maintenance and conservation of cultural heritage.

Keywords: cultural heritage buildings, climate change, mitigation, adaptation, case study
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1. Introduction

Heritage sites are crucial assets for local communities and national states on both social and
economic levels (Choi et al., 2010). Despite having stood strong for, in some cases, thousands
of years, they remain under constant threat from natural hazards and human-induced threats.
While close attention is paid to the protection of human life and livelihood as well as economic
infrastructure, the protection of cultural heritage can be somewhat overlooked and under
prioritised. A key factor indicating the need to increase the resilience of heritage sites to the
impacts of climate change is the particular fragility of their historic fabric (Throsby, 2012), and
thus their vulnerability to the effects of climate change and impacts of natural hazards.

Cultural heritage is exposed to a number of risks that can be divided into natural hazards (such
as earthquakes and volcanoes), and those related to climate change (such as increased
precipitation, flooding, droughts and heat waves). In addition, human-induced threats, which are
essentially social and economic in nature and range from increased urbanisation, mass tourism
and traffic congestion to industrial air pollution and increasing energy demand, can compound
the problem (Jigyasu, 2006). All the risks associated with natural hazards, impacts of climate
change, and human-induced threats, put significant pressures on cities and possible conservation
efforts of historic urban environments. The increasing vulnerability of heritage sites and their
assets is not merely due to increased exposure to hazards and extreme weather events. With
increasing urbanisation, many urban heritage sites are now becoming engulfed by dense urban
areas with huge concentrations of people and restricted access for emergency vehicles and
personnel. Transformation processes in historic settlements are also breaking traditional urban
boundaries, disturbing delicate ecological relationships and exposing these settlements to
increased disasters and climate-related risks. Furthermore, cities have special climates which,
due to complex characteristics, can be very difficult to predict: streets and buildings alter wind
patterns and solar radiation, resulting in temperature and humidity changes as well as
precipitation and pollutant concentrations.

The increasing pressures on heritage sites’ environment, carrying capacity and socio-economic
developments are likely to reach a critical point in the near future and require urgent action
(UNISDR, 2015). As a consequence of the ever changing environmental and economic
climates, heritage sites may currently be exposed to a greater risk from various threats than ever
before in history (Croft, 2013). Heritage sites are critical to any community, and the importance
of their conservation cannot be understated. Post disaster damage and potential destruction of
heritage sites can cause catastrophic emotional damage to communities and residents, the
avoidance of such occurring should be viewed with the utmost importance (Spennemann and
Graham, 2007). Heritage sites are not merely important on a sentimental level: the economic
and social benefits of their conservation have to be considered. They provide communities with
character and substance, but the economic value of these sites and the revenue and tourism they
bring to communities should also be noted (Choi et al., 2010).

189



In using York as a case study, this paper will explore current approaches to climate change
mitigation and adaptation measures for cultural heritage and discuss the challenges and gaps in
these strategies.

2. Types of climate change adaptation and mitigation
measures for cultural heritage buildings

Whilst a great range of disaster risk reduction measures exist, not all of them are appropriate for
cultural heritage due to their potential negative impacts on their values. However a number of
structural and non-structural measures can be utilised if used appropriately taking into account
the specific heritage values.

Non-structural activities such as education and training are the most appropriate in the context
of cultural heritage. A number of training programmes have been set up that focus on heritage
specific engineering techniques: they are designed to train stakeholders in heritage engineering
and to equip them with the skills required to continually maintain cultural heritage sites, and
sufficiently protect sites from natural hazards and human-induced threats. Hazard mapping is
also becoming increasingly popular. For instance in the UK, English Heritage have recently
began working with the Environment Agency to map hazards and potential threats around the
UK, and is reflected in the UK National Heritage Protection Plan (Davis, 2002). Non-structural
adaptation measures for cultural heritage sites also include financial management, visitation
practices, and policies.

Structural adaptations are sometimes inevitable; however, they should be avoided where
possible due to the risk of altering the fabric of a heritage site. For instance, Jigyasu (2006)
highlights that some post-earthquake reconstruction measures in Marathwada region of India
led to the destruction of significant components of cultural heritage rather than to protecting
them. In the UK heritage sites are not permitted to perform key structural changes or introduce
major structural measures. However, structural adaptations can be applied to sites by
professional construction stakeholders (Davis, 2002) — this however is not often performed as it
requires extra funding. It is also important to bear in mind that structural measures applied
within the surrounding landscape might also reduce or increase the probability and the extent of
the hazards’ impact (Perry, 2015). These measures are to an extent supported by a number of
international, regional and national frameworks described in the next section.

2.1 Legal framework and governance for the protection of cultural
heritage from climate-induced hazards

In 1954 the first convention designed to draw attention to heritage protection was put in place -
the Hague convention for the Protection of Cultural Property in the Event of Armed Conflict
(UNESCO, 1954). It outlined that the protection of world heritage and culture from human-
induced threats, such as armed conflict, should be a priority on both a national and international
level, and further underlined that these sites require safeguarding and treating with the utmost
respect. This followed by the establishment of the ICOMOS principles and charters of heritage
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conservation, which over years have not only extended the scope of cultural heritage beyond
select monuments but also conservation approaches beyond mere preservation to management
of change.

More recently, the Sendai Framework for Action (SFA) (UNISDR, 2015) marks significant
progress with respect to the former policy document on disaster risk reduction (DRR), the
Hyogo Framework for Action. Culture is now explicitly recognised as a key dimension of DRR
and the need to protect and draw upon the various benefits of heritage as an asset for resilience
is more clearly highlighted (Dean and Boccardi, 2015).

The UNESCO World Heritage Committee has recommended that State Parties include risk
preparedness as an element in their World Heritage site management plans and training
strategies (Paragraph 118 Operational Guidelines). This was extended in 2011 to all cultural
heritage sites by highlighting risk management within the Historic Urban Landscape approach
that emphasised the necessity of legal compliance and effective integration into national or
regional legislation (UNESCO, 2011). In order to ensure the effectiveness it emphasises the
particular importance of raising awareness and communicating the benefits of a formalised risk
management approach in order to increase political will and to increase the resilience and the
safeguarding of the historic cities to the primary and secondary hazards and threats. The risk
management system has to consider the costs associated with the impact of disaster and climate
change effects on human settlements, economic and social activities, environment, cultural
heritage and historical urban properties, and consequentially the benefits of introducing a
system for mitigation of risks.

The EU and Member States have also reacted to the challenges posed by climate change and
other threats with activities in several fields. Among the most important actions is the setting of
a consistent and supportive legal framework for targeting these challenges. The global legal
outline shows a complex system where EU has a general legislative competence in the field of
environmental management; some specific matters regulated by binding acts, such as Water and
Flood directives (Directive 2007/60/EC); a general international system of soft law aimed to
improve the resilience of communities, where international bodies and organisations, mainly
represented by UNESCO for cultural heritage and UNISDR for disaster reduction, have an
important role. Climate change is seen by many governments as a risk multiplier that has
influenced shifts in policy that covers natural hazards, thus requiring not only improvements in
emergency management, but also in prevention and preparedness (Werrel and Femia, 2015).
Accordingly, a number of adaptation and mitigation programmes and strategies have been
introduced in the last decade, however the extent to which these initiatives encompass cultural
heritage is negligible. With reference to culture, the EU supports cooperation between Member
States to conserve and safeguard European cultural heritage and the adoption of incentive
measures through special culture programmes and dedicated budget lines, but expressly
excludes any harmonisation of laws and regulations of the Member States (art.167 TFEU).

However, recently, following the “Europe 2020 Strategy for a Smart and Sustainable Growth”,
new EU cultural policies and related funding programmes have considered that special attention
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should be given to cultural heritage threatened by natural hazards and human induced threats
and to propose dedicated plans. Specifically, the European Work Plan for Culture 2015-2018,
expressly mentions as a goal to be pursued, a study on risk assessment and prevention to
safeguard cultural heritage against natural risks (OJ 23.12.2014 — C463).

In the UK, the sole driving force behind the protection, prioritisation and allocation of funding
to heritage sites throughout England is centred in the National Heritage Protection Plan (the
Plan) introduced in April 2011. The plan consists of two key elements: first, it establishes a
framework for determining heritage prioritisation throughout the UK, highlighting which sites
require most urgent protection; this will help to increase collaboration of sites and aim to
eradicate duplication of works, with the hope of outlining areas which have been overlooked or
dismissed. Second, it proposes that action plans would be put in place to address the needs of
the aforementioned prioritised sites in the form of resources and funding (English Heritage,
2013). The framework set up throughout this plan consists of four key areas:

- Foresight: 1dentifies potential threats and issues from economic, environmental and
historical perspectives; assesses awareness of relevant parties; and gains perspective on
issues from within these parties and organisations.

- Threat: assesses the risk of all potential natural hazards and human induced threat, and
their impact on a site; and establishes strategic action. One of its particular focuses is
flooding.

- Understating: identifies site-related information in order to wunderstand its
vulnerabilities; and prioritises the significance of the sites and the issues they are facing.

- Response: sets out response measures including protective, managerial and help and
advice oriented measures.

3. Methodology

York has been chosen as a case study city for this paper (it is introduced in the next section).
The case study method is deemed appropriate as it allowed focusing on understanding of
dynamics presented within a single setting and answering whether and how questions (Yin,
1994; Eisenhardt, 1989). Whilst a case study cannot offer generalisation, its conclusions can be
applied to the development of new theories and concepts, and the revision of existing ones.

An extensive web and literature research was initially conducted to identify any secondary
literature. Four site visits from April to June 2015 were then conducted as it helps to obtain
valuable insight (Lofland and Lofland, 1995) when discussing the projects and to understand the
environment and the context in which the project is taking place. Finally eight semi-structured
interviews with a number of key stakeholders involved in the management of the heritage sites
were conducted; this was deemed important because the stakeholders’ perspective on the
process of the project implementation could provide valuable information on existing measures
as well as the challenges faced by the heritage sites in the context of climate change. The
interviews covered the following aspects: main threats faced by heritage sites, risk assessment
and risk mitigation measures, funding, and impact of policies. The interviews were recorded,
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transcribed and thematically analysed. Thematic analysis was chosen due to the complexity of
the dataset and the need for a flexible analytical process to provide a structure (Howitt and
Cramer, 2011).

3.1 York case study

York is a historic walled city with a population of 200,000 at the confluence of the rivers Ouse
and Foss in North Yorkshire, England, and is the traditional county town of Yorkshire. The city
has a rich heritage and has provided the backdrop to major political events in England
throughout much of its two millennia of existence. The city offers a wealth of historic
attractions, of which York Minster is the most prominent, and a variety of cultural and sporting
activities making it a popular tourist destination for millions. The city was founded by the
Romans as Eboracum in 71 AD. It became the capital of the Roman province of Britannia
Inferior, and later of the kingdoms of Northumbria and Jorvik. In the Middle Ages, York grew
as a major wool trading centre and became the capital of the northern ecclesiastical province of
the Church of England. Consequently the historic building stock in York is widely variable and
noticeable periods of growth can be observed through analysis of historic maps of the city: it
ranges from Roman style to the medieval timber framed structures, and there is also a strong
Georgian architectural influence (Stephenson and D’Ayala, 2014).

York therefore has a large variety of cultural heritage sites, many of which are prone to climate-
induced hazards, and in particular flooding (Hutton and March, 2002). A number of actions are
taken by the City of York (and its York Prepared team) in order to reduce the impacts of
flooding, as a large number of heritage and historic sites requires protection and prioritisation to
avoid suffering permanent damage as a consequence of the ever-changing environmental
climate. Although York has suffered historically at the hands of flooding since the early
thirteenth century (Radley and Simms, 1971), studies have been carried out which outline that
flooding has become significantly worse in York over the past century (Archer, 1999;
Macdonald et al., 2003; Macdonald and Black, 2010); notably this occurred between the 1940s
and 50s (Farrant, 1953), until significant flooding in the 1980s and 2000s.

4. Discussion: Living with floods or surviving floods?

As described in previous section, York and its heritage sites are regularly affected by flooding.
Current flood mitigation measures deployed in York include a floodwall and the Foss Barrier.
These mitigation measures however do not fully protect the heritage related built environment
of the city. The York local authorities treat flooding as a natural process and thus emphasise that
it is impossible to fully prevent such events and therefor the focus should be on risk
management (City of York Council, 2015).

The majority of York’s environmental issues have historically come in the form of flooding,
usually as a direct result of the River Ouse bursting its banks after periods of heavy rainfall. The
continued worsening of flooding in the York region has to some extent been related to the land
usage of areas north (upstream of the Rover Ouse) of York; the removal of sufficient vegetation
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is seen as a key factor in increasing run off and thus causing increased flooding in York
(Sansom, 1996); this could be exacerbated in the future by the effects of climate change
(English Heritage, 2008). According to the analysis of epigraphic flood markings (inscribed
markings) (Macdonald, 2007) inside the basement of the old Merchant Venturers’ Hall in
central York, the city had been built up over the original flood plain during the centuries.
Although the ground level in York has been raised, there was no change in base river level
during the historical period. Examination of historic and contemporary maps indicates that no
significant changes to the channel form through York appear to have occurred in the past 250
years (Macdonald and Black, 2010).

4.1 Main challenges

Although relatively resistant to flood damage, historic-building materials can all suffer some
degradation and may need appropriate treatment. The degradation is often triggered by a
combination of flooding and weathering, which affect materials of the site structures. These
materials include stone, solid brick and mortar walls, timber frames, wattle-and-daub panels,
timber boarding and panelling, earthen walls and floors, lime-plaster walls and ceilings and
many decorative finishes (English Heritage, 2008). Organic materials such as timbers swell and
distort when wet and suffer fungal and insect infestations if left damp for too long; if dried too
quickly and at temperatures that are too high, organic materials can shrink and split, or twist if
they are restrained in panels (Historic England 2015). Inorganic porous materials do not
generally suffer directly from biological attack. Significant damage can occur when inherent salt
and water (frost) crystals carried through the substrate are released through inappropriate drying
or very cold conditions; in addition to severe water damage, water contaminants and sediment
concentration significantly increase during a flood period (Longfield and Macklin, 1999), which
can result in heritage and historical sites suffering from erosion and contamination, as well as
generic water damage.

As already mentioned in Section 2, physical damage requires structural interventions that would
enhance protection, however the interviews have demonstrated that there are a number of flaws
that make the existing protection system not as effective as it could be, despite the UK having a
system in place that inspects heritage sites (as described in Section 2.1). The following
challenges have been highlighted by the interviewees:

- Ineffective communication: There is a very little contact between English Heritage and the
owners and managers of the heritage sites. This impacts the ability of the latter to identify
possible hazards and address them in a timely manner. Whilst most of the site owners and
managers are aware of the hazards based on their experience, they are not prepared to deal
with other potential hazards. The communication with local authorities exists however it is
mainly aimed at the emergency response. In addition, in the event of flooding local
authorities team heritage building similar to any other building assets affected by flooding.
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- Lack of formal stakeholders’ engagement. Whilst some collaboration exists, it is often
informal and depends on personal relationships, as there is no specific contact for heritage
site protection.

- Lack of competencies: local stakeholders are mainly responsible for the identification of
the damages and risks; they however are not appropriately trained to conduct such
exercises. This leads to the rather reactive nature of strategies adopted by the site owners
and managers. Whilst the inspections take place every five years, it is not sufficient for the
levels of pre-emptive decision-making that are typically required for effective DRR.

- Lack of funding for pre-emptive measures; instead the funding can only be received once
the site has been damaged (and the damage may be irreversible).

5. Conclusions

This paper has discussed that despite an increasing number of frameworks for addressing
climate-induced hazards for heritage sites, there is still a need for change in the way these
frameworks are implemented locally. The lack of practical enforcement results in sites
remaining unprotected and exposed.

The remarkable robustness of many historical structures in York has already demonstrated their
resilience and ability to adapt to changing environment, however with the increase in extreme
weather events, there is a need to support and enhance such resilience.

This is the case not only in York but internationally. Although Sendai Framework on DRR
establishes the recognition of culture as a key dimension of DRR, there is still a challenge of
implementing the policies, which would build the capacities and set up institutional mechanisms
at different levels and ensure that culture is given its due recognition.

Despite a large range of policies and tools, the actions aimed at the mitigation of climate change
impacts for cultural heritage are dispersed. It is necessary to provide appropriate tools to
proactively act in minimising (or indeed preventing) the impacts of climate change as well as in
the case emergencies caused as a result of climate- induced hazards. In addition, there is a need
for sharing knowledge and actions with stakeholders, through either close interaction with
environmental and construction professionals, and through training and guidance at site level.
It is also important to incorporate climate adaptation strategies and develop risk management
plans for cultural heritage as a part of a larger pro-active planning and development strategies
and risk mitigation plans, rather than in isolation. Risk management of cultural heritage sites
should be seen as one of the important components of the urban space, with the impacts of new
spaces on heritage spaces being considered. The most important aspect of ensuring the effective
implementation of the prevention and mitigation measures to heritage sites is through
empowering and engaging communities and encouraging full participation in the preservation
of what is notably their cultural and heritage sites. It is often the case that local stakeholders are
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those who are most passionate in maintaining the cultural fabric of sites, and the most
enthusiastic about site preservation.

The main question however remains: How can site managers and custodians be supported in
finding adequate responses to increase the resilience of heritage from natural hazards and
climate change related risks? There is a need for an integrated multi-sectorial disaster risk
management framework that would address this issue focussing on pro-active strategies and
formal multi-stakeholders’ engagement.
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Abstract

Construction workers perform demanding physical tasks and can be exposed to excessive heat
and environmental conditions resulting in heat related illness and injury. Few research studies
have examined the heat related illness and injury issues in the construction sector, particularly in
the United States. Our literature review revealed that most heat stress research in the
construction sector occurred in Australia, Hong Kong, India, United Arab Emirates, Japan, and
China. The US Occupational Safety and Health Administration Fatality and Catastrophe
Investigation Summaries database was search for a five-year period (2009-2013) for heat related
cases in the construction sector. The research detailed in this paper summarizes the fifty-eight
OSHA fatality and inspection reports during that period and describes the risk factors associated
with heat stress among construction workers. Best practices and strategies to mitigate exposure
are discussed, and a path forward for future research is offered. The U.S. does not regulate heat
specifically but uses the General Duty Clause for heat related enforcement.

Keywords: Heat stress, safety, health, construction
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1. Introduction

Construction work requires workers to be exposed to the elements, and in the summer months
that includes heat. Heat stress fatalities are a concern as observed from the OSHA fatality index
(OSHA 2015a) where 30 fatalities were observed in 5 years in construction alone.

The purposes of this paper are threefold. Firstly, we will evaluate the extent and severity of the
problem of construction fatalities related to heat, through OSHA reports, identify and describe
the risk factors associated with heat exposure among construction workers. The paper will
identify the best practices and strategies to mitigate exposure, and try to determine a path for
future research in order to find the extent of heat protection measures practiced in the US, how
much contractors understand what measures they need to take in order to protect their workers
from heat.

2. Background

Heat stress occurs when the body is unable to lose heat after continuous physical labour. This
causes body temperature to rise and the heart rate to increase. There are several ailments that
arise on construction sites that are related to this excess heat. These are heat stroke, heat
exhaustion, heat cramps, fainting (heat syncope), and heat rash (Lopez 1996; McKinnon et al.
2005).

Heat stroke, is the most serious of the ailments, and it is caused by the inability of the body to
control its internal temperature, thus the body stops sweating, and excess heat is not dissipated.
Signs of heat stroke include: mental confusion, delirium, loss of consciousness, convulsions,
and even coma, body temperature of 106°F and higher, and skin that is hot and dry. Heat
exhaustion is the result of excessive loss of fluids through perspiration, caused by failure to
drink adequate water and/or intake of salt. Workers suffering from heat exhaustion, are weak,
and fatigued, and experience nausea and headaches, while at the same time they have clammy
skin, and slightly elevated temperature (Lopez 1996). Fainting occurs to workers not acclimated
to hot environments, in particular when they are just standing still in the heat. It is suggested
that fainting victims lie down for a short time, away from direct heat. It is also suggested that in
order to eliminate the chance of fainting workers should be moving around instead of standing
still. Lastly, heat rash occurs in hot and humid areas, when sweat is not easily evaporated
(Lopez 1996; McKinnon et al. 2005).

Construction workers perform demanding physical tasks and can be exposed to excessive heat
and environmental conditions resulting in heat related illness and injury. As reported by
McKinnon et al. (2005) from data provided by the Bureau of Labour Statistics, 40% of deaths in
2002 related to heat strain occurred in the construction industry. Few research studies have
examined the heat related illness and injury issues in the construction sector, particularly in the
United States. The literature review revealed that most heat stress research in the construction
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sector occurred in Australia, Hong Kong, India, United Arab Emirates, and China (McDonald et
al. 2008; Chan et al. 2012; Farshad et al. 2014; Rowlinson et al. 2015; Jia et al. 2016; Li et al.
2016).

Some research in the US has produced industry suggestions and regulations, examples of which
include informational pamphlets and material from National Institute of Occupational Safety
and Health (NIOSH) that provide information for preventing heat stress, identifying the
symptoms, and guidelines for acclimatization (NIOSH 2014). The Occupational Safety and
Health Administration (OSHA) similarly has information and pamphlets available its website,
but in addition regulations for heat stress prevention recommendations and employer obligations
to preventing and protecting workers from heat stress (OSHA 2015c¢). It is clear to say that
guidelines and recommendations are available to US contractors to implement in order to reduce
the incidences relating to heat stress (fatalities and injuries) in the US, and yet these incidences
occur and they seem to be happening in specific regions of the country, and more likely to small
contractors.

3. Methodology and Collected Information

Fatality and Catastrophe Investigation Summaries are developed after the US Occupational
Safety and Health Administration conducts an inspection in response to a fatality or catastrophe.
These summaries and inspection details provide a description of the incident and are available
online at https://www.osha.gov/pls/imis/accidentsearch.html. On August 9, 2015, a search was
performed to build a database of construction heat-related fatalities and catastrophes. The search
was limited to a five-year period from January 1, 2009 through December 31, 2013. OSHA’s
database for 2014 was incomplete. The cases are catalogued using keywords, and the ones used
for this search were: heat exhaustion, heat stroke, and heat. The search was only limited to
construction related industries, and that was achieved using OSHA’s Standard Industrial
Classification Codes for Construction. These are: Major Groups 15 (Building Construction
General Contractors and Operative Builders), 16 (Heavy Construction Other than Building
Construction Contractors), and 17 (Construction Special Trade Contractors). Some of the case
summaries were duplicated and these cross-referenced in order to remove these duplicates
(OSHA 2015a). Sixty-five cases matched the search criteria, and after reviewing each case
seven were eliminated. The eliminated cases dealt with electrical burns, HVAC equipment, and
were not related to heat exposure. This left 58 cases in the five-year period that met the criteria
for heat related fatalities and catastrophes in the construction section (OSHA 2015a).

The cases listed in the OSHA (2015a) directory are mapped by state in Figure 1. As observed
the majority of the cases took pace in southern states (California, Arizona, Texas, Louisiana,
Georgia, South Carolina, North Carolina, and Arkansas), where temperatures are expected to be
higher. Yet, there were incidences in northern states as well. One incidence took place in
Wisconsin, a northern states, and that happened in May of 2010. This suggests that although the
majority of the cases would happen in the south, contractors should be aware that even in
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northern states, cases involving heat stress can take place. Thirty (52%) of the cases involved a
fatality, while the rest (48%) were non-fatal. Nine of these cases (16%) took place concrete
work, eight (14%) in specialty trade work, while seven (12%) of these were in roofing, siding,
and sheet metal work, and another seven (12%) in highway and street construction.

Figure 1: Heat stress case studies by state (OSHA 2015a)

As observed in Table 1, over half of the cases that experienced an incident involving heat stress
took place in contracts under 350,000, while that percentage for contracts under $1,000,000
was 79%. This suggests that the majority of the incidences took place in contracts undertaken

by small contractors.

Table 2 shows the heat stress incidences according to the month they took place. As expected,
the majority of the incidences took place in the summer months (June, July, and August) with a
percentage of 74%. It is clear though that incidences resulting in heat stress do not only occur in
the summer. As observed there was one case in February, albeit that incident took place in
California.

Table 1: Project costs with heat stress incidents (OSHA 2015a)

Project Cost Number of Cases | Percentage
Under 350,000 31 53%
$50,000 to $250,000 5 9%
$250,000 to $500,000 4 7%
$500,000 to $1,000,000 6 10%
$1,000,000 to $5,000,000 9 16%
$5,000,000 to $20,000,000 2 3%
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320,000,000 and over ) 2%

Total 58 100%

Table 2: Month of heat stress incidence occurrence (OSHA 2015a)

Month of Incident | Number of Cases | Percentage
February 1 2%
May 7 12%
June 15 26%
July 21 36%
August 7 12%
September 6 10%
October 1 2%
Total 58 100%

4. US Heat Stress Regulations

The U.S. does not have specific regulations for occupational exposure to heat. According to the
General Duty Clause of the Occupational Health and Safety Act (OSHA), Section 5(a)(1), it is
up to the employers to provide their employees with a workplace that is “free from recognizable
hazards” that might cause harm to the workers. This is a legal obligation from the part of the
employer (OSHA 2015c). Under these regulations and obligations employers are required to
provide all PPE, record any injuries and illnesses, provide potable water, first aid, and training.
When a worker is experiencing heat stress and seeks medical attention the employer is required
to report the incident. If the worker though merely rests and drinks water, without needing first
aid or hospitalization, the n the employer does not require to report the incident. As a result,
many instances of heat stress remain under reported. Furthermore, the penalties to the employer
for allowing heat stress fatalities to take place are not severe, and of low monetary significance.

As a case study to highlight the regulatory and practice implications within the US construction
industry, this fatality is provided. An employee on his first day of his new job was installing
formwork for curbs. The temperature was 97 Fahrenheit with humidity of 74%. The heat index
reached 130 degrees Fahrenheit according to the OSHA citation report number 313632184.
OSHA found the new employee was not acclimatized and employees were not trained to
recognize heat related illness. US OSHA does not have a specific heat stress standard in for nay
industrial sector. To cite employers for violations involving heat stress, OSHA uses the General
Duty Clause. The General Duty Cause requires that “each employer shall furnish to each of his
employees employment and a place of employment which are free from recognized hazards that
are causing or are likely to cause death or serious physical harm to his employees”(OSHA
2015b). In this case the citation for the fatality totalled a mere $3,500. The average monetary
penalty for the 30 heat related fatalities in this dataset initially assigned by OSHA was
$7,542.50. However, many penalties are negotiated lower. The 30 fatalities were as well for a
final average fine of $5,643 per fatality. This is hardly a monetary deterrent for companies to

203



understand and heat stress in the construction sector. The largest fine was $27,435, but most are
a few thousand dollars with one as low as $300.

Awareness of heat related illness is seen as a key to prevention (Lopez 1996). In the US, many
construction companies use OSHA’s voluntary 10 and 30 hour training programs for enhanced
training of their workforce. The 10-hour class is intended for entry level workers, while the 30-
hour class is more appropriate for supervisors or workers with some safety responsibility.
However, neither class requires any information about heat stress, nor is it mentioned in the list
of electives. Including heat stress in this training would benefit workers and increase awareness
in the industry, however small contractors do not require this training of their workers.

5. Heat stress prevention recommendations

Rowlinson and Jia (2015) proposed a methodology for developing tools for determining optimized
work-rest regimens and work paces by applying the predicted heat strain (PHS) model to anchor heat
stress management guidelines. They propose the development of regional guidelines developed by
the presented protocol and the continual update of these guidelines can be compared to provide a
global picture of occupational heat stress and advance knowledge of the effect global climate change

on work-related stress.

More heat prevention recommendation come from McKinnon et al. (2005) where the authors
suggest early recognition of the symptoms and prevention is key in limiting the progression of
heat related issues to a more serious phase. They suggest that workers should use personal
protection equipment (PPE) that allow for ventilation of the body, implementing engineering
controls to remove workers from direct sunlight and heat, provide plenty of drinking water,
acclimate the workers to extreme temperatures, and administer educational programs for
workers to recognize heat stress symptoms.

Heat stress prevention measures have been successfully implemented in other parts of the world.
One particular example comes from the Arabian Gulf, where McDonald et al. (2008) describe
measures taken in Qatar in order to decrease the heat-stress-related medical treatments.
Incidents were seen to be reduced from a value of 0.164 incidents per 200,000 workhours to
0.012 in a period of 3 years. This was achieved by applying engineering controls, for heat
reduction in rest areas and by applying administrative controls in work areas. Such measures
included umbrellas, insulated water bottles, evaporative bandanas, acclimatization of the
workers, employee rotation, buddy system, work-rest period guidelines, and water consumption
guidelines.

It seems that the communication of the hazards associated with heat exposure on the
construction job site, in conjunction with administrative controls, is the best method to prevent
heat stress incidences. Such a plan, similar to the one described by McDonald et al. (2008), is
described in a conference paper by Chesson (2012). The author there describes successful
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measures that promote a comprehensive approach both for heat management and sun protection
for workers employed at an oil field on Barrow Island in Australia. Such measures included
engineering controls (reflective shields, mechanical ventilation, tents, etc.), administrative
controls (tool-box meetings, work-rest schedules, self-pacing, education, etc.), and PPE (cool
vests and bandanas, personal cooling equipment, loose fitting light coloured clothing, etc.)

6. Discussion

Some of these ailments discussed in this paper can be treated with basic first aid in order to
eliminate the possibility of death. Heat stroke requires the prompts removal of the worker to a
cool area, and at the same time attempt to cool them down by soaking their clothes in water, and
vigorously fanning them, while waiting for medical help to arrive. First aid for heat exhaustion
includes the removal of the worker from direct heat to a cool place for rest, and injection of
electrolyte solution, while more severe cases would need medical treatment (Lopez 1996).

It is important though to prevent heat stress from happening, rather than dealing with its
aftereffects. Lopez (1996) suggests the following: install ventilation and cooling fans;
incorporate equipment that require less physical labour such as pneumatic tools; provide
drinking water to all workers; acclimate workers to heat through gradual exposure; incorporate
loose fitting clothing; educate workers on symptoms and treatment of heat stress.

In a study performed by Kenney (1985) showed that medical screening could be used to predict
the performance of workers under heat stress conditions. These conditions were achieved my
providing workers with a vapour barrier rubber suit that inhibited the dissipation of sweat, while
pedalling on a stationary bike. Healthier workers were able to perform better in the physical test,
and, and the author concluded that to increase worker’s performance, it would be advisable to
acclimate them in these adverse environments (Kenney 1985). The author continued by
suggesting annual exams take place to evaluate the capability of workers to perform their tasks
in extreme heat conditions.

Heat stress can be caught early by incorporating wearable devises and sensors that sound alarms
when certain health parameters; such as heart rate and body temperature, exceed normal
conditions. An example of an early study is described by Cohen et al. (1988) where employees
wearing personal monitors that measured physiological strain and were able to monitor
themselves and takes breaks as suggested. A more recent study (Gatti et al. 2013) looked at a
modern monitor that measured heart rate and breathing rate under simulated construction
activities, and the authors concluded that with advances in technology, it is possible to monitor
workers’ condition instantaneously.

Rowlinson et al. (2014) report that climatic heat stress is determined by six key factors. They

are (1) air temperature, (2) humidity, (3) radiant heat, and (4) wind speed indicating the
environment, (5) metabolic heat generated by physical activities, and (6) “clothing effect” that
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moderates the heat exchange between the body and the environment. Rowlinson et al. (2014)
suggest that by making use of existing heat stress indices and heat stress management processes,
heat stress risk on construction sites can be managed in three ways: (1) control of environmental
heat stress exposure through use of an action-triggering threshold system, (2) control of
continuous work time (CWT, referred by maximum allowable exposure duration) with
mandatory work-rest regimens, and (3) enabling self-paced working through empowerment of
employees.

7. Conclusions

Heat stress in US construction sites occurs in the southern states, but some of the northern states
have had heat related incidences. In addition the majority of the cases took place in contracts
that are below 1 million in value, suggesting that the majority of the incidences probably happen
to projects undertaken by smaller contractors.

Administrative and engineering controls have been proven from research in other countries to
reduce the number of incidences, and it seems that a good regiment of such measures would
make a significant improvement to the US construction heat related incidence rates. What is still
unknown is the identification of the best measures that need to be implemented that would be
cost effective for small scale contractors who do not have the capability and flexibility to
provide an array of prevention techniques. Further research is required to identify current US
practices, with emphasis in practices employed by small contractors, and identify the
effectiveness of such measures.
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Abstract

Extensive literature search has revealed that construction workers refer to the use of ‘common
sense’ in site safety. This was also discovered in a recently completed PhD project where
workers openly discussed a common sense approach to health and safety on site. The use of this
term can be problematic. Different workers labelled different behaviours under this generic
term. Also, some used it to refer to positive experiences and application of knowledge based on
experience. Others employed the term negatively, or dismissively: “It’s just common sense...”
General use of the term puts emphasis on ‘basic knowledge’ required for attaining minimal or
satisfactory achievement of a given task or activity. This is in conflict with some workers’
interpretation of skilled and experience based action. In academic language ideas in this field
are more substantially and in depth explored under ‘communities of practice’ and ‘local
knowledge’. These concepts offer an avenue for analysis not tied to specific wording employed
by respondents but interpreting broader sets of data particularly for this study (i.e. observation
material and text around specific extracts of text). This paper presents findings from five micro
construction firms regarding the concept of common sense and site safety. Practical constraints,
such as a researcher’s stage of development and skill in qualitative analysis, potentially hinder
the development of argumentation. The interpretative school of thought accepts researchers’
influence on the processes; and we add depth and nuanced understanding to this discussion via
practical examples of such issues. Interpretation of the data collected through ethnographic case
studies indicates although workers interpret common sense differently, although it is essentially
a means of working safely. However, common sense safety techniques tend to fall outside strict
site rules which are often bureaucratic.

Keywords: common sense, communities of practice, interpretative research, site safety
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1. Introduction

The notion of incorporating a ‘common sense’ approach to construction site safety is a fairly
new concept. This concept has gradually gained momentum in the academic realm (see Ludhra,
2015; Oswald et al, 2015; Aboagye-Nimo et al, 2013) and in some policy making reports (see
Lord Young of Graffham, 2010; Davis, 2009). Literature on common sense safety tends to
considered common sense in a positive light, to mean ‘the ability to behave in a sensible way
and make practical decisions’ (Ludhra, 2015: 3). An individual’s ability to behave in a sensible
manner with regard to safety can be interpreted differently depending on context. Thus common
sense can be studied as a practice-context related subject.

This paper seeks to generate an understanding of the meanings construction site workers
attribute to the idea of common sense in construction site safety. The overall aim of this paper is
to explore what workers of micro construction firms mean by the term common sense. As
mentioned in the previous paragraph, the study considers the term in relation to settings of the
participants of the study. In order to understand the contextual conditions that influence the way
in which individuals may employ ‘common sense’. The next section explores literature on
communities of practice and situated knowledge.

2. Communities of practice in construction

The focus of this study is on the micro construction firm as a ‘community’. Communities of
practice are semi-formal, self-governing networks of people who share a common interest in a
specific aspect of practice (Bartholomew 2008: 146). Another way of describing communities
of practice is an activity system about which participants share understandings concerning what
they are doing and what that means in their lives and for their lives and for their community
(Edwards and Mercer, 2013). Thus, workers operating in such a community are united in both
action and in the meaning that action has, both for themselves, and for the larger collective
(Lave and Wenger 1991: 98). This paper investigates the common knowledge that is shared by
micro construction firms in the form of local knowledge and common sense in relation to site
safety.

Workers produce safe working practices and hence safe working environments by engineering
heterogeneous elements including knowledge, materials, relations and communication within a
community of practice (Gherardi et a/ 1998: 204). Such knowledge is known to exist outside
formal organisation structures although recognized and empowered by the organisation
(Bartholomew, 2008: 148-149). This type of safety practice and use of informal knowledge in
construction is relatable to coalminers’ ‘pit sense’ (Kamoche and Maguire, 2011). Pit sense is
described as a tacit and situated form of knowledge constituted by tunnellers as a way to
navigate and assess risk (ibid: 725). Similarly, the construction industry uses tacit and local
knowledge extensively as it is important in raising performance at an organisational level
(Addis 2014: 1245). This type knowledge which is often referred to as common sense due to its
inexplicable nature is very instrumental in accident prevention and site safety (Aboagye-Nimo

211



et al, 2015). Particularly, it helps workers to be able to choose between different physical
approaches when confronted with risks (Forsythe 2014: 242).

2.1 Common sense and local knowledge

Previous studies into the use of common sense in construction site safety have defined common
sense as the practical knowledge and judgement developed by workers after gaining years of
experience on site (see Oswald et al, 2015; Aboagye-Nimo et al, 2013). Practical knowledge
and judgement on site requires complex interaction of explicit and tacit knowledge gained
through training, experience, guidance by leaders, experiential learning in new situations and
from experts and experienced workers who have preceded us (Gherardi and Nicolini 2002: 192).
People without extensive local knowledge may stand right next to danger and not notice it
(Baart 2009: 953). Local knowledge is knowledge specific to a particular situation (Sole and
Edmondson, 2002). It can be described as the knowledge that people in a given community have
developed over time, and continue to develop (Tutt et al, 2013). Thus it can be argued that this
type of knowledge is context-related. A lack of this local knowledge can result in unsafe
conditions for workers and their colleagues (Koch, 2013). In terms of common sense and local
knowledge, what is ‘reasonable’ in terms of safety must be shared knowledge i.e. workers must
agree on it. In relation to the knowledge-sharing process on construction sites, there are four
different influences namely; openness, motivation, trust and pressure of time (Fong 2007: 208).

Using this common sense and local knowledge may occasionally fall outside the scope of
official safety procedures as implied by Lord Young of Graffham (2010) and confirmed by
Oswald et al (2015). This will thus create some misunderstanding between workers using this
type of knowledge (micro construction firm workers) and those implementing official safety
procedures (e.g. principal contractors). Unfortunately, when misunderstandings occur between
principal contractor and subcontractor, it can lead to the subcontractor can be put on a ‘blacklist’
(Taylor, 2013).

The key themes will be investigated through fieldwork. Explanation of the research methods
adopted for the empirical investigation follows.

3. Research methodology

This research seeks to understand the subjective view of construction site workers in relation to
common sense safety. For this reason, an interpretation of the views expressed by these workers
is imperative; thus the philosophy of interpretivism is adopted. Since common sense can be
argued to exist differently amongst different communities of practice (see section 2), the
concept of common sense was stretched to cover phrases presenting similarities in meaning.
These included phrases such as ‘automatically knowing’, ‘general knowledge’ and ‘obvious
knowledge’. Great care was taken through methodological rigour and robustness to ensure that
this did not result in ‘concept misformation’ (see Campbell et al, 1984). Some of the factors
taken into consideration was the possibility of the researcher misinterpreting the data collected
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as they were still in the process of carrying out a PhD research project. This was minimalized by
the inclusion of research supervisors of a variety of expertise including a linguistics expert.

Numerous researchers that have sought to understand practices of groups and teams operating
on construction sites encourage the use of in-depth qualitative methods (see Fellows and Liu,
2015; Tutt et al, 2013). In order for a researcher to understand a context and appreciate a
group’s shared values and beliefs, it is important that the researcher gains insight into what, how
and why their patterns of behaviour occur (Fellows and Liu 2015: 24). A researcher can thus
become very effective at gaining such insight by immersing their self in the group being studied
i.e. becoming part of it (Pink ef al, 2010). Epistemologically, an ethnographic approach is one
of the most effective methods by which a researcher can explore value structures and beliefs
that influence the group behaviours especially during the construction phase of a project
(Fellows and Liu, 2015). In this paper, the definition adopted for an ethnography is:

‘an iterative-inductive research (that evolves in design through the study), drawing on a family
of methods, involving direct and sustained contact with human agents, within the context of
their daily lives (and cultures), watching what happens, listening to what is said, asking
questions, and producing a richly written account that respects the irreducibility of human
experience, that acknowledges the role of theory as well as the researcher’s own role and that
views humans as part object/part subject.” (adapted from O’Reilly, 2012: 3; Pink et al, 2010:
648).

Non-participant observations, semi-structured interviews and conversations were incorporated
under the umbrella of the ethnography. Five micro construction firms operating on different
sites were studied in this research (see table 1). They all operate in the East Midlands region of
the United Kingdom (UK). In order to build trust between researcher and participants,
gatekeepers were used to establish the contact. This was followed by an honest disclosure of the
aim and nature of the study. These steps were crucial to the study because small and micro
construction firms are known as ‘hard-to-reach’ due to their secluded nature in relation to their
interaction with outsiders (Willbourn, 2009).

Analysis of the data was conducted starting with a thorough thematic coding of the information
(transcribed interview data and field notes from observations) using QSR NVivo. Using this
computer assisted approach helped in the better organisation of the collected data. In addition,
patterns were able to be drawn from the data, especially inferences that could not be drawn from
analysing interview data and observation data separately.

4. Findings and analysis

Participants from all the five sites (i.e. the five micro firms) were working at different stages of
their various projects. Site activities included electrical wiring, plumbing works, brick laying,
screeding, excavations, laying foundation, landscaping and roofing works. Ages of the
participants and their years of experience in the construction industry also varied vastly amongst
the research participants. The least experienced participant had been on site for only one year
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and the most experienced site worker had worked for 40 years. This ensured a good variation in
workers’ views particularly when discussing a topic as contextual as common sense. Table 1
below presents an overview of the five case studies.

Table 1: Profile of case studies

W Type of work Nature of the project/ | Number of
Case study work participants

Case study 1 General builders Refurbishment of 5
existing structure

Case study 2 Ground workers Preparation for new 3
builds

Case study 3 Ground workers and | New building 3

general builders

Case study 4 General builders Preparation and 3
laying foundation for
new housing
community

Case study 5 General builders Completing new 4
building

The owners of the micro firms were John (14 years’ experience), Derek (20 years’ experience),
Scott (13 years’ site experience), Tony (13 years’ site experience) and Tom (12 years’ site
experience) respectively.

4.1 Initial impressions of common sense and site safety

One consistent finding from both observations and interviews was the fact that none of the
newer employees (less than two years’ of site experience) associated any of their safety
practices to common sense or local knowledge. On the other hand, participants that had
extensive experience in the industry seemed to attribute a significant amount of their safety
practices to common sense and their extensive site experience. For instance, Andy (Case study
5) who had about 38 years of experience on site stated;

“Safety is common sense, isn’t it?”

To him, common sense and safety are not mutually exclusive entities. He holds both concepts
collectively. Tony shared a comparable view. He believed “general health and safety” could
not flourish without common sense. Ludhra (2015) agrees with the points raised above as it was
found that common sense is relevant in safety practices.

Another point that came across from most participants was how ‘dynamic’ common sense
safety was. Andy clarified that “common sense [safety]” varied from site to site. He believed
that common sense is demonstrated or used differently as a response to project and site
conditions. Thus one needs to depend on their local or situational knowledge when
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implementing the common sense approach. Rick, having over 32 years of construction site
experience also mentioned that common sense depends on what a worker was doing, citing
scaffold use as an example. Thus there was a general view that common sense is indeed
dependent on the situation at hand. In other words, common sense is not a planned approach to
safety but more of a responsive technique. The workers highlighted how important it was to
have context-related knowledge on risk management. This is in line with findings from Tutt et
al (2013) and Baart (2009) that safety knowledge can be very specific to precise situations and
thus outsiders or less experienced individuals would not comprehend the level of risk or dangers
prevailing.

In trying to explain what he understood by the concept of common sense safety, Tom used a
past situation to illustrate how his experience and local knowledge had saved him from a

¢

potential accident. He was asked to carry out an unsafe activity; “...to jump into a trench
without ladders”. His response to that request was “no”, stating that “normal people don’t do
that”. He thus insinuates that there are some basic standards of safety that the average workers
must have. His common sense and local knowledge about working in such conditions or
situations enabled him to analyse the situation at hand and subsequently decide it was not safe

and hence he would not go through with the task.

In trying to improve the understanding of the meaning of common sense in safety from the
participants’ perspectives, the next sections look at different ways that common sense was found
to implemented on site.

4.2 Common sense as a positive safety approach

Some workers believed common sense was a good way to approach safety. Even going to the
lengths of likening good safety practices to common sense. As mentioned in the previous
section, Andy rhetorically asked ‘whether common sense was not safety’. Although he likened
implied common sense and safety were one entity, he clarified that further training was always
needed for all workers. It is worth noting that he did not assume a complacent stance or imply
that workers knew it all and hence did not need further development. This corroborates findings
from Reynolds et a/ (2008) as they identified that good workers admit that further safety
training is always important as it helps improve upon safety awareness and helps workers to
stay focused. Through observation, it was also witnessed that Andy was very communicative
with his colleagues. Although Tom did not point to common sense directly, he and Andy both
agreed that the best was to help workers practice safely was to continuously tell them what is
safe.

Common sense as a term may be used casually by the participants when discussing safety but
when one analyses the data from interviews and observations in its entirety, it is obvious that
outsiders may have a different view of what the workers ‘really’ mean. Rick added that he had
been on many different sites since he began his construction career and as such had seen a
variety of risks. In reference to how common sense was applied to ensure safety, he described
how and when he believed people on site should apply common sense:
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“it depends on what you’re doing. You may be on a scaffold, make sure there’s no hand rails
missing. Yeah, you got easy access, safe access? If you’re working on excavations, are they
fenced off so you can’t fall down? If there’s traffic is it, is it all fenced off so that you can get
around?”

Although he attributes the above scenarios to common sense (which some claim to be basic
knowledge) it may be difficult for new and less experienced workers to also identify these with
such ease. A less experienced worker may assume missing handrails are part of the design and
hence continue to work on it. Also, a worker new to excavations may not know the depth at
which the digging may lead to serious dangers. In examining Rick’s statement, it can be
gathered that he is not proposing a laid-back attitude for safety. On the contrary, he is proposing
that workers question or double check whatever activity they undertake. Managing knowledge
in many situations including safety matters in the construction industry is difficult because site
activities are fluid and dynamic (Dainty et al, 2007) and for this reason, Rick’s idea of
constantly reassessing situations is an effective way of maintaining site safety.

Tony discussed that using common sense and experience, he is able to manage and supervise his
workers. It was through this knowledge that he is able to decide what “PPE [personal protective
equipment] to provide for all the workers [for their various tasks]”. He believed that as a
leader, it was his duty to double-check and reassess situations and help come up with effective
solutions that newer workers may not be able to comprehend. He added that even though there
are stricter rules for health and safety in recent times, there can be different ways of carrying out
a task safely and sometimes the common sense approach will be safer than the officially written
procedures. A typical example of such a situation was described as workers being forced (by
official site policies) to wear gloves for every task even though it may reduce their firm grip on
certain tools hence causing ‘riskier’ situations for the workers and their workmates. Forsythe
(2014) explains that experienced workers possess experiential and local knowledge that will
enable them to choose a safe technique when faced with different situations. For his leadership
style, Tony adopted an open communication system where workers can freely debate the safest
approaches in working. This is because other workers may have a better common sense
approach to a particular situation than others. The open discussion technique was also
encouraged by John and Derek. On one occasion, Derek was observed having a serious dialogue
with one of his newer workers. The topic of discussion was whether an area they were working
could be considered as an enclosed area. This discussion was joined by all the other workers and
was resolved agreeably. Derek’s side of the argument won the most support from the colleagues
on this particular issue. This further demonstrates the openness described by leaders. In
comparing the construction industry to coalminers’ pit sense, older and more experienced
workers believe it is their responsibility to protect the younger workers not as a requirement of
their job but as personal protective and altruistic role.

John states that he knows all his workers are ‘bright’ and as such he can leave them to use their
own discretion when working safely. He further adds that he still makes it a point to walk
around site and have direct discussions with them in order to know that their discretionary
ability is being utilized in a beneficial manner. This is also in line with Andy’s response
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whereby he believes further training and teaching need to be conducted continuously as it helps
in the formation and sharpening of ideas. Going beyond the formal risk assessment activities,
John adds the following:

“I'm a big believer in there’s never just one way of doing something. Risks do differ”.

In such situations, he firmly believes that one’s common sense and experience would be
invaluable as far as identifying effective solutions for the prevailing risks. This is in line with
his practice of encouraging other workers to voice out their opinions with regard to safe
practices. In relation to allowing new workers to use their own discretion, workers from Case
study 2 were observed discussing that it was only appropriate when the worker is known to
work safely. One of them added that “you only get to know each other when you 've worked with
them for some time”. This idea of getting to know one’s colleagues was linked to trust because
workers believed that one person’s mistake or unsafe practice could easily lead to further safety
problems for other site operatives. Andy’s quote clarified this narrative precisely as he stated the
following: “I mean if you can’t trust those you're working with, then you can’t trust anyone”.
Trust is one of the main indicators of effective knowledge-sharing on site (Fong, 2007). Even
though common sense is meant to be an individual’s basic knowledge on safety (therefore
differing from one person to another); site workers feel they have to be able to evaluate and trust
exactly how much safety knowledge their colleagues have.

To summarize, by using common sense in a positive manner workers are able to question
situations that they believe could lead to dangerous outcomes. More importantly, people are
able to use this common sense more effectively if they have gained a wealth of experience on
site. Also, an important part of using common sense safely is by knowing that one’s colleagues
have a good understanding of safety and thus can be allowed to work to make decisions on their
own. This section has presented a positive aspect of common sense and safety. The next section
offers empirical findings of workers that did not perceive this concept in same light.

4.3 Using the notion of common sense to avoid bureaucracy

Out of all the five sites visited, workers from Case study 3 showed the least regard for official
safety practices. This was also reflected in their responses concerning common sense safety. In
trying to dismiss discussions about site safety, George (from Case study 3 with 8 years’ of
experience) casually responded by saying “As you can see, it’s all up and down. It’s just
common sense”. George associated health and safety to official site policies and regulations.
This response was quite the opposite of what workers from the other four cases had been
presenting. On the contrary, the other sites’ participants had clarified how they believed workers
needed to question situations and be open about how they perceived risks. Scott also revealed
that he believes that safety should be about general knowledge and for that reason, it should be
left to the workers on site. He stated that the bureaucrats sitting in site offices did not really
know what was happening ‘on the ground’. It is clear that his problem is not working safely but
instead he had a problem with bureaucratic arrangements put in place by those in managerial
positions. He states:
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“[They should] Leave it to us really. [We] know what we re doing anyway”.

He believes the individuals that set the site rules and regulations should appreciate workers have
enough safety knowledge (i.e. common sense) when dealing with practices. Considering he is
the owner of this small company, he could be in the position to encourage communication
between his team and the openness and further discussion of the best safety methods. He based
his feelings on situations he had encountered from previous projects whereby they had worked
as subcontractors. Kamoche and Maguire (2011) found that managers in the coalmining
industry may turn a blind eye to workers using pit sense. In other words, they know the
practices may not be official but they understand that it is a safety technique that the
experienced workers are adopting. Unfortunately, Scott and his team had not experienced this
kind of attitude on construction sites.

In trying to further clarify his views on how feels about bureaucratic safety rules, Scott stated
that: “Obviously we’ve all got basic general knowledge of health and safety so we all know

2

what’s safe and what’s not safe...”. Scott has strong views about what he believes the people
higher up in the management chain ought to be doing but has failed to engage with them. This
may be out of fear of his company being blacklisted. In one of the discussions observed during a
lunch break in Case study 5, workers of the small company openly discussed the potential
ramifications of pointing out impractical sections found in official rules and regulations. One
worker described is as “commercial suicide” because he believed it was an act of killing one’s
own business opportunities; another indication of being placed on a blacklist. According to
Taylor (2013), many prominent principal contractors in the UK were guilty of using this

blacklist to exclude many firms from their projects.

Some of Scott’s comments indicated that he was more concerned about finishing works than
working safety, for example, “/People] probably want to get their work done fast obviously
because you need to get the work done as fast as possible”. To him, completing tasks was a
necessary trade-off if safety was to be sacrificed. This was also associated with project manager
and principal contractors having burecaucratic safety rules that slowed down productivity and
still demanded workers to finish activities in an unattainable timeframe. When asked about
working with teams (i.e. as fellow subcontractors), he insisted that his preference was to have
site managers and other subcontractors out of their way. This could be resultant of the pressures
of having to deliver projects in timeframes so tight that they would rather carry on with their
work and not get distracted. Workers from this group were using the term common sense in two
ways; the first was common sense as a safety approach i.e. a similar view to what others had
expressed on other sites and second, was using the concept to avoid having to confront safety
bureaucratic rules and regulations. With regard to the second point, coalminers trying to use
their informal and local safety knowledge (pit sense) were forced to increase or maintain
productivity in the face of increased bureaucratic measures increased in their industry (Kamoche
and Maguire, 2010).

Steve was the most experienced worker in Case study 3 with 28 years of site experience.
Although he shared some similar views to his colleagues’, he showed some contrasting views as
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well. He believed bureaucracy was getting in the way of carrying out practical work. He
expressed unhappiness at how bureaucratic health and safety issues in the construction industry
had become. Specifically, he talked about how safety rules and procedures have become
prescriptive: “[People should] use common sense. They're too much by the book instead of
common sense. You can’t always do jobs like you can on paper”. This comment was in
reference to risks being more practical and dynamic and hence standardizing safety approaches
was not the way forward. This view was shared by all the other groups. Fong (2007) highlights
one of the major factors to affect knowledge-sharing on site to be pressure of time. As indicated
by Scott, he and his team would rather get on with their work, thus the pressure of time is
clearly preventing the possibility of knowledge sharing that could have happened between their
team and others.

4.3.1 The odd one out

Steve (the most experienced participant from Case study 3) shared some positive safety views
with respect to the use of common sense and safety. Steve had assumed the role of safety
representative of their team i.e. he was in charge of discussing safety matters with principal
contractors and other teams on the site. He was observed telling George and Scott what was
supposed to be done regarding certain safety issues. Considering Steve’s views and behaviours
in the context of findings from his colleagues, it can be interpreted that he acts as the ‘moral
compass’ of their group. Alternatively, it can argued that he has more experience of working
with different contractors and hence is more experienced in ‘playing the game’ of job
satisfaction. His colleagues do not exhibit the same amount of restraint when having to deal
with those they observed to be in rule-making positions. It may be possible that Steve is the one
that has kept their company in business for so long as he has prevented the other team members
from committing commercial suicide by using a different form of common sense i.e. knowing
when and how to satisfy project requirements especially when dealing with safety matters. With
the many hoops and hurdles that workers have to jump through on site, participants from
Oswald et al (2015: 533) were quoted as stating that they ‘couldn’t finish their jobs without
breaking rules’.

5. Conclusions

Findings from five micro construction firms operating in the East Midlands of the UK have
been presented in this paper. The methodological strengths of this study lied with the
philosophical underpinnings. For the ontological aspect of this study, common sense was
approached to be a subjective concept i.e. different people would interpret it differently. For this
reason, it was crucial that the researcher got very close to participants being studied. Through
multiple ethnographic case studies, the chosen micro firms were closely studied to gain
understanding of how site workers perceive and use common sense safety.

Unless teams and individuals in decision-making positions accept the need for including the

common sense and local knowledge approach in site safety, workers will feel pressured by what
they consider to be overbearing bureaucratic measures. Unfortunately, if these conditions
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continue to prevail, workers of small and micro construction firms may be forced further
underground. As mentioned earlier (see Willbourn, 2009) they are already known to be the hard
to reach groups especially on safety matters. Workers may also carry out practices that may be
prohibited even though they may be safer. Additionally, under the time pressures coupled with
excessive site rules, workers may also end up cutting corners creating more unsafe
environments an opposite of what the rules were supposed to accomplish. Common sense is not
a laissez-faire attitude towards safety. In some instances, it challenges workers to double-check
situations that would have not been critically evaluated under the bureaucratic safety measures.
Workers may be afraid to discuss their views of using this informal type of safety approach with
major contractors out of fear of being blacklisted. When construction common sense safety is
compared to pit sense used by coalminers, it is evident that more can be done in the industry to
accommodate this invaluable approach to safety as it is based upon experience and vital local
knowledge.

This study was part of a larger PhD research project and future studies have been recommended
to look into the safety practices of other micro construction firms in other regions of the
country. Following the anticipated success of this next phase, the study can be extended to cover
projects outside the UK.
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Abstract

The legal, business and moral cases for health and safety are promoted as the rationale for
companies adopting good health and safety practices in construction. The legal and business
cases are limited by compliance to laws that are extant and subject to change and to an equating
of business success with profitability, thus subjecting safety investment to successful returns on
investment. The moral case has strength in that it is derived from fundamental moral principles
concerning what is good, a perspective on health and safety that has longevity. Despite strong
and improving legislation in many jurisdictions, commissioned research demonstrating the
positive nature of the business case and the good intentions of the industry and its professional
advisors, health and safety in construction has not achieved a prevention culture and fatal
accidents, serious injuries and illness continue to occur. Focussing on the moral case and how it
relates to both compliance with legal duties and maintenance of good business practices, a
project was initiated to explore the of foundations workplace ethics and to determine whether
these foundations and the practice of ethical decision making was understood by all
stakeholders and supported by the key decision makers. Research in the field of educational
psychology and moral development indicated that conventional moral reasoning, exercised by a
majority of adults, was based on compliance with legal requirements and prohibitions and on
adherence to social group norms. Utilising a critical theory methodology to analyse workplace
culture on construction sites a new perspective on the complexity of interrelationships on-site
was developed that uncovered a range of reasoning processes behind health and safety
decisions. An understanding of ethics reasoning addresses the limitations of conventional moral
reasoning and underpins a new approach developed by the authors to health and safety
education and autonomy in decision making. This paper describes the authors’ module on ethics
reasoning, developed for construction professionals and which is incorporated into two
undergraduate degree programmes.

Keywords: Construction ethics, health and safety, safety decision making
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1.Background
1.1.Regulatory measures and improvement

The history of the development of health and safety legislation in the United Kingdom (UK)
often parallels the history of significant safety failures (HSE 2014b) which mirrors similar
developments internationally, e.g. the Seveso directives in Europe following on from the 1971
Seveso disaster. The legislative approach to OSH proved effective with accidents and accident
rates consistently falling since the 1970s (HSC 2003b). Davies and Jones (2005) examining the
efficacy of the regulatory approach found a general downward trend in over 3-day injury rates
for men and women and downward trend in major injuries until 2000, with an upward trend
since. When correlated with the business cycle, it was noted that a 1% increase in the GDP
above trend was associated with a 1.4% increase in the rate major accidents suggesting to
Davies and Jones (2005) that accident rates increased with the hiring of new workers and with
increased worker effort (as in overtime working). Schlagbauer and Heck (2014) have found that
increased worker effort leads to an increase in accidents when workers have insufficient
rest/recovery time which leads to tiredness and exhaustion, and thus to reduced concentration
and physical capacity, and thus to accidents. The ISSA (2010) found an increase in psychosocial
risk and ill-health as a consequence of the post 2008 economic downturn and Goh et al. (2015)
estimated that there are 120,000 excess deaths per annum in the USA attributable to workplace
stressors and how work is managed.

Between 1995 - 2015 the rate of fatal injuries to workers in Great Britain (GB) declined from
1.2 to 0.46 deaths per 100,000, though the Health and Safety Executive (HSE) acknowledge that
that the trend since 2008 is less clear, (HSE 2015b). The decline in the rate of injuries has
fallen from 2.9 to 0.5 per 100,000 between 1974 - 2014 and the fall in (reported) non-fatal
injuries was from 336,701 to 77,310. Half of this reduction is due to changing employment
patterns and occupations, (HSE 2014c). The increase in work-related stress and related
conditions have been increasing since the 1990s and this may be as much due to an increasing
awareness of the conditions as to actual increases due to increased psychosocial risk in the post-
2008 period. The sharpest decrease in the fatality rate occurred after the introduction of the
1974 Health and Safety at Work Act and subsequent regulations until 1997, with the rate then
reasonably level until 2008 when it dropped again over the two year period 2009/2010 and has
again remained level since, (HSE 2014d).

As construction accounts for 5% of the British workforce but 31% of all fatal injuries and 10%
of reported major injuries, it is therefore the highest risk industry in the UK (HSE 2014a,
2014e).

1.2.Alternative models for achieving Prevention
In parallel with the statutes a number of theories on occupational safety and health (OSH) and

models of good practice were developed, most notably Risk Assessment and Risk Management,
which are now internationally recognised approaches to OSH. Other theories, concerned with
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the failure of regulatory compliance to achieve a prevention culture, examined problems
associated with management practice, worker behaviour (Geller 1998, 2000, Cooper 2000,
2010) and the contradictions between the demands of production and profits and workers’ need
for employment (McAleenan 2015). Behaviour Based Safety, the outworking of the works of
Cooper (2000, 2010) and Geller (1998, 2000) have become internationally recognised and
adopted by statutory safety bodies (HSA 2013, Fleming and Lardner 2002) and large
corporations (Cooper 2015). In parallel with these developments, the International Social
Security Association (ISSA) was advocating the reintegration of OSH competencies into
vocational and professional education, (ISSA 2003).

The authors, had developed and were implementing Operation Analysis and Control, a holistic
model which promoted a dynamic approach to the management of work activities that focuses
on the elimination or control of hazards from the outset of project and activity
planning,(McAleenan and McAleenan 2001, 2002).

The development of OAC commenced from the analysis of the limitation of the language of
Risk Management and of the safety discourse. The central concept was control and what was
necessary to the process of control of work activities on construction sites. The analysis went to
the core of human awareness, understanding and perceptions of work and the management of
work activities. The result was the negation of risk based approaches to work and project
outcomes and its replacement by an approach that respected and utilised the competence of
workers who are fully au fait with the requirements of the task, are, with the right resources,
capable of achieving them and are in control of their own activities including the safety
component.

1.3.Ethical failings in construction

The process of developing OAC entailed, amongst other things, an examination of a number of
concepts associated with the moral case for OSH and in particular the assumptions
underpinning the discourse of safety leadership and its impact on agency.

Corporate Social Responsibility (CSR), a central ethical and moral issue in the industry, is
expected to be a driver for social and environmental sustainability while meeting the
requirements of shareholders. Yet within the construction industry, the reputation for unethical
practices is regarded as a major contributor to reduced quality and poor safety practices (Hamza
et al. 2007 and 2010, Olufemi and Oyedeli 2014, CIOB 2013, Ameh and Odusani 2010), that
contributes to accidents and the endangerment of human life (Zhou and Wu 2013).
Additionally, the CIOB (2013) found that 49% of respondents believe that corruption is present
and that 50% do not believe that the industry is doing enough to counteract it.

In the field of educational psychology and moral development, Kohlberg (1971) and
Eckensberger (2007) stated that conventional moral reasoning, exercised by a majority of
adults, is based on compliance with legal requirements and prohibitions, and on adherence to
social group norms. Focussing on the moral case and how it relates to both compliance with

225



legal duties and maintenance of good business practices, the authors initiated a project to
explore the foundations of workplace ethics and to determine whether these foundations and the
practice of ethical decision making was understood by all stakeholders and supported by the key
decision makers.

Utilising a critical theory methodology to analyse workplace culture on construction sites a new
perspective on the complexity of interrelationships on-site was developed that uncovered a
range of reasoning processes behind health and safety decisions. An understanding of ethics
reasoning addresses the limitations of conventional moral reasoning and underpins the case for
a new approach to health and safety training and autonomy in decision making. The aim of this
paper is to elucidate the case for an ethics reasoning approach to professional education and
describe a project by the authors that led to the development of a module on ethics reasoning
which has been incorporated into two undergraduate programmes.

2.Ethics, morals and reasoning
2.1.Definition of ethics and morals

It is useful at this point to clarify a distinction between the terms “ethics” and “morals” as both
are often conflated, (Chismar 2004). Ethics is an internal process whereby the individual strives
to attain authenticity as a human being, (Zizek 2012) and as such it is a function of Man as a
social Being. Morals, specifically moral behaviour, is a function of agency and ethics reasoning
and is directed outwards towards others, a manifestation of care for others, (Zizek 2012).

The project recognised the range of moral philosophies that exist and the fact that they
sometimes do not sit comfortably with each other despite them being fundamentally concerned
with doing good or doing no harm to others. Why this should be so informed the objective of
the project; to determine the function and universality of ethics and how moral behaviour is
decided, as well as the methodology for exploring this objective. The strength and stability of
the moral case for OSH that elevates it above both the business and legal cases required an
exploration of the fundamental level in order to explain and supplant the above described
unethical behaviours with a rational ethic that permits of objectively and universally “good”
moral behaviour.

2.2.Problems with agency in the real world

It can be difficult to reconcile the notion of Agency with real world situations. The competent
worker, expected to make work-related decisions based on age, experience and level of skill
(Dalton Vs Frendo, Irish Supreme Court 1977, in Garavan 1997), none-the-less finds
him/herself engaged in work where what to do, when to do it, with what resources and even
how to do it is often subject to the decisions of managers and supervisors who convey this
information to the worker.
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In unsafe situations, the legal right and duty not to undertake unsafe work is often also a fiction,
known and understood by all but left unstated as this would negate its function as a “legal
fiction”. This reflects Hegel’s (in Russell 1996) refection of Kant’s notion of autonomy where-
in the moral agent assumes responsibility for translating abstract injunctions into concrete moral
obligations (Zizek 2012). For Hegel (1817) autonomy and the freedom to act stems not simply
from following one’s own will, but from there being real world structures that correspond to the
structures of the will, i.e., a rational State that respects the freedom of the individual.

In the concrete reality there are many structures within which the moral agent exists but which
are less appreciative of moral autonomy or tolerant of agency. The workplace culture described
by Schein (2013), springs from the values and beliefs of its leaders is, with its hierarchical
structures and heteronomous decision making, reflective of unequal social relations where-in
decision making is bounded by production targets and operational necessities. Safety (vision)
statements such as “Stop Work™ or “Safety First” are bounded by the subliminal messages
inherent in Geertz’s (1973) alternative Thick description of workplace culture, which permeates
a workplace and can contradict the overt messages that his Thin description describes as being
an aspect of a superficial awareness of culture.

A deontological model of site safety has safety rules jostle for position amongst statutory duties,
commercial contracts, contracts of employment and professional codes of conduct, creating
disharmony and confusion. This model is the outworking of Kohlberg (1971) and
Eckensberger’s (2007) “conventional moral reasoning”, a reasoning based on group interests
and adherence to societal norms and laws where loyalty to the group or the influences of laws
with the greatest sanctions are dominant. Yet construction professionals Codes of
Ethics/Conduct conflict with this deontology, advocating a post conventional reasoning based
on universal rights and exhorting the professional to exercise their judgments in the interests of
wider society (IEA 2015).

OSH is not the sole consideration of professional ethical decision making, but when
contextualised with the Universal Declaration of Human Rights (United Nations 1947) the
professional has a duty to understand the human rights of the worker and to fully appreciate and
implement this obligation to workers, the employer and the client.

2.3.Moral necessity

The moral injunction to do no harm to others is embodied in health and safety laws. Morality
derives from culture and embodies those mechanisms that make culture a system of uniquely
human controls (Geertz 1973). It is how Man relates to the world and others in it, and from it
materialises his self-realisation (Freire 1973), his self-actualisation (Maslow 1943). It is also
inherently human, arising from Man’s awareness of himself as a species distinct from other
species and within which he recognises others, and himself in others (Fromm 1961). This is the
root of empathy in which is found the form of morality that echoes the symmetry between Self
and Other (Zizek 2012). The process of ethical development and moral maturing is the process
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of humanisation (Freire 1973) and defines the practical relationships with others. In its mature
form the symmetry of moral action acts to the benefit of all.

The awareness of ourselves and others of necessity entails an awareness of both that which is
beneficial and that which is detrimental in human relationships; we either harm or we help, and
this is codified in the Golden Rule of Moral Reciprocity, “treat others as we would want others
to treat us”. This stands in contrast to the “zero level rule”, “do not do to me what you do not
want me to do to you”, (Zizek’s 2012). With the publication of the Seoul Declaration (ILO
2008) a new series of paradigms were prescribed which shifted the focus from accident
prevention, the “zero level rule”, to the creation of workplace cultures that actively contribute to
the welfare and wellbeing of workers; the Golden Rule entering into health and safety practice.

In exploring Hegel’s dialectic, Zizek (2012) distinguishes ethics as care for the self, a striving
towards authentic being. This concept of ethics parallels Freire’s (1973) concept of
humanisation and is at the core of the human ontological project. Human behaviour is the
synthesis of internal ethics and external morality and as such the moral case for health and
safety stems from necessity, being, as it is, inherent in the relations that exist between people.
Thus the ethical failures in the construction industry and the resultant harms are not simply
detrimental to workers and organisations but are the antithesis of humanisation and social
progress.

2.4 Ethics Reasoning approach to OSH

Codes of conduct and codes of ethics are integral to professionalism. The Engineering Council
(EC, 2013) advocates that the professional bodies place a personal obligation on their members
to act in accordance with the Royal Academy of Engineering (RAE, 2011) and EC standards
and principles. The Joint Board of Moderators (JBM, 2009) has more specific guidelines for
teaching ethics and the professionalism expected of students on construction degree courses in
the UK.

A number of problems have been identified with the teaching of ethics. Warnick (2010)
suggests that the dissatisfaction felt by some professionals in regard to current work ethics
impacts negatively on quality, while Strahlendorf (2005 citing Logan 2001) lists economic
pressures, differing national and cultural standards and the lack of legal standards as some of the
reasons for unethical behaviours. Herkert (2000) suggests that the focus of engineering ethics on
individual and micro-ethics is to the detriment of work on social or macro-ethics concerned with
collective social responsibility which would have a bearing on Corporate Social Responsibility
and the OECD (2004) principles of consideration of all stakeholders. Guenther (2000) argues
for the need of professionals to have the ability to reason out ethic issues in any situation rather
than be constrained by specific rules that may be in different professional codes. This is echoed
by Strahlendorf (2005) who makes the case for professionals being able to question those codes
and reason out appropriate ethical approaches to moral behaviour.
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Ethics Reasoning is on the curricula of a number of universities (e.g. Univ. of Texas 2015 and
Leeds Univ. 2015). Whitbeck (2011) has also conducted work on ethics reasoning in
engineering and the RAE (2011) guidance contains case studies to facilitate reasoning skills.

This project commenced with the work of Piaget (1932) who pioneered the work on cognitive

development and moral reasoning in children and this was substantially developed and tested
widely by Kohlberg (1971) and Eckensberger (2007). Their findings of an invariant
development of moral judgement are classified in three categories; pre-conventional,

conventional and post-conventional (Table 1).

Table 1: Kohlberg’s levels of moral reasoning

Level of moral

Stage of reasoning

approx ages

development

\Pre-conventional, |Stage 1. Right is obedience to power and avoidance of punishment. |< 11

“do’s and don’t's"
Stage?. Right is taking responsibility and leaving other to be
responsible for themselves.

Conventional Stage 3. Right is being considerate: “uphold the values of other adolescence
adolescents and adults”’ rules of society. and adulthood

Stage 4. Right is being good, with the values and norms of family and
society at large.

\Post-Conventional

Stage 5. Right is finding inner “universal rights” balance between
self-rights and societal rules - a social contract.

after 20

Stage 6. Right is based on a higher order of applying of applying
principles to all human-kind; being non-judgemental and respecting
all human life.

adapted from Kohlberg, 1986
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Using these levels and stages as a foundation, the authors developed an industry specific
undergraduate module within the Quantity Surveying degree course that included a problem
solving component. As the semester progressed, students were presented with hypothetical and
real-world scenarios of increasing complexity that included the use of case studies relating to
contract acquisition, construction quality and ODH on construction projects. The students were
asked to suggest individual and group solutions to the problems identified and to provide a
rational explanation for their choices, which were then subject to challenge in open forum
discussion.

These exercises were integrated with teaching and study on various theories of ethics, in
particular utilitarianism, deontology and virtue ethics, and in the context of international and
national codes relating to Human Rights and OSH obligations. The expectation was that the first
year students who undertook this module would initially demonstrate stages 3-4 ethics
reasoning and be moving towards stages 4-5 reasoning by the end of the module and with
appropriate reinforcement, be demonstrably stage 5 by their graduation year. This would accord
w with the general findings in Piaget (1932) and Kohlberg’s (1971) work.

In the first iteration of the module the outcomes showed a higher than expected pre-
conventional reasoning, however by the second semester, a number of students were
demonstrating reasoning at one level higher, close to Kohlberg’s (1971) prediction that 50% of
students would reason at one level higher after twelve weeks. This is likely to have been due to
the students having a period to time in which the module and learning was assimilated into their
thinking.

The second iteration of the module introduced the moral philosophy and theories of ethics
described above, and this cohort of students demonstrated more conventional stage 3 reasoning
with some demonstrating stage 4. The stage 3 reasoning emerged strongly with problems with
high construction and OSH context and with which the students were less familiar. This stage 3
reasoning was related to their perception of loyalty to their (fictional) future employer and
acceptance of the authority of managers. However in more generalised problems where their
awareness of the law was broader, stage 4 social conformity reasoning was more in evidence.

The module has evolved over 4 years and now comprises the following elements:

Ethical problem solving exercises to develop skills

* Introduction to the prevalent theories of ethics

* Case studies, to be analysed on the basis of the various theories

* Stages of Ethics Reasoning

* Contextualisation, construction and international protocols and codes

» Agency and resolving conflicts
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The project demonstrated that the context within which skills development occurs needs to be
one that is familiar to students to allow them to exercise personal judgement rather than defer to
an existing deontology. As such it is appropriate that the ethics reasoning skills development
takes place continuously throughout their under-graduate studies, for example through regularly
presenting case studies in other modules that allow the students to evaluate and address the
moral issues in them. This will further allow for greater assimilation as there will be period
between teaching/study when the ideas and skills can imbed. A new under-graduate Safety
Engineering and Disaster Management degree course, co-developed by one of the authors,
recognises this and has integrated ethics reasoning throughout the course with a clear focus on
developing and demonstrating stage 5 reasoning and critical analytical thinking into Prevention
through Design by their graduation year.

3.Conclusions

Ethics and moral behaviour are at the core of Man’s relationships with others and with himself,
and construction is the epitome of these relationships, contributing to Man’s wellbeing,
satisfying basic needs and meeting the higher emotional and intellectual needs of self-
actualisation. They are at the heart of construction professionalism and transcends simple
adherence to codes or compliance with statutes. Ethics Reasoning recognises these deontologies
as milestones on the road to a mature ethic based on equality and respect for all humanity, and a
morality that acts in the interests of and advances the wellbeing of all.

An Ethics Reasoning approach to the industry and, specifically, to OSH recognises that
professional and vocational workers have the capacity within their competences to be aware of
and act on the universal principles of social justice and human rights. This approach further
recognises and takes account of the various ethical philosophies found in national cultures and
through the reasoning process contextualises these perspectives with the fundamental principles
of moral behaviour, i.e., the Golden Rule.
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Abstract

This paper presents the causes of building collapse linked to non-compliance to relevant
regulations. A case study research that was conducted on the Tongaat mall building collapse in
South Africa forms the basis for the highlighted factors. Through data collection that entails
content analysis of official inquiry into the collapse and subsequent semi-structured face-to-face
interviews of construction workers who took part in the ill-fated project, major regulatory
failures were identified. Salient findings show that the regulatory functions on the building
project were compromised, and the inability to ensure that the project fulfils all compliance
requirements significantly enhances the existence of a work environment that led to two
fatalities and twenty-nine injuries. This study corroborates findings that have highlighted
implementation as the weak link in H&S practice in terms of construction regulations in South
Africa. In other words, the benefits of adequate policies on paper can only emerge through
proper applications on construction sites.

Keywords: Accident, Construction, Health and Safety, Regulation, South Africa
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1. Introduction

The collapse of the Tongaat mall building that was under construction in November 2013 is a
justification for optimum construction management practice in South Africa. The practice
illustrated in the analysed reports shown in Emuze et al. (2015) is indicative of several
deviations from acceptable H&S practice. The triggers for the collapse, a beam and two
columns occurred due to poor supervision of construction work. This paper is a follow-up on
the work presented in the 2015 CIB W099 conference held at Belfast, Northern Ireland. In the
paper presented in Belfast, Emuze et al. (2015) used content analysis as a method to provide
possible reasons for the accident that resulted in 2 fatalities and 29 injuries. Emuze et al. (2015)
note that poor construction work, poor supervision of work, and non-compliance to H&S
regulations constitute the major contributing factors that led to the Tongaat mall building
collapse. These contributing factors were also reported when buildings collapsed in Malaysia
(Aini et al., 2005) and the United States of America (USA) (Levy & Salvadori, 2002). However,
this particular paper reports on the lived experiences of the participants in the ill-fated project.
Base on the findings of the official inquiry into the accident, it was determined that the research
would benefit from further exploration of the experience of project actors through face-to-face
interviews that tend to yield rich data (Ritchie et al., 2014).

This approach is concerned with understanding particular situations, rather than generalizing
findings. The method used is primarily for in-depth analyses of interviews, recorded
observations and documented communication (Thomas, 2011). Thus, face-to-face interviews
that were preceded by content analysis presented in Emuze et al. (2015) were used to collect the
responses to the research questions. The research question that forms the nexus of this paper is
“how did regulatory factors contribute to the collapse of the Tongaat mall in South Africa”. The
objective of this paper is to provide the answer to this question by presenting the implications of
building collapse from the perspective of regulations in the next section. Thereafter, the
methodology section concisely indicates the procedure that was followed to obtain additional
primary data in the study. The methodology then leads to the results and a discussion on the
implications of regulatory failures in construction accident causation. The conclusions tied the
insights from the accident together. It is important to focus on accidents linked to collapse in
construction as it seems to be an ending tragedy in South Africa where another major collapse
occurred in October 2015 as shown in Figure 1 (http://www.news24.com/Multimedia/South-
Africa/PICS-Deadly-Joburg-bridge-collapse-20151015#). A pictorial view of the Tongaat mall
collapse shown in Emuze et al. (2015) speaks to the need to stop the circle of building collapse
in South Africa.
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Figure 1: Collapse of a bridge under construction in Johannesburg (Source: News24: online)

2. Synopsis of the Tongaat Mall Building Collapse

The regulatory failures experienced on the Tongaat mall collapse involve multiple parties to the
project. Based on the analysed inquiry documents in Emuze et al. (2015), the notable failures
pertain to structural design, quality of construction work and supervision and non-compliance to
the requirements of construction regulations (Table 1). This paper focuses on the regulation
aspects of the failures observed in the accidents. The developer / client of the project failed to
comply with official orders to stop the project. For instance, the developer ignored court orders
to stop construction six days prior to the collapse of the slab that led to fatalities. Before the
court order, the host municipality had been expending efforts to stop construction for a range of
contraventions. A major contravention is the refusal to heed the instruction not to proceed with
construction work on site. The municipality reports that it did not grant ‘permit to build’ to the
developer of the mall. This attitude to regulations by the developer, which is hereafter referred
to as the client, impacts on construction H&S (Smallwood, 2008). As shown in this accident, it
could contribute to injuries and fatalities. This is particularly crucial when compliance is not
open to negotiation. As shown in the findings of this building collapse, the client may have
averted the loss of lives if compliance was observed. The compliance issue is not new in South
Africa. In a 2009 report by the construction industry development board (CIDB), the
Department of Labour (DoL) flagged non-compliance in most of the construction sites that were
visited by its inspectors. The client is not alone in terms of regulatory failure. The engineer and
the contractor appear to follow the footsteps of the client in this regard. From the analysed
documents, the engineer may be found wanting concerning full compliance to section 9 of the
South Africa construction regulations, which states that "the designer of a structure shall inform
the contractor in writing of any known or anticipated dangers or hazards relating to the
construction work, and make available all relevant information required for the safe execution
of the work upon being designed or when the design is subsequently altered". Compliance or
non-compliance to this clause influences the triggers of the collapse, which is a slab that was
supported by beams and columns that cracked.
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Table 1: A summary of causal factors of the Tongaat mall collapse

Failure (s) Description

Construction work / supervision Slab sagged before collapse

Construction work / supervision Scaffold / formwork / false work removed too soon

Construction work / supervision Weak concrete used for construction on site

Construction work / supervision Severe lapses in construction work and supervision

Construction work / supervision Reasons for construction failure - beams

Structural design Reasons for construction failure - design

Structural design / construction Steel bars are missing in the elements - slabs, beams,

work etc.

Construction work / supervision Lack of H&S audit on project site

Regulatory control Mall plans rejects / failed approval four times

Regulatory control Demolition of the site was never approved

Regulatory control Developers was consistently fined for failures

Regulatory control Workers instructed to keep working despite official
notice

Source: Emuze et al. (2015)

The link between design and accidents as well as the outcomes of accidents in the form of
injuries and fatalities has been highlighted in the work of Cooke and Lingard (2011). For
instance, the Australian study examined 258 construction fatalities and note that 40% were
linked to the design of the work place. The compliance gaps were also notable when the
workings of the general contractor (GC) on the project are x-rayed. This is not unconnected to
the lack of relevant qualification by the general foreman (GF) of the GC. Qualification is
relevant to knowledge of the regulatory environment. Given that the analysed inquiry document
shows an unconcealed disregard to section 5 of the construction regulations, it is very likely that
the GF do know the regulations, which is not an excuse in law. In particular, the section says
that a principal contractor should "stop any contractor from executing construction work which
is not in accordance with the principal contractor's and/or contractor's H&S plan for the site or
which poses a threat to the health and safety of persons". The interpretation of this clause and its
compliance is important and it requires the GF, assuming he is in the know, to take steps to
mitigate possible failures on the project site.

These narratives from the analysed document provide impetus for the collection of data from the
participants of the collapsed building project. The next section presents a concise version of the
methodology utilised in the research.

3. Methodology
Similar building collapse studies at the construction stage in which fatalities and injuries were

recorded have used a case study research design to interpret the events (Aini et al., 2005). The
case study approach was also used for this study in order to gain analytical comprehension of
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the events (Thomas, 2011). Primary data collection in the study comprises context analysis
(Emuze, 2015) and face-to-face interviews, which forms the basis for the findings presented in
this paper. Before the commencement of the interviews, the official inquiry documents of the
DoL were analysed to identify issues dominating the media coverage of the Tongaat mall
accident. The media coverage refers to online and printed news materials that were evaluated in
terms of text (words) and images that have been recorded without the interference of the
researchers. Online materials were accessed through the press releases of the DoL in South
Africa, and the printed materials were sourced from newspapers. The analysis of content was
linked to the role of actors in the collapsed building.

The analysis utilised the textual data to elicit meaning, gain understanding, and develop
empirical knowledge on the collapsed mall (Corbin and Strauss, 2008). After the content
analysis that produce the discussion in section 2 of this paper, on site visits were made to the
location of the accident several times to schedule interview appointments with participants of
the project. The findings of the analysed document provide the basis for the compilation of the
interview protocol, which was made up of 33 questions that interrogated the issues uncovered in
the analysed documents. However, the questions related to regulations constitute the focus of
this paper. These questions include:

* How did you experience on-site inspection of the Tongaat Mall project?

*  What is your perception on the enforcement of compliance with Construction Regulations
(2003) by the local authority / municipality during the Tongaat Mall design phase?

*  What is your perception on compliance enforcement on the Tongaat Mall project?

Figure 2 shows that the developer did not adhere to the tenets and principles of the construction
regulations of South Africa as amended in 2014. This assumption stems from the fact that
construction of the mall continued unchanged although plans were unapproved by the municipal
authority. On site visits and documents show that the construction is taking place close to a rail
track where authorization for construction was not given at the time of the accident. In brief, the
regulatory questions emerge from Figure 2. These questions were posed to the interviewees in
the study. The interviews focused on the project participants that were directly involved with the
construction of Tongaat mall so as to access information on actual events from primary sources.
Although the client and GC of the collapsed building declined to be interviewed, members of
the inquiry (including H&S specialists, community liaisons officer, and local municipality
building inspectors, and subcontractors) talked to the research team off the record. The
interaction with the members of the inquiry paved the way for the contact made with some
workers on the project. Thus, actual interviews were conducted with nine construction workers
that were active on the project at the time of the accident. The interviewees were all male
workers.
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Developer failed to obtain permission to
demolish the existing building before

Earthworks plans were rejected four

construction began. B
Structural engineer never received any
concrete test and approved drawings the
engineer was informed approval has been
granted.
> ——
»
J

Principal Contractor was unable to indicate the
qualifications of responsible staff on site.

N
A

Earthwork plans were approved in principle
by the municipality land use department due
to the fact Transnet had to give consent as
the building was within 10 meters of the
railway — Consent was never obtained.

The developer ignored summons issued to
cease work on the site.

Fines were issued by law enforcement agents;
and matter was referred to legal department

[

To date no plans have been submitted to the
municipality’'s Development, Applications and
Approvals Department

The principal contractor disregarded an
interim order and final order to stop
construction of the mall.

]

Sub-contractors were aware of the court
order but was told the situation was sorted
out and instructed to continue work by the

principal contractor.

]

' l
No consent has been given by the H&S agent to

remove formwork, props or scaffolding on the
day of the accident

General Foreman had been assigned 6

No health and Safety audits were carried
safety posts.

out in the four months proceeding the
collapse.

Figure 2 is a summary of the regulatory failures extracted from document analysis
4. Results

When the background information of the interviewees were analysed, it was apparent that the
general workers perceive that the GF for the contractor is their employer, who assign them to
various tasks on the project, although all of them see themselves as concrete workers. The
interviewees confirm that they have extensive experience in the industry, though they are not
specialized in a particular trade, although they work mostly on concrete work. More important
to this paper is the revelation that these workers appears to have a superficial knowledge of the
South African construction regulations as they were unable to engage in conversations that
shows extensive understanding of either regulations or legislation related to construction.

The interviewees also report that there was high employee turnover on the project and often,
workers were assigned to tasks that are beyond their capacity to accomplish. When asked why a
worker would undertake a task that he is not qualified to accomplish, the interviewees point to
issues surrounding job security. That is, if a worker does not agree to undertake an assigned
task, he may be out of the site within a short time. Given that the unemployment rate in South
Africa is estimated to be 25.1% in 2014 (Central Intelligence Agency (CIA), 2015), these
workers were not willing to risk secured employee by objecting to instructions from the GF.

In particular, the responses of the workers to the aforementioned regulatory open ended
questions presented in section 3 are illustrated in Figure 2. These questions investigated the

involvement of the local governmental authority in the Tongaat mall project in terms of on-site
inspections and the enforcement of relevant regulations.
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Figure 3: Interviewee perceptions of regulatory environment in Tongaat project

It also assesses the enforcement of the regulations by the municipal authority where the project
is located. The analysis of the data indicates that the interviewees were not really aware of
inspections performed on the site. This suggests that either the interviewees were not notified
when such persons arrived on site or that they did not recognized such persons on the site. The
lack of clear responses to the municipal question signified that the local authority had limited
presence on the site. The responses to the third question mean that the interviewees perceive a
significant lack of leadership in terms of enforcing regulations on the project. For example, the
interviewees could not identify the responsible personnel that represented the municipality on
the project in terms of regular visits to the site.

Furthermore, the interviewees say that would decline ever working on a site where personal
protective equipment (PPE) is not accessible contrary to legislation. They will also be hesitant
to work on a site where the required supervision and where construction regulations are lacking.

The interviewees also note that the high rate of production was forced on them to the detriment
of quality workmanship. They cited the fact that walls were constructed too fast without the
necessary reinforcement or bracing whereas formwork and props were also removed too soon.
The removal of formwork from a column triggered the collapse of the building on the 13th of
November, 2013. The interviewees recognize that the procedures were incorrect, and when they
attempt to object, they will be reprimanded. The interviewees pointed out that work is scare and
that they are in dire need of employment so much so that this placed them in a position where
compliance to the directives given to them must be obeyed without a challenge. In brief, most
of the interviewees were unhappy about the lack of PPE on site. They were also saddened about
the fact that their H&S and wellbeing were compromised on the project.

The analysed data show that the rate of unemployment among the interviewees was high and

that they needed the remuneration — hence their inability to challenge poor work processes. The
interviewees again reiterated that if they did not comply with the directives given to them their
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employment would be terminated. Some of the interviewees indicated that they do not want to
be associated with the construction of the mall to guard their own safety and wellbeing. As
shown in Table 2, a cross analysis of the content analysis and interview findings establish the
fact that the accident occurred on a site where clear deviations from construction regulations and
the requirement of the H&S Act of 1993 of South Africa existed side-by-side.

Table 2: A summarised cross analysis of regulatory factors of the Tongaat mall collapse

Content analysis + Interview findings

Lack of inspection by regulatory bodies and professional team

Construction procedures were questionable in order to meet deadlines and to avoid penalties.

Formwork was removed to soon

Control and regulation of concrete mixing questionable

Construction flaws were rectified in dubious ways

Construction workers had little or no knowledge of the Construction Regulations

Supervisors were substandard and lacked leadership

Lack of inspection by regulatory bodies and professional team

Appointed safety officer was unknown to construction workers

Inadequate induction / work training

Source: Authors
5. Discussion

This aspect of the research confirms the regulatory contributors to the Tongaat mall building
collapse accident. Given that incident investigations are normally used for origins of failure in a
system (Manuele, 2014), it is vital to understand various contributory factors to the Tongaat
mall accident. The Tongaat mall collapse could be seen from a multifactorial aspect of incident
causation. The study that began in 2014 and was first reported in Emuze et al. (2015) shows that
there was an initiating event, which was followed by many contributing factors that evolved in
sequence. Such sequence could be likened to the illustrations of the loss causation model (LCM)
of Bird and Germain (1985). This model recognises that management should prevent and
control accidents. It would appear that for management to prevent accidents, the first step would
be to adhere to all the requirements in a regulatory environment. Causal factors in accidents may
start from decisions made by management when policies, standards, procedures, provision of
resources and accountability system are constrained (Manuele, 2014). Again, the observation by
Manuele (2014) resonates with the events of the Tongaat mall accident. In specific terms, the
striking of formwork when it is rather too early is evident of inadequate accountability system in
which the GC through the actions of the GF continued to work sub optimally on the project.
Flagrant disregard of even a stop order from the municipality is evidence of the use of a GF that
do not appreciate the definition of an accident, which is aptly defined as “... unexpected event
or occurrence that results in an unwanted and undesirable outcome... (Hollnagel, 2004: 5)”.
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Researchers have recognised the importance of the client in the management of H&S, especially
their influence on contractors (Smallwood, 2008; Suraji et al, 2001). To emphasise the crucial
role of clients in H&S management, Suraji et al. (2001) argue that construction accidents are
caused by inappropriate responses to certain constraints in the environment. They observed, for
example, that the client responses are the actions or failure to act in response to constraints that
emerge during the development of a project. According to them, these include reducing the
project budget, adding new project criteria, changing project objectives and accelerating the
design or construction efforts of the project. These perceptions are reinforced by clients who
abdicate their roles and put on H&S responsibilities on contractors. In the case of the Tongaat
mall accident, the client appear to be in haste to complete the project so much so that the permit
to build was not obtained and the H&S component of the project was subservient to time and
cost considerations. The client appears to be fixed on occupation date / opening day of the mall.

In a socio-technical system (such as in construction) where the relations between human and
machines are intertwined, compliance to regulations should be the minimum in terms of good
H&S practice. The system shapes the technical and social conditions of work in a way that both
the system’s outputs and the needs of workers are accommodated (Manuele, 2014). Regulation
is a key part of the system in construction and when accidents eventuate, abnormal outputs are
within the system. The lack of control in managing loss is always due to deficiencies in
management programmes, standards identified and the degree of compliance with such
standards (Amyotte, and Oehmen, 2002). Whereas, high-level governmental and regulatory
factors tended to be similar for accidents that occur in socio-technical systems, the physical and
human factors differ across different projects (Woo and Vicente, 2003). Thus the risk posed in
an environment where compliance to regulations and the legislation is either low or limited can
be high. This is the case in South Africa as attested by the CIDB (2009). For example, this
particular accident killed 2 people and injured 29 while another recent bridge collapse in
October 2015 also recorded fatalities and injuries (Figure 1). A lack of effective mechanisms to
implement legislation and regulations for improved H&S performance in a developing country
such as South Africa is a major issue (Alkilani et al., 2013).

This next step of the study is to make use of the context analysis and interview data in the
compilation of graphic representations of the events / causal flow of the accident. With the use
of causal trees, event trees, and causal-effect charts, this step would entail the management of
the complex flow of recorded events so as to create an overview of complex happenings in the
Tongaat mall accident. Such representation would focus on the propagation of the effects of
undesirable actions inherent in technical faults and human errors through the project system of
Tongaat mall building construction (Svedung and Rasmussen, 2002).

6. Conclusions

The narrative in this paper shows that regulatory failures were rampant in the collapsed building
in South Africa. Some of these failures provide fertile grounds for the propagation of multiple
causal accident factors. A socio-technical accident causation model that highlights the influence
of organisational culture of both clients and GC involved in Tongaat mall project is needed to
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show all the shortcomings that were in existence when H&S policies, standards, procedures and
accountability took the back seat in the ill-fated project. The model would relate to inadequacies
in controls, especially from the regulatory environment, which appears to allow construction to
continue on the site despite several stop orders from the concerned authorities. In relation to this
paper, the answer to the question posed in section one is that regulatory factors significantly
contributed to the collapse of the building in terms of clear disregard for important sections of
construction regulations, and H&S legislation in South Africa. Evidence of deviations can be
seen in Table 2 and the interview findings. This realisation unfortunately confirms the long held
perceptions that while South African construction is not lacking in legislation, compliance is a
major hurdle to be scaled in the industry.
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Abstract

The Construction Regulations enacted in 2003 realised a range of roles and practices that have
impacted the status of health and safety (H&S) in South Africa. In 2014, the regulations were
revised with the introduction of new sections that are aimed at reinforcing the regulatory
environment. One of such section is the ‘permit to work’ requirement, which inter-alia, seeks to
stop the award of work to non H&S complaint contractors. To assess implementation readiness,
a sequential mixed method study was conducted in 2015. The collected survey and interview
data shows that there are practice gaps that would lead to the inability of clients to obtain the
work permits as envisaged by the revised regulations. The multi prong implications for clients,
designers, and contractors means procurement delays will occur in the interim and such events
would impact on project planning. The delays may occur due to capacity constrains at the
Department of Labour (DoL) who is mandated by law to issue the permit. More important is the
need for the DoL in South Africa to remove all implementation road blocks so that the permit to
work system that is met to engender injury and accident free construction work environment
would be successful.

Keywords: Construction, Health and Safety, Regulation, South Africa
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1. Introduction

The implementation of optimum H&S practice is a prerequisite for a reduction in injuries and
accidents in the construction industry (Hallowell, 2010). Among other various interventions,
legislation and regulations are used to promote good H&S practice in the construction industry.
The use of legislation is relevant in an industry in which non-compliance is prevalent due to its
structure. In terms of structure, the construction industry in South Africa is dominated by a large
number of small and medium size (SME) contractors (Emuze and Smallwood, 2011). These
SMEs are unable imbibe the zero-accident culture (Othman, 2012). The expansion of the zero-
accident or zero-harm culture in the industry has increased the need to know, and implement,
relevant H&S regulations in the industry (Wilkins, 2011). Price Water House Coopers (PwC)
(2013) reports that while there have been insinuations that fatalities are linked to the high price
environment — chasing profits causes accidents that result in injuries and fatalities — the reality is
that improving H&S is a profit motivation (Smallwood, 2004). Most construction workers
employed by SMEs and even large contractors in South Africa are either semi-skilled or
unskilled with little education and this poses a great challenge in managing H&S since risks to
H&S increases with a low level of awareness and lack of training (Lingard and Rowlinson,
2005). In an attempt to promote workers’ compliance to H&S regulations in the industry, the
need to convey the implications of dangerous conditions and effects of non-compliances
through appropriate training and education cannot be over emphasised (Wilkins, 2011).

Windapo and Oladapo (2012) note that construction H&S has long been the focus of attention
of many industry stakeholders in South Africa. PwC (2013) reports that leading construction
companies, the government and unions are showing increased concern with respect to H&S,
which is essential if the industry is to remain progressive. The poor H&S performance in South
African construction is therefore motivating stakeholders (Agumba and Haupt, 2011) and the
government is not left behind in this motivation in terms of interventions. One of such
intervention is the enactment of Construction Regulations. However, there is a gap in the
implementation of the Construction Regulations that was promulgated in 2003. The gap is
apparent as clients lack consistent and uniform standards of compliance with H&S because they
often appoint contractors without verifying their H&S compliance capability. According to
Windapo and Oladapo (2012), contractors perceive regulations as an additional burden, which
they have to conform with and which gives rise to unnecessary costs. In an attempt to avoid
these perceived additional costs, contractors tend not to comply fully with H&S regulations. For
instance, contractors are not compelled by the client to notify the DoL before commencing with
projects where required. This reported action of contractors is the basis for the overall study,
which is done in partial fulfilment of the requirement for an MSc qualification.

One of the research questions of the study that forms the tie for this paper is “How should public
sector client implement the newly introduced construction works permit in South Africa? The
objective of this question is to determine the public sector’s readiness in terms of the fulfilment
of section 3 of Construction Regulations (2014), which states that a client who intends to have
construction work carried out, must at least 30 days before that work is carried out apply to the
provincial director for a construction work permit to perform work which exceeds 180 days, or
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will involve more than 1800 person days of construction work or works contract is of a value
equal to or exceeding thirteen million rand or CIDB (Construction Industry Development
Board) grading level 6 (Republic of South Africa (RSA), 2014). The Construction Regulations
of South Africa is applicable to all persons involved in construction work and its application
impact directly on construction H&S. This paper start with a synopsis of the newly introduced
permit to work requirement of the regulations and its implications for construction projects in
the next section. Thereafter, the methodology section concisely indicates the procedure that was
used in the research. The methodology discourse leads to the findings and a discussion, which
informs the conclusions of the paper.

2. Scope of Construction Regulations (2014): A Synopsis

Construction regulations (2014), which was promulgated on the 7™ of February 2014 (RSA,
2014) apply to all persons involved in construction work — section 2(1) of the regulations. At the
launch of the regulations, the South African labour minister states that:

"For any legislation to be effective it must be enforced and our inspectors will not tolerate non-
compliance. These regulations should serve as a deterrent to all those who have not yet grasped
the value add of creating and maintaining healthy and safe workplaces. As we are well aware,
construction workers build our roads, houses and workplaces and repair and maintain our
nation’s physical infrastructure. This work includes many hazardous tasks and conditions such
as work at height, excavations, noise, dust, power tools and equipment, confined spaces and
electricity. Therefore worker involvement is a key factor in improving safety performance on a
construction site. Organised labour, as well as employers, must ensure that H&S of workers on
construction sites is not compromised. We cannot be callous with the lives of workers. We must
always remember that behind the statistics of people who are killed in our industry, there are
real human beings, children who lose parents, wives or husbands who lose their loved ones who
are in most cases breadwinners. This industry should not be thought of as a killer industry but
rather take its place as a major player in our economy" (SACPCMP, 2014)”.

As shown in Table 1, the regulations were issued in terms of the Occupational Health and
Safety Act 85 of 1993 (RSA, 1993). Among other clauses, section 3 of the regulations
introduced a new requirement to the construction industry in South Africa. The permit to work
requirement place compliance obligations on stakeholders — clients, contractors, Dol and
construction H&S professionals. The section states that a client must ensure that the principal
contractor keeps a copy of the construction work permit contemplated in sub regulation (1) in
the Occupational H&S file for inspection by an inspector, the client, the clients authorized
agent, or an employee. Obtaining the permit and keeping it for inspection are grey areas for the
implementation that began in August 2015.

In order for the public sector to fulfil the requirements of Construction Regulations (2014), there
is need for it to accommodate regulatory changes and make the necessary improvements that
will afford required compliance. Section 5(5) of Construction Regulations (2014) states that
where a construction work permit is required as contemplated in regulation 3(1), the client must

249



appoint a competent agent to assist him in undertaking the measures he needs to take to comply
with the requirements and duties imposed upon him by or under Construction Regulations
(2014) provisions and the Occupational Health and Safety Act (OHSA) 85 of 1993, and that the
duties which are to be carried out by the agent must be done with integrity. This requirement
brings up a range of issues. One is the competency and capacity of DoL to accommodate the
permit to work applications; and two, is the available of competent construction H&S
professionals that can be appointed by the client in order to fulfil the purpose of the regulations.
These two issues are significant in South African construction that suffers from many incidents
of injuries and accidents (CIDB, 2009) and chronic non-compliance cases on construction site
as evident in major accidents (Emuze et al., 2015).

Table 1: A summarised application scope of construction regulations 2014

CONSTRUCTION REGULATIONS 2014

OCCUPATIONAL HEALTH AND SAFETY ACT, 85 of 1993

Scope of application

2. (1) These Regulations are applicable to all persons involved in construction work.
(2) Regulations 3 and 5 are not applicable where the construction work carried out is in relation to a
single storey dwelling for a client who intends to reside in such dwelling upon completion thereof.

3. Application for construction work permit.

3. (1) a client who intends to have construction work carried out, must at least 30 days before that work
is to be carried out apply to the provincial director in writing for a construction work permit to perform
construction work if the intended construction work will:

(a) exceed 180 days;

(b) will involve more than 1800 person days of construction work; or

(c) the works contract is of a value equal to or exceeding thirteen million rand or Construction Industry
Development Board (CIDB) grading level 6.

(2) An application contemplated in sub-regulation (1) must be done in a form similar to Annexure 1.

(3) The provincial director must issue a construction work permit in writing to perform construction
work contemplated in sub-regulation (1) within 30 days of receiving the construction work permit
application and must assign a site specific number for each construction site.

(4) A site specific number contemplated in sub-regulation (3) must be conspicuously displayed at the
main entrance to the site for which that number is assigned.

(5) A construction work permit contemplated in this regulation may be granted only if:

a) the fully completed documents contemplated in regulation

5(1)(a) and

b) proof in writing has been submitted—

(i) that the client complies with regulation

5(5) (ii) with regard to the registration and good standing of the principal contractor as contemplated in
regulation 5(1)(j); and

(iii) that regulation 5(1)(c), (d), (e), (f), (g) and (h) has been complied with.

(6) A client must ensure that the principal contractor keeps a copy of the construction work permit
contemplated in sub-regulation (1) in the H&S file for inspection by an inspector, the client, the client's
authorised agent, or an employee.

(7) No construction work contemplated in sub-regulation (1) may be commenced or carried out before
the construction work permit and number contemplated in sub-regulation (3) have been issued and
assigned.

(8) A site specific number contemplated in sub-regulation (3) is not transferrable.

Source: RSA (2014)
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3. Methodology

In this research, the implications of the Construction Regulations (2014) for the public sector
was explored as past research and present anecdotal evidences show that the Dol and by
extension, construction clients, may not be able to cope with the requirements of the
implementation of the permit to work system. The study began with a review of the regulations
and associated literature to get a sense of the direction and intent of the new clauses. Thereafter,
the findings of the literature were used to compile a semi-structure questionnaire distributed
among general contractors (GCs) in a metropolitan area in South Africa. The questionnaires
were administered on construction sites so that the targeted sample was reached. The
questionnaire was distributed to a sample of 28 GCs actively registered with the CIDB in grades
6-9. The grade of the contractors is in conformance with section 3 of Construction Regulations
(2014). The questionnaire consisted of ten questions each, with several sub questions. The
questionnaire referred to the implications of the regulations for the Department of Public Works
(DPW) procurement system. The survey yields 79% response as only 22 questionnaires were
validly completed and processed. Primary data collection in the study thus comprises survey
research and face-to-face interviews, which forms the basis for the findings presented in this
paper (Creswell and Plano Clark, 2011).

Before the commencement of the interviews, the survey data were analysed to identify the main
perceptions of the respondents. The data also influenced the collection of the textual data in that
the interview protocol focus on getting the opinions from the regulatory authority and other
construction professions, especially in relation to the permit to work requirement. The interview
field work began by identifying built environment professionals that have managed construction
projects on behalf of the DPW in the province, director of procurement in DPW, chief director
infrastructure in DPW, and an official of DoL in the province. A letter, which explained the
purpose of the interviews, was delivered by hand to some of the participants, while emails were
sent to participants whom upon being called on the phone asked for the letters to be emailed.
Face-to-face interviews were successfully secured with eight out of nine potential interviewees.
Interviews were conducted between the month of March and April 2015. Semi-structured face-
to-face open ended interviews were conducted by taking notes while audio recording of the
interviews was in progress. In brief, purposive sampling was deemed useful for the study
because it is important to collect the perceptions of people in construction with requisite work
experience and contact with DPW procurement system.

4. Results

When the survey respondents were asked to indicate the number of years that they have been
involved in construction, all of them have been working in the industry for more than six years
and three of them even have more than 20 years construction industry experience. As shown in
the tables in this section, the respondents were asked to rate their perceptions on a five point
Likert scale, which range from 1 (strongly disagree) to 5 (strongly agree). An ‘unsure’ option
was provided on the scale to cater for questions in which the respondents were either not able to
comprehend or provide an answer. The computation of the responses was done with descriptive
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statistics, which produce the percentage responses for each sub question and the associated
mean scores (MS). The statements in the tables have been ranked based on the MSs and where
there is a tie, the standard deviation score was used to break it (Salkind, 2015).

In Table 2, it can be observed that when asked whether Construction Regulations should
promote compliance to H&S in the industry, majority of the respondents were generally in
agreement. The ranking suggests a significant agreement with the perception that the regulations
should promote compliance to H&S in the industry. The statement is relative to the need for
everyone involved in construction to be familiar with the regulations. However, the respondents
concur that compliance with Construction Regulations (2014) requires specific competences
because it has realised a number of revisions that differentiates it from Construction Regulations
(2003). One of such revisions is the permit to work requirement that is enforced by the DoL. To
this end, the respondents suggest that sensitisation of stakeholders is required in the industry as
most of them are not familiar with the revisions in Construction Regulations (2014).

Table 2: Contractors’ perception of Construction Regulations of South Africa

Statement MS Rank

Construction Regulations should promote compliance to H&S in 4.63 1
the industry

Industry role players are relatively familiar with construction 4.17 2
regulations 2003

Compliance with construction regulations 2014 requires specific 3.89 3
competences

Construction regulation 2014 realised notable revisions and 3.77 4
requirements

Industry role players are relatively familiar with construction 3.75 5
regulations 2003

Permit to work system to be enforced by DoL in August 2015 is 3.63 6

based on construction regulation 2014

Industry role players are relatively familiar with construction 2.93 7
regulations 2014

Source: Authors

In Table 3, the respondents strongly indicate that delayed project initiation has economic and
social impacts on the community. This perceived delay could be made worse if the view that the
DoL has not engaged project actors on the modus operandi for the implementation of the permit
to work system is a reality. The table confirms the media perception that the permit to work
requirement could delay project initiation and planning because of the required documentation
and the capacity of DPW to function properly in this context. Another reason for this perception
could be the paucity in the number of construction H&S professionals that can be engaged for
the implementation of the system. It is also notable that awareness related to the permit to work
system enforced by the DoL in August 2015 is deemed to be low as opposed to high by the
contractors that took part in the survey. On the average, the respondents were also of the opinion
that clients’ deliverables are vulnerable to the requirements of the permit to work system.
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Table 3: Contractors’ perception of permit to work requirement

Statement MS Rank
Delayed project initiation has economic and social impacts on the 4.50 1
community

DoL has engaged project actors on the implementation of the permit to 3.62 2

work system

Permit to work could delay project initiation and planning 3.55 3

Awareness relative to the permit to work system to be enforced by 2.94 4
DoL in August 2015 is high

Clients deliverables are vulnerable to the requirements of the permit to 2.33 5
work system

Source: Authors

The survey findings become clearer with the interviews that were conducted with the DoL and
other professionals that would be directly involved in the implementation of the permit to work
system. When asked to indicate whether they are aware of the permit to work system that came
into effect in August 2015, six out of eight interviewees responded in the affirmative. The six
interviewees indicated that they are aware of the permit to work system, although how it will be
implemented is not clear to most of them. One of the interviewee claim total ignorance about
the regulations, and another interview is uncertain about the time of its application.

In addition, the interviewees were requested to indicate if they are familiar with Construction
Regulations (2014) in terms of key points of departure from Construction Regulations (2003).
The question was used to determine whether the interviewees are familiar with Construction
Regulations (2014). This can be deduced if they can identify the differences between
Construction Regulations (2014) and the previous regulations. Given that the interviewees flag
issues of ‘delays in processing documentation for verifications, and cost and time implications’,
it can be assumed that their level of familiarity is acceptable. It is realized that the interviewees
are familiar with Construction Regulations (2014), and also that interviewees could distinguish
between the two Construction Regulations, this is since issues such as delays, permit to work
system, processing and verification of documentation were some of the highlighted concerns
among the respondents. Regarding the point of departure from Construction Regulations (2003),
the respondents’ mentioned that there is clear departure in which the permit to work system is
the highlight. There is an indication that interviewees were aware of Construction Regulations
(2014) and the point of departure from Construction Regulations (2003).

This question leads to that of compliance, which says “Relying on your familiarity with
Construction Regulations (2014), please discuss compliance issues in the industry?” In
response, the interviewees were of the opinion that lack of compliance to the new requirements
will ensue, mostly SME contractors and thus, enforcement will have to be promoted by the
DoL.
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In addition, the DoL official interviewed was asked to comment on the enforcement aspect of
the permit to work requirement. To quote the interviewee directly in response to this question,
the official says "No construction shall be permitted to commence without the site-specific
official number allocated to it. Prohibition notice shall be served to the contractor to stop
immediately. And if not displayed then we will issue a contravention notice, for the contractor to
comply within specified time” .

In an elaboration, the official says that the DoL will issue a letter of acknowledgement for the
permit request and issue the required number within 30 days. The interviewee further says that
contractors must insist on the 1st page copy of their permit be stamped as proof of submission.
When the permit to work requirement is operational, the official note that information advocacy
sessions shall be conducted with all possible clients and principal contractors. The DoL will also
engage all voluntary associations and statutory councils in the awareness drive. In the case of
backlogs in application processing due to capacity constraints, the official says that “There
might be backlogs likely to be caused by unavailability of personnel, there might also be some
minor backlogs since department still have to decide on personnel to be appointed for
processing permits”. Given that this interview was conducted less than 3 months to the
implementation start date, this sentence is not comforting to contractors.

In particular, the official was asked to briefly explain how permit application backlogs will be
addressed if they manifest. The question was asked to assess if the DoL prepared for possible
backlogs to be encountered at the commencement of the system. The official responded when
he says “The proposed plan is to have a principal inspector per province who shall assess the
H&S specifications, baseline risk assessment and costs, and make recommendations to
specialist inspector for granting the permit”.

5. Discussion

A concise cross analysis of the survey and interview findings is presented in Table 4, which
shows that the survey respondents and the interviewee agreed on some of the issues. The survey
reveals that stakeholders in the industry are familiar with Construction Regulations (2003). This
finding is aligned to the findings by the CIDB (2009), which emphasise that Construction
Regulations are perceived to have had a wide spread impact, and in particular increased H&S
awareness and increased consideration by GCs. The survey also suggests that Construction
Regulations should promote compliance to H&S in the industry, and that compliance with
Construction Regulations (2014) requires specific competences. The study reveals that
professionals who are responsible for the implementation of permit to work requirement of
Construction Regulations (2014) need specific learning related to implementation. Relevant
H&S education and training at all levels in the industry will empower people to make the
requisite H&S contributions, which include the tertiary education of all built environment
disciplines. More importantly, H&S enforcement agencies such as the DoL and the client such
as the DPW should have the requisite construction expertise.
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Table 4: Cross analysis of the survey and interview data

construction regulations
2014.

regulations 2014.

Survey questionnaire | Interviews Survey questionnaire | Interviews
Differences Consensus
Construction Clients must be
regulations should informed on how to
@ promote compliance to | comply, principal
5§ H&S in the industry. contractors should be
52X trained about H&S
g 28 d i
22 Q and appoint
w .
E= registered H&S
o ¥ professionals and
~ designers’ sets of
documents must
incorporate H&S.
Industry role players
are relatively familiar
= <t . .
£ o = | with construction
& .2 O | regulations 2003.
>0 4
28
%’ ‘é § Industry rok? players Industry. role play.efs
g S 5| are not relatively are relatively familiar
= o | familiar with with construction

Awareness of the
permit to work system
is low.

Permit to work
System

Awareness of the
permit to work system
is moderate.

Permit to work could
delay project initiation
and planning.

There would be
implications to
service delivery due
to permit to work
system.

Possible impact on
project initiation and
planning will be in
terms of the client as
they need to get a
permit before he/she
starts a project.

H&S competency level
required for compliance
with construction
regulations 2014 will
influence procurement
method choice and
implementation.

Competency

Selection criteria that
would establish the
H&S competency
level required is
knowledge, skills,
training, qualifications

certification, necessary
documentation, quality

and experience.

Construction
regulations 2014
requires specific
competencies.

Consultants, clients
and contractors need
competency for
construction
regulations to work.

Source: Authors

According to Hughes and Ferrett (2008), clients must make sure that designers, contractors and
others whom they propose to engage are competent or work under the supervision of competent
people, and are adequately resourced and appointed early enough to fulfil their duties. The study
suggests that competency level required for compliance with Construction Regulations (2014)

will influence procurement method choice and implementation. The study suggests that permit
to work could delay project initiation and planning, while it also suggests that delayed project
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initiation has economic and social impacts on the community. These issues affect the DPW as a
public sector client and the DoL. While the DPW and the DoL are both governmental agencies
in South Africa, their roles in the implementation of the regulations clearly differ. For the DPW,
it is a client that must fulfil certain requirements in terms of the regulations. Key requirements
include:

* Appoint a competent designer, CHSA, and principal contractor;

* Prepare a baseline risk assessment and H&S specifications by a competent SACPCMP
registered CHSA;

* Apply and obtain a permit within time frames set out in Legislation (30 days) in order to roll
out infrastructure projects.

These above mentioned obligations will serve and be verified by the DoL, who must assign
duties of processing of permit to work application to competent officials who shall act within
principles set out by the regulations; ensure permits are granted within time frames set out in
regulations (30 days); and also educate the public about permit to work requirements in order to
get optimum compliance. In order to enhance compliance, agencies such as the DoL need to be
sensitive to the context within which they undertake their activities, their target audience and to
the varying competencies and resources of those being regulated and have some awareness of
those external resources (e.g. third party actors) that may be involved (Health and Safety
Executive (HSE), 2008). The interviewees agreed that implementation of Construction
Regulations (2014) needs stringent measures and Dol must closely police non-conformance.
The CIDB (2009) highlights that the primary objective of any H&S legislation is the prevention
of accidents with their consequences in terms of injury, disablement and fatality, and ill health
within the work environment. The achievement of this objective depends on good legislation
supported by effective, sensible and accountable enforcement. The attainment of the objectives
also depends on proper H&S training, which has the capacity to improve compliance with the
new permit to work requirements (Wilkins, 2011). According to the DoL, the purpose of the
Construction Regulations (2014) is as follows: (1) cultural change by among others, the permit
system; (2); involving client, agent / designers, principal contractor, contractor, and H&S
officers at the initial stage and through the life span of a project regarding all matters of H&S
(Maphaha, 2015).

6. Conclusions

The study reveals that Construction Regulations have strengthened inclusive H&S roles and
responsibilities in South Africa. This is particularly true for principal actors in a construction
project. For instance, sections 5(1) (a-d) of the Construction Regulations (2014) states that a
client must prepare a baseline risk assessment and prepare a suitable, sufficiently documented
and coherent site specific H&S specification based on the baseline risk assessment. The client
must then provide the specifications to the designer and ensure that the designer takes the
prepared H&S specification into consideration during the design stage; while 6(1) (b-c (i) states
that designer of a structure must take into consideration the H&S specification submitted by the
client before the contract is put out to tender, 7(1) (a) states that a principal contractor must
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provide and demonstrate to the client a suitable, sufficiently documented and coherent site
specific H&S plan.

The study also found out that permit to work will have impact on project initiation and planning.
The DoL is likely to experience backlogs because of unavailability of personnel required for
processing permits. To ensure compliance, the Dol must have all internal arrangement for
implementation in place — this will assist in closing all commencement gaps. Among other
intentions, the permit to work system would ensure that suitably qualified personnel are
involved in a project in terms of providing the required H&S cover for each project. However,
the survey and the interview data of this paper shows that the DoL is not fully prepared for the
roll out of the permit to work system given the fact that none of the interview and the survey
respondents know how the system will unfold or is presently unfolding. Even the DoL official
that was interviewed could not provide a clear implementation plan for the system. Taken
together, it can be argued that the implementation of the permit to work system may not be
smooth sailing and the compliance issues that have always hinder complete implementation of
regulations may yet again become a stumbling block to the realisation of the intentions of the
permit to work system.
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Abstract

Despite the fact that small and medium-sized enterprises (SMEs) and micro enterprises play a
key role in the construction industry and experience higher rates of work-related accidents than
their larger counterparts, comparatively little is known about the factors that influence how such
enterprises approach occupational safety and health (OSH) in the workplace. In this paper we
use institutional theory to understand the factors that promote the survival and legitimacy of
particular OSH practices amongst SMEs and micro enterprises in the construction sector in the
UK. Our research involved analysing qualitative data from 44 interviews with participants from
a range of construction firms, of different sizes and specialisms. The findings from our analysis
suggest that the practices of smaller construction enterprises are influenced by a range of
coercive, mimetic and normative pressures, however two factors were seen to be particularly
influential: the coercive pressures exerted by principal contractors in larger supply chains,
which serve to filter subcontractors; and on the job socialisation, a process that reinforces and
ensures the survival of both desirable and undesirable OSH practices in smaller organisations.

Keywords: SMEs, micro enterprises, institutional theory, template analysis, interviews
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1. Introduction

Despite the fact that small and medium-sized enterprises (SMEs) and micro enterprises play a
key role in the construction industry and experience higher rates of work-related accidents than
their larger counterparts, comparatively little is known about the factors that influence how such
enterprises approach occupational safety and health (OSH) in the workplace. Developing a
better understanding of these influences could help policy makers, OSH practitioners and larger
contractors to design more appropriate interventions for encouraging and supporting smaller
construction firms to work more healthily and safely.

In this paper we use institutional theory as a framework, or theoretical lens, through which to
understand the factors that promote the survival and legitimacy of particular OSH practices
amongst SMEs and micro construction firms. These factors are explored using data from a
recently completed two-year study of OSH practices in SMEs and micro enterprises in the
United Kingdom (UK), which was funded by the Institution of Occupational Safety and Health
(IOSH). The study covered a wide range of industry sectors including logistics, healthcare and
construction; however for the purpose of this paper we focus on the findings from 40 interviews
with owners and employees in SME and micro construction firms.

We begin by exploring what is currently known about the influences on OSH practices in
smaller organisations, both generally and specifically in the construction sector. We then
describe the methods underpinning our research into OSH and smaller organisations and explain
the reasons for using institutional theory as our analytical framework. The findings from our
analysis are presented in section 4 and discussed in further depth in the conclusions in section 5.

2. Background

SMEs and micro enterprises comprise the vast majority of organisations in most countries. For

I

instance, in 2014 smaller organisations “... accounted for 99.3 per cent of all private sector
businesses in the UK, 47.8 per cent of private sector employment and 33.2 per cent of private
sector turnover” (FSB, 2014). However, there is no universal definition of what constitutes an
SME or micro enterprise, with categorisations varying from country to country. In the European
Union (EU), micro, small and medium sized enterprises are classified as organisations
employing less than 10, 50 and 250 people, respectively (Table 1). Although the EU also uses
financial criteria sheet to categorise organisations, employee headcount is the most widely used

criterion and is therefore used to classify enterprises in this study.

National and supranational statistics suggest that that accident rates are higher in SMEs and
micro enterprises than in larger companies, with one study (WHP in Europe, 2001; p.21) finding
that fatal accident rates were twice as high in small and micro companies than those in large
companies. Similar differences in accident rates have also been evident in specific countries and
sectors. For instance, Walters and Bolt (2009) found that firms with fewer than 14 people
employed 40% of the construction workforce in Britain but, for the period 2003-08, two-thirds
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of fatalities were self-employed or employed by firms of 15 people or less. In other words,

workers in such companies had a greater risk of fatal injury.

Table 1: Classifications of medium, small and micro enterprises (EC, 2003, p.14)

Enterprise category | Headcount Annual turnover Annual balance
sheet total
Medium <250 <€50 million <€43 million
Small <50 <€10 million <€10 million
Micro <10 <€2 million <€2 million

However, despite the fact that smaller organisations are far more prevalent and experience a
greater risk of accidents, traditionally researchers have tended to focus on OSH practices in
larger organisations (Eakin, 1992). This discrepancy may be explained by the fact that SMEs
and micro enterprises are less visible and harder to reach than larger organisations. It may also
be that researchers have viewed SMEs and micro enterprises as smaller versions of larger
organisations, thereby overlooking their distinctive characteristics and the different contexts in
which smaller organisations operate (Eakin and MacEachen, 1998). Nevertheless, over the last
two decades there has been a growing body of literature on the subject of OSH in smaller
enterprises, covering a wide range of sectors and geographical settings, and involving a variety
of methodologies and stakeholders'.

Generally speaking, the literature paints a negative picture of OSH practices in smaller
organisations, with previous studies finding, amongst other things, a lack of management
commitment (e.g. Eakin and MacEachen, 1998; Holmes and Gifford, 1997; Parker et al., 2012),
a lack of employee engagement (e.g. Barbeau et al., 2004; Champoux and Brun, 2003) and
confusion about employee and management responsibilities (e.g. Bradshaw et al., 2001;
Fairman and Yapp, 2004). Smaller organisations have also been found to have lower levels of
awareness and knowledge of legislative requirements and regulations (e.g. Antonsson et al.,
2002; Bradshaw et al., 2001) and have a tendency to underestimate or discount risks (e.g. Hasle
etal., 2011; Fonteyn et al., 1997).

Of particular interest to us in this paper are studies that have shed light on the factors that
influence OSH practices in smaller organisations. Such studies are important because they tell
us why individuals and organisations act in particular ways, not just zow they act. Vickers et al.
(2005, p.152) argued that “...

development of policy in the context of a detailed and more holistic understanding of the factors

more widely based studies that have sought to locate the

that influence how small firms approach the management of health and safety have been much
less in evidence.” In a related paper, Vickers et al. (2004) suggested that OSH practices in

' See Gibb et al. (forthcoming) for a more comprehensive review of this literature
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smaller firms are influenced by a combination of internal characteristics (such as management

style) and external pressures (for instance, from customers and regulators).

Smaller enterprises tend to be dominated internally by the interests and goals of owner-
managers (Marlow, 2005), who often have a preference for informal and individualised
practices (Hoque and Noon, 2004). For many owner-managers, the business is an extension of
themselves - their ego, personality, motives and desires (Banfield et al., 1996). A number of
studies have highlighted the impact of these interests and goals on the OSH practices of smaller
firms. For instance, Eakin (1992) found that owner-managers in smaller enterprises wanted to
avoid being paternalistic and, in some cases, felt that they lacked the authority to intervene to
improve OSH practices. Similar issues were identified by Parker et al. (2012, p.474) who found
that “employers were conflicted about allowing employees a certain level of independence while

’

also maintaining a safe workplace.’

However, whilst the insights from such studies are certainly valuable, contributors to the

I

broader business and management literature have argued that “...if we are to understand
industrial relations in the small firms, then we need an approach that goes beyond simply
looking inside the small firm and describing the (paternalistic) management styles used to
control the labour process... it is necessary to consider both the environment within which
small firms operate as well as the impact of this on, and the effect of, managerial choice.”
(Barrett and Rainnie, 2002, p.427). Such arguments are based on the premise that smaller
organisations are particular sensitive to the environment, or context, in which they operate

(Baldock et al., 2006; Barrett and Rainnie, 2002).

For the purpose of this paper we used institutional theory as a framework, or theoretical lens, for
understanding the external influences on smaller enterprises’ OSH practices. Institutional theory
has its roots in the work of Meyer and Rowan (1977), who suggested that “... organizations are
driven to incorporate the practices and procedures defined by prevailing rationalized concepts
of organizational work and institutionalized in society. Organizations that do so increase their
legitimacy and their survival prospects, independent of the immediate efficacy of the acquired
practices and procedures” (p.340). These institutional rules mean that, over time, organisations
become homogenous or isomorphic — that is to say, their practices and procedures become more
similar. Developing this idea further, DiMaggio and Powell (1983, p.150) argued that there are

““

.. three mechanisms through which institutional isomorphic change occurs”, these being:

* Coercive — pressures exerted on organisations by other organisations upon which they
are dependent or by society (e.g. through government regulations)

* Normative — in which organisations conform to the practices that are deemed legitimate
in their field, in order for themselves be acknowledged as reputable.

* Mimetic — whereby organisations model themselves on other organisations that they
perceive to be more legitimate or successful in their field
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DiMaggio and Powell suggested that while there may be an interplay between the three

13

mechanisms, “... they tend to derive from different conditions and may lead to different

outcomes.” (p.150).

Institutional theory has been used in a diverse range of contexts in order to understand and
explain why practices in particular sectors or professions become legitimised and dominant.
Glover et al., (2014, p.103) argued that the “... strength of institutional theory is that it offers
explanations of why certain practices are chosen without an obvious economic return.” Ju and
Rowlinson (2014) used institutional theory in their case study of safety management strategies
of construction contractors in Hong Kong. Using data from 62 unstructured interviews with site
personnel on a large-scale railway project, they found that “Multiple stakeholders exert
incompatible safety pressures on contractors through a variety of mechanisms, such as
regulatory constraints, enforcement activities, normative force and cultural influence.” (p.734).
These incompatible pressures were seen to result in a disconnect between the rhetoric of the
safety management system and the reality of site practices.

Acknowledging the value of institutional theory for studying the influences behind OSH
practices, our aim in this paper was to use this theory to understand the factors that promote the
survival and legitimacy of particular OSH practices amongst SMEs and micro enterprises in the
construction sector in the UK.

3. Research methods

David and Bitektine (2009, p.168) contend that “... institutional theory represents a very large
tent that houses a great variety of theoretical agendas and methodological approaches.” In this
study, our approach to applying institutional theory involved coding interview data (transcripts
and notes) using template analysis (see King, 1998) — a method that entails both deductive and
inductive reasoning (Saunders et al., 2009). The deductive part of the template analysis involved
coding the textual data in Nvivo 10 software using a pre-prepared list of themes — the themes in
this case being the three isomorphic mechanisms identified by DiMaggio and Powell (1983).
Inductive reasoning was then used to identify sub-themes within each of the main themes.
Where appropriate, the template was amended by adding new themes. The final template is
summarised in Table 2 and discussed in further detail below.

The data used in our analysis were collected as part of a cross-sector study of OSH practices in
SMEs and micro enterprises in the UK (see Gibb et al., forthcoming). The study involved a
mixed-method, qualitative approach comprising 149 structured interviews, nine short-term
ethnographies and 21 semi-structured interviews with 179 owners and employees in smaller
organisations from a range of industry sectors, including logistics, agricultural, healthcare and
construction. Participants were selected purposively for maximum variation, that is to say they
were chosen because they were likely to provide useful insights into a range of different work
settings. For the purpose of this paper, our analysis focused on the 44 interviews with
participants from the construction sector, including representatives from a large contractor and
an industry body.
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Adopting a qualitative approach in our research allowed us to tell the story of OSH practices in
smaller organisations from the perspective of the actors concerned, and to understand how and
why they came to have a particular perspective on OSH. Unlike Ju and Rowlinson’s (2014)
study — which focused on a single case study— our research focused on multiple organisations
and work settings, in order to determine if institutional pressures vary across contexts within the
same sector. Where possible, multiple interviews were held within the same organisation in
order to access different perspectives (e.g. those of owners and employees) on the same issues.
The interviews tended to be conducted in participants’ place of work, enabling us to discuss
their OSH knowledge and practices in context. In most cases, interviewees needed very little
prompting and talked extensively about their experiences and understanding of OSH in their
data-to-day work, providing us with a rich narrative for analysis.

4. Findings

Analysis of the interview data revealed a range of positive and negative institutional influences
on OSH practices in smaller enterprises, as summarised in Table 2. Coercive pressures were
mentioned most frequently by interviewees; however, such pressures took a variety of different
forms. Many interviewees cited government regulations as a reason for adopting particular
working practices, although individuals’ responses to regulations were often mediated by other
factors, such as an individual’s attitude or work setting. For instance, one plumbing and heating
engineer (sole trader) stated that:

“Obviously there are a lot of regulations and legal requirements and obligations
which you have to fulfil... obviously it depends on your own personality. My
personality is, if I do something, I wouldn't do anything different than what I'd do
for my mother. So it's personally affected, if you like, but obviously you have the

>

constraints of all the regulations and legal requirements.’

There was a perception amongst some interviewees that, in practical terms, OSH regulations
were not always easy to implement in construction because of the varying conditions and that
some degree of tolerance or flexibility was required.

Some principal or main contractors (usually medium-sized or large enterprises) were also seen
to exert a positive coercive influence on the OSH practices of smaller organisations, both
specifically through the strict enforcement of site rules and the use of method statements, and
more generally through their contractor management and training systems. One subcontractor
explained how he and his colleagues were required to tidy up after themselves when working on
site, a behaviour that was enforced by the site manager. For smaller businesses, failure to
comply with such requirements would mean that they would not be able work on larger projects
with larger contractors. This coercive pressure was summed up succinctly by an apprentice
electrician with a medium-sized contractor, describing how

“You're expected to follow the site rules and if you don’t you're red and yellow
carded so you could be off site. If it’s someone working for a small company for
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themselves then it’s in their best interest to follow the site rules and if they get
removed off site they 're losing money themselves.”

Elsewhere, the owner of a micro mechanical engineering business explained how:

“We know we can’t break any rules. We're like robots really in a certain way. We
just don’t anything that’s wrong really, you know you can’t get away with it.
You’ve got to wear your hat, you've got to wear all your PPE, that’s got to be
worn, you know you can’t go out there not wearing it. You know you can’t surf on
the scaffolds. You just can’t do anything that’s wrong. You know you're not
allowed to just build scaffolds. You know what’s dangerous and what’s not. It’s

i

common sense more than anything else.’

Interestingly, some interviewees described how they would work differently when not under the
influence of a large contractor, for instance when working in a domestic setting or on smaller
construction sites. In other words, these smaller businesses would adapt their approach to OSH,
depending on who they were working for. One sole trader working in the construction industry
explained that he uses 110v power tools on larger building sites, because that is what the main
contractors require, but when working for domestic clients he uses 240v power tools instead
because he feels that he can work safely with them and that 110v tools are unnecessary.

Not all SMEs and micro enterprises choose to work with larger organisations. For instance, two
sole traders explained how they did not like to work on larger sites as they found it to be too
much about rules and regulations and constrained their ways of working. Instead, they worked
for a small collection of clients they had built up over the years said that they had been offered
jobs on larger sites but turned down the work because after years of experience they preferred to
work on their own terms. In particular, they did not like the idea of anyone talking down to them
or telling them what to do.

On the whole, the principal contractors were seen to have had a positive influence on OSH
practices amongst smaller enterprises in the construction industry, raising the overall standard in
the industry. A representative from a construction industry body observed that “... the people
that are within that supply chain of those big influential principal contractors and clients are —
they re not there yet but they are — they 're certainly on the road to getting there. And they’re a
country mile away from where they were, you know five, 10 years ago, something like that.”

An OSH manager in a larger construction company described how his company had begun
working with a smaller subcontractor that had a very low standard of OSH, however within a
year the subcontractor had won a “best at health and safety award.” The OSH manager
explained how the subcontractor had been given access to training and assistance in developing
their OSH programme. Any guidance they needed they knew who to ask - this process was
facilitated by being approachable and by using standardised forms and procedures that allowed
the subcontractor to understand what was needed without fundamentally changing the way they
ran their company.
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Table 2: Summary of interviews themes and issues

Theme Positive Negative
Coercive pressures Government regulations Time pressures from larger
Enforcement of site rules client/contractors

Principal contractor requirements
Monitoring of subcontractors

Mimetic pressures Adopting good practices Avoiding bad practices

Seeking competitive advantage

Normative pressures Protect reputation On the job socialisation
On the job socialisation
Pride in the job

Economic pressures Cost of potential accidents Cost of implementing OSH
management systems

Under-pricing of jobs

It was also apparent that not all principal contractors have the same OSH standards and some
micro businesses explained how they would avoid working with those that had lower standards,
and actively choose to work with “good” larger companies within networks because they felt
safer doing so. For example, one construction sole trader described how sometimes, when
subcontracting for another company, he might not be provided with the proper scaffolding or
platforms to work on. Another interviewee told us that working with bad contractors was like
“stepping back in time” as you do not learn anything and you know you are going to get hurt -
“working with a good contractor can bring up your overall standard of safety”. There were also
instances of smaller subcontractors (usually highly-skilled specialists) influencing the practices
of main contractors, for instance by refusing to operate on sites that were deemed unsafe, unless
their OSH requirements were met.

Interviewees also made reference to normative influences on OSH practices in smaller
businesses. It is clear that OSH practices are shaped by individuals carrying knowledge with
them from previous jobs and projects. In some cases, on the job socialisation was seen to have a
negative influence of OSH, with longer-serving members of the workforce continuing to use
practices that are no longer considered to be safe because such practices were still deemed to be
legitimate by their contemporaries. However, there was a perception that the same processes of
on the job socialisation were also having a positive influence on newer members of the
workforce

“Certainly helping has been the changes in college courses and education of
people coming into the industry at the bottom level. That’s been a big — ‘cause
there is an expectation now, with an awful lot people coming — well with the
majority of people coming into the industry, that there is a way of doing things and
that can influence how a company works quite a lot.”
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This finding suggests that there might be a progressive improvement in OSH practices over
time, as longer-serving workers leave the workforce and new members enter it.

Normative pressures also acted upon larger contractors, in the form of reputational risk, who in
turn then placed requirements on their subcontractors, as discussed earlier in this section. A
representative from one larger contractor explained how

“... you are only as good as your supply chain is. It's all very well making sure that
your staff know what they're doing, especially in construction you work with an
awful lot of subcontractors on site as well and if they're not singing from the same
hymn sheet that you are then obviously they're - to a certain extent they're still
representing your company. Because obviously we work for the main contractors,
we may employ different subcontractors on site. But if the subcontractors do
something wrong then it obviously still comes back to it's our responsibility
because we're the people that employ them... “So I think it was just deemed that
how important it is nowadays that everybody does need to be doing things in the
correct way and we try to put it across very firmly that we expect the companies
that work for us to have the same important - place the same importance on health

and safety as we do.”

Larger contractors are more visible and there is an expectation in the industry that they act
responsibly and lead by example, however many smaller contractors were also keen to be seen
to working in a healthy and safe manner. In some cases, attitudes to OSH were intrinsically
linked with people taking pride in their work and their desire to operate professionally and
responsibly — not just a legal duty of care, but a moral responsibility to do the right thing.

Mimetic pressures were less evident in our interview data, but nonetheless seemed have an
influence on OSH practices in some of the organisations in our study. For instance, one sole
trader explained how he picked up OSH knowledge when working as a subcontractor on larger
building sites, knowledge that he then used when working on smaller domestic projects. He
described how he had learnt (informally) through word of mouth not to use leaded solder,
information that he then verified by consulting the (formal) water bylaws. Larger contactors also
described how they would adopt the good OSH practices of their peers, which they may
experience when working on a project with them, and saw this as a means of maintaining their
competitive advantage

“Yeah, I think initially you think it’s not broke then don’t try and fix it, don’t you?
And then you see another way and you'rve well, actually yeah, our way was broken

and there is a way of fixing it.”

Principal contractors with higher OSH standards also actively encouraged feedback and
suggestions from subcontractors. There were also examples of where experiences of bad
practice had influenced the behaviour of smaller enterprises. For instance, owner of a micro
enterprise explained that one of the reasons he had set up his own business was because he had
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experienced bad practices and corners being cut when working for other construction
companies.

Our analysis has thus far focused on discussing the coercive, mimetic and normative influences
on OSH in smaller organisations. However, economics also played a significant role in shaping
OSH practices, both positively and negatively. For smaller organisations, keeping on top of the
OSH requirements of larger clients and contractors can be expensive, especially in a competitive
market where it is difficult to pass costs on to clients. One owner-manager of a micro enterprise
suggested that some contractors price jobs too low and then subsequently cut corners in order to
reduce the amount of time required to undertake the job. Another interviewee explained that

“Cost is still a big influence there, so an awful lot of the people on site, and
probably the majority of people on site, are working piece rate. You know, they are
paid by the amount of wall they lay, they 're paid by the amount of hole dig, by the
roof that they, you know, that they install, the plumbing that they install. So it’s
always about speed, it’s always about how quickly can I get the cabling into this
house, how quickly can I lay this wall. And anything that provides a delay to that is
viewed negatively. You will get a huge negative reaction on a lot of sites to wanting
to do a toolbox talk. It might only be 15 minutes long, but that 15 minutes is worth
cash in hand to the people on that site. You know, it has a very clear monetary
value to them, that 15 minutes, and therefore they look at it and think well toolbox

>

talk or another £25 or whatever it might be.’

Although the cost of potential accidents was cited by some interviewees as a driver behind safer
working practices, these tended to be representatives from larger contractors with responsibility
for managing sites and subcontractors.

5. Conclusions

Our aim in this paper was to use institutional theory to develop a better understanding of the
factors that promote the survival and legitimacy of particular OSH practices amongst SMEs and
micro enterprises in the UK construction sector. Although based on a relatively small
purposively selected data set, our analysis suggests that the practices of smaller construction
enterprises are influenced by a range of coercive, mimetic and normative pressures, however
two factors were seen to be particularly influential.

The first was the coercive pressures exerted by principal or main contractors in larger supply
chains, who seek to positively influence the behaviour of smaller firms by strictly enforcing
rules on construction sites, providing training to subcontractors and assessing them to ensure
that they have the required skills and qualifications. Smaller enterprises that want to continue
working as part of these larger supply chains are obliged to the comply with the rules — this
approach could be interpreted as an example of what DiMaggio and Powell (1983) called
‘filtering’. However, smaller enterprises choosing not to work with larger organisations is
clearly a significant barrier to these coercive pressures and evidence from our interviews
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suggests that some subcontractors behave differently when working outside of a supply chain,
an issue that warrants further research.

The second major influence was the process of on the job socialisation described by DiMaggio
and Powell (1983), which seen to have both a positive and negative impact on OSH practices.
For some longer-serving workers, on the job socialisation with colleagues can serve to sanction
unsafe practices — they become the norm and are therefore seen as legitimate. However, on the
job socialisation was also found to have a positive influence for newer entrants to the industry,
particularly those that receive formal training and work on sites with higher standards of OSH.
For such workers, working healthy and safely becomes the norm. This implies the existence of
feedback loops that reinforce and ensure the survival of positive or negative OSH practices.
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Abstract

Efforts to improving safety in the construction industry have mainly been adopted by large
organisations. As a result, these organisations have managed to substantially improve their
safety performance. The construction industry, however, is dominated by small organisations.
These organisations are facing difficulties to implement safety and, as a result, their safety
performance is worse than their larger counterparts. Due to their large proportion in the
construction industry, a small improvement among small organisations should have
considerable impacts on the overall safety performance of the industry. This research aims to
identify potential strategies to improve safety in small organisations in the context of the
Australian construction industry. A questionnaire was developed based on a list of barriers and
strategies identified from the existing literature. The questionnaire was then distributed to
construction practitioners in Australia, particularly those working in small construction
organisations, to obtain the perceived importance of each barrier and strategy. Open-ended
questions were also included allowing the respondents to add additional barriers and strategies.
Many perceived that external environmental factors are the key barriers that hinder safety
implementation in small organisations. Improving safety, therefore, requires the support from
influential stakeholders in the industry. Clients should consider safety as one of the key project
objectives and include safety as one of the criteria in tendering. The government and regulatory
bodies need to enforce safety regulations effectively and subsidise safety training for qualified
small organisations. Safety performance should also be linked to insurance premium and
licencing system in the construction industry. Finally, existing mandatory safety training needs
to be evaluated and revised, while safety compliance for small organisations should be
simplified and made practical.

Keywords: construction industry, improvement strategies, safety compliance, safety training,
small organisations

272



1. Introduction

The majority of organisations in the construction industry are small businesses. For example,
more than 98% of construction organisations in Australia can be considered as small businesses,
employing fewer than 20 people (Australian Bureau of Statistics, 2013). These organisations are
viewed as engines of job creation and economic growth (Hasle and Limborg, 2006; Sinclair and
Cunningham, 2014). Arewa and Farrell (2012) found that small organisations constitute more
than 90% of all businesses and account for 83.7% of employment and 67.4% of turnover
generation in the construction industry.

Despite their significant economic and social contributions, small construction organisations
have poorer safety performance than their larger counterparts (Hammersley and Sunindjijo,
2015; Sinclair and Cunningham, 2014; Stiles et al., 2012). As a result, political and scientific
interests in safety in small organisations have grown considerably since mid-90s. Many
countries have launched programs and guidelines to support safety implementation in small
organisations (Hasle and Limborg, 2006).

Despite efforts to improve safety in small organisations, research on this area is still relatively
limited (Legg et al., 2015) and scattered among different disciplines and institutions (Hasle and
Limborg, 2006). The research presented on this paper, therefore, is an initial step to
systematically observe safety conditions among small organisations in the Australian
construction industry. In particular, this research aims to identify key barriers that constrain
these organisations from improving their safety performance and to identify strategies or
interventions that can overcome the barriers and bring about improvements.

2. Literature Review

A number of search engines, including Google Scholar, American Society of Civil Engineers,
Science Direct, Emerald Insight, and Taylor & Francis, were used to find relevant research
publications on safety in small organisations published from 1991 to 2014. The search found
125 research papers and three books, which represent a wide range of industries, including
agriculture, chemical, construction, manufacturing, mining, and transportation. Many of the
publications also discuss small organisations in general instead of focusing on a specific
industry.

It is interesting to see that the number of publications increases over the years, indicating that
this topic is gaining popularity. There were 16 publications on safety in small organisations
published from 1991 to 2000. The number increases to 53 in 2001-10 and increases further to 59
in 2011-14. More than 40% of the publications came from Europe, followed by Asia (20%),
Australasia (16%), North America (12.5%), and Africa (8%).

Each publication identifies and, into a certain extent, discusses the barriers and challenges to

implementing safety in small organisations. Economic consideration due to pressures to
reducing price is a barrier put forward frequently. The fierce nature of competition in the
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construction industry makes economic survival through getting new works from clients the
number one priority for many small organisations (Mayhew et al., 1997). As a result, the clients
have high bargaining power and are able to use competitive tendering to compel small
organisations to getting the job done with the lowest possible cost. Facing this industrial culture,
small organisations are forced to opt for the only logical choice, making the clients happy no
matter what, including neglecting safety to reduce costs (Torres et al., 2013; Wadick, 2010).

Many suggest that this barrier is the underlying factor that promotes the occurrence of other
barriers. Due to economic pressures, owners of small organisations consider safety regulations
and demands to improving safety as a heavy and unrealistic financial burden (Legg et al., 2015).
Although large organisations spend more on safety than small organisations, but when the
spending is calculated per employee, small organisations spend seven times more than large
organisations (Health and Safety Executive, 2003). Therefore, the costs of compliance with
certain aspects of safety regulations are considered too high in comparison to the perceived
benefits and considered detrimental to the survival of their businesses (Walters and Lamm,
2013).

This negative perception towards safety results in poor safety culture. Owners and managers of
small organisations do not consider safety as a priority because they are being inundated by
other ‘urgent’ issues imposed by their clients. They do the minimum in terms of safety and even
cut corners in order to reduce costs (Cagno et al., 2013). This condition is made worse by the
lack of safety training because it is seen as expensive and unnecessary. Compulsory safety
training is considered as inadequate or ineffective to gain the required safety knowledge and to
develop positive safety attitudes (Hasle et al., 2010; Wadick, 2010). Business owners perceive
that safety issues are bureaucratic concerns and are not their responsibility, but the personal
responsibility of their employees (Kelloway and Cooper, 2011). This matter of responsibility
becomes even more obscured due to subcontracting practices endemic among small
organisations. Within these employment relationships, the responsibility for establishing and
maintaining work health and safety becomes unclear (Mayhew et al., 1997). This work
environment promotes a strong culture of autonomy and meeting the demands of contracts
supersedes safety issue considerations (Kelloway and Cooper, 2011).

Essentially, small organisations have no knowledge, no time, and no resources to focus on
safety. The absence of a professionalised human resource function limits the safety knowledge
in small organisations. In most cases, the business owner is the human resource department and
every other department of the organisation, thus it is unlikely for the owner to have specialised
knowledge in work health and safety. The various roles that business owners have to perform
and their small workforce mean that they have no time to participate and focus on educational,
training, and workshop activities that require substantial commitments. The lack of resources
prevents small organisations to hire consultants to solve problems and they will never have the
resources (and time) to solve safety issues through experimentation and pilot studies (Kelloway
and Cooper, 2011).
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Besides discussing the barriers, intervention strategies have also been proposed in the existing
publications. As economic reason is the underlying barrier, clients, who make key decisions on
budget and other project performance criteria, are influential in supporting or constraining
safety implementation (Lingard and Blismas, 2013). It is important for clients to allow for costs
to implementing safety measures when selecting contractors, i.e., safety should be one of the
criteria in the procurement process.

The government also plays important roles in improving safety performance of small
organisations. The government should find a way to effectively monitor and enforce safety
regulations. Without proper enforcement, small organisations that try to implement safety will
be disadvantaged over those that cut corners (Mayhew and Quinlan, 1997). Linking safety
performance with insurance premium, taxes, and licencing systems in the industry are potential
incentive programs that can be used to encourage small organisations to focusing on safety
(Hasle and Limborg, 2006). At the same time, the government should be aware of the fact that
small organisations do not seem to have the ability or motivation to implement high levels of
safety systems. Safety performance improvement, therefore, cannot be achieved by simply
raising government safety regulations (Lin and Mills, 2001).

The existing safety training courses should also be evaluated. The costs of safety training and
compliance are a barrier for small organisations because of their limited financial capacity and
pressures to reduce costs. Free or subsidised safety training should be made available to small
organisations. Furthermore, the effectiveness of existing safety training program, e.g., White
Card, should be assessed. Although there is evidence to suggest that mandatory safety training
programs have positive effect on safety culture in the construction industry, more robust training
and refresher courses may be needed to further improve safety (Bahn and Barratt-Pugh, 2012).

3. Research Methodology

Quantitative research methodology was adopted for this research. Quantitative research
emphasises quantification in the collection and analysis of data and entails a deductive approach
to the relationship between theory and research, i.e., testing theories in the research context
(Bryman, 2012). Aligning itself with quantitative research methodology, this research aims to
test the relevance of the barriers and intervention strategies suggested in the existing literature in
the context of small organisations in the Australian construction industry.

A questionnaire survey was the research method used in this research. The questionnaire
consists of three sections. The first section enquiries the profile of the respondents. The second
section consists of 13 barriers to safety improvement among small organisations, while the third
section consists of 13 items representing strategies to improve safety performance among small
organisations. The second and third sections use a five-point Likert scale format ranging from
‘strongly disagree’ to ‘strongly agree’. Some open-ended questions were also included so that
the respondents can recommend additional barriers and strategies, which have not been covered
in the questionnaire.
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The questionnaire was distributed online and through mails to 838 construction organisations in
New South Wales (NSW). Convenience sampling was used because of the large number of
construction organisations in NSW. One hundred and eleven responses were received,
representing a response rate of 13%. Sixty per cent of the respondents were business owners or
self-employed and nearly 70% worked in small organisations employing fewer than 20 people.
The respondents’ average work experience in the construction industry was 24 years.

4. Barriers to Implementing Safety

Table 1 presents the barriers to implementing safety in small organisations, which have been
ranked from the highest to the lowest. A one-sample t-test was also conducted to determine
which barriers were deemed relevant and which ones were not. The test value was 3, meaning
neutral. When the significance value is lower than 0.05, it means the mean score is significantly
different from 3. As shown in Table 1, the top four barriers were perceived as important by the
respondents, while the lowest two barriers should not be considered as barriers.

Table 1: Barriers to implementing safety in small organisations

No Barrier Mean Significance
1 | Subcontracting practice especially the use of best price to win 3.74 .000
projects
2 | Clients focus on other objectives, e.g., time and cost, rather than 3.60 .000
safety
3 | Safety is expensive to be implemented 3.50 .000
4 | Fierce competition in the industry 3.46 .000
5 | Poor safety culture in the industry, especially among small companies 3.16 145
6 | Safety law and regulations are not adequately enforced; thus 3.08 489
disadvantaging those trying to implement them
7 | Safety law and regulations are impractical for small companies 3.00 1.000
8 | Lack of management commitment 2.91 .390
9 | Owners and employees of small companies have other urgent and 2.87 261
more relevant issues than safety
10 | Lack of safety knowledge to implement proper safety measures as 2.84 083
required
11 | Small companies are not able to translate and adapt safety laws and 2.79 .070
regulations into their safety management system
12 | Mandatory safety training is inadequate to give basic safety 2.77 .024
knowledge for construction practitioners
13 | Mandatory safety training is impractical 2.44 .000

Path analysis was conducted using AMOS (Analysis of Moment Structures) to determine the
interrelationship among the four important barriers and the result is presented in Figure 1. The
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probability value of the chi-square test is higher than 0.05 (p = 0.397) indicating that the model
fits the data. Other fit indices are less than 0.001 for the root mean square error of
approximation (RMSEA), 1.000 for the comparative fit index (CFI), and 1.004 for the non-
normed fit index (NNFI). All indices indicate good fit (Hooper et al., 2008). The numbers on the
arrows are the path coefficients, which represent the amount of change in the dependent
variables per single unit change in the predictor variables (University of Texas, 2002). All path
coefficients are statistically significant providing strong support for the hypothesised model.

Subcontracting
0.52 practice
Clients focus on 0.54 Safety is
other objectives expensive
0.25 Competition 0.37

Figure 1: Interrelationship among barriers to implementing safety in small organisations

Figure 1 shows that the source of all the barriers is that clients focus on other objectives rather
than safety. Clients of small organisations tend to focus on getting the job done as quickly and
as cheap as possible. This characteristic affects the subcontracting practice in the industry, in
which the lowest price becomes the main criterion to win projects. The demand for cheap
construction services and the practice of bidding for jobs force smaller subcontractors to cut
corners whenever they can (Torres et al., 2013).

This client-dominated industry together with the large number of small organisations worsen the
competition in the industry, compelling small organisations to reduce their operational costs by
any means necessary, including neglecting safety, to remain competitive. It is, therefore, not
surprising to discover that safety was perceived as too expensive to be implemented by small
organisations. Although they understand that poor safety has negative impacts on the financial
performance of their organisations, they perceive that the costs of implementing safety are
simply too high and are detrimental to their business survival (Walters and Lamm, 2013).

The responses to the open-ended question on key safety issues faced by small organisations
reveal that many respondents felt that safety is expensive and impractical. Small organisations
with their limited resources are subjected to the same safety obligations as their larger
counterparts. They consider that the amount of paperwork is impractical because it leads to
paper compliance, which does not translate into safer workplaces. At the same time, they are
pressured by their clients to reduce costs and to complete the job quickly. All this causes small
organisations to have negative perceptions towards safety. Safety is considered as a waste of
time, which jeopardises their ability to compete.

5. Strategies to Improving Safety

Table 2 presents the potential strategies to improving safety performance among small
organisations. As in the previous section, a one-sample t-test was conducted to determine

277



strategies deemed important by the respondents. There are eight strategies that have potential to
improve safety among small organisations, while the two bottom strategies should be excluded
from the list.

Table 2: Potential strategies to improving safety in small organisations

No Barrier Mean Significance
1 Clients should consider safety as one of the project success factors 4.15 .000
2 | Safety should be one of the criteria in tendering 4.03 .000
3 | Government should subsidise safety training for small companies 4.02 .000

that meet requirements

4 | Safety performance and compliance should be linked to insurance 3.67 .000
premium

5 | Safety performance and compliance should be linked to the licencing 3.59 .000
system of construction companies

6 | Government should enforce safety law and regulations effectively 3.57 .000

7 | Mandatory safety training should be more thorough and harder to 3.24 .023
pass

8 | Small companies should form a “safety responsible group” to share 3.22 .026

safety resources and to ensure that the each group member meets
safety requirements

9 | Safety law and regulations should be less prescriptive to allow small 3.05 012
companies to self-regulate safety

10 | Government should explicitly tell small companies what to do to 3.04 735
implement safety

11 | Obtaining and renewing builder’s and construction-related licences 2.98 891

should be made tougher

12 | Harsher punishments or consequences to small companies that 2.75 .023
violate safety regulations

13 | Worker unions should pressure small companies to focus on safety 1.81 .000

The top seven strategies require the support from the clients and the government or regulatory
bodies in their implementation. This is understandable because the top barriers are external
barriers in which small organisations have limited to no control over them. Therefore, strategies
to remove the barriers should not only focus on activities that can and should be done by small
organisations, but also on influential stakeholders who can change the norms and culture of the
industry.

The first group of the influential stakeholders is the clients, which include typical home owners,
government agencies, and also larger contractors. They are in the best position to drive the
cultural change needed to bring about safety improvements as they are the initiators of project
development. They make key decisions concerning budget, project objectives, timelines, and
performance criteria, which can support or constrain safety implementation (Lingard and
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Blismas, 2013). Votano and Sunindijo (2014) identify six safety activities that clients of small
construction organisations can do to promote safety: (1) participate in site-based safety program;
(2) review and analyse safety data; (3) appoint safety team; (4) select safe contractors; (5)
specify how safety is to be addressed in tenders; and (6) perform regular checks on
plant/equipment.

Looking at the responses to the open-ended question on what clients should do to promote
safety among small organisations reveals one overwhelming response, i.e., clients should not
use the lowest-price method when evaluating tenders. On a similar note, the respondents
suggested that safety should become one of the criteria in tendering. During the construction
stage, clients should also be realistic in setting project goals, particularly in terms of time and
cost. Pressures to finish a project cheaply and quickly will encourage people to cut corners and
neglect safety.

The second influential stakeholder group is the government and regulatory bodies. There must
be stronger enforcement of safety implementation in practice. Without proper enforcement,
there is no incentive for small organisations to focus on safety because safety is detrimental to
their business survival. As shown in the questionnaire, the respondents also believed that linking
the licencing system and insurance premium with safety performance is a feasible way to
monitor safety implementation. The premium costs, however, should be comparable to the
improvement costs to motivate small organisations to improve their safety performance.
Furthermore, implementing this initiative requires effective enforcement and monitoring.
Without it, these systems tend to lead to under- or non-reporting where injured workers are kept
at work or discouraged to report their injuries (Probst and Estrada, 2010).

Training is another factor that falls under the responsibility of the government. The costs of
safety training and compliance are a major barrier for small organisations. Therefore, the
government should subsidise safety training for small organisations that qualify to get this
benefit. The existing mandatory safety training is also seen to be too easy and inadequate to
equip people who intend to enter the industry. The open-ended question on what the
government should do to promote safety performance improvement among small organisations
shows that some respondents consider this training as “a waste of time” and “a joke”. This
shows that effectiveness of this training program should be evaluated, something which has
often been neglected.

Besides suggesting for a more rigorous training and education system, the responses to the
open-ended questions again sound a stronger call to simplify safety compliance. Safety
regulations should be made more practical, particularly for small organisations that have limited
resources and are currently facing external pressures, which force them to relegate safety as
unimportant.

One thing that small organisations themselves can do is to collaborate and form a “safety

responsible group” where the members can share resources related to safety. The group also
serves as a control mechanism to ensure that each member meets safety requirements. By
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sharing their resources, the disadvantage faced by small organisations in terms of the economy
of scale can be lessened.

An argument worth noting is that this research and past research indicate that small
organisations tend to place the blame of their poor safety performance on other players and
external factors. Although these factors are influential, there may be other initiatives that small
organisations can do to improve their performance. Future research can investigate feasible
methods and strategies that small organisations themselves can do to improve their safety.
Perspectives from the government agencies and larger organisations can be useful to uncover
more barriers and success factors improve safety among small organisations.

6. Conclusions

Improving safety among small organisations is essential to improve safety in the construction
industry. Applying the same approach used in medium and large organisations is not practical
for small organisations due to their unique barriers and constraints. This research found that the
source of the barriers is the lack of interest from the clients towards safety. The use of lowest
price method to award contracts worsens the situation because this approach compels small
organisations to lower their prices by any means necessary, including neglecting safety. Due to
this fierce competition, small organisations perceive safety as a burden, which is detrimental to
the survival of their business.

External factors, in which small organisations have limited or no control over, are the main
sources of these barriers. Therefore, strategies intending to address them require the
involvement of leading stakeholders who are able to influence the norms and practices in the
industry. Clients should see the value of safety and should actively participate in implementing
safety. They also need to stay away from lowest-price mentalism when awarding contracts and
include safety as one of the criteria in tendering. The government and regulatory bodies should
find better ways to enforce safety regulations. Linking the licencing system and insurance
premium with safety performance has a potential to promote safety into the foreground. Existing
mandatory safety training programs should also be evaluated and amended. They are perceived
as outdated and insufficient to equip construction practitioners with essential safety knowledge.

The respondents also strongly asserted the need to simplify safety compliance. Currently small
organisations are expected to follow the same level of compliance as their larger counterparts.
This approach was perceived as impractical because of the environment and industry norms
where small organisations operate. The tendency to cut corners is the result of small
organisations trying to work around impractical safety regulations imposed on them.
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Abstract

Since 2000, Australia has seen a large growth in the mineral, resource and infrastructure
sectors, with operations expanding to rural and remote locations, leading to an increase in
demand for personnel to work fly-in, fly-out (FIFO) or drive-in, drive out (DIDO) rosters. Such
models of work have become increasingly popular as it takes into account the relatively short
lifespan of sites, and is considered more economical than building permanent accommodation
or paying for rent, helping organisations remain economically competitive. While there are
many organisational benefits to employing FIFO/DIDO rosters, there are frequently cited
adverse effects on the workers themselves. The issues in employing these workforces are
becoming more apparent, and include a range of physical, mental, psychosocial, safety and
community challenges. The aims of this study were to: 1. Understand more clearly how
employee family relationships are affected by the FIFO/DIDO working environment and
investigating solutions. 2. Investigate the psychosocial health implications for employees in a
FIFO/DIDO working environment and seeking recommendations for change. 3. Assess the
impact of FIFO/DIDO travel on workplace health and safety incidents, and 4. Examine rosters,
shifts, work hours, job design and productivity demands as to how best to design a safe, healthy
and productive work environment for FIFO/DIDO employees. In conjunction with Australian
government and industry partners, the projects agreed methodology consisted of four major
phases. First, a desktop review was undertaken of the key documents including research
literature and reports. Second, the information was used to help formulate a brief survey
designed to examine psychosocial and organisational safety climate, rosters and shifts and
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integration of the frequently-used Copenhagen Psychosocial Questionnaire. Third, the review of
literature also assisted in the development of semi-structured interview questions for the focus
groups. The final phase was the analysis of the data and formulation of key recommendations.
This paper addresses the research concerns and provides data and respondent commentary to
more fully understand the impacts on workplace health and safety and the personal and social
relationships of this workforce, and to explore strategies and actions that better meet the needs

of employers, employees and their families.

Keywords: Construction health and safety; physical and mental health; social supports; work

site communications; relationship maintenance.
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1. Introduction

Since 2000, Australia has seen a large growth in the mineral, resource and infrastructure sectors,
with operations expanding to rural and remote locations, leading to an increase in demand for
personnel to work fly-in, fly-out (FIFO) or drive-in, drive out (DIDO) rosters. Such models of
work have become increasingly popular as it takes into account the relatively short lifespan of
sites, and is considered more economical than building permanent accommodation or paying for
rent (Lifeline WA, 2013), helping organisations remain economically competitive.

While there are many organisational benefits to employing FIFO/DIDO rosters, there are oft
cited adverse effects on the workers themselves. The issues in employing these workforces are
becoming more apparent, and include a range of physical, mental, psychosocial, safety and
community challenges. Research evaluating the impacts of fly-in, fly-out operations in Australia
has been limited, and in February 2013 the Australian House of Representatives Standing
Committee on Regional Australia made 21 recommendations aimed at improving these
operations (Parliament of Australia, 2013). These are discussed in the desk top analysis. To
date, none of the recommendations have been implemented.

Recent research into FIFO employees revealed that between 24 and 36 percent of personnel
experience severe levels of psychological distress in the forms of anxiety, depression and stress
symptomology (Tuck, Temple, & Sipek, 2013). Further, it was also found that 71.5% of these
FIFO participants had planned to exit FIFO employment within five years. Based on the
limited literature, potential impacts include loneliness, depression, satisfaction levels with onsite
facilities and home contact, fatigue leading to safety concerns and strain on marital
relationships. Construction workers, according to Doran, Ling and Milner (2015), are six times
more likely to die from suicide then from an accident at work.

The concerns associated with FIFO/DIDO operations cover a range of variables, some of which
are also prevalent in other industries (for example, manufacturing and nursing) and can broadly
be described as having workforce and social and community impacts. The workforce areas of
concern include roster schedules, shift work and work hours, sleep disruption, fatigue, safety
performance, wellbeing both physical and mental, and workforce turnover. The social and
community areas of concern include psychosocial wellbeing in personal and family
relationships, and social and resource impacts on home and host communities. There is an early
understanding emerging of the symbiosis of the workforce and social and community concerns
but, as yet, very little evidence of how to translate the best aspects of this relationship into next
practice.

The construction and infrastructure FIFO/DIDO workforce is facing challenges on several
fronts with impacts on the individual worker (e.g. work productivity, safety, psychosocial
resilience), the families of the workers (e.g. personal relationship challenges, remote parenting,
health and wellbeing concerns) and companies themselves (e.g. difficulties attracting the right
employees, increasingly unacceptable turnover rates).
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Operations in regional communities utilising a FIFO/DIDO workforce are exposed to a myriad
of concerns which are not only limited to their economic prosperity and survival, but also
include the welfare of their contractors, employees, their families, and the home and host
communities in which they operate. At the workplace these challenges include an understanding
of the management of optimal roster designs for performance and employee satisfaction, the at-
risk days and times to best manage tasks, hours of work including start and finish times to
minimise sleep debt and fatigue, and the need for data on fatigue related work incidents and
road accidents. There are challenges in relation to health and wellbeing for FIFO employees in
ensuring the FIFO lifestyle is properly communicated and understood before engaging in FIFO
work. No research to date has examined the linkages and relationships between workplace and
personal relationships challenges in a FIFO/DIDO environment in the construction industry. In
this regard, this research seeks to be aptly innovative.

2. Key Objectives

The objectives of the current study were to:

1. Understand more clearly how employee family relationships are affected by the
FIFO/DIDO working environment and investigate solutions

2. Investigate the psychosocial health implications for employees in a FIFO/DIDO
working environment and seek recommendations for change

3. Assess the impact of FIFO/DIDO travel on workplace health and safety incidents

4. Examine rosters, shifts, work hours, job design and productivity demands as to how best
design a safe, healthy and productive work environment for FIFO/DIDO employees

This project sought to address in part some of these concerns and in particular to understand
more fully the mutual impacts on workplace health and safety and personal and social
relationships, and to explore strategies and actions that better meet the needs of employers,
employees and their families.

3. Research Methodology

The project’s methodology consisted of four major phases. First, a desktop review was
undertaken of the key documents including research literature and reports. Second, the
information was used to help formulate a brief survey designed to examine psychosocial and
organisational safety climate, rosters and shifts and integration of the frequently used
Copenhagen Psychosocial Questionnaire. Third, the review of literature also assisted in the
development of semi-structured interview questions for the focus groups. The final phase was
the analysis of the data and formulation of key recommendations.
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4. Key Results

4.1 Desktop Review- Some of the key reports and research

Research evaluating the impacts of fly-in, fly-out operations in Australia’s construction industry
has not been conducted to date. In February 2013 the Australian House of Representatives
Standing Committee on Regional Australia made 21 recommendations aimed at improving
these operations. It points out that the remote construction industry workforce is primarily a
short-term temporary workforce and many workers are employed on a fly-in, fly-out basis. This
is supported by evidence from Mineral Council of Australia. Of these 21 recommendations, two
(8 and 10) were particularly related to this research. Firstly, that the Commonwealth
Government commission research to assess the health impact of fly-in, fly-out and drive in-
drive out work on the workers and their lifestyles. And from this develop a comprehensive
policy to respond to their particular needs. Secondly, that the Commonwealth Government
commission research to assess the impact on children and family relationships of a long-term
fly-in, fly-out/drive-in, drive-out parent.

Also, a discussion paper released by the WA Government’s Education and Health Standing
Committee into the mental health impacts of fly-in, fly out work in 2014 highlighted the lack of
quality research on the mental health of FIFO workers. They felt research was needed into
whether FIFO work practices were safe and how organisations managed psychological health
risks. They noted that informal information indicated that there were 9 suspected suicides and
that it was the organisation’s responsibility to address issues related to mental health concerns.
For example, the unaccompanied travel of at risk employees to their home base.

A research report in 2013 by Lifeline WA investigated the stressors and coping mechanisms of
FIFO/DIDO workers. They found that 1 in 5 workers did not have on-site mental health or on-
site counselling facilities in their industry and 1 in 10 did not have an Employment Assistance
Program (EAP). It was also found that stress increased during rotation and was particularly high
just before leaving work. The key stress of FIFO/DIDO work was family/home separation.
Long rosters impacted significantly on this stress and increased when families with young
children were involved. In addition, adjusting to long day/shifts disrupted sleep and led to
fatigue. As a majority of the workforce are male there was the perception of ‘suck it up princess,
you just do it’ approach to their FIFO role and coping. However, communication with family
and friends was highly regarded as a coping tool. While there were clearly some negative
effects, it was noted that there was also some benefits. According to FIFO/DIDO workers, the
high financial return and the ability to have quality time with family at home was an advantage.

4.2 Survey Results

The survey data was collected across John Holland, RMS NSW and QTMR sites in Western
Australia, New South Wales and Queensland. It covered a number of key areas and included the
Copenhagen Psychosocial Questionnaire. These key areas included: Management’s
commitment to safety, Training and Procedures, Organisational Priorities, Rosters and Shifts,
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Psycho-social Factors, Health, Job Satisfaction and Work-Family Conflict. A total of 306
participants completed the survey. The table below highlights the key demographic information
of participants who completed the survey. Typical of the workforce, a majority of respondents
were male (94.8%), aged between 25 and 44 years, with an average age of 39 years.
Approximately 61.2% of respondents said they were in a long-term relationship. The main
survey results are presented below in Table 1.

Table 1: A summary of key results from the quantitative survey

Top 5 Highest Rated Questions

Management regard safety as an important part of 86.9% agree or strongly agree

operations

Is you work meaningful 85.4% thought their work was meaningful
Do you know exactly what is expected of you at 66.3% agreed to a large extent or greater
work?

Do you feel that the work you do is important? 65.7% agreed to a large extent or greater

Employees are able to openly discuss problems 61.2% agree or strongly agree
with supervisors or managers

Bottom 5 Rated Questions

My work shifts interfere with my family or social life 66.7% agree

Can you trust the information coming from 70.5% disagree

management

At your place of work, are you informed well in 77.7% disagree

advance concerning, for example, important decisions,

changes or plans for the future?

Do you feel that your work takes so much of your time 83% or respondents say yes
that it has a negative effect on your private life?

Do you feel that your work drains so much of your 85.8% of respondents say yes
energy that it has a negative effect on your private life?

4.2.1 Copenhagen Psychosocial Questionnaire (COPSOQ)

The shortened version of the COPSOQ is a tool for workplace assessment of psychosocial work
environment. Lower scores (min 1 — max 5) identify areas where improvements can be made to
the work environment. The results from the COPOQ are presented in Table 2.

Table 2: The results from the COPSOQ

Sub-Scale Average
Quantitative Demands 4.01
Emotional Demands 2.66
Influence at Work 2.85
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Social Support from Supervisors 3.34

Burnout 2.94
Stress 2.86
Tempo, Work Pace 3.24
Possibilities for Development 3.36
Meaning of Work 3.63
Commitment to the Workplace 3.45
Predictability 2.90
Rewards (Recognition) 3.19
Role Clarity 3.69
Quality of Leadership 341
Vertical Trust (Between Management and 3.34
Employees)

Justice and Respect 3.12
Self-Rated Health 3.42
Job Satisfaction 2.97
Work-Family Conflict 2.69

4.3 Focus Group Results

The focus group data was collected using a semi-structured format. It addressed a number of
key questions with prompts. These were:

* How do you feel employee family relationships are affected by the FIFO/DIDO
working environment? In terms of partner relationships, relationships with children and
parenting.

* (If negative) What are the solutions to this? In terms of communication while on-site,
flexible workplace policies, professional support services for both the FIFO worker and
their family, supportive groups for families at home and roster cycle.

*  What do you feel are the psychosocial health implications (such as isolation, loneliness)
for employees FIFO/DIDO working environment? Positive or Negative? In terms of
work-life balance, management support, work pressure and family pressure, job
satisfaction, personal and physical health, roster and work demands, sleep. The negative
psycho-social health implications could be: family problems, mental health issues,
divorce/separation, being overweight, tiredness, sickness or boredom. The positive
psycho-social health implications could be: freedom from family pressure, financially
secure.

*  What do you recommend are the best ways to alleviate these implications? Including
career development, professional support services (e.g. counsellors), links to family
back home, broad band services, fitness equipment, private rooms, healthy food options,
better rosters, links to host community and better work hours.
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*  What is the impact of FIFO/DIDO travel on workplace health and safety? In terms of
fatigue, job performance and non-work time.

* What do you feel is the best design (in terms of rosters, shifts, work hours, job design

and productivity demands) to ensure a safe, healthy and productive work environment

for FIFO/DIDO workers? (In terms of rosters being symmetrical/asymmetrical,

short/long; on either night/day shifts)

The focus group data was digitally recorded and transcribed. It was analysed using thematic

analysis accompanied by relevant quotes. 15 focus groups of 5-6 participants were completed

with employees across the mentioned partner organisations sites in Western Australia, New

South Wales and Queensland. Results from the focus groups highlighted differences between

temporary and permanent sites, as well as between FIFO and DIDO workers. Many of these

differences can be considered due to the availability of different facilities and opportunities for

social interaction. Five consistent themes to have emerged from the data are presented below in

Table 3, with actual quotes from participants.

Table 3: A summary of themes from the qualitative focus groups

Theme

Employee Commentary

Isolation  (from  both
family and co-workers)

Work related stress

Lack of management
support

I think one of the biggest issues where we are based is
communication. We are obviously based on a number of
real camps and we know when you go back to real camp to
you won’t have reception. So you can stand outside on the
phone and maybe if you are lucky you might get internet in
your room and your landline might work if you’re lucky so
I guess that’s the biggest thing. If you trying to
communicate to your kids or anything like that you can
really struggle. You might go nights and nights without
contact with them because you don’t get any reception.

You know it’s really worse, I’ve been doing my job for
more than forty years and I’ve seen a trend, these days it’s
getting harder because these days because they are trying to
save money and they seem to stretch the roster even further
because there use to be a lot of projects with two and one
moving to three and one.

It’s an awesome program (Mates in Construction). It helped
me out heaps up here but trying to put it between workforce
and senior management stuff is stupid. I’'m trying to get
bloke in home because they’re not well but management
want to know what’s wrong with them, who it is and it’s
got to remain anonymous, you know.
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5. Discussion

This research found that workers psycho-social isolation in remote sites within the construction
industry was a significant issue. Evidence from the quantitative data indicates that while formal
communication from supervisors and management was good, workers level of trust in informal
support from management was impacting on worker mental health. This isolation factor
occurred across a number of levels, between the worker and their peers; between the worker and
their direct supervisors and between the worker and their families. A comparison of FIFO and
DIDO remote construction workers found that psycho-social isolation for FIFO workers was
higher, this research found greater problems of worker mental health.

A common theme from the quantitative and qualitative data across all sites, regardless of
whether the workforce was FIFO or DIDO, was a strong need for more training. In particular,
this training was identified specifically around issues of financial planning/financial aid and
realistic issues the workforce will face in regards to their health and well-being. As many of the
current training and education methods were ad hoc, or learnt through experience whilst on the
job, or discussions with their colleagues, there was a strong suggestion that the workforce
needed more education and training on these key issues whilst employed as a FIFO/DIDO
worker. Further, there was a growing need for more re-integration training for workers to return
to the ‘real world’ such as mental health awareness training and family-work adjustment

training.

Qualitative data also revealed that rosters were another area requiring change. Many of the
FIFO workers for instance were unanimous in their support for having a 10 day off roster. This
included having two consecutive weekends, as part of the 10 days. This was to allow for greater
opportunity to have downtime and spend with their families away from work. While this was a
common suggestion, many of the workers also said if this were possible, they had no qualms
working the 3 or 4 weeks, as they understood they were paid to do a job. Of greater importance
to them, was having the sense they had the opportunity to have genuine time off away from their
work.

Data from qualitative component also indicated that organisations like Mates in Construction
were seen as important to worker mental health. A number of workers recognised these supports
as important and wished for their work to continue on-site. This recommendation is consistent
with outcomes from the WA inquiry.

These researchers proposed four recommendations:

1. The improvement of communication between workers and management.

2. For the organisation to offer training to workers and in some cases their direct supervisors
addressing finance, mental health and worker/family relationships.

3. For the organisation to offer rosters based on the worker’s specific need.

4. For the organisation to continue support and promote external organisations such as Mates
in Construction.
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The four key recommendations presented in this paper are based exclusively on data from the
focus groups and surveys of FIFO/DIDO workers. Several additional recommendations could
be elaborated from the data, but the Authors felt that the main areas of expressed concern from
the workers which they deemed as priorities, are those articulated in the four recommendations.

6. Conclusion

The results and subsequent recommendations indicate that mental health issues are an increasing
problem for FIFO/DIDO workers in the Construction Industry. From this research we can
conclude that for FIFO/DIDO workers in remote construction sites psycho-social isolation is of
real concern. Higher levels of social capital (including communication, social networks and
psycho-social trust) are required to combat the psycho-social isolation. If psycho-social isolation
is not controlled, evidence indicates that this can lead to increased fatigue and stress upon the
remote worker and a greater likelihood of human error.
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Abstract

Despite the relevance of the construction sector in developing countries, the industry continues
to record unacceptable levels of accidents and fatalities. The situation is no different in Nigeria
where health and safety (H&S) management has been cited as a major contributor to poor H&S
performance. Despite the need for improvement, there remains a dearth of research on the
specific H&S management practices and elements of H&S management that need attention.
This study thus provides insight into the H&S management practices of contractors in the South
West of Nigeria. A questionnaire survey was used to investigate the H&S practices
implemented by 115 construction firms. Results from the survey indicate that only a few H&S
management practices are commonly implemented by contractors in South Western Nigeria.
These practices include: informing employees about hazards on site before work starts; and
communicating H&S information to workers through newsletters, leaflets and posters. H&S
management practices that are less implemented include: providing H&S supervisors on site;
site inductions for workers; rewarding workers for safe work behaviour; assessing the
competence of workers and subcontractors; keeping incident records; investigating the causes
of incidents, accidents and near misses; providing training programmes for H&S manager(s);
and undertaking risk assessment for work packages or operations before they start. Overall, the
research shows a gloomy outlook of the implementation of practices in key elements of H&S
management (i.e. policy, planning, organising, risk assessment, implementing, performance
measurement, and auditing). Contractors, relevant state authorities and industry bodies therefore
ought to take collective action to improve H&S management by contractors.

Keywords: health and safety, health and safety management, survey, Nigeria
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1. Introduction

Construction continues to be one of the main contributors to occupational related accidents,
injuries and ill health. This is attributed to unsuitable working environments, unsafe worker
behaviour, exposure to the harsh weather and other factors (Griffith and Howarth, 2001; Haslam
et al., 2005; Manu et al., 2014). Particularly, in Sub-Saharan Africa, the occurrence of
construction related injuries and fatalities persist in spite of Government sanctioned H&S
standards (Idoro, 2008). Poor H&S performance remains at high levels as evidenced by a high
number of injuries and work related illnesses. As a result there has been increased
acknowledgment of the need for adopting H&S management practices that could help improve
the situation. Despite improvements realised through the adoption of these H&S management
practices in developed countries, it remains unclear the extent to which such practices are
implemented by Nigerian construction firms. This study thus sought to address the research
question of, “what is the extent to which H&S management practices are implemented by
contractors in Nigeria”. The study commences with an overview of the status of H&S in
Nigeria's construction industry as well as a review of H&S management. This provides the
foundation for the empirical phase of the study which is followed by the research findings and
concluding remarks.

2. Health and Safety in Nigerian Construction Industry

Nigeria, being the most populous country in Africa and also the largest economy in Africa
(World Bank, 2016), its construction industry plays an important role in the nation’s economy.
In 2012 the sector’s contribution to national gross domestic product stood at 3.05% and in that
same year the sector employed circa 6.9 million workers (National Bureau of Statistics, 2015).
In spite of the socio-economic significance of the construction sector, it has an enviable
reputation in terms of occupational health and safety. Accident and injury rates in developing
countries like Nigeria are generally considered to be higher than in the developed countries (see
Héamaldinen et al., 2009). This has been attributed to a lack of appropriate consideration of H&S
management measures or practices in construction project delivery process (Belel and Mahmud,
2012). Despite being a party to the Geneva Occupational Safety and Health Convention 1981,
Nigeria continues to lag behind in the implementation occupational H&S practices (Adeogun
and Okafor, 2013). According to Idoro (2011) contractors with the best safety records in Nigeria
still record substantially high numbers of injuries on their sites. A survey of 42 Nigerian
contractors revealed such poor performance with rates such as 5 injuries per worker and 2
accidents per 100 workers even among some of the best performing firms (Idoro, 2011).
According to Ezenwa (2001) these figures are often even worse in practice as a result of a
culture of under-reporting and concealment. Other studies have further highlighted a high
prevalence of non-compliance with safety regulations that require organisations to report
accidents (Diugwu et al. 2012).
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Whilst there have been occupational health and safety legislations governing work and work
environments in Nigeria (e.g. Factories Act of 1990 and Employee’s Compensation Act of
2011), some have attributed the poor safety performance to dysfunctional H&S laws and
regulations (Diugwu et al. 2012). Compliance to and enforcement of occupational health and
safety legislations have generally been described as poor (Idubor and Oisamoje, 2013; Okojie,
2010). Idoro (2004) also linked the country’s poor H&S status to lack of concern, lack of
accurate records and poor statutory regulations. Furthermore, these studies have generally
highlighted the limited scope of H&S management by organisations which could be
contributing to the poor H&S performance.

3. Health and Safety Management

Effective H&S management has been identified to have direct impact on H&S performance and
resultant reductions in the number of incidents (Lingard and Rowlingson, 2005). According to
Fewings (2013), good H&S performance in the construction industries of developed countries
can largely be attributed to systematic implementation of H&S management practices stipulated
in H&S management systems (Fewings, 2013). Gallagher (1997) further identifies the need for
the adoption of the following practices in order to improve H&S performance: high level of
senior management commitment; occupational health and safety (OHS) responsibilities known;
encouragement of supervisor involvement; active involvement of a H&S representative who has
a broad role; effective OHS committees; planned hazard identification, risk assessment and
hazard elimination control; and comprehensive approach in inspections. In order to effectively
implement H&S management practices there is a need for the adoption of an appropriate H&S
management framework/system. One of the most commonly cited frameworks is the UK Health
and Safety Executive's (HSE) framework for managing H&S (HSE, 1997). The key elements in
this framework are H&S policy, planning, organising, risk assessment, implementation,
measuring performance and review (see Table 1). This framework is similar to the BS OHSAS
18001: 2007 (BSI, 2007) and it has recently been revised to follow Deming's plan-do-check-act
model (HSE, 2013) as shown by Table 1. Similar elements to the HSE's (1997, 2013)
frameworks have also been shown by other H&S management models including the
International Labour Organisation guidance (i.e. ILO OSH 2001) (ILO, 2001).

Table 1: Key H&S Management Elements

Management | Management Description and examples of practices*
Practice Practice sub-
Area/Element | area/element *
Plan Policy Written in-house H&S policy statement reflecting management’s
concern for H&S and detailing principles of actions to achieve
H&S objectives e.g. policy document
Planning Planning for effective resource allocation e.g. pre-project H&S
plans.
Do Organising The structural system to manage health and safety e.g. human
resources, financial resources and equipment.
Risk Assessment | Evaluation of risks and establishing necessary H&S measures to
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avoid accidents e.g. risk assessments.

Implementation | Actual implementation of programmes e.g. training.

Check Measuring Verification of the extent to which goals are achieved e.g.
Performance performance measurements metrics to include H&S targets such as
number of accidents.

Act Management Reviewing in order to improve entire system e.g. External
review/Auditing | consultant reviews.

*Sources: (HSE, 1997, Griffith and Howarth, 2001, Lingard and Rowlinson, 2005; BSI, 2007,
Kheni et al., 2008, Cheng et al., 2012; Fewings 2013; Hinze et al., 2013, HSE, 2013)

Several studies have highlighted the importance of the above elements to H&S (e.g. Kheni et
al., 2008; Cheng et al., 2012; Manu et al., 2013; Agumba et al., 2013; Hinze et al., 2013). With
regards H&S in the Nigerian construction industry, studies have mainly focused on other
aspects of H&S such as regulations or performance (e.g. Ezenwa, 2001; Idoro, 2004;
Umeokafor et al., 2014). It is therefore unclear the extent to which the elements of H&S
management and their associated practices are implemented by contractors in Nigeria. This
study therefore investigates the H&S management practices implemented by contractors in
Nigeria.

4. Research Method

This research adopts a positivist paradigm by relating with facts, observations and figures via
mathematical descriptive analysis. The positivist philosophical world view is known to be
adopted for studies of this nature. This world view asserts that “knowledge of a social
phenomenon is based on what can be observed and recorded rather than subjective
understanding” (Matthew and Ross, 2010, p.27). Resultantly, quantitative approach was adopted
for this study through the use of a questionnaire survey (Fellows and Liu, 2008). This approach
was deemed appropriate for this study since the main answer to the research question pertained
to "what" health and safety management practices are implemented by Nigerian contractors.
According to Fellows and Lui (2008) questions relating to 'what' are most appropriately dealt
with through quantitative approaches. In order to investigate the H&S management practices of
Nigerian contractors, contractors' personnel in management roles were targeted for
administration of a questionnaire. These professionals were specifically targeted as they are
most likely to possess the requisite knowledge and experience relating to the management of
H&S within their organisations. The questionnaire solicited these practitioners responses about
the implementation of the H&S management practices associated with the above elements by
their organisations. The structure of the questionnaire was in three parts: A, B and C. Part A was
designed to collect general respondent and company information. Part B inquired about the
health and safety management practices of the responding organizations. Both parts were
designed to collect structured data to be analysed quantitatively. In part C responded were
allowed to provide their opinions about challenges to implementing the H&S practices through
opened ended questions. This was designed to allow respondents to elaborate on responses as
well as their views about potential solutions. As it was impracticable to cover the entire Nigeria
(due to its size - 36 states in 6 geopolitical regions), the study focussed on the South Western
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region which comprises 6 states. Due to difficulty in accessing an organised database/record of
contractors in Nigeria, the participation of contractors was obtained via multiple channels
including the Yellow Pages business directory and the lead researcher's contacts in the
construction industry.

5. Findings

A total of 280 questionnaires were distributed to construction businesses within the target
environment via electronic mail and hand delivery. A total of 129 questionnaires were returned.
Out of the returned questionnaires, 14 were judged to be invalid (due to excessive missing data)
leaving 115 useable questionnaires for the analysis. A sizeable number of respondents were
construction managers, representing 42.60% of the total respondents. Others that responded
were site managers (29.57%) and health and safety supervisors/managers (9.57%). Table 2
below gives a breakdown of the respondents' designated roles.

Table 2: Background of Respondents

Respondents role No. %
Company director 17 14.78
Construction manager 49 42.60
H & S supervisor/manager 11 9.57
Project manager 4 3.48
Site manager 34 29.57

40% of respondents had between five to ten years' experience working within the industry while
6.96% had over 15 years working experience. All the firms undertake private sectors works and
20% undertake public sector workers. A majority of the companies (i.e. 94.78%) undertake
general building works and 42.61% undertake civil engineering works. Similar to the
characteristics of construction firms in developed countries (e.g. UK, see ONS (2011)), most
firms are small, having less than 50 direct employees (60.09%). While 24.35% employed
between 51 to 100 direct workers, only 9.57% were large firms employing over 100 direct
workers. A majority of the companies are relatively new with 66.09% of them operating for a
maximum of 5 years. Only 2.61% of the companies have existed for over 15 years. Over 90% of
construction firms do not have BS OHASA 18001 certification with only 7.83% possessing this
certification.

5.1 H&S Management Practices by Contractors in South West
Nigeria

The findings and discussion presented are based on the key areas or elements of H&S
management as summarised in Table 1 above. In order to help identify the most widely
implemented practices, the concept of academic degree performance is adapted to grade the
survey results (e.g. UK masters, < 49% = weak; 50-69% = pass to merit; 70% + = very good/
distinction). The level of implementation of the H&S management practices in Figure 1 and 2
were therefore categorised as: low (i.e. 0 - 49%); moderate (i.e. 50 - 69%); and high (70% +).
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From this classification it was identified that the only elements of H&S management that have
at least one practice being moderately or highly implemented are H&S policy, organising and
risk assessment. This is presented in Figure 1 below.

Figure 1: Level of Implementation of H&S Management Practices within Policy, Organising,
and Risk Assessment

5.1.1 H&S Policy

The survey revealed that half of firms have a formal company H&S policy statement. Top
management involvement in H&S was observed to be low with only 18% of firms having a
director with overall responsibility for H&S.

5.1.2 Organising for H&S

While some practices were performed by an appreciable number of construction firms (e.g.
provision of health and safety communications to workers (62%) and displaying regulatory
health and safety posters (60%) this was not reflected in other practices within this element of
H&S management. Figure 1 above gives more details on the practices that have a low level of
implementation.

5.1.3 Risk Management

The level of implementation of risk assessment practices amongst the companies was high or
moderate for two practices and low for the others. For instance, whilst 90% of the companies
inform employees about hazard before commencement of work, as low as only 13% review and
update risk assessment during construction.

The results revealed very low levels of implementation of practices within the elements of

planning and implementing, performance measurement, and review/auditing as summarised in
Figure 2.
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Informing employees about hazards on sites before work starts : : ]

Reviewing and updating risk assessments during construction | 13% 90%
Undertaking risk assessments for work packages/operations before they start ?0%

Designing site rules and measures to mitigate assessed risks A44%

Risk Assessment

Undertaking overall project risk assessments before projects starts 59%

H&S training for site safety supervisors/managers 15%

A designated health and safety manager 23%
Provision of health and safety annualreports | 11%

Open display of company health and safety policy on construction sites, company... 2?3%

Display of regulatory health and safety posters on construction sites 60%

!
Providing training programmes for safety manager(s) 21%

Assessing the competence of workers and subcontractors 16%

Organisation

A designated health and safety department 17%
Propagating health and safety practices to external stakeholders e.g. clients 18%
Networking with other companies’ / institutions” (insurance companies, ... 24%

Engaging with workers on health and safety issues e.g. health and safety... 37%

Communicating health and safety information to workers through newsletters,... J62%

Providing health and safety supervisors on sites 20%

A company director with overall responsibility for health and safety 18%

Policy

A formal company health and safety policy statement J 509

0% 20% 40% 60% 80%

Figure 2: Level of Implementation of H&S Management Practices within Planning and

Implementing, Measuring Performance, and Auditing

5.1.4 Planning and Implementing

None of the practices recorded over 40% with provision of sanitation and welfare facilities
recording the highest level of implementation (i.e. 39%). Amendment and correction of health
and safety plans during construction and rewarding of workers for safety behaviour however
scored very low with 8% and 5% respectively.

5.1.5 Performance Measurement and Review

Similar to planning and implementing, none of the practices within this element recorded over
40% with publicising/sharing lessons learned from incident investigation recording the highest
level of implementation (i.e. 18%). Keeping incident records on every project showed the
lowest level of implementation (i.e. 10%).

5.1.6 Auditing

Similar to the above two elements, practices within this element of H&S management showed
low levels of implementation with the highest being 20% for undertaking periodic safety
management audits, and the use of in-house personnel for undertaking the audits.

299



5.2 Open Ended Responses - H&S Management Challenges

Challenges to construction H & S management was collated from the open responses. The
challenges could be categorised under four main themes as given by Table 3.

Table 3: H&S Management Challenges

Challenge Sample Quote

Cost “Only the bigger firms that land the plum contracts can afford it (certification and
training). It’s a luxury for small time contractors...” [Project manager].

“We do our best with what we have and implement ‘common sense’ safety
requirements” [H&S supervisor].

“The cost and logistics of running onsite clinic facilities is out of the reach of most
of us” [H&S supervisor].

Bureaucracy “Reporting accidents to the authorities will often tie you down in red tape. The
police and safety agencies just complicate things further” [Project manager].

“Getting approval and accreditation for new safety standards takes a lot of time
and money” [Project manager].

Poor public “The government hospitals are poorly equipped and mostly on strike” [Site
health manager]

infrastructure

Poor "[ think it is unfair because while some of us put these requirements in place those

enforcement and | that don’t are not punished. Regulation that is not enforced is pointless” [Company
awareness director].

“Many labourers do not wear protective clothing or know that they are supposed
to. Even when these things are made available, they are not used properly” [H&S
supervisor].

6. Discussion

A cursory look at the results above reveals an overall poor H&S management amongst the
participating companies. The structure of the participating companies mirrors the structure of
construction companies in the construction industry of other countries as observed in the large
number of the small and medium sized firms (about 84%) relative to their larger counterparts.
Small-medium sized construction companies are described in Kheni et al. (2008) to be resource
poor and barely able to survive in a capital intensive sector like construction. This is supported
by the following comment regarding the cost of H&S management being a challenge for small
companies: "Only the bigger firms that land the plum contracts can afford it (i.e. certification
and training). It’s a luxury for small time contractors...” [Project manager].

The BS OHSAS certification status of participating firms is also indicative of a sector where a
large number of contractors lack the necessary policies, procedures and controls to effectively
manage H&S. This correlates with research accounts in Idoro (2008; 2011), Kheni et al. (2008)
and Umeokafor et al. (2014). The rather low involvement of top management in H&S is
symptomatic of a low commitment of company management to protecting the H&S of workers.
The importance of leadership support in management decisions and more specifically H&S
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management is highlighted in Clarke (2013). Weak management commitment could undermine
the other elements of H&S management and it is therefore not surprising that practices under
planning and implementing, measuring and reviewing performance, and auditing recorded low
levels of implementation (i.e. from 4% - 39%) amongst the surveyed contractors. The
implementation of practices within the organising element range from low to moderate. Whilst
there is moderate implementation of two practices (i.e. communicating health and safety
information to workers through leaflets, newsletter and posters; and displaying regulatory H&S
posters on site), there is low implementation of eleven practices indicating a generally poor
outlook for the implementation of practices within this element of H&S management. This
shows weak H&S management capacity with regards to organising for H&S which can lead to
increased work related accidents. The poor outlook for practices within the organising element
is out of sync with the situation in a similar developing country like Vietnam where Phung et al.
(2015) and Nguyen et al. (2015) reported a moderate to high implementation for more practices
within this element of H&S management. Whilst there appears not to be similar studies on the
extent of H&S management practices implementation by contractors in a developed country
context to aid comparison with the results from this research, it is expected that the situation in
developed countries (e.g. UK and USA) would be relatively better given the better injuries
record and health and safety regulation in these countries (see Haméldinen et al., 2009;
Abubakar, 2015). The implementation of the practices within the risk assessment element range
from low to high. While there is moderate to high implementation of two practices, there is low
implementation for three of the practices. That a low percentage of the companies undertake
risk assessments prior to operations (i.e. 30%) and also review/update risk assessment during
construction (i.e. 13%) shows that few companies take a proactive approach to dealing with
H&S risks on projects. This could also have adverse consequences in terms of the occurrence of
accidents, injuries and illnesses.

7. Conclusions

This research gives an insight into the H&S management practices of Nigerian construction
firms, particularly those operating in the South Western Region. Results from the survey,
although not generalisable to the entire Nigerian construction sector given the study’s focus on a
specific region, they suggest that very few H&S management practices are commonly
implemented by contractors, particularly in the South Western Region.  Generally,
implementation of practices in all the key elements of H&S management appears to lagging.
Elements that have a particularly gloomy outlook are planning and implementing, measuring
performance and auditing. Action is needed by contractors to enhance H&S management in all
the elements of H&S management. The support of state institutions and other relevant
professional bodies (e.g. through provision of training programmes and awareness raising
initiatives, and tightening of health and safety regulation) would be helpful. Public and private
sector client organisations also have a key role in stimulating improvement in H&S
management by including H&S requirements in procurement processes e.g. giving
consideration to the health and safety competence/performance of contractors during contractor
selection.
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Abstract

One of the most vulnerable groups, in terms of workplace safety and health, are migrant
workers who work temporarily in different countries and may not have the same level of
protection as permanent residents. Their vulnerability can result in injured migrant workers
being stranded in a foreign country without proper post-accident care and compensation.
Countries such as the Middle-Eastern countries, South Korea, Australia and China had reported
vulnerability of migrant workers and different countries have different approaches to protect
them. In the context of the construction industry in Singapore, employers of migrant workers
are expected to take care of injured migrant workers, but there had been reports of migrant
workers separating with their employers after an accident due to disputes on injury
compensation. Many a times these migrant workers experience severe financial woes.

This study seeks to explore the injury compensation disputes that migrant workers face after an
accident and the possible causes of the disputes. Sixty structured interviews were conducted
with injured migrant workers at a NGO food programme in 2012-2013. These workers are
generally construction workers (77%) or shipyard workers (33%). Most of the workers (93%)
are from Bangladesh and some (7%) are from India. In addition, interviews with 2 employers
and a lawyer were conducted. News articles were also studied to understand the issues
involved.

The study provided insights on the different perspectives of the disputes. It was found that the
main reason for migrant workers leaving their employer after their accidents was the fear of
being repatriated by their employer without proper injury compensation. By leaving their
employers, these migrant workers frequently end up with significant financial problems and
mental stress. The possible underlying issues for these disputes were frequently lack of
awareness of injury compensation processes and available assistance, unsound advice from
lawyers that sought to represent the injured workers, and lack of trust between the workers,
employers and regulators.

Keywords: injury compensation, labour dispute, labour relations, migrant worker, workplace
safety and health.
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1. Introduction

According to ILO (2015), there are about 232 million international migrants globally. The trend
of increasing number of migrant workers will continue due to globalisation (Hdmaéldinen, 2009),
economic inequalities, and other mega trends. Accordingly, migrant workers are an integral part
of the Singapore industries since the 1970s (Piper, 2005). Similarly, the Singapore construction
industry is heavily dependent on migrant workers. According to official statistics (Department
of Statistics Singapore, 2015, Ministry of Manpower, 2015), the Singapore construction
industry employs 98,200 residents and 322,400 migrant workers (work permit holders). That
means migrant workers make up at least 77% of the workforce in the Singapore construction
industry. It is noted that the work permit holders do not include higher skilled foreign
workforce (“employment pass” and “S pass™). Besides Singapore, there are many countries with
significant proportion of migrant workers and there are concerns that migrant workers are a
vulnerable group in terms of workplace safety and health (e.g. Guldenmund et al., 2013).

Migrant workers are a vulnerable group in terms of workplace safety and health because they
are in an unfamiliar foreign land, usually with language problems and they may not enjoy the
same level of labour rights as permanent residents. Furthermore, many migrant workers moved
to another country to earn money and they may be less interested in their own safety and health
(Guldenmund et al., 2013). When a migrant worker gets injured, he or she may not receive the
necessary level of protection and compensation (Harrigan and Koh, 2015). In addition, the
construction industry is known for its poor safety performance. For instance, in 2014, 45% of
the workplace fatal injuries in Singapore were from the construction industry. Such poor safety
performance had also been observed in countries such as Taiwan (Cheng et al., 2010), the UK
(Melia et al., 2008), the US and Spain (Camino Ldpez et al., 2008). Having vulnerable migrant
workers in the hazardous construction industry means that there is a need for more attention on
post-accident protection of migrant construction workers to prevent abuse and assure that the
rights of the workers are protected. However, there had been a lack of research on the how
migrant workers cope with post-accident disputes and what are the reasons for the disputes.

As such, this study seeks to explore the factors influencing the occurrence of post-accident
disputes between injured migrant workers and their employers. The issues highlighted provide
basis for improvement of policies to better manage post-accident care of migrant workers.

2. Background

The terms ‘migrant worker’, ‘transient worker’ and ‘foreign worker’ have been used
interchangeably in the literature. As defined by the Office of the United Nations High
Commissioner for Human Rights (2011), a migrant worker is ‘a person who is engaged or has
been engaged in remunerated activity in a State of which he or she is not a national’. The term
‘migrant worker’ is used in this paper to align with United Nations’ terminology.

306



2.1 Legal Framework

In Singapore, there are several regulations regulating the employment and management of
migrant workers. The key labour relations legislations include the Employment Act and the
Employment of Foreign Manpower Act (Attorney General's Chambers, 2015). In terms of
workplace safety and health and work injury compensation, the main legislations are Workplace
Safety and Health Act (WSHA) and Work Injury Compensation Act (WICA). The Employment
Act governs the basic rights of the employees (e.g. minimum number of rest day and maximum
number of workdays) and helps to ensure safety at work. The Employment of Foreign
Manpower Act regulates the employment of all foreign employees with valid work passes and
protects their well-being by specifying employers' requirement and obligations. For instance, the
Employment of Foreign Manpower (Work Passes) Regulations (enacted under the Employment
of Foreign Manpower Act) states that employer shall be responsible for and bear the costs of the
foreign employee’s upkeep and maintenance in Singapore. This includes the provision of
medical treatment unless the medical costs forms less than 10% of the employee’s fixed
monthly salary and if the foreign employee’s agreement to pay part of any medical costs is
stated explicitly in the foreign employee’s employment contract or collective agreement.

The Workplace Safety and Health (Incident Reporting) Regulations (enacted under the WSHA)
requires the employer of an injured employee to submit a report to the Ministry of Manpower
when the injured employee is granted more than 3 days of sick leave (consecutive or otherwise)
by a registered medical practitioner on account of that accident or when the employee is
admitted in a hospital for at least 24 hours for observation or treatment on account of that
accident. On the other hand, the WICA provides an expedient, low-cost compensation system
that is an alternative to claiming for damages under the common law. Employees can receive
compensation as long as they were injured in a work accident or suffered a disease due to their
work, and employers' liability can be capped. In general, the WICA assures payment for
medical expenses and medical leave wages and compensation for permanent incapacity and
death without the need to prove that the cause of accident is due to the fault of the employer.

2.2 Post-accident Disputes

Despite the legal framework to protect injured workers and to ensure that they are being taken
care of after accidents, there had been reports of post-accident disputes that led to the injured
workers being separated from their employers leading to hardship for the injured workers.
According to Harrigan and Koh (2015), “Serious Mental Illness (SMI) is, in all likelihood,
endemic” amongst their sample of 344 workers who had injury or salary claim workers lodged
with the Ministry of Manpower (MOM). Even though the employers are required by law to
provide accommodation and upkeep of the workers, 90% of the 344 workers were not living in
the accommodation provided by their employers. These workers are mostly “runaway” injured
workers, who had post-accident disputes with their employers. These workers do not want to
leave Singapore because they are assisting with the MOM investigation on their injury
compensation, but due to the regulation framework, the injured workers are not allowed to work
for other employers. Harrigan and Koh (2015) found that the main causes of the mental
stress
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among these workers (aside from the injuries) were due to lack of accommodation and threats of
repatriation from employers. The findings by Harrigan and Koh (2015) were not surprising,
because there had been numerous newspaper articles on the vulnerability of migrant workers.
For example, Basu (2009) reported many injured migrant workers have to “fight to get
compensation” and “some of them end up living on the streets while their cases are investigated
- a process that can take anything from a few weeks to well over a year”. Similar problems were
also highlighted by Phua et al. (n.d.).

However, it appears that employers are not the sole cause of the problems. Migrant workers had
been jailed for making false injury claims (Teh, 2007) and many false claims were hard to
detect. Basu (2009) reported that some workers were suspected of faking work accidents to
obtain a “special pass” to continue to stay in Singapore and earn more through moonlighting as
“freelance workers”. A special pass is issued by the Ministry of Manpower (MOM) to workers
assisting in investigation or other relevant reasons. Special pass holders are not allowed to work,
unless otherwise granted by MOM. Nevertheless, many injured workers still take up jobs while
on special pass because their employers no longer pay for their upkeep. These workers were
also suspected for abusing the special pass as an opportunity to extend their stay in Singapore to
earn more money (Tan, 2013). Illegal work usually pay better because the illegal employers do
not have to pay government levy for each migrant worker and mandatory insurance.

Similar disputes were also observed in other countries. For example, according to China Labour
Bulletin (2007), migrant workers are known to “work in extremely hazardous conditions but
when they get injured or contract a work-related illness, employers will often deny any liability
and seek to avoid paying anything but token compensation”. Kim (2011) also reported that
migrant workers in South Korea, “some employers refused to pay for compensation, or in the
cases where they paid for the compensation, the migrant workers were forced to sign an
agreement stating that there would be no further compensation, and that the employer held no
responsibility regarding the industrial accident”. Furthermore, migrant workers in Middle-East
(Hassan and Houdmont, 2014) and Australia (Reid et al., 2014) are also identified as vulnerable
workers due to factors such as national culture, insecure job and payment to local recruiter.
However, despite the severity of the issue, there was a lack of study on the post-accident care of
migrant workers and disputes arising after an accident.

3. Research Method

This exploratory study consists of 3 main parts: (1) review of newspaper articles and online
sources, (2) unstructured interview with 2 employers and a lawyer, and (3) structured interviews
with 60 injured migrant workers.

The review of newspaper articles was focused on the main English newspaper in Singapore, The
Straits Times (2015). Other online sources include online reports and webpages of NGOs, e.g.
Transient Worker Count Too (TWC2), and the Ministry of Manpower (MOM). These articles
and online sources were imported into NVivo, a qualitative data analysis software (QSR
International, 2014), for systematic evaluation. More specifically, 11 newspaper articles, 4
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online reports and a webpage were imported into NVivo. The coding was conducted inductively
where text data were coded based on possible factors influencing the occurrence of post-
accident dispute.

Telephone and email interviews were conducted with 2 employers and a lawyer to explore the
causes of post-accident disputes. The interviewees were identified through the contacts of one of
the authors. An unstructured interview approach was adopted to allow the researchers to explore
the issues freely. This suits the exploratory nature of this study.

The structured interviews, conducted in 2012 and 2013, with the 60 migrant workers were
conducted at two eateries where TWC2 was running their food programme for migrant workers.
Each interview was conducted by one of the researchers based on a structured questionnaire.
The questionnaire consists of 5 sections. Section 1 and 2 of the survey comprises the migrant
worker’s personal details. These sections provide the demographic of the foreign worker
participated in the survey. Section 3 of the survey seeks to understand the nature of work the
employer was engaged and aims at finding the relation between type of employer and dispute.
Section 4 records the nature of the accident foreign worker involved and the medical care
provided to them. Section 5 records the details of dispute and aims at finding the cause of post-
accident dispute. The data and information collected from the 3 separated sources were input
into NVivo and qualitative coding (Silverman, 2010) was conducted on them to derive useful
insights and guide future research.

4. Data and Findings

4.1 Structured survey of injured workers

4.1.1 Profile of respondents

Age of workers
35%
30%
30% 28%
25%
20%
E 20%
2 15%
& 15%
10%
5% 3% 3%
0%
20-24 25-29 30-34 35-39 40-44 45-49
Age

Figure 1 Distribution of age of surveyed workers

The following will present some of the key findings from the survey. Out of the 60 injured
workers interviewed, 56 (93.3%) were from Bangladesh and 4 (6.7%) were from India. Forty-
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six (76.7%) of the workers were working in the construction industry and 14 (23.3%) were
working in shipyards. Figure 1 shows the distribution of the age of the workers interviewed. As
can be seen, most of the workers were relatively young at an age below 35.

4.1.2 Types of Employer

With reference to Figure 2, most of the respondents working in the construction industry were
working for sub-contractors (45.7%), which is the most common type of employers in the
construction industry. However, it is noted that 26.1% of the respondents were working for
labour suppliers (26.1%), who provide short term labour to construction companies.

21
12
9
. . :
Sub-contractor Labour supplier Main contractor Unknown

Figure 2 Types of employer

4.1.3 Factors causing runaway

Table 1 shows the ranked factors causing the post-accident disputes. Among the 7 factors,
employer’s threat to repatriate the worker was ranked as the most important factor in
determining whether a migrant worker decides to leave his employer after an accident. Other
concerns include the failure to pay salary during the injured worker’s medical leave and
employer refusing to pay for or provide medical treatment (including letter of guarantee for
medical operations or treatment). Some of the workers also found that they were not given
sufficient care during their recovery and decides to move in with their friends or relatives. For
example, an injured workers having mobility problem was not given the necessary assistance
while in the employer provided dormitory.

Table 1 Ranking of importance of factors causing workers to runaway

Factors leading to post-accident dispute Sum of ranks | Importance
Employer threaten to repatriate foreign worker back 81 1
Employer refuses to pay salary during medical leave 110 2
Employer refuses to pay for medical bill 193 3
Employer refuses to provide medical treatment 242 4
Employer refuses to give Letter of Guarantee (LOG) 310 5
Being force to work when on Medical Leaves 350 6
Employer did not arrange for post-accident care 394 7
during recovery

I=most important and 7=least important
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4.1.4 Kickbacks

Of the 60 respondents, 47 were asked if they paid a ‘fee’ (kickback) for the job and all 47
(100%) indicated ‘yes’. The remaining 13 respondents were not asked on this question because
it was inserted after a review of the questionnaire. The average amount paid for the kickback
was SGD4,687. According to some of the workers, the ‘fee’ ranges from SGD3,000 to
SGD4,500. However, anecdotally, the ‘fee’ were reported to have been increased to about
$7,000 for the first placement and the fee for subsequent contracts varies. One interviewed
worker mentioned that for a subsequent job, there was usually a need to pay a fee of about
SGD1,000 to SGD3,000. The survey finding is aligned with the results of TWC2’s study
(Transient worker count too, 2012), which found that despite MOM’s enforcement, the problem
of kickbacks was still very prevalent in the industry.

4.1.5 Involvement of Lawyers

Figure 3 Reasons for consulting a lawyer

Out of the 60 respondents, 56 (93%) indicated that they engaged a lawyer to assist in their
WICA claim. This contradicts the aim of WICA, which is meant to be a low cost and expedient
channel to help injured workers obtain their compensation. For those that sought the help of
lawyers (see Figure 3), 77% were uncertain of the compensation process, 18% were hoping that
the lawyers can expedite the process and the remaining 5% engaged the lawyer based on the
advice provided by their friends. The lawyers’ assistance may be perceived to be necessary
because of the disputes, but the legal fees will decrease the final compensation obtained by the
injured worker.

4.2 Unstructured Interviews

Two employers (interviewee A and B) were interviewed. Interviewee A is the owner of a small
construction contractor focusing on Bungalow construction. He had at least 1 incident of a
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worker running away after an accident. The injured worker claimed that he injured his back
when carrying a bag of cement. The task was instructed by the main contractor and, according
to interviewee A, the injured worker could not clearly specify who instructed the task. The
worker also claimed that he was not allowed to see a doctor after the injury, but interviewee A
insisted that this was untrue. Apparently, the worker got a relatively small compensation amount
of SGD1,800, out of which the worker’s lawyer obtained SGD1,200 for the legal expenses.

Interviewee A felt that the work injury compensation quantum was perceived to be very
lucrative and the quantum can tempt some migrant workers into faking their injuries to obtain
compensation. He also suspected that some lawyers may be promising a much larger
compensation than reality. In terms of the illegal practice of repatriating a worker home to avoid
accident reporting, interviewee A felt that it is not possible because repatriation companies are
required by MOM to ensure that the workers do not have any outstanding issues, e.g.
outstanding salary payment and injury compensation claims, before they can repatriate the
worker. Interviewee A also shared that employers are required by MOM to purchase a
SGD5,000 bond for each migrant worker, so if a worker runs away, the employer will lose the
bond. This means that many employers will try their best to prevent runaways by providing
proper accommodation and upkeep after an accident. However, he shared candidly that most
employers may become “fed up [sic/ because the injured worker cannot work for months and
the employer has to continue to pay for the salary and medical expenses.”

Interviewee B works as a sales general manager for a labour supplier company for about 5
years. His company has about 300 migrant workers and the company “loan them out” to
construction companies with short term labour needs. He had about 2-3 runaway injured
workers per year, but the number varies. According to interviewee B, many of these runaway
workers did so on the advice of lawyers who teach them “tricks” to get higher injury
compensation. One example is that he observed an injured worker who, after an injury, got only
“light duty” medical certificate from a doctor. The “light duty” certificate indicates that the
worker is not unfit for work and is an indication that the injury is relatively minor.
Subsequently, the worker visits a government hospital and then obtain sufficient medical leave
to make the injury reportable to MOM. Interviewee B noted that such “false claims” seem to be
more common among certain sub-group of migrant workers (his opinion tallies with interviewee
A’s perception). He also shared that he noticed many of these injuries happen when “no one is
watching” and investigators had to depend on the injured worker’s word for the details of the
accident. From what he knows, his company only had to repatriate workers that had “attitude
problem” and these cases were not related to work injuries. He highlighted the following as
possible signs of a worker moonlighting, (1) the worker is absent from work for a long period of
time (e.g. one month), (2) the worker becomes uninterested in having over-time to earn more
income, and (3) the worker insists that work has to stop at certain time.

The last interviewee (interviewee C) was a lawyer specialising in workplace safety and health
for the past 10 years. However, he had not handled work injury compensation (WIC) cases. He
shared that most of the injured workers were represented by various law firms ranging from
small to mid-size firms as well as sole-proprietor firms. In terms of WIC dispute cases,
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interviewee C felt that the lawyer’s main role is to obtain just and equitable compensation, but
this role is relatively minimal. In terms of payment for legal costs, there are generally two
categories: solicitor-client costs (S&C) and party-to-party costs (P&P). S&C costs are what the
injured worker pays the lawyer and is subject to their agreement. The amount ranges between
firms as it depends on the complexity of the case, experience of the lawyer, time spent on the
file etc. In a civil suit, the losing party will typically be ordered to pay costs i.e. P&P costs.
Generally, P&P costs are lower than S&C costs. It is not uncommon for some law firms to agree
to bill the injured worker on a P&P costs basis i.e. the injured worker will not have out of
pocket legal expenses.

4.3 Summary of Key Findings

The key issues gathered from the various sources, including newspaper reports and online
articles, are summarised in Table 2.

Table 2: Summary of the key factors leading to post-accident disputes

Type of Issue Brief Description of Factors Contributing to Disputes

Employer not willing to | - Injured worker becomes unproductive and employer not willing to pay for
bear cost of accident or | accommodation, medical treatment and salary

report accident

- Employer failed to purchase or renew work injury compensation for injured worker

- Employer refuses to provide Letter of Guarantee as required by hospitals to
conduct operations or treatment

earning safety incentives.

- Employer is concerned that the reported accident will attract MOM’s inspections,
or affect their safety track record leading to difficulties in obtaining new contracts or

- Many injured workers are concerned that their employer may repatriate them
without compensation for the injury. MOM has reported cases of repatriation
companies being taken to task for forcibly sending workers home.

Labour suppliers - The labour supplier will typically require the main contractor to claim for the
injured worker, but the main contractor may refuse to do so

- There can be confusion about where the injury was sustained and hence which
company should be responsible for the compensation claim

Workers making false - Injury may be false, exaggerated, or not work-related. Worker may go to more than
claims one doctor to ensure that he receives sufficient days of medical leave to assure
compensation

fingers may be as high as SGD44,000, which is 75 years’ pay for the average
Chinese farmer” (Basu, 2009)

Medical certificates - Employers complain that doctors are giving medical certificates too liberally

- An illustration of the temptation to make false claims: compensation ‘for fractured

d light duti
and fgnt duties - Doctors give light duties to injured workers, but employer has no light duties for

leave salary as the worker does not have medical certificate.
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Workers encouraged to
run away by friends
and/or lawyers

- Injured workers are generally uncertain about the work injury compensation
procedures and may be encouraged by friends or lawyers to run away from the
employer during the claim process. Employers feel that certain sub-groups among
migrant workers are more prone to such problems.

- Lawyers are perceived by employers to be teaching “tricks” to injured workers and
promising large amount of compensation. The lawyers can be paid on party-to-party
basis by taking a cut of the compensation and the injured workers do not have to pay
for any legal cost upfront.

Moonlighting

- Runaway injured workers are typically on special pass and they are not allowed to
work. As the investigation of compensation claim drags on, those that are well
enough to work may be forced to take up illegal work to cover the cost of their
accommodation and food.

- Injured workers may abuse the system to use the special pass to moonlight so as to
earn higher income.

- Ministry of Manpower offers a Temporary Job Scheme to help workers on special
pass to look for short term work to sustain themselves.

Debts and kickbacks

- As the supply of migrant workers to Singapore is very much higher than the demand
for the workers, agents, training centres (workers are required to attend training
courses prior to coming to Singapore) and employers may ask for illegal kickbacks
from the workers. This causes many migrant workers to be severely debt-ridden and
will be more motivated to make false injury compensation claims and/or moonlight.

5. Discussion and Conclusions

As can be observed from Table 2, the problem of post-accident dispute is complicated and many
parties, including migrant worker, employer, labour supplier, doctors, lawyers, authorities, and
worker agencies are involved. On the migrant worker side of the story, they incurred huge debts
paying for kickbacks and other costs to enter Singapore to work. They have very low bargaining
power and they have very low income. Thus, one of the greatest fear that an injured migrant
worker have is the possibility of being repatriated home without obtaining their injury
compensation. On the other hand, accidents lead to unproductive workers and are costly to the
company. Employers may suspect the injured workers of moonlighting or are making false
injury claims. The employers face a lot of pressure due to market competition and their
frustration can result in verbal or physical abuse of the workers, which further fuel the dispute.
The employers failed to understand that their failure to care for the workers and their threat to
repatriate the workers cause the workers to run away, resulting in more problems and trouble.
This forms a vicious cycle of poor labour relations, disputes and lengthy investigation, which
are detrimental to migrant all stakeholders.

There is a need for regulators to enforce their regulations to ensure that employers take care of
their migrant workers after the accidents. At the same time, false injury compensation claims
must be uncovered and dealt with severely. However, bearing in mind the vulnerability of the
migrant workers, it is important to allocate sufficient resources to house and support the injured
migrant workers that have separated from their employers and are having their injury
compensation claim investigated. This role can be filled by NGOs, but government levy on
migrant workers’ employers should be used to fund the NGOs.
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Education of migrant workers and employers are critical. It is important to be able to reach out
to migrant workers and educate them on the injury compensation process. Letting them know
their rights will reduce the need for lawyers’ assistance, who may not add significant value and
can be costly to the workers. Migrant workers can be trained as ambassadors to educate their
own community on their rights and understand the dangers of moonlighting and false injury
claims.

One of the most fundamental problems in the system is kickbacks, which place migrant workers
in heavy debts and creating behaviours detrimental to workplace safety and health. For example,
workers will only be focused on earning money as quickly and this can cause them to ignore
their own safety during work. Migrant workers in severe debt can also be more easily tempted
to moonlight or even make false claims. Tight enforcement and detailed employment guidelines
must be established to prevent kickbacks.

This study surfaced several key issues behind post-accident disputes involving migrant workers.
It is believed that these findings are useful inputs for countries that have a significant proportion
of migrant workers. Future research should focus on designing interventions to assure faire and
transparent handling of accident-related disputes involving migrant workers.

6. Limitations

This study has its limitations. First, convenience sampling was used to select interviewees and
respondents. Second, communication with the migrant workers were done using simple English
and there could be misinterpretation of information. These limitations were reduced through
triangulation of the different data sources and the internal checks conducted between the
authors.
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Abstract

Over the last decade behavioural health and safety has become one of the construction industry's
target areas for major improvement with countless systems created to attempt to combat the risks
associated with poor behaviour. However, on their own, good systems do not ensure successful
occupational health and safety. The reporting of incidents and close calls (sometimes called ‘near
misses) in particular can significantly improve health and safety through the sharing of experiences
and learning from the mistakes of others. This study evaluated current systems and analysed the
opinions of key construction stakeholders (n=104). The respondents included managers and workers
across four different construction sites with two different principal contractors. The findings show
that there is agreement that reporting close calls are an important factor in improving health and
safety. However, at the moment, site operatives are not being given enough motivation to take time
out of their paid work to report close calls. More convenient systems should be trialled and developed
to find solutions that have more apparent benefit for the site operatives. To ensure successful
teamwork everybody must be willing to participate. Any real industry-wide culture change would
require the system of reporting close calls to be consistent throughout all construction sites across the
country. This will then confront the issue of the transitional and itinerant nature of subcontractors and
give them a system which they can become familiar with in their everyday work life.

Keywords: Behaviour, Health and Safety, Close Calls, Near Misses
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1. Introduction

The construction industry by nature is a hazardous place of work. There has always been a need to
improve the health and safety of the workforce. ‘Over the last two to three decades, an increase in
research and awareness in safety has reduced fatalities by over half. However, 22% of UK employee
fatalities and 10% of reported major injuries are in the construction industry despite only accounting
for 5% of British employment’ (HSE, 2012). These levels are high due to the nature of construction.
Working with large-scale machinery and equipment has a much higher potential for harm compared
to the dangers faced with other typical jobs sat behind a desk or even in a fixed-site facility. Therefore
to enable the industry to continue to recruit good people, safety has been a major target for
improvement. ‘During this period, construction safety has reduced fatalities mainly through focusing
on improving the managerial systems, policies and better safety technology e.g. nets, MEWPs,
harnesses. However, in recent times, many organisations have realised that their accident rates have
'levelled off'. This has ignited a search for improvements in other areas to reduce accident numbers,
leading to the research into behavioural safety issues of the workforce.” (Oswald, 2013). Within any
industry, even the best systems are not effective if they are not being cooperated with properly. Before
any system can achieve its purpose it must be accepted and adopted by the workforce. The behaviour
towards any system will decide whether it is successful or not.

Analyzing historical events can show that most loss producing events were preceded by warnings or
close calls, sometimes also referred to as near misses, narrow escapes or near hits. However they are
largely ignored because no injury, damage or loss occurred. McKinnon (2012), states that ‘most
health and safety policies are reactive not proactive. Companies wait for losses to occur before taking
steps to prevent a reoccurrence. Employees are not motivated to report these close calls as there has
been no disruption in the form of injuries or property damage.’ Recognising and reporting close calls
can make a major difference to the safety of workers within construction. Behavioural health and
safety then closely links to the reporting of close calls due to the fact that, for this system to work, it
must have the full cooperation of the workforce. If the workforce does not behave in the desired way
then the system will fail. Therefore the recent increase in demand for reporting close calls requires
research into behavioural health and safety.

This study originated in the knowledge that there have been previous studies undertaken regarding
health and safety reporting. This area within construction has always been difficult to gain full
cooperation of the workforce. It has led to the requirement for research into ways in which to address
this ongoing issue. A previous study by Williamsen (2013) showed that some site operatives believe
reporting a close call may tarnish a workman’s reputation. This ethical issue and the ‘blame culture’
within construction could be seen as main reasons for the industry struggling with the reporting of
close calls. However the full discussion of this topic is outside the scope of this paper. The intended
benefits of the close call reporting system are very important. However, without cooperation from the
site operatives these benefits cannot fully be achieved. The UK’s Health and Safety Executive (2000)
states that ‘behaviour modification techniques are effective in promoting desired health and safety
behaviours provided they are implemented thoroughly.” This study considered different opinions and
proposed potential solutions to achieving desired behaviour for reporting close calls.
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2. Methods

The foundation of this research project was the assumption that there was an issue with behavioural
health and safety with regards to reporting close calls, therefore a mixed methods, deductive approach
was employed. A survey questionnaire was followed by interviews to gain the opinions of health and
safety professionals from the industry. The following section describes the techniques and procedures
for the data collection and analysis.

The main source of primary data came from a questionnaire to industry professionals in a variety of
different roles including site operatives and site management. This was then compared with the
current industry systems. The survey was designed to be straightforward in simple English to facilitate
its completion. It did not require a computer and could therefore be completed at any time in any
location to suit most construction operatives. The survey was emailed around to site managers who
then handed it out to their employees. The completed surveys were then scanned and sent back to the
researcher. The questionnaire included four statements with responses on a 1-5 Likert scale. The
Likert survey enabled the required opinions to be extracted with a minimal amount of time or effort
from the participants. The questionnaire was completed between September 2014 and January 2015.
There was a 95% response rate achieved with 104 recipients completing the questionnaire across four
different sites from a mixture of main contractors and building and civil engineering sectors. There
were 59 managerial respondents and 45 site operatives with 50 having more than 20 years’ experience
and 54 less than 20 years’ experience.

This second phase of the research involved structured email correspondence with two experienced
construction health and safety professionals whose opinions could then be compared with existing
literature and results from the questionnaire. Two main questions guided the interactions to enable the
answers to be compared and critically analysed. The two professionals chosen had many years’
experience were from different sectors of the UK construction industry to give a broader scope.
Respondent A is currently health and safety manager for a major building contractor. Respondent B
has over 30 years’ experience in the construction industry working on a variety of building, civil
engineering and infrastructure projects. He is currently health, safety, quality and environmental
manager on a major civil engineering project.

Reviewing current industry literature and other health and safety research enabled insight into issues
surrounding the nature of reporting close calls within the construction industry. This allowed the
author to gain a broader understanding of the issues faced with reporting of incidents and close calls
within the industry today. The UK’s Health and Safety Executive was used as a reliable source of
information to form the foundations of the study and provide an insight into how behaviour can have a
major effect on health and safety. Other literature was used to compare this to close call reporting.
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3. Results and Discussion

The results and discussion draw on the email exchange with the two experienced health and safety
managers and the questionnaire survey (n=104) and is organised in line with the main questions that
were addressed in the research.
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Figure 1: ‘Close calls get reported correctly according to the system in place’ — Likert responses
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Figure 2: ‘Reporting close calls reduces the chance of incidents occurring’ — Likert responses
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Figure 3: ‘Reporting cards are the most efficient way to report close calls’ — Likert responses
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Figure 4:‘Operatives don’t have time to stop their works and report every close call’ — Likert
Responses
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3.1 Do close calls get reported correctly?

Figure 1 shows a spread of results, however there is a trend towards agreement. Interestingly the
responses that agreed largely came from both the site management as well as the site operatives,
whereas the responses that disagreed came mostly from management. When surveying different
construction sites the issue with close call reporting may be less apparent on some sites for various
reasons with different managers enforcing the reporting systems in different ways. Alternatively they
may not want to give the impression of a failing system and may answer survey questions with a more
positive outlook so as not to cause any problems with upper management. Possibly because it is a
recent system, older workers with an imbedded work routine may have had worse opinions regarding
reporting close calls. Site based workers generally felt that close calls were being reported correctly
and with a mixed response from management there are signs of disagreement. The difference in view
of management and operatives can lead to issues and failure of a system. If operatives believe they are
already complying with the system they will not feel the need to improve. Williamsen (2013) suggests
‘one way to overcome issues with reporting is to actively involve the site workers and increase their
participation in the process.’ This apparent disagreement would suggest that communication and
involvement of both parties together has not been present regarding reporting close calls and is where
the main issue of improper reporting may lie. If the reporting of close calls was properly discussed
and communicated with the site based workers then they could have valuable input into the system. If
there was effective communication of a failing system to the workforce they could collectively agree
on ways to improve and reach targets that suits everyone involved.

3.2 Does reporting close calls reduce the chance of incidents
occurring?

Figure 2 shows a strong trend of agreement from management and operative both having no
participants strongly disagreeing. Out of both groups there were only three operatives that disagreed,
showing how strong the trend of agreement is. Stating the key purpose of reporting close calls
exposed whether current industry professionals agree that reporting close calls are important and have
positive influences. This indicates that everybody is aware of the importance and benefits. However
the ABC theory of behaviour (Flemming, 2002) suggests reasons why there are still issues to be
faced. Even though there may be an understanding of importance in a situation, if there is a stronger
influence at the time, e.g. knowing the supervisor is not enforcing the rules, the behaviour adopted
may ignore the fact that reporting close calls is known to be important. With the significant trend
shown in figure 2 it also suggests that all levels of experience agree with the fact that reporting close
calls reduces incidents. Nobody within construction wants incidents or injuries, so any way to prevent
them occurring should be a high priority on everyone’s list. Albert’s (2014) research presented an
alternative reason for the issues faced. The analysis states that ‘most construction safety management
processes rely on the hazard recognition capability of workers. Hazards that remain unidentified can
potentially result in injuries. Despite its importance, a large proportion of hazards remain
unrecognized, exposing workers to unmitigated risks.” Therefore, it is not so much the opinion of
reporting close calls working as a system that is an issue. It is the education and collective
understanding of what a defines a close call combined with the attitude that there is not enough
motivation for operatives to stop their work and make close call reporting a priority.
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3.3 Are reporting cards the most efficient way to report close calls?

Figure 3 shows a mixed spread of responses but the majority of responses generally agreed. This is
most likely due to that fact that they are not aware of any other systems. The range of responses is
relatively high across all 5 categories showing the spread of opinions. The only group to be in real
disagreement is the management. There were a few management responses that were unhappy with
the process and this is possibly because it can take up a lot of the supervisor’s time filling out the
close call cards and uploading them on to the company database. This is backed up by Williamsen
(2013) who states that ‘supervisors do not wish to be burdened by work of questionable worth.’ So in
order to combat this inconvenience to the supervisors there needs to be a way of uploading close calls
with minimal time consumed, or allowance in the day for the supervisor to take time away from site to
upload all the close calls. With the increase in smartphone use today, it would make the process much
more attainable if this technology was utilised for the system. If there was a smartphone app where
site operatives can immediately take photos and share them with the site supervisor, he could then
check and upload it on the data base with minimal amount of time or effort. It can be hard to keep tabs
on whether closes calls are being reported properly due to the nature of the close call card system and
the fact that no loss or damage occurs. If no supervisor witnessed it then it is very easy for operatives
to shrug it off and carry on with their work. This is the required need for behaviour change and for
operatives to start acting, there needs to be a system put in place that is convenient for them.

3.4 Do site operatives have enough time to stop their works and report
every close call?

Figure 4 shows the responses to a statement that was thought to be a main reason why site operatives
may not be happy about having to report close calls. Interestingly it shows a significant trend towards
disagreement, unsurprisingly the majority being management. Management are almost entirely in
disagreement with only 10% of all management participants surveyed not disagreeing. Meaning
management feel site operatives have enough time to complete their work and report a sufficient
amount of close calls each week. However figure 4 also shows there is a much more varied spread of
site operative responses ranging across all five categories. There is a major difference between
management and operative responses which is a significant finding with regards to operations within
the industry. This then again relates to Williamsen’s (2013) theory which indicates that site operatives
have a desire to avoid work interruption because they have not got enough time in the day for unpaid
distractions such as reporting close calls. The majority of operatives surveyed back up this theory and
agree they do not have sufficient time to stop their works. This then contrasts with the management
opinions creating a potential reason for friction on sites around the topic. If there is to be a successful
system both operatives and management must agree. They must decide on a suitable number of close
calls reports required that the operatives agree with and feel they can achieve without disruption to
their works. Alternatively the system must be changed to find a way to take up less of the operative’s
time to report each close call. It could be argued that, regardless of how time consuming, it is a
requirement of the operatives to report close calls and as such they simply have to report them. On the
other hand, with the nature of the construction industry and the always increasing pressure on time,
any reduction on time required away from measured works benefits everyone.
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3.5 Is it possible to achieve behavioural safety perfection in the
construction industry?

These following two sections present the findings from the email interaction with the two experienced
health and safety advisors. Both respondents agreed that there is generally a negative opinion about
behaviour when it comes to the construction industry. Both stated that, due to the transitional nature
of construction workers it is almost impossible to embed behavioural safety into the workforce.
Respondent A stated that whilst the industry has made great strides in trying to standardise
construction through the skills card schemes, some businesses have very wide parameters in
expectations of behaviours from the workforce. This coincides with Lin (2000) who states that
‘employees must be actively involved in a system for it to have success.” When operatives work in
different places with different regulations every week it is hard to keep continuous positive behaviour.
They cannot be involved within a behavioural system if they move around all the time.

Respondent A also stated that due to the wide gulf in expectations throughout the UK when
subcontractor tradespersons who have not been exposed to health and safety culture come to main
contractor projects, teams almost have to undertake a behavioural re-alignment and there is often too
large a difference to overcome. The second respondent agreed that it is highly unlikely perfection will
ever be achieved; however he stated that it is possible if the whole industry was committed to it. He
admitted that efforts have been made to change such as The Construction (Design and Management)
CDM Regulations and small steps have been made but there has been no accompanying cultural
change. He stated that he believes organisations do things because they have to, not because they want
to. He considered that we live in a ‘tick box’ industry where more effort is put into avoiding blame for
an incident rather than preventing the incident in the first place. Daniels (1999) agrees that this is a
major issue ‘as motivation for something you have to do is much weaker than motivation for
something you want to do.” Too many individuals beyond the construction site are not motivated to
make efforts to contribute to health and safety and are solely rewarded on financial performance.

Respondent A concluded saying that “unless the construction industry ever achieves the permanent
employment status of nuclear, power generation, petro-chemical, which is highly unlikely, the best we
can hope for is a core of workers who understand the principles of behavioural safety whilst we invest
our time in trying to educate and change the behaviour of the remainder”. Respondent B considered
that the promotion of behavioural safety in parts of the industry in the previous 10 years had
introduced significant benefits that extend beyond safety. The culture it encourages improves
productivity and quality and that is why he thinks behavioural safety is still a worthwhile investment.

It is therefore a general agreement from these responses that too many people think safety is the
responsibility of the contractor and only happens on site. Therefore getting everyone to commit to the
culture change will be too much of a task. It is highly unlikely to ever achieve behavioural safety
perfection but there are many benefits and safety improvements that can be achieved.
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3.6 Is reporting close calls improving health and safety enough to invest
in further?

From the responses it is clear that both respondents strongly agreed that reporting close calls is a
fundamental process to improve health and safety within construction. Respondent B believed that it
encourages everyone to get involved with safety and promotes a proactive rather than a reactive
attitude. He felt it is a stepping stone to wide spread and continual hazard and improvement reporting.
Unfortunately he also stated that there are very few motivated and suitably skilled people that can lead
this process to ensure the potential is fully realised. He feels there is a lack of genuine high level effort
meaning a lack of adequate resources to maintain a long term commitment that will see a cultural
change. This supports Petersen (1993) who states that ‘for a policy to become successful there must be
sufficient support and commitment from upper management.’ Therefore, as Respondent B stated,
without this support failure is more than likely. He believes the management of many large
organisations are only interested in short term targets for personal gain rather than investing resources
in something that may take many years to provide a noticeable return. Therefore although he stated
that reporting close calls is worthwhile and beneficial he feels due to the lack of support from upper
management there will not be any significant improvements any time soon.

Respondent A agreed with the fact that reporting close calls are a worthy investment and states that if
a business is serious about behavioural safety and engaging with the workforce it must invest time and
capital in maintaining a healthy close call process. He felt that there were clear indicators that an
engaged and a ‘listened to’ workforce is more likely to work in a safe manner, so improvements in
health and safety may be a by-product of having a robust close call process in place. Both respondents
therefore had a common opinion: reporting close calls as a process itself may not always directly
improve health and safety. However having the process in place actively involves the workforce and
should naturally have a positive effect on their attitude towards safety on site.

In contrast to Respondent B’s opinion that upper management are not actively committed to
improving the process Respondent A stated how his health and safety management department are
aiming to improve the process. He stated that, in his organisation, three times as many close calls are
reported by direct employees compared to subcontracted workers. This disparity has led to a business
target for 2015 to improve subcontractor reporting by 10%, by their site teams investing time during
the induction, site briefings and Tool Box Talks in stressing the importance to their company that their
partners tell them what is wrong. The success of this policy depends on the commitment from middle
management to implement the process. But, on the whole, it is a step in the right direction to
improving the behaviour of subcontractors.
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4. Conclusions and Recommendations

The reporting of close calls is becoming increasingly valued within the construction industry as a
preventative way of reducing property damage and injuries. However, this research has shown that the
industry is struggling to keep up with the number of close calls being requested by managing directors
of top companies with the UK. There are many views of the potential reasons behind this but mainly it
comes down to the communication and participation gap between management and site operatives.
The less communication and participation from the site operatives, the more problems faced when
trying to achieve goals. Especially with the major issue that subcontractors are very transitional and
never usually stay long enough on each site to learn appropriate (i.e. compliant) behaviour.
Furthermore, as close calls have no real measure or specific description, they can easily be ignored.
Therefore examples and standards should be set at all site inductions to ensure everybody is thinking
along the same lines. The system then needs to be effectively managed by all to ensure close calls are
not being ignored.

The other underlying issue with the process of reporting close calls is that it takes too long and is
inconvenient for site personnel. It requires being brought up to date with current technology to
become fast and efficient for everyone involved. By creating an easy way to report close calls, site
operatives and supervisors will not be as inclined to ignore them and it can become part of the culture
on site. As discussed in the analysis, an important opportunity is the use of smartphones. The creation
of a smartphone app where site operatives could immediately take photos and write comments
anywhere at any time would mean that they would not have to make such a ‘big deal’ about reporting.
This should then increase the number of close calls being reported, resulting in valuable experiences
being shared and learned. This should then lead to a reduction of incidents on a much larger scale, as
is the desire of the industry.

This paper has only drawn responses from two of the top UK contractors and only from one
geographical region of the companies. Further clarity of results would require a wider investigation
throughout all regions of the UK and into all the separate disciplines. The next step would be for the
these findings to be incorporated into systems within the industry. This would require an industry-
wide initiative and trialling of new systems. A way in which to approach this could be the trialling of
the smart phone app with the intention for it to be consistent throughout the industry. For there to be
any real culture change industry-wide the system of reporting close calls should be made consistent
throughout all UK construction sites. This will then confront the issue of the transitory nature of
subcontractors and give them a system which they can become familiar with in everyday work life.
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Abstract

Site-managerial practice in construction has been depicted as a ‘muddling through’, being
everywhere at the same time and skilfully solving problems as these crop up. The purpose of
this paper is to explore work patterns and related well-being implications of site managers in
construction. Drawing on the work-life stories of 21 site managers, which have been analysed
using narrative analysis we argue that muddling through put high demands on these managers’
abilities and possibilities of coping with and balancing their work situations. In all the accounts,
several features of workaholism were identified as driving forces, often leading to negative
well-being symptoms. The site managers were passionate about their work, but deplored
organisational and institutional constraints, which mostly obstructed rather than supported or
facilitated their work. This resulted in periods of exhaustion and stress, leaving little energy over
for family and life outside work. We conclude that the warnings we perceive concerning the
unsustainable work situations of site managers warrant further research.

Keywords: muddling through, site managers, stress, well-being, workaholism
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1. Introduction

Recent studies (Styhre, 2011; 2012) have depicted the work of construction site managers as a
“muddling through”; they skilfully solve problems as these inevitably crop up, and they try to
be everywhere at the same time. It is argued that this behaviour is produced by the masculine
culture in construction and puts high demands on managers’ abilities to cope with their work
situations. These and other studies witness that over the last two decades, little has changed in
the behaviour and attitudes of site managers (e.g. Styhre and Josephson, 2006; Maiki and
Kerusuo, 2015). What has changed, however, is the nature of site managers’ work: more areas
of responsibility and stricter accountability seem to be prevalent trends. Seen from a social
sustainability perspective, the scenario does not bode well for the well-being of these managers.
Research in the late 90s and early 2000 warned that apart from being one of the most
demanding jobs in the construction process, requiring particular skill sets and experience, job
dissatisfaction and stress among site managers seemed to be higher than among other middle
managerial categories (e.g. Djerbani, 1996; Fraser 2000; Haynes and Love, 2004; Lingard and
Francis 2004). These conditions are widespread still today (Styhre and Josephson, 2006;
Dossick and Neff, 2011; Styhre 2011; Méki and Kerosuo 2015), and warrant qualitative studies
of the lived work-life situations of middle managers in the industry.

Drawing on the studies cited above and on interviews with site managers in several
representative large and SMEs constructors in Sweden, we explore the work patterns and related
well-being implications for site managers. Our data show that all the site managers interviewed
exhibit one common characteristic: they are over-achievers, or as we argue workaholics. The
aim of this paper is to examine the site managers’ experiences of work and well-being, and
reveal possible connections between (i) involvement with work, drive and work enjoyment and
(i1) well-being.

2. Framing: well-being and workaholism

Research on well-being, especially within psychology is extensive. Journals such as Personality
and Individual Differences report on its connections with personality (Garcia, 2011), attachment
(Karreman and Vingerhoets, 2012), connectedness to nature (Howell et al, 2011) and emotional
intelligence (Extremera et al, 2011), among other interesting themes. Well-being is also one of
the core concepts in sociology and public policy (Jordan, 2008). Within business and
management, and HRM specifically, it is a relatively new area of interest. The ‘business case’
has tended to trump the ethical or moral argument about ‘employee welfare’ or ‘employee
focus’ (Van Buren III et al, 2011). While some models of HRM, such as the Business Partnering
approach (Ulrich, 1997) perhaps began as an attempt to redress this imbalance, practice quickly
revised the ideas, and so Ulrich’s complete model became the three-legged stool. The business
focus came to dominate, pushing well-being to the side.

Recent developments in the HRM literature have begun to engage more seriously with concepts
such as well-being. The justification or rationale for this interest may stem from practical
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concerns about absenteeism and also presenteeism, and stress in particular (CIPD, 2013), but
also renewed importance of ethics (Losey et al, 2005: 332). The practitioner press has become
inundated with reports and papers on stress as a key concern in the modern workplace, and well-
being initiatives are designed to address this issue (see for example the many CIPD resources,
including reports and ‘how to’ guides on well-being at www.cipd.co.uk). However well-
intentioned organisational well-being initiatives may just be treating the symptoms of much
more severe concerns within the contemporary workplace instead of addressing the actual
problems that lead to experiences of stress. On the level of the individual, ‘workaholism’ is one
relevant construct that may explain workplace behaviours related to presenteeism and
maintenance of patterns of work that lead to stress.

Workaholism is a term that refers to an employee’s strong, irresistible inner drive that tends to
result in working excessively hard (Spence and Robbins, 1992; Schaufeli et al, 2008:175).
Behaviour patterns typical for workaholics include: compulsive-dependency, perfectionism and
achievement-orientation (Burke, 2000). Over the past decades, workaholism has often been seen
in a positive light, characterising the corporate ideal worker: “an employer’s dream”
(Bonebright et al, 2000; Burke, 2000). This view is based on the workaholic-triad that consists
of work involvement, drive and work enjoyment (Spence and Robbins, 1992; Burke, 2000;
Schaufeli et al, 2008). Different combinations of these three elements are said to produce six
types of workaholism as shown in Table 1 below.

More recently increasing concerns over excessive work and related stress and potential burnout
have initiated interest in examining the downsides of workaholism. Studies that consider
workaholism and well-being outcomes tend to fall into two types: those that closely link
workaholism and related well-being outcomes (e.g. Bonebright et al, 2000; Burke, 2000), and
those that argue that the six types of workaholism and different types of well-being outcomes
are best considered separately (e.g. Schaufeli et al, 2008).

The studies that closely link workaholism and related well-being outcomes (e.g. Bonebright et
al, 2000; Burke, 2000) tend to argue that work context and managers play a significant role in
developing workaholism and maintaining such behaviours (e.g. Burke, 2000), and that specific
types of workaholism can be linked to particular well-being outcomes (Bonebright et al, 2000).
For example the non-enthusiastic workaholics have been found to have significantly more work-
life conflict and significantly less life satisfaction and purpose in life than non-workaholics
(ibid). Also, enthusiastic workaholics have been found to have significantly more life
satisfaction and purpose in life than non-enthusiastic workaholics (ibid).

In contrast, those that argue that the six types of workaholism (after Spence and Robbins, 1992)
and different types of well-being outcomes are best considered separately (e.g. Schaufeli et al,
2008) show that workaholism and burnout (possible negative well-being outcome) and work
engagement (possible positive well-being outcome) are not intrinsically linked. The
relationships between the three concepts depend on
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* working hours,

* job characteristics,

* work outcomes,

* quality of social relationships, and
* perceived health (ibid).

Table 1: Types of workaholics (after Bonebright et al, 2000, Spence and Robbins, 1992)

Type of workaholics | Type of workaholics (Spence and Robbins, 1992)
(Bonebright et al, 2000)

Enthusiastic *  Real workaholism — high in involvement, high in drive and low
workaholics in work enjoyment
*  Enthusiastic workaholics — high on involvement, drive and
enjoyment
Non-enthusiastic * Work enthusiasts — high in involvement and enjoyment, low in
workaholics drive (resembling engaged workers)

*  Relaxed workers — low on involvement and drive, high on
enjoyment

*  Unengaged workers — low in involvement, drive and enjoyment

*  Disenchanted workers — low in involvement and enjoyment, high
in drive (resembling burned-out workers)

In this paper, we use this framework to explore site managers’ experiences of their work role.

3. Study design and method

An interpretative approach was chosen, based on interviews. The data included in-depth
interviews with 21 site managers. Most of the typical construction contexts and projects were
represented, e.g. infrastructure, residential and commercial development projects. The data
collection strategy was purposive: since we wanted to understand the unfolding of lived,
everyday managerial practices on site, we asked CEO’s and top managers from large and mid-
sized contractors in Sweden to name their “best” site managers. We did not define what we
meant by “best”, but left it to them to decide. The result was 21 site managers of whom 3 were
women aged 30 to 50. The rest were men: half of them aged 50 to 65 and the other half 25 to 40.
The respondents were ensured anonymity in that all specificities enabling identification would
be neutralised, and we offered them the possibility of reading the transcripts should they wish.
The interviews were informal, taking the form of casual conversations lasting from 60 to 90
minutes each. They were audio-recorded and transcribed verbatim. The location for the
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interview was either a meeting venue or the respondent’s office on location. A brief interview

guide was used to keep interviewer intervention at a minimum.

The respondents were asked to provide the essential bio-data concerning career trajectories.
After these preliminaries, they were encouraged to talk freely. Our prompts were open-ended;
we wanted them to tell us about their workdays, how they generally went about planning and
managing site activities, what issues arose and how they dealt with them. ‘Free’ storytelling has
been suggested as an appropriate interview technique for the purpose we had in mind where
interviewees’ personal stories are allowed to evolve, and in which their underlying assumptions
and beliefs guide the conversation (Clandinin and Connelly, 2000).

Drawing on Polkinghorne (1995) and Lindebaum and Cassell (2012), narrative analysis was
applied on the data in order to identify and code the various fragments that made up the
narratives. These fragments were then sorted under themes that linked to the overall plot
concerning the narrators’ coping with their work situations. It is important to note here that the
theme ‘workaholism’ emerged during our data analysis. They were not asked to identify
themselves as one type of workaholic or another, nor did we employ specific instruments to
collect data to determine the respondents’ involvement with work, drive and work enjoyment.
During the data analysis we drew on the workaholic framework to sort the respondents’
behaviours and associations to their well-being into workaholics types.

4. Findings

Three core themes emerged as central to the site managers’ narratives of their work days:
coping with their work situation, with their work-life and family, and their associations to their
feelings of well-being. Overall the managers depicted their work situations as highly demanding
with multiple expectations both from others and on themselves. They described how they were
constantly being pulled between planning tasks, administration duties and the solving of
countless ad-hoc problems, large and small, serious and trivial. Simultaneously, the respondents
showed remarkable commitment and motivation for their work. They all took pride in the
products of their labour, the final constructions.

. seeing it [the construction] grow in front of me ... that is something that can
never be taken away from a site manager ... that when I drive past the construction
I can say ‘I built that’.

Within these three themes, the two different types of workaholics: enthusiastic and non-
enthusiastic according to Bonebright et al (2000) could clearly be identified. We have chosen to
allow the voices of the respondents to be heard in this section since they express their views and
feelings much more directly than we ever could.
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4.1 Coping with work situation

The respondents described incredibly high workloads and very long working hours. Their work
situations were demanding and fragmented. One manager mentioned a several-year long period
when she worked practically 24/7.

During the whole of last year, I got up at 4.30 am and left work at 7 pm, and went
to bed at 9. How does one count work time from such a schedule? During the
weekends I sat with the budget. During this period, I easily worked a 100 hour
week. But that is extreme and isn’t always the case [...] on average, maybe [ work
55 hours per week.

The respondents described how they developed ad-hoc strategies to cope with the abundance of
work tasks, which differed significantly from the standardized approaches they were supposed
to avail themselves of.

You do what you can to make things work ... you don’t pay much attention to the
role description, you just do...

We have a business system and decision structures that we are meant to follow but
there is no time for that. I have to take many shortcuts in order to get my workweek
anywhere near to 40 hours.

There was a general consensus among the respondents that their managers in turn understood
and accepted that they carried out their duties and responsibilities as best they could.

They [superiors] understand that one does the best one can. But if there was to be
an internal audit I would have to fill in the papers afterward so I don’t get smacked
on my fingers.

At the same time a strong sense of responsibility and commitment to work reveal a tendency
among the managers to take on too many tasks, thus further straining their already heavy
workloads.

It is all about the projects. As long as I can work with what [ want in the way I
want, | enjoy working here. Today I am definitely in such a position.

[the most tasking job is] ... all the paperwork ... but I have only myself to blame,
for I let go of nothing. The purchasing I keep for myself, the economy I keep for
myself... (...) It would have been a relief to get rid of the economy (Laughing)

Despite everything, I enjoy the responsibilities I have ... and of course you build
your own indispensability ... that’s how it is. You’re not indispensable in any way,
but you make yourself memorable and see yourself as extraordinary in some sense.
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A female respondent described the high demands on site managers in construction, and why it
was difficult to fill managerial positions at the production level.

What stops civil engineers from becoming production managers ... or rather why
we can’t appoint them is that they are often on parental leave [days off when
children are ill] especially when they have two children. We have some staff that
are on parental leave approximately 50% of the time. No one on site has a clue
about his or her planning and decisions. What materials are coming in, what cranes
have been ordered etc ... this is a huge problem for production.

Simultaneously, as another respondent stated, the managers felt guilty when they had to take
parental-leave days:

It is very tough for the site manager who is absent. We know that if we are at home
things become difficult as hell for the others. You have to be really cold not to care
about what’s happening on site.

4.2 Coping with work-life-family balance

The respondents convey a mixed; yet rather negative view of their work-life balance situation.

I have this work-family puzzle that needs to be managed, especially if a child
becomes ill. During the weekday it works out ok. I leave at preschool and she picks
up. Then you take care of children until they fall asleep and then you try to watch
some TV before falling asleep. It is pretty hectic!

As a site manager you are never free on weekends. You have maybe ten weekends
per year where you don’t open your computer and work. Most of us start on
Sunday to plan for the workweek ahead.

It has happened that I have slept at my desk waiting for a morning meeting ... with
work charts and drawings as covers to protect me from the cold.

I have sat in front of Bollibompa [children’s TV program] and worked. I see
myself as there for my daughter even when I am working. That is something I am
satisfied with.

The respondents complained about their work-life imbalance, and in some cases even expressed
sorrow over how work has obscured their needs of recreational time and spending time with
family and friends. One manager even went so far as to describe these impediments as collateral
damage of work.

I don’t have any alone time. I definitely don’t have time to meet friends. My family
I hardly see at all ... so these bits are the collateral damage. I never go to the
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cinema; I don’t have time for those kinds of things. But I do travel a lot ... that is
my breathing space ... that I always know that I will be travelling somewhere
within a few weeks. That is when I switch off completely.

4.3 Well-being

The respondents’ reported worrying consequences of their hectic work lives on their health and
well-being

The previous year was chaotic. Then I was on the verge of quitting my job ... I
couldn’t cope. Then I worked ... uhm ... it was still at the time when I dropped of
at day care. In principle I worked my 9 hours, every day, and then I also often
worked [at home] from 8 pm until 12 pm many days a week ... several weekends
as well to get it to work. I was close to burnout then.

The respondents felt that there was little support from the organisation for their plight, and they
felt that they had a large responsibility in procuring jobs for their subordinates.

I have coped with it [the stress], but it was really a lot of work ...I’m really tired.
Time to train ... I never bloody well have time for physical training. That is why |
don’t lose weight. Now I have to because I have a bad hip

I can say this much. I had my second blood clot last year and had salmonella at the
same time. I had a vomiting bucket with me when I went to work ... that’s the way
itis. So I go to work, and I have a bucket. It functions. I’m not that ill!

5. Discussion

All the respondents in our cohort exhibited evidence of workaholism, of which the six types are
represented in the quotes. They showcase a representative sample. Specifically where we
present the respondents’ experiences of their work situation, a diverse range of all six types of
workaholism is identifiable. In our sample we thus include both enthusiastic workaholics and
non-enthusiastic workaholics (after Bonebright et al, 2000), and find evidence of real
workaholism, enthusiastic workaholics, work enthusiasts, relaxed workers, unengaged workers
and disenchanted workers (after Spence and Robbins, 1992). There were many respondents that
showcase high work involvement and work enjoyment. These respondents resemble engaged
workers and can be categorised as enthusiastic workaholics or work enthusiasts. However, not
all respondents talk of their work experiences in a positive light, hence these respondents have
been sorted under the category non-enthusiastic workaholics.

With regards to ‘coping with work-life-family balance’ an interesting trend emerges: it is the
respondents who fall under Bonebright et al’s (2000) broad category enthusiastic workaholics
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that reported most concerns with coping with work-life-family balance. This is not that
surprising given that these workers were likely to prioritise work in balancing aspects of work-
life-family blend and thus found it challenging to manage the balance. What is interesting is that
they did consider and talk freely about their work-life-family balance concerns, which shows
that these issues were of importance to them.

Those respondents who reported the most worrying consequences of their hectic work lives on
their health and well-being all fall under the category disenchanted worker. Spence and Robbins
(1992) identify this type of workaholism to be connected with low involvement with work and
low work enjoyment, but high drive. This is a group that is clearly in the risk zone for ill health
and burnout. Here a link with the organisational circumstances and job context emerges as a
significant variable that influences the respondents’ views, and therefore would warrant much
more research and attention from HRM. The respondents referred to lack of organisational
support, long working hours and presenteeism. Burke (2000) argues that it is these kinds of
contextual circumstances that play a significant role in individuals developing workaholism and
thereafter maintaining such behaviours.

The link between the job context and the managers’ experiences can be understood through
Styhres (2012) concept of ‘muddling through’. The respondents expressed a lack of social
support from superiors that they felt strained their work situation. These conditions caused them
to work long hours, and bear responsibility for practically all the processes and relations on site,
which further increased their feelings of stress. Styhre (2011, 2012) has argued that these
conditions are due to the loosely coupled configurations in the construction industry, which
increase expectations on self-sufficiency, autonomy and presenteeism of the manager. The site
managers, thus, become the centre of all the activities on which the success or failure of the
project revolve. Such conditions inevitably put considerable pressure on site managers.

The respondents complained about long work hours and referred to their job characteristics as
both demanding and stressful. Work outcomes, however, tended to be described in positive
terms, particularly in terms of organisational performance, yet this positive performance was
often attained at the expense of strenuous and challenging effort by the individuals. The overall
quality of social relationships and recreational outlets were unanimously seen as difficult to
achieve. Many sacrificed time with friends and/or family as well as time for training to dedicate
time to work or they referred to situations where they were multitasking, e.g. spending time with
children while working. Several respondents conveyed that this caused them to neglect their
individual and social needs, and in some cases this gave rise to poor health and well-being.

Besides the effects on the individual site managers, their workaholism may also have had
negative effects on their subordinates and the organization. Site managers have formal
responsibility for subordinates and for the work environment on site. They are responsible for
preventing accidents and injuries. Our data indicate that site manager often work when they are
ill, and they often have to take “shortcuts” to keep up with their workload. This raises concerns
regarding safety issues on site, which would need to be further investigated. Furthermore, the
industry is in need of recruiting new competent construction workers. In our data the ideal site
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manager is portrayed as a person who devotes his or her life to work and often neglects family
and private life. This raises questions regarding the ability to attract a younger generation of
workers more keen in upholding a balance between work and private life.

6. Conclusion

Using a practice lens, this paper has examined the work situations and possible related well-
being implications of site managers in the construction industry. Site managers talked freely
about their day-to-day activities, tasks and responsibilities, their interactions and interpersonal
relationships with their subordinates, superiors and suppliers, and the difficulties they perceived
in balancing work, family and personal life. All their accounts describe an all encompassing
work context and managerial duties that put considerable mental and physical strain on them.
Yet, these same accounts articulated a strong commitment to their work and sense of
responsibility for all the workers on site. Their criticism concerning their excessive workload
was mainly directed toward the organisational level and the increasing demands and control
from the top down. The data indicated that the site-managers work conditions has and does lead
to negative implications on their health and well-being, which in the long-run may prove costly
for the organisation. The question which needs to be asked is how much of the strain is the
result of organisational demands and how much is due to the demands the individuals put on
themselves.

Inspired by the framework of workaholic types, we found representations of all the types
described in the framework: both enthusiastic workaholics and non-enthusiastic workaholics
(after Bonebright et al, 2000), and real workaholism, enthusiastic workaholics, work enthusiasts,
relaxed workers, unengaged workers and disenchanted workers (after Spence and Robbins,
1992). An important finding is that linkages to negative well-being could be found in most of
the site managers’ accounts despite their strong feelings of involvement, drive and enjoyment in
their work. High enthusiastic workers tended to experience increased work-life conflict and
decreased time for recreation, which can be seen as negative well-being in terms of social
relationships and health. It should be noted though that their high enjoyment of their work
signalled positive experiences of psychological well-being. The data also indicated that non-
enthusiastic workers are a risk group for ill-health and stress. Especially the group characterized
as disenchanted workers are in a high-risk zone for burnout. Long working hours, lack of
organizational support and presentecism seem to be the reasons for these negative perceptions.
These findings raise warning signals for the unsustainable work situation of site managers in the
construction industry. This situation warrants further research on how an organizational context
may ‘force’ managers to develop workaholic behaviours as a defence and/or rationalisation
mechanism. It would also be very interesting to explore both the site context and individuals
from a social psychological perspective: what is it that makes individuals fall into one or the
other of these categories, and what can be done to prevent and support them? To sum up, what
our data tell us is that ‘muddling through’ seems to be a lot more complex than the concept may
lead us to expect.
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Abstract

Knowledge management has received some attention in the water sector during the last few
years. However, its importance is still underestimated and the interpretations of knowledge
management are versatile. Because knowledge management and especially tacit knowledge is a
critical success factor for both water utilities as organizations and their personnel, this
longitudinal research focused on the changes between 2004 and 2013 in a case water works.
The objective was to find out what information needs and acquisition channels the personnel
used, what was considered knowledge and tacit knowledge and how knowledge was shared.

This research was carried out by a qualitative method and a semi-structured questionnaire was
used in the interviews. The research was conducted at Pori Water, which is a medium-size
water works in Finland. The company’s area of operation was expanded and the number of
citizens served was increased by 10 per cent between 2004 and 2013. At the same time the size
of personnel was decreased by 26 per cent.

Information needs and usage in the utility were versatile and depended on the tasks performed
by the employees. The results of this research showed that the personnel used personal files,
document collections, the Internet and the intranet more often in 2013 than in 2004. The shift
from printed material to electronic material has increased over the years and that had happened
in Pori Water, too. Surprisingly, discussion with closest co-workers and other personnel had
decreased. Social media did not play any role in the case water utility.

Interpretations of knowledge management had changed from informing people to personal,
individual property. The personnel were proud of the knowledge they had of water treatment
processes. Several reasons were found why knowledge sharing was considered difficult. The
most important difficulties mentioned included lack of time, competing priorities, a gap
between older and younger generations and unwillingness to share. Knowledge management
requires long-term planning and actions, which should be integrated in the strategy of Pori
Water. Attention should also be paid to master-apprenticeship relationships, mentoring
programmes, knowledge transfer processes and critical knowledge documentation practices.

Keywords: Knowledge Retention, Tacit Knowledge, Water Works, Longitudinal Research,
2004 - 2013
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1. Introduction

Knowledge and information management have been discussed and debated world-wide since
the beginning of the 1990’s. Knowledge management has been studied especially in information
and communication technology (ICT), information management, behavioural sciences, and
business studies. The ICT sector has mainly used ICT in managing data and information.
Information management has concentrated on individuals’ and organisations’ information
needs, sources and use. Companies’ key interest is in knowledge management, organisational
learning, and information and knowledge flows. The role of tacit knowledge in personal and
organisational development is significant. Several studies have shown that up to 80-90 per cent
of decision making is not based on explicit knowledge.

The shared opinion is that in today’s global and turbulent world both explicit and tacit
knowledge form a key strategic asset for any company or organisation. The concept of
knowledge management includes several other concepts, for example data, information,
knowledge, wisdom, explicit knowledge, implicit knowledge, tacit knowledge, knowledge
creation, knowledge sharing, intellectual capital, human capital, social capital. These concepts
are understood differently depending on the context.

This longitudinal research focused on the changes between the years 2004 and 2013 in a case
water works. The objective was to find out how the following themes have changed between
these two focus points: the meaning of knowledge management in a water utility, the concept of
tacit knowledge, sharing of tacit knowledge and the difficulties related to sharing tacit
knowledge. In addition, the study focused on water utility personnel's information needs and
knowledge acquisition channels.

2. Knowledge management and knowledge retention

2.1 Turbulent knowledge environment

In today’s global and turbulent world both explicit and tacit knowledge comprise strategic assets
for organisations which have to cope with a complex and turbulent knowledge environment.
Turbulence is mainly due to the fast growing amount of knowledge and its fragmented and
global nature. A complex knowledge environment creates both opportunities and threats. For
example products may be developed to be more intelligent, services may include knowledge
components, and Internet of Things will connect several systems, thus creating opportunities for
new markets. One of the threats is that the lifetime of strategic knowledge will be short, and
creating new knowledge may open doors for competitors. (Probst et.al. 2000).

In the future, turbulence at water utilities will be similar to turbulence in any other organisation.

There are several things which pose challenges to water utilities, for example technological
developments both in processes and analysing equipment, new legislative decrees and acts,
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more stringent environmental permits, demanding customers, economic constraints,
digitalisation and ageing personnel. It is especially important in any water utility not to lose the
personnel’s expertise and knowledge.

2.2 Critical knowledge at water utilities

Critical knowledge will disappear, if not captured for example in case of retirement. Post and
Breen (2005) used the expressions “inherent expertise” and “work legacy” when they
emphasized the experience and hands on know-how of processes, equipment, and systems
possessed by the leaving employees. This knowledge is undocumented yet crucial to the water
utility and therefore it should be captured. According to Post and Breen (2005) the widest
knowledge gap occurs in engineering, skilled crafts and trades as well as in technical expertise.
Knowledge gaps can be severe, when water systems become more complex and technology
becomes more advanced.

O’Berry (2007) emphasizes the fact that the livelihood of the utility depends on critical
knowledge. Therefore, it is extremely important for them to know who has knowledge and what
kind of knowledge they have. Blankenship and Brueck (2008) stated that critical knowledge
cannot be written down, neither can it be learned by reading someone’s notes.

According to Frigo (2006) critical knowledge at water utilities can be divided into three types of
knowledge, i.e. technical, social, and structural knowledge. Individual capabilities and skills
are technical knowledge, while relationships and working cultures are social knowledge.
Structural knowledge is embedded in the organization, its systems, processes, policies, and
procedures. Explicit and rule-based knowledge is typical of structural knowledge.

2.3 Tacit knowledge

Tacit knowledge is the most valuable asset an organisation possesses. Sustainable competitive
advantages can only be developed by capturing and transferring tacit knowledge. Tacit
knowledge is internalised in organisations and their people and processes, and is thus not readily
or easily available and transferable throughout the whole organisation. There are several
definitions for tacit knowledge which share the same elements. The existence of tacit knowledge
has been known for a long time, but it has gained increasing attention since the beginning of the
1990’s and is now also considered in organisational strategies.

2.4 Difficulties in sharing knowledge and information

There are several possible reasons why knowledge is not necessarily shared in organisations.
They can be organisational or individual. Difficulties in sharing knowledge can occur, for
example, in relation to the following aspects: hierarchical barriers, functional barriers,
organisational strategies and policies, perception (personal knowledge), language, individual’s
talents and social behaviour, time, value, distance, attitude, willingness to share, organisational
culture, power, resistance to change, atmosphere of trust, management and leadership, different
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generations, work norms, lack of training, lack of up-to-date information and communication
infrastructures, vocational practices (compensation, recognition, ability utilisation, creativity,
good work environment, autonomy, job security, moral values, advancement, variety,
achievement, independence, social status), and knowledge drain when workers leave the
company (Awad & Ghaziri 2004; Boiral 2002; CEN 2004; Devlin 1999; IRC 2004; Haldin-
Herrgard 2000; Probst et.al.2000; Wilson 2009).

2.5 Knowledge retention

Knowledge retention is an important issue at any organisation. Blankenship and Brueck (2008)
divided difficulties in retaining knowledge in technology-based, interaction-based, and learning
culture-based categories. Difficulties in knowledge retention vary between these three
approaches. Technology-based methods deliver information and facts, which are easy to capture
and write down. It stands at the lowest level of a knowledge value chain. Blankenship and
Brueck (2008) included also document systems and document repository forms of knowledge
retention in this approach. Processes and practices are part of the interaction-based category,
which includes the core competencies in a water works and which can be difficult to capture. A
milestones reviews project is an example of processes and practices. However, the most difficult
approach is the learning culture-based approach, which comprises knowledge in complex
systems and best practices. Tacit knowledge incorporated in learning culture-based approach
has the highest value in the value chain of knowledge. It gives answers to “know-how” and
“know-who”.

Tacit knowledge can be transferred by mentoring. Especially technical and operational
knowledge, organizational culture, and leadership knowledge can be transferred effectively
during a mentoring process. The best practices can be transferred in facilitated organizational
learning and training sessions. Special apprenticeship training programmes have been used in
integrating new personnel in water utilities. (Blankenship and Brueck 2008)

An easy way to keep critical knowledge within the utility is to make generations work together.
Other knowledge sharing tools include training, mentoring, coaching, career development, and
shadowing, where a younger employee follows how a senior employee works. Hurley et.al.
(2007) emphasized open organisational culture, effective communication, and support from all
employee levels in knowledge transfer. Post and Breen (2005) stressed not only the skills and
knowledge but also enthusiasm and loyalty features transferred during mentoring.

Knowledge losses may occur in another case than retirement, too. Blankenship and Brueck
(2008) anticipated that younger generations will have shorter tenures, because they seek other
job opportunities. Their knowledge should therefore also be captured. Therefore, commitment
and support by the top management is a basic requirement for knowledge retention. Water
utilities need to develop workforce planning schemes, hiring practices, personnel level
compensation, rewarding, recognition, and promotion actions that support knowledge retention.
Development of workforce strategy should be one of the priorities in the utility.
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Frigo (2006) has described the need for integrated knowledge retention strategies at water
utilities. According to him the key focus of the top management should be placed on the
strategies, which link together human resources processes and practices, information technology
solutions and knowledge transfer practices and recovery initiatives. A knowledge retaining
strategy and its implementation should be an ongoing activity in the utility.

3. Research approach

This research was conducted in a medium-size water works on the south-western coast of
Finland. In 2004 Pori Water supplied water to about 76 100 inhabitants and treated their waste
water and the waste water of several companies. The area of operation was larger in 2013 than it
was in 2004, because of new municipalities and cooperatives connected to the water mains and
sewers. In 2013 Pori Water supplied water to about 83 500 inhabitants, which was about 10 per
cent higher than in 2004. However, between 2004 and 2013 the number of personnel decreased
from 94 to 70.

The approach of this research is qualitative. The literature review deals with knowledge
management, the role of tacit knowledge in water utilities and knowledge retention. A
longitudinal case method was used in this research, because it provides information of in-depth
events or individuals in one organization over time. In addition, data were collected by an
inquiry. The questionnaire used in the research focused on the following areas: how the
interviewees interpreted knowledge management and tacit knowledge and how they described
knowledge sharing and knowledge retention at the utility.

The first empirical part of the research was carried out at Pori Water, where 61 employees were
interviewed in June—October 2004. Individual interviews were conducted with all personnel
groups. Altogether 66 per cent of the employees were interviewed. The second empirical part
was carried out at the same water works where 33 employees were interviewed, representing 48
per cent of the whole personnel in September-October 2013. The interview process was the
same in both empirical parts, and the same type of semi-structured questionnaire was used in the
interviews. A question on social media was added to the questionnaire in 2013. The interviews
were analysed by combining qualitative and statistical methods. The Microsoft Excel package
was used to transcribe the interviews.

4. Results of the research

4.1 Information needs and acquisition channels

The personnel needed different kinds of information in their daily work. Some of it was related
to decisions in Pori Water and its services, personnel policy and development. Some was related
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to terms and conditions of employment and terms of purchase. Legislation was also very

important: the water works must obey laws and regulations in delivering good quality water to

its customers and treating wastewaters and discharging them into water bodies. Information

needs depended on the tasks the employees were performing. Table 1 summarizes the changes

in the use of information channels among all interviewed staff members at Pori Water from

2004 to 2013. The table shows only non-users, daily users and weekly users (once a week or a

couple of times a week). All other users (once or twice a month or a couple of times in a year)

were left out. Thus the total percentage does not add to 100 per cent.

Table 1. Change in the use of information channels at Pori Water. Only daily

users, weekly users and non-users are reviewed. Thus the total percentage in

different information channels does not add to 100 per cent.

Information Daily | Daily | Trend | Weekly | Weekly | Trend | Non- | Non- | Trend
channels in 2004 users users users users users | users
and in 2013 %, %, %, 2004 | %, 2013 %, %,

2004 | 2013 2004 | 2013
Personal 23 39 1 23 18 ! 23 15 l
files/collections
Library/document 0 6 1 3 15 1 84 70 !
collection of Pori
Water
Local libraries 2 0 ! 0 0 - 84 94 i
Discussions with 84 82 1 98 9] ! 2 6 1
closest co-workers
Discussions with 15 15 — 20 15 ! 11 18 1
other staff members
in Pori Water
Discussions with 0 0 - 3 0 ! 48 39 l
personnel of other
water works
Discussions with 5 0 ! 18 30 1 34 27 l
other experts
outside Pori Water
Technical journals 0 0 - 3 0 l 61 79 i
Professional books 3 0 1 3 6 0 59 70 1
Pori Water internal | 7 3 1 8 12 1 20 52 )
reports
External reports 0 0 - 3 6 ) 55 61 1
(outside Pori Water)
Conference and 2 0 l 0 3 1 59 61 1

seminar papers
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Equipment manuals | 7 9 1 5 18 1 20 39 i
and brochures

Pori Water 2 9 1 8 15 1 25 36 1
notices/bulletins

Intranet of City of 12 21 1 28 18 l 52 27 l
Pori

Internet 26 52 1 16 15 l 41 27 l
Standards 5 3 l 5 3 ! 66 82 i
Patents 0 6 1 0 0 - 95 91 |
Electronic 15 27 1 7 12 1 64 55 l
databases

Chat channels, 0 0 - 0 3 1 98 88 l

discussion forums

Others 10 15 1 3 0 l 60 70 1

The use of personal files, document collections, the Internet and the intranet has increased over
the years, while the role of discussion with closest co-workers and other personnel has
decreased. Contacts with other water works and attendance in seminars were not considered at
all important. All kinds of equipment manuals and brochures especially in electronic form were
the most important information sources in 2013. The personnel relied on outside experts more
often in 2013 than in 2004.

The concept of social media was included in the interviews in 2013. Twenty- one per cent of the
interviewees could not give any definition of social media. More than half of the interviewees
(55 per cent) referred to Facebook and Twitter communities as social media. Twelve per cent
considered general information forums as social media and six per cent thought that newspapers
and broadcast news are part of social media. The remaining six per cent referred to it as
unnecessary activity.

4.2 Interpretations of knowledge management

In 2004 very few interviewees knew what knowledge management really meant. Altogether 38
per cent of the interviewed employees said that knowledge management means informing the
personnel. In 2013 fifteen per cent connected knowledge management to computers and data
management systems; 73 per cent said knowledge management is a personal issue and 12 per
cent could not give any definition at all. The percentage of answers referring to individual
property increased considerably from 2004 to 2013.
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The responses concerning knowledge management were grouped as follows: individual
property, organisational property, system information, and miscellaneous. Almost all of the
interviewees indicated that knowledge management is controlled individually. The knowledge
part was equated with information. They utilise their own knowledge in their work and are
always eager and ready to learn more. The type of information was emphasised. They valued in
particular information related to practical tasks.

The management part was associated with personal filing systems — either mental or document
filing systems. Most of the interviewees referred to their own memory as the store of
information from which they find the needed pieces of information. Many also said that
knowledge management is related to their own work. In other words, how well they can perform
the given tasks and whether they are sure they are doing the right things. In their opinion, it is
also knowledge management, if they can manage their knowledge and use it in the right way.
They emphasised that water treatment processes are so complicated that one should understand
what is really happening in the process, not just turn the button routinely.

4.3 Interpretations of tacit knowledge

In 2004 tacit knowledge was rather unknown to most of the employees at Pori Water. Some 47
per cent of the interviewees had either never heard the word or could not define it. Twenty-three
per cent said that tacit means that you keep quiet and say nothing even if you know something.
The remaining 30 per cent could explain the word tacit knowledge. When the question was
formulated in a different way, all interviewees understood it to mean the knowledge and skills
gained over many years at work. Some employees told spontaneously about situations or
instances that included a tacit component.

In 2013 as many as 82 per cent knew the concept of tacit without any reformulation, three per
cent did not know the concept and 15 per cent thought it means keeping quiet. The concept of
tacit knowledge has been discussed in different media, both written and broadcast, during the
past 10 years. It has often been linked to the retirement boom with the conclusion that tacit
knowledge walks out of the office with retirement. In conclusion, as a result of the public
discussion on tacit knowledge the personnel at Pori Water have often heard the word “tacit
knowledge” since the year 2004.

Tacit knowledge takes many forms. Based on the interviews in 2004, tacit knowledge could be
associated with the following: work experience, craftsmanship, co-workers, something in your
head, something not told anyone and miscellaneous. The interviews in 2013 highlighted two
new aspects, namely “something not heard” and “hidden”.

Tacit knowledge was associated to the following:

- noises that pumps make: an experienced employee could tell from the noise whether a
pump is working properly or the problem with it
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- noises from structures: an experienced employee could tell from the noise, if there is a
problem or the kind of a possible problem

- smell of the waste water process: a certain type of smell indicates process failure

- colour and structure of activated sludge indicates how the process works

- colour of the foam indicates pH value

- valves and their location in buildings: several valves have special features known only
to those working in the area

- network information; all data is not available in maps, so information should be drawn
from employees or through site observation.

Tacit knowledge based on work experience is knowledge workers have gathered over several
years when doing the same tasks. Workers know on the basis of previous tasks and from their
long working experience, how they should handle the tasks they are facing. Experiences, trials
and errors have developed into tacit knowledge. It is personal and shared only if someone asks
for it. The value of work-based tacit knowledge was considered high and was somehow
considered much better than other knowledge. Workers work instinctively to some extent, and
as one of them said, they could do the work with their eyes closed. Their work involved some
routine phases and the procedures have been developed over the years.

4.4 Sharing of tacit knowledge

Tacit knowledge was mainly shared during daily tasks. The personnel highly valued the
professional skills and knowledge of the employee who had a long working history at Pori
Water. Tacit knowledge sharing happened at the actual work site where problems arose. The
work procedures were demonstrated step by step, if necessary. There was no way of learning the
tasks and tricks from books or in the office. The closest co-workers were the key persons whose
help was asked.

Knowledge, in particular, tacit knowledge was shared automatically during normal work. As
one of the employees said, it is a question of transferring a tradition. There seemed to be an
established practice of performing tasks and documenting them in a fixed format.

The role of a more experienced co-worker was emphasised both in 2004 and in 2013.
Knowledge sharing took place between newcomers and those with long work experience.
Sharing was also common between co-workers. Some of them had been working with the same
team, person or persons for more than ten years. However, the research showed that there are
some difficulties in knowledge sharing practices. They are summarised below:

- high retirement rate, distorted age structure, mean age close to 50 years
- new personnel not employed, no one to share knowledge with

- no master-apprentice system

- management and organisational structure does not favour sharing
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- exceptional cases or problems — for example manual operation of processes or special
situations with processes seldom occur and they are always case sensitive, in other
words exact knowledge cannot be documented

- lack of time due to work burden

- network maps partly out of date, older employees have knowledge which is not
documented or shared

- negative attitude towards sharing, unwillingness to share, employees prefer to keep
knowledge as their private property

- internal information flow incomplete, supervisors do not get information, for example
of problems occurring with the equipment

- gap between older and younger generation — they do not speak the same language

- personal characteristics and inactivity, people do not seeck knowledge actively.

Both in 2004 and in 2013 many of the interviewees tackled the question of a generation gap
between younger and older employees, where the older do not necessarily understand the
younger and vice versa. The inability of older employees to absorb new knowledge quickly
enough may irritate the younger employees, while the know-it-all attitude of the young irritates
the old. Teams were also so inflexible in their working procedures that instead of integrating
younger members into teams, they tended to direct younger employees to other tasks. Some of
this behaviour was explained by older employees as reluctance to guide the younger ones. On
the other hand, younger people should be able to discuss and treat older workers in a certain
way. They have to know “how to fish for knowledge” from them. Also, decision makers should
start to pay more attention to ageing and its implications.

4.5 Knowledge retention

On the one hand, the personnel were fully aware of the importance of undocumented data,
information, and knowledge. On the other hand, they were not certain about which information
and knowledge are valuable enough to be documented.

Tacit knowledge was both shared and concealed. Some said that they actively shared any
information and knowledge they had. Others emphasised that sharing depends partly on the
receiver: the receiving person had to be active him or herself and be brave enough to ask. Some
were not willing to share knowledge at all.

Difficulties in sharing tacit knowledge were revealed by the interviews indirectly. Personnel,
from top to bottom, were concerned about the ageing of the personnel and knowledge
disappearing with them the day they retire or otherwise leave the utility. Few new employment
contracts were made and this was one of the main reasons why tacit knowledge sharing was
insufficient: there is no one to transfer knowledge to.

The knowledge retiring employees had, was revered. Mentoring and master-apprentice systems
could be a good means to share knowledge between a newcomer and the personnel retiring
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soon. The young and old working side by side has been applied at Pori Water, but the time
allocated for simultaneous working was too short according to the interviewees.

5. Discussion and conclusions

Information needs and usage in the utility were versatile and depended on the tasks performed
by the employees. This research showed that the personnel used personal files, document
collections, the Internet and the intranet more often in 2013 than in 2004. The shift from printed
material to electronic material has increased over the years and this development was also
evident in Pori Water. At the same time discussion with closest co-workers and other personnel
had decreased. Social media did not play any role in the case water utility.

Interpretations of knowledge management had changed from informing people to understanding
knowledge management as personal, individual property. The personnel were proud of the
knowledge they owned of water treatment processes. This knowledge is considered technical
knowledge, which is critical to the livelihood of the utility. In this sense the research
corresponded well to other research findings.

In 2004 tacit knowledge was an unknown concept while in 2013 the concept was quite clear to
most of the personnel. Tacit knowledge was highly valued and it was associated with the skills
and knowledge gathered over the years working at the same water works. Tacit knowledge was
shared in normal daily work and especially during malfunctions. Unfortunately, part of the
personnel still thought that tacit knowledge means that they should not tell anyone what they
know. The personnel also worried about the retirement boom and loss of knowledge. The
situation with ageing water utility personnel is similar all over the world. Water utilities do not
attract younger people, and the retiring people’s valuable know-how disappears if water utilities
do not properly address this problem.

The research showed that there were several reasons why it was difficult to share knowledge,
especially tacit knowledge. The difficulties included for example lack of time and competing
priorities. People also mentioned the gap between older and younger generations, managerial
and organisational barriers as well as problems in gaining information and unwillingness to
share knowledge. These results are in line with other research findings.

Knowledge management requires long-term planning and actions and they should be integrated
in the strategy of Pori Water. They should also pay attention to master-apprenticeship
relationships, mentoring programmes, knowledge transfer processes and critical knowledge
documentation practices.
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Abstract

The aim of this research is to observe the barriers in communication between the construction
project organisation and facility user organisation. Along the project the user organisation and
the construction project organisation have many occasions where they communicate about the
future premises but their perspectives are quite different: the user organisation’s main concern is
how the premises can be used whereas the construction project organisation’s main concern is
how the premises can be built. Moreover, both organisations deal with the concerns with their
own professional jargons. The research question is how the communication and terminology
should be established in order to co-create a mutual goal for the project?

The method of the research is case study. The case is a learning space retrofit project in the
Musica building that is located in the university campus in Jyvéskyld, Finland. The new
learning space was co-created through user-centered design workshops. The case is studied by
using content analysis to various documents. Documents include materials produced during
design workshops (drawings, summaries of discussions, expert-evaluations, and concept
designs), memos from official meetings and the user-satisfaction survey comprising statements
and open-ended questions regarding the new space and its potential.

Results are indicating that the construction project organisation struggles to understand which
features of the project are necessary from the user organisation’s point of view. In addition,
there are indications that the success of the project is understood very differently between these
organisations.

Keywords: retrofit, user-centered approach, co-creation, construction project management,
customer satisfaction
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1. Introduction

The focus of the builders and the users of the buildings can be very different from each other.
So can be the language they use. The communication problems have been identified as a major
element in problematic cases (Thomas et al 1998) and consequently, there are studies of
communication tools (e.g. Nitithamyong and Skibniewski 2004). However, the perspective of
the language used in everyday communication of building projects has not reached such interest.
There are some studies about how cultural differences including language problems may make
project management more difficult (Ochienga and Priceb 2010), but the language barrier may
exist even if the stakeholders have a common cultural background. The purpose of this research
is to provide additional understanding about communication problems by studying the
differences of the language and jargon that is used by the construction professionals and the
users of the building.

The building project team consists of stakeholder with different roles. There are at least the roles
of designers, implementers (builders), property owners and users (tenants) (Savolainen et al
2015). In addition, there are the roles of project management and design coordinator, who
orchestrates all the other roles. As the value chain goes the tenant organisation pay rent to the
property owner who does the investment and pays to the designers and implementers. It is
understandable that each stakeholder develops their competence and communication in relation
to their purpose of existence i.e. in stem with the value chain.

The roles can be divided into two categories according to the purpose of existence: the users and
the others. The purpose of all the others is to ensure that there will be premises to use whereas
the users’ purpose of existence in most cases has nothing to do with the existence of the
premises. Premises are simply one tool among others and the user could implement its purpose
in any other premises as well. Thus, the competence and jargon of the users have a little to do
with the competence and jargon of all the others. The purpose of the existence also determines
the focus of each stakeholder: The users focus on how the premises may be used whereas all the
other roles focus on how the premises may be built up.

The data of this study consists of the documents from co-creation workshops that were used for
concept designing, the meeting memos of the technical designing and construction phases and
the satisfaction survey that was implemented after the occupation of the premises. In the
concept design phase, the user role was well represented and the documents are written in users’
language. In the technical design phase, the user was still represented, but the focus in the
documents was shifted into the accomplishment of the project. In the construction phase
meetings, the user role was absent. The user role was re-established immediately after the
contract handover when the user group took over the premises and the occupation begun.

The satisfaction survey was implemented twice in the first half year of occupation. The survey
was designed so that on the one side there were questions that evaluated the premises’ fitness
for the activities it was designed for, and on the other side, there were questions to assess the
success of the design and implementation. That way it was possible to observe differences in
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satisfaction expressions between the evaluation based on activities (users’ language) and th