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1st Doctoral School Multidisciplinary Symposium
WEDNESDAY JUNE 19 2019
John Anderson Building, Level 3

08.45-9.15

Symposium Registration Plenary Session 1 JA325

9.15-10.00 Plenary Session: The importance and value of researchers embracing
multi/interdisciplinary research
Elisa Morgera is Professor of Global Environmental Law at the University of Strathclyde Law
School and Director of the UKRI GCRF One Ocean Hub, a 5-year global interdisciplinary
research collaboration on integrated and inclusive ocean governance connecting over 50
research institutions and partners in the UK, Africa, South Pacific and the Caribbean.

10.00-10.20 Morning Break
10.20-11.40 Parallel Sessions A – C
11.40-12.45 Lunch and Poster Sessions
12.45-13.30 Three Minute Thesis Final
13.30-14.50 Parallel Sessions D – F
14.50-15.10 Afternoon Break
15.10-16.30 Parallel Sessions G – H
16.30-17.00 3MT Winner Announcement and Closing
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WELCOME
A warm welcome to 1st Doctoral School Multidisciplinary Symposium!
The aim of this symposium is to gather as many PhD students from
around the university into one place in to increase
multi/interdisciplinary discussions. We hope that you will be able to
attend a variety of oral and poster presentations, that may take you far
beyond your specific research areas but should all be set at a level
understandable to a general audience.
What is the Doctorial Researchers Group?
The Doctorial Researchers Group, or DRG, is set up to provide a direct line of engagement
and communication between Strathclyde’s postgraduate researchers and the University
management committees. The aim of the group is to ensure sure that the needs of our
researchers are heard and catered for.
The group focuses on:







promoting cross-faculty events and training for postgraduate researchers
interdisciplinary engagement
communicating the interests, successes and constraints of postgraduate researcher
life
establishing peer to peer support frameworks
sharing good practice
informing institutional policy development

Doctoral Researchers' Group members come from all faculties and have a variety of
backgrounds, expertise, and interests. We are always looking for new, enthusiastic and
committed volunteers from across university so contact doctoralresearchersgroup@strath.ac.uk if you are keen to get involved!

Join the conversation on Twitter @DRGStrath and use the hashtag #DSMS19
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10.20-11.40 Parallel Session A – Health and Wellbeing
Room: JA325
Session Chair: Nicola Irvine
A1 - Optimisation of a cell-based model for the characterisation of novel drug-free stent
coatings
Daniel Longhorn, Department of Biomedical Engineering, Faculty of Engineering
Christopher McCormick, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of
Science
Susan Currie, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of Science
A2 - Biodegradable polymer drug delivery technology to prevent implanted medical
device infection
Justine Fraser, Department of Biomedical Engineering, Faculty of Engineering
Dr Christopher McCormick, Department of Biomedical Engineering, Faculty of Engineering
Dr Michelle Maclean, Departments of Electronic & Electrical Engineering and Biomedical
Engineering, Faculty of Engineering
A3 - An investigation into the effect that manipulating intrinsic motivation and
attentional control during a Graded Repetitive Arm Supplementary Program (GRASP)
has on the motor performance of stroke survivors
Luke Meneilly, School of Psychological Sciences and Health, Faculty of Humanities and Social
Sciences
Professor Madeleine Grealy, School of Psychological Sciences and Health, Faculty of
Humanities and Social Sciences
Dr William McGeown, School of Psychological Sciences and Health, Faculty of Humanities
and Social Sciences
A4 - Preventing frail and elderly hospital admissions – characteristics of patients
receiving admission avoidance home visits and difficulties in retrospective evaluation
Maria Cristina Martin, Computer and Information Sciences, Faculty of Science
Dr Matt-Mouley Bouamrane, Usher Institute of Population Health Sciences and Informatics,
University of Edinburgh
Dr Paul Woolman, Information Services, NHS Forth Valley, Falkirk
Dr Kimberley Kavanagh, Mathematics and Statistics, Faculty of Science
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A1 - Optimisation of a cell-based model for the characterisation of novel drug-free stent
coatings
Daniel Longhorn, Department of Biomedical Engineering, Faculty of Engineering
Christopher McCormick, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of
Science
Susan Currie, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of Science
Current pharmacological approaches aimed at improving stent designs are limited by their
inability to reduce endothelial damage following stent placement and improve healing. Here,
we consider in vitro approaches that could be used to assess the effects of novel anti-oxidant
stent coatings on damaged endothelial cells following stent placement. Oxidative stress is a
physiological response to inflammation and can result in activation of intracellular signalling
molecule, leading to pathological effects. One such molecule is calcium/calmodulin dependent
protein kinase CaMKIIδ Hyper-activation of CaMKII is known to be directly linked to disease
progression in the heart and it has been implicated in endothelial dysfunction. It is therefore
of interest to examine how novel drug-free stent coatings might reduce or reverse oxidative
damage following stent placement and whether CaMKII may be a potential target. Our initial
experiments have used human umbilical vein endothelial cells (HUVECs), challenged with
inflammatory and oxidative stress as a model for future investigations with novel stent
coatings.
Novel stent-coatings were generated on 200 µm stainless steel wires (316L medical grade),
and their antioxidant activity assessed at 8h and 24h using a DPPH (2,2-diphenyl-1picrylhydrazyl) colorimetric assay and expressed as a percentage of scavenged to total
radicals. Antioxidant activity was observed from the novel coatings, with 45 ±1.8% and 87
±3.2% of radicals scavenged at 8 and 24 h respectively (one way ANOVA, n=3, p<0.05).
Antioxidant activity was sustained over 5 days. HUVECs were cultured onto coated stainless
steel strips and imaged using immunofluorescence to assess their attachment and viability.
To model pro-inflammatory and pro-oxidative stress conditions, HUVECs were treated with IL1β which is known to be elevated in both conditions. ROS generation in HUVECs in response
to IL-1β (3-10ng/ml; 1-6h) stimulation was assessed using a DCFDA (2’,7’–dichlorofluorescin
diacetate)-based assay kit (Abcam, UK). IL-1β stimulated ROS production in a time and dose
dependant manner with optimal effects at 3 ng/ml after 6 hours (3.3 ±0.73-fold increase
between stimulated and unstimulated cells, one way ANOVA, n=3, p<0.05). Parallel
assessment using quantitative immunoblotting of CaMKIIδ in HUVECs showed the enzyme
was expressed and that activation (via phosphorylation or oxidation) can be detected.
Increased phosphorylation of P65 in response to IL-1β (10ng/ml; 15 min-6h) stimulation was
also detected, indicating increased pro-inflammatory signalling.
In conclusion, we have established an effective cell-based model for mimicking the oxidative
stress that can occur following stent placement and identified CaMKIIδ as a target protein.
This approach will be applied to other more physiologically relevant cell types and may be
used to examine the desired therapeutic effects of novel stent coatings in vitro.

Keywords: Oxidative Stress, Antioxidant Stent Coating, Endothelium

6 | #DSMS19

A2 - Biodegradable polymer drug delivery technology to prevent implanted medical
device infection
Justine Fraser, Department of Biomedical Engineering, Faculty of Engineering
Dr Christopher McCormick, Department of Biomedical Engineering, Faculty of Engineering
Dr Michelle Maclean, Departments of Electronic & Electrical Engineering and Biomedical
Engineering, Faculty of Engineering
Purpose – Infection of in-dwelling medical devices, predominantly caused by Staphylococcus
species, can be particularly problematic when pathogenesis involves formation of a biofilm1.
Consequences of an infection can be severe, often requiring device removal due to the
difficulties in delivering a dose of antimicrobial to the infection site which is high enough to
eradicate a biofilm. Therefore there is focus on the development of methods for prevention of
device-related infections; biodegradable polymer drug-delivery technology is one such
possible method. Extended release of an antimicrobial could potentially provide a period of
protection subsequent to device implantation, minimising infection risk.
Methodology/approach – Biodegradable polymer PLGA (Poly(D,L-lactic-co-glycolic acid
(65:35)) was formulated with the broad spectrum antibiotic rifampicin, at ratios 50:50 and 60:40
PLGA:rifampicin. To examine the in vitro drug release, the formulations were coated on glass
coverslips and stored in PBS (37°C; 120rpm) which was periodically removed and replaced,
with removed media analysed by UV spectrophotometry. To analyse biofilm formation, the
formulations were coated on implantable polyester material and placed in PBS (37°C;
120rpm). Segments were periodically removed and incubated in 105 cfu/ml Staphylococcus
aureus suspensions for 24h to allow biofilm formation. Biofilms were recovered (agitation,
sonication) and enumerated.
Findings – Over a period of 4 weeks both formulations steadily released the majority of their
drug load (>95%). It was also observed that increasing the ratio of PLGA to rifampicin resulted
in a significantly different release rate during the examined time. Both formulations
successfully inhibited in vitro S .aureus biofilm formation on the implantable polyester material
when compared to PLGA alone, showing a 5 log reduction (99.999%) in bacterial count
(cfu/ml) after 4 weeks spent in release media. This demonstrates that rifampicin can be
released from PLGA in a controlled manner, and that release is highly tunable by manipulation
of polymer to rifampicin ratio. It is also indicated that antimicrobial activity is retained to a high
degree throughout the release period, as shown by the ongoing resistance to biofilm formation.
Research limitations/implications – The implications of these results are that PLGA
coatings show potential for application in medical devices to provide prolonged resistance to
infection. The foremost limitation of this study is that it is in vitro; further research would be
required to confirm the release rate and antimicrobial efficacy in vivo.
Originality/value – The value of this research is that it provides a potential method for
preventing infection of implanted medical devices using FDA and EHA approved biomaterials.
Rifampicin is already utilized in some implantable medical devices; however release from a
biodegradable polymer coating has not been previously examined.
Key words Drug-delivery, biomaterials, infection, medical devices
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References – Weinstein, R.A, Darouiche, R.O. (2001). Device-Associated Infections: A
Macroproblem that starts with Microadherence. Clinical Infectious Diseases, 33(9), 1567-1572
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A3 - An investigation into the effect that manipulating intrinsic motivation and
attentional control during a Graded Repetitive Arm Supplementary Program (GRASP)
has on the motor performance of stroke survivors
Luke Meneilly, School of Psychological Sciences and Health, Faculty of Humanities and Social
Sciences
Professor Madeleine Grealy, School of Psychological Sciences and Health, Faculty of
Humanities and Social Sciences
Dr William McGeown, School of Psychological Sciences and Health, Faculty of Humanities
and Social Sciences
Purpose – A stroke is a serious life-threatening medical condition that occurs when the blood
supply to part of the brain is cut off. Approximately 70% of stroke survivors are left with
movement problems and whilst approximately 60% of regain walking ability, only
approximately 5% regain full arm function. Stroke is a frequent cause of disability amongst the
adult population and ranks as the third most common cause of death in the western world
(Langhorne, Bernhardt & Kwakkel, 2011). The financial burden of stroke continues to increase,
in the UK alone approximately £8 billion is spent by the NHS on treating both the short and
long term effects of stroke (Saka, McGuire & Wolfe, 2009).The arm and hand movement
deficits that stroke survivors experience interfere with their ability to carry out essential,
everyday tasks, reducing independence and quality of life. Rehabilitation of arm function
requires intensive practice over a sustained time period, and whilst rehabilitation programmes
would ideally be conducted by trained therapists this is not feasible within the NHS, and stroke
survivors rely on home-based exercise programmes. As with other movement rehabilitation
programmes GRASP prescribes a number of exercises to be carried out daily, however, it
does not include information on the psychological factors that can be manipulated to improve
the rate of learning and performance (Harris, Eng, Miller & Dawson, 2009). Within sports
psychology there is evidence to suggest that the ‘right frame of mind’ can improve skill learning
and performance, yet this is rarely considered in the context of movement rehabilitation (Wulf
& Lewthwaite, 2016).
Methodology/approach – The aim of the current study is to investigate the effect that
manipulating intrinsic motivation and attentional control during GRASP has on the motor
performance of stroke survivors. GRASP is an 8 week home-based rehabilitation programme
that has been shown to be effective for stroke survivors. Participant’s complete exercises at
home six days per week, on the remaining day participants travel into the laboratory to
complete the exercises and complete movements recorded using motion tracking technology.
Data collection is underway, beginning in February and due to conclude in December.
Preliminary data analysis has displayed improvements for all participants on a variety of
kinematic measures. Additionally, a range of questionnaires are administered before and after
the rehabilitation programme to detect changes in self-efficacy, motivation and quality of life.
Feedback from the twenty participants that have completed the rehabilitation programme has
been overwhelmingly positive.
Originality/value – This study is the first to combine an intensive home-based upper-limb
rehabilitation programme with kinematic data collection to thoroughly assess motor function
changes in stroke survivors.
Key words – Stroke, rehabilitation, kinematics, recovery, upper-limb
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A4 - Preventing frail and elderly hospital admissions – characteristics of patients
receiving admission avoidance home visits and difficulties in retrospective evaluation
Maria Cristina Martin, Computer and Information Sciences, Faculty of Science
Dr Matt-Mouley Bouamrane, Usher Institute of Population Health Sciences and Informatics,
University of Edinburgh
Dr Paul Woolman, Information Services, NHS Forth Valley, Falkirk
Dr Kimberley Kavanagh, Mathematics and Statistics, Faculty of Science
Purpose – An increasing proportion of hospital inpatients are elderly patients. As a result,
there has been an increased emphasis on alternatives for elderly patients, enabling them to
remain at home or in the community [1]. The alternatives include complex interventions with
several interconnecting parts such as hospital at home or admission avoidance home visiting
programmes. Complex interventions can prove challenging to evaluate, with randomisation
often being unfeasible or inappropriate [2]. Routinely collected healthcare data provide an
opportunity for evaluating such healthcare programmes in their real-world settings, however,
carry several limitations. This research makes use of routinely collected retrospective data
on elderly patients receiving an admission avoidance home visiting programme in NHS Forth
Valley (FV) [3], some of which has never been previously used in research. The aim of this
submission is to present the results of a comparison of the characteristics of these elderly
patients [5] and the difficulties and limitations of using real-world data in this setting.
Methodology/approach – Deterministic data linkage was used to compile an analytical
dataset, including the entire elderly population in Forth Valley. This was achieved through
linkage of several local and national datasets containing demographic and hospital activity
data in Structured Query Language (SQL Server Management Studio). Statistical hypothesis
tests were used in comparing demographic variables between group and a temporal
comparison was made to observe hospital activity over time.
Findings – A cohort of 65,189 elderly patients was identified retrospectively for inclusion in
data linkage within NHS Forth Valley’s patient databases, with 2.2% of them receiving the
intervention. It was found that missing data existed for ethnicity, deprivation, living alone and
smoking status variables and that the proportion of missing variables was much lower in the
intervention group, reflecting their increased interaction with the healthcare system. In an
analysis including 61,467 patients (566 of them intervention patients), the intervention group
were found to be significantly different to the general elderly population, in that they are
older, a greater proportion are female, have higher comorbidity scores, higher prescriptions,
a higher proportion are living alone (all p<0.001), and a higher proportion have had a care
home stay (p<0.05). They were also found to have four times higher admission rates at
baseline and had differing patterns of hospital activity in that after a period of increased
admissions, intervention patients experienced a reduction in the subsequent year, which has
been previously observed in elderly patients at high risk of admission [4].
Research limitations/implications – Retrospective analysis is always limited by the fact
that the data may not have been collected for research purposes. Functional outcomes are
not routinely collected in FV, hence this study is also limited by data availability.
Deterministic data linkage is limited in that identifiers are subject to recording errors, hence
links can be missed. Several studies have warranted further research into characterising
elderly patients receiving interventions to reduce admissions [4]. This research identifies
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characteristics that define patients receiving an admission avoidance home visiting
programme and identifies opportunities and limitations of using retrospective routinely
collected data in evaluation of such programmes.
Key words – Elderly Care, Home Care Services; Evaluation Research; Informatics
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10.20-11.40 Parallel Session B – Measurement Science & Enabling
Technologies
Room: JA326
Session Chair: Stephen Ugwuanyi
B1 - Development of brain computer interfacing technologies for Neurorehabilitation
Jetsada Arnin, Department of Biomedical Engineering, Faculty of Engineering
Dr Danial Kahani, Department of Biomedical Engineering, Faculty of Engineering
Dr Heba Lakany, Department of Biomedical Engineering, Faculty of Engineering
Professor Bernard Conway, Department of Biomedical Engineering, Faculty of Engineering
B2 - Optimising road network recovery from major multi-day disruptions
Antonio Pellicer-Pous, Civil and Environmental Engineering, Faculty of Engineering
Dr Neil Ferguson, Civil and Environmental Engineering, Faculty of Engineering
B3 - Assessing coastal concrete infrastructures: A geophysical multi-method approach
Cedric Sachet, Civil and Environmental Engineering, Faculty of Engineering
Dr Philippe Sentenac, Civil and Environmental Engineering, Faculty of Engineering
Donatienne Leparoux, IFSTTAR the French Institute of Science and Technology for Transport,
Development and Networks, France
Yannick Fargier, IFSTTAR the French Institute of Science and Technology for Transport,
Development and Networks, France
B4 - Characteristics and applications of the spontaneous symmetry breaking of light in
ring resonators for application in photonic devices
Lewis Hill, Department of Physics, Faculty of Science
Professor Gian-Luca Oppo, Department of Physics, Faculty of Science
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B1 - Development of brain computer interfacing technologies for neurorehabilitation
Jetsada Arnin, Department of Biomedical Engineering, Faculty of Engineering
Dr Danial Kahani, Department of Biomedical Engineering, Faculty of Engineering
Dr Heba Lakany, Department of Biomedical Engineering, Faculty of Engineering
Professor Bernard Conway, Department of Biomedical Engineering, Faculty of Engineering
Purpose – Brain-Computer Interface (BCI) has been widely introduced in many medical
applications, for example, rehabilitation, prevention, and treatment. One interesting application
is for neuromodulation which is an alternative intervention for severe brain diseases such as
Parkinson's disease, stroke and spinal cord injury [1-2]. The concept of using BCI in
neuromodulation is to detect the onset of normal or abnormal brain oscillation to activate noninvasive treatments, e.g., transcranial magnetic stimulation (TMS). According to processing
brain signal in real time, one essential consideration is computation time; however, general
computing hardware such as CPU is not fast enough for computing advanced signal
processing algorithms [3]. This project focused on developing a real time BCI-driven
neuromodulation system using heterogeneous computing concept based on cross-platform
industrial standard programming called an open computing language (OpenCL) [4] to alleviate
the computational complexity occurred in real time processing.
Methodology/approach – An open-access electroencephalogram (EEG) dataset [5] which
provides practical human brainwaves for multipurpose application was primarily used to
evaluate the effectiveness and performance of the proposed system. Besides, hardware
acceleration, i.e., graphics processing unit (GPU) was applied to accelerate signal processing
tasks by executing in parallel computation which was much faster than conventionally
sequential computation [6]. The system performance is evaluated regarding latency,
sensitivity, and specificity. Discrete wavelet transform (DWT) which is a well-known technique
mostly used in many BCI researches [7] was implemented into the archived dataset for the
feasibility study of performing the proposed signal processing in real time BCI.
Findings – The results suggest the likelihood of employing a sophisticated algorithm to
identify the oscillation with acceptable accuracy at high sampling frequency. Furthermore,
using proposed hardware acceleration for signal processing resulted in a significant difference
in computation time which yielded the average about 10-50 times compared to the traditional
computation [8]. The integrated BCI-TMS system with nearly zero latency was also proposed
in this project.
Research limitations/implications – The proposed system needs to be further optimised for
individual use to achieve the best performance. In conclusion, the system can remarkably
reduce the time of treatment which has a massive impact on the treatment scheme and
procedure.
Originality/value – BCI-driven neuromodulation using heterogeneous computing concept

Key words – Brain-Computer Interface, Electroencephalogram, Neuromodulation, OpenCL,
Heterogeneous Computing
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B2 - Optimising road network recovery from major multi-day disruptions
Antonio Pellicer-Pous, Civil and Environmental Engineering, Faculty of Engineering
Dr Neil Ferguson, Civil and Environmental Engineering, Faculty of Engineering
Purpose – Local and regional economies are highly dependent on the road transport network.
The concurrent closure of multiple road sections following a hazardous event is likely to have
significant negative consequences for those using and relying on the network. In situations
such as these, infrastructure owners and operators must make decisions about how best to
manage and restore the network which protects users, maximises connectivity and minimises
overall disruption. Although Scotland is fortunate not to face the same degree of risk from
natural hazards compared to other countries, its road network is vulnerable to the impacts of
weather-related hazards, many of which are forecast to become more frequent and extreme
as a result of climate change.
Extensive research has been undertaken to understand how to improve the resilience of
degraded transport networks. Whilst network robustness (that is, the ability of a network to
withstand stress) has been considered in numerous studies, the recovery of the network has
captured less attention among researchers. Methodologies developed to date are not directly
suited to the types of hazard faced by the Scottish road network and the modelling of traffic
demand is overly simplistic for dynamic, multi-day situations where there is considerable
interplay between actual and perceived network states and behaviour.
Therefore, the overall purpose of this research is to present a decision-support tool that can
be used by transport authorities and operators to help them make the optimal allocation of
resources to damaged roads and prioritise repairs after major disruptions.
Methodology/approach – The proposed approach integrates a damage-capacity loss
assessment, an infrastructure repair process, a stochastic learning-based traffic assignment
model and an optimization module. The model addresses many limitations of previous existing
recovery models, especially those related to the traffic behaviour modelling, by using recent
methodologies in the area of ‘artificial intelligence’. The model is implemented in MATLAB
package software.
Findings – This model provides a first insight into what a road recovery mode is and it can
potentially be used to help transport authorities and operators in making more optimised
decisions.
Research limitations/implications – This model has some limitations and future work is
required. A more realistic repair procedure needs to be implemented and another module that
assesses the impacts of hazards on road damage could also be added into the current
approach.
Practical implications – This research also provides a study based on the Scottish Trunk
Road network that illustrates the usefulness and applicability of this model to potential real
case scenarios.
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Originality/value – The novelty of this model lies in the combination of an infrastructure repair
module with an improved learning-based traffic module that simulates how users make dayto-day and within-day travel decisions. These decisions can also be altered by providing
drivers with real-time information on each day. The model also offers the possibility to
influence drivers’ decisions by testing different traffic managing strategies.

Key words – Recovery, Resilience, Transport, Disruptions, Optimisation
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B3 - Assessing coastal concrete infrastructures: A geophysical multi-method approach
Cedric Sachet, Civil and Environmental Engineering, Faculty of Engineering
Dr Philippe Sentenac, Civil and Environmental Engineering, Faculty of Engineering
Donatienne Leparoux, IFSTTAR the French Institute of Science and Technology for Transport,
Development and Networks, France
Yannick Fargier, IFSTTAR the French Institute of Science and Technology for Transport,
Development and Networks, France
This work presents a new methodological approach that enables an estimation of the core
underlying coastal concrete infrastructure-state parameters based on the joint-analysis of
multiple geophysical techniques. An easily feasible on site and cost-effective geophysical
multi-method approach is proposed for coastal concrete infrastructures like harbours, jetties
or seawalls. It presents facilitated appropriate adjustment of valuation elicited through different
adjustable components on site and during the interpretation for a later use in a coherent site
assessment analysis. The methodology has been made so that recommendations can be
adapted to the site specificities and to the evolution of these methods. In this case, it seeks to
move beyond the ways in which each method can be quantitatively and qualitatively
informative in an examination of the ways that they can be combined in practice. This work is
based on a content of several case studies analysis and forward modelling in which methods
were evaluated and examined prior to be combined in a joint-analysis.
In Scotland, typically, the two main factors of degradation of the coastal infrastructures are the
astronomic tide and storm surge. Currents are responsible for a number of scour phenomena
within the coastal infrastructures which endanger safety. A great deal had to be completed to
facilitate and make possible quantitative and qualitative site investigations and postprocessing analysis. The different geophysical methods were selected as their implementation
was executed and improved throughout. The high presence of salt, the particular complex
shape and high heterogeneity of materials composing coastal concrete infrastructures are
among the elements complicating the assessment.
An examination of the site protocol layout and post-processing methods employed suggests
that on the quantitative side simple analogous protocol designs and automated analysis
including low effort implement handles within a field study tends to predominate. While on the
qualitative side the semi-structured protocols and semi-automated analysis within a field study
tends to predominate. A look upon the rationales and motives that are given for employing a
certain mixed-methods approach and the way it is used in practice indicates that the two do
not always correspond. The implications of this observation to improve mixed-methods
approach in the context of site investigation with geophysical methods are addressed. That
will be supported and discussed through the joint-use of three different geophysical methods:
Passive Seismic, Ground Penetrating Radar (GPR), and Electrical Resistivity Tomography
(ERT).
These techniques have already proven promising results for assessing coastal infrastructures,
but have never been used simultaneously in a proven multi-approach. Thus, methodological
strategies were developed in order to coherently jointly apply these methods. Adaptations
were actively pushed towards the cost-effective improvement while sustaining high quality
standards. On site, adaptations were essentially carried out to get fully refined and highprecision coverage systems with a cost-effective set up. Numerous modelling and field tests
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supported the integrated post-processing joint-analysis approach, which could significantly
enhance the quality of the geophysical investigation.
Key words – Geophysics, Multi-method, Assessment, Coastal, Infrastructures
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B4 - Characteristics and applications of the spontaneous symmetry breaking of light in
ring resonators for application in photonic devices
Lewis Hill, Department of Physics, Faculty of Science
Professor Gian-Luca Oppo, Department of Physics, Faculty of Science
In 2005 the Nobel Prize in Physics was awarded in part to Theodor W. Hänsch for
“contributions to the development of laser-based precision spectroscopy, including the optical
frequency comb technique” [1]. Optical frequency combs can be thought of as a ‘ruler’ for
measurements made in the frequency domain and thus have been highly influential in the field
of measurement science. One way to generate these optical frequency combs is by utilizing a
spontaneous symmetry breaking of two circulating light intensities in ring resonators, and it is
this spontaneous symmetry breaking phenomena that forms the basis of this presentation.
The talk will first introduce the basic physics of the system while keeping complex mathematics
to a minimum in a way suitable for a general audience. It will go on to discuss established
theory on a spontaneous symmetry breaking of the circulating field intensities of either two
counter-propagating fields [2] or of two co-propagating fields with left or right circularly
polarization [3], with a reliance on informative diagrams over mathematical derivations.
Two papers of the author and collaborators [4,5] will be explained detailing the characteristics
of the emergence of symmetry breaking phenomena, its dynamics and their physical
realizations, and the effects that different experimental scenarios can have on the symmetry
broken region.
Further applications of this work are in enhancing the Sagnac effect [2,6] (used for rotation
sensors), realizing isolators and circulators [7] (for integrated photonic circuits), data storage
[8-11] and polarization scramblers [5].

Figure 1: Fused silica ring resonator and Figure 2: Mathematical description of the
taped fibre (highlighted with red laser)
symmetry breaking of circulating intensities,
𝑃1,2 . Note the emergence of solutions with
𝑃1 ≠ 𝑃2 .
Purpose – The purpose of the two presented research papers by the author and collaborators
was to increase the understanding and application of symmetry breaking phenomena in
photonic devices; under what conditions does the phenomena occur, how are these conditions
influenced by tunable parameters such as input intensity and cavity detuning and untunable
parameters such as propagation material, and to investigate if other useful dynamics are
possible in the system such as oscillatory behaviors and chaos.
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Methodology/approach – Using established Lugiato-Lefever equations (LLE) [12] and
coupled LLE [2,3], which describe circulating field intensities in ring resonators, a mathematic
analysis was made of the symmetry broken phenomena using multivariable calculus, linear
stability analysis and numerical integration techniques.
Findings – A vast array of analytical results was obtained varying between minimum
requirements for symmetry breaking to a full stability eigenvalue breakdown of the time
dependent system. Many other interesting behaviors were predicted, such as oscillatory
solutions, chaotic regimes and spontaneous symmetric periodic switching, phenomena which
have now been observed in experiments based on this theory by collaborators at the National
Physical Laboratory.
Originality/value – Many of the analytical results described are of vital importance to the
practical realization of the applications previously described. Predicted theoretical dynamical
behaviors are now being observed in experiments and may pave the way to new devices for
polarization scrambling, integrated photonic circuits and measurement science.
Key words – Photonics, Optics, Nonlinear dynamics, Computational physics
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10.20-11.40 Parallel Session C – Society and Policy
Room: JA327
Session Chair: Nefertari Robertson
C1 - Prosperity and slums: a dynamic trajectory for positive development
Aisha Abubakar, Department of Architecture, Faculty of Engineering
C2 - Perceptions of school leaders and teachers about shared decision making in Saudi
Arabia
Ahmad Alamri, School of Education, Faculty of Humanities and Social Sciences
C3 - The impact of Customer Engagement Marketing (CEM) on the influencing and codeveloping engagement behaviours of customers
Esraa Karam, Department of Marketing, Strathclyde Business School
Dr Matthew Alexander, Department of Marketing, Strathclyde Business School
Professor V Kumar, Georgia State University, Georgia State, USA
Professor Alan Wilson, Department of Marketing, Strathclyde Business School
C4 - An empirical investigation of food price volatility driver in East Africa: The role
Climate variability and policy response
Edeo Kalo, Department of Economics, Strathclyde Business School
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C1 - Prosperity and slums: a dynamic trajectory for positive development
Aisha Abubakar, Department of Architecture, Faculty of Engineering
Slums and their management are a phenomenon as old as cities. For Developing Region
cities, slums present a challenge in maintaining inclusivity and sustainability, which the United
Nations considers to be a fundamental human right and essential for fulfilling Sustainable
Development Goals (SDG) agenda. On-going slum intervention approaches are inadequate
in providing desired outcomes. Limitations involve overcoming negative perceptions with noninclusive and ineffective approaches, and comprehensively understanding slums’ complex
social, spatial, and environmental dynamics. Interestingly, as illustrated in this research, slums
and cities are linked through continuously evolving patterns of growth that are demographic
and responsive to cities’ structural vitality, which is focused on prosperity. Arguably, unless
the general perceptions of slums are clarified, detailed, and given an adequate definition in
relation to cities and their development, they will continue to present a challenge. It is
necessary to re-conceptualize the way slums are perceived, imagined, and engaged with in a
more positive light.
This research recognizes that definitions of slums, just like the strategies employed to address
them in cities follow trends. It seeks to provide a comprehensive framework to define any slum
as it exists in the city for effective intervention, and to re-formulate slums’ roles, while
managing them, in cities’ broader progress through prosperity pursuit. There is potential to
streamline slum improvement with that of cities and their prosperity, and for slums to contribute
to such urban improvement endeavor when, however, what it means to prosper is clarified
and detailed.
The Slum Property Map (SPM) is proposed to provide an organised and rigorous way of
comprehensively describing slums and developing a narrative that defines them and their
existence in the city. It is developed as a non-exclusive, structured, dynamic framework and a
reliable heuristic following on an integrated ontological and cognitive research and expansive
literature analysis. The proposed theory for prosperity tries to simplify perceptions of the
concept through an analytical synthesis of relevant theories. It shows how our existential
pursuits with and within lived spaces through time can provide an operative view and a model
for prosperity, highlighting relevant conditions necessary for prosperity in any slum property
map. Ultimately, the Slum-Prosperity Framework (SPF) is proposed as an actionable slum
intervention framework, with assistive and conceptual tools for stakeholder implementation. It
is conceived to help them identify and invest in most effective pathways for improvement and
prosperity through streamlined and locally-partnered actions that are flexible, responsive to
any slum property map (comprehensively defined slum), and progressive. The SPF
demonstrates the potential to augment UN-Habitat’s effort on slum improvement and its
advocacy for more creative initiatives that give room for urban complexities. While conceptual
and approximate, with relevant expert validation, the SPF provides a robust base for practical
advancement, especially with institutional and expert input.
This research is motivated by the researcher’s past experiences regarding slums and set to
contribute to proactive and inclusive global urban improvement: for every challenge presented
there can emerge novel and creative possibilities for engagement once the details of these
challenges are closely examined and understood.
Key words: Prosperity, slums, intervention, development, framework
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C2 - Perceptions of school leaders and teachers about shared decision making in Saudi
Arabia
Ahmad Alamri, School of Education, Faculty of Humanities and Social Sciences
Purpose – Teachers spend an average of about 50 hours per week on teaching duties, and
they are the most important people in dealing with the children and who are the most affected
by the decision made in the schools. Previous studies stated that teachers’ self-esteem and
school environment would improve, become a more collaborative and safer environment if
teachers have a voice in decision making. This study aims to investigate the issue of shared
decision making in Saudi Arabia schools. This gap is important to fulfil in order to improve the
quality of education in the country and meet the expectation of the Saudi Arabia vision of 2030.
Methodology/approach – The primary data collection involved the use of the quantitative
method based on a self-administered questionnaire (n= 729), with a qualitative method based
on semi-structured interviews (n= 15) for teachers and school leaders, including male and
female teachers and school leaders.
Findings – Both male and females indicate a lower level of actual participation in decision
making amongst teachers in comparison with their desired level of participation, indicating that
a huge level of dissatisfaction in their current level of participation in decision making. Schools
leaders, in some domains, indicate the desired participation should be lower than the current
level, such as in the administrative policies.
Practical implications – Thus, there is a need for calls for both school leaders and teachers
to build a new leading environment where sharing decisions making process is key. Further
recommendations for the Saudi Arabian Ministry of Education will be made regarding the
importance of the shared decision and how it can be made from the teachers and school
leaders’ perspectives.
Originality/value – The outcomes of this study are important for the KSA as it is driving
towards a strong development in every aspect, including education following the vision 2030
that aims to maintain school staffs' wellbeing and improve all the social and academic services.

Keywords – Saudi Arabia; shared decision; Teachers and School Leaders; 2030 Saudi vision
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C3 - The impact of Customer Engagement Marketing (CEM) on the influencing and codeveloping engagement behaviours of customers
Esraa Karam, Department of Marketing, Strathclyde Business School
Dr Matthew Alexander, Department of Marketing, Strathclyde Business School
Professor V Kumar, Georgia State University, Georgia State, USA
Professor Alan Wilson, Department of Marketing, Strathclyde Business School
Purpose – This paper has two objectives. First, it introduces a theoretical framework of
customer engagement marketing (CEM) that identifies the main antecedents of engagement
marketing, its main initiatives and the main outcomes of the process from a firm perspective.
Second, it evaluates the effectiveness of the CEM framework in stimulating influencing and
co-developing engagement behaviours of customers in the retailing context.
Methodology/approach – A sequential exploratory design of mixed methods is incorporated
for the purpose of this paper; where 34 in-depth interviews with engagement and marketing
managers in retailing, telecommunications, tourism and financial contexts for the qualitative
study. In addition, Data collection for experiments is still in progress through online panel data;
where twelve scenarios are developed for each experiment and each scenario has 30 different
subjects for each scenario ending up with 1440 participants. Empirical findings will be
presented by the time of the symposium.
Findings – The results of the qualitative interviews are divided into three key area. The first
section highlights the antecedents of customer engagement marketing process, and includes
into firm-related, initiative-related and customer-related CEM antecedents. The second
section highlights CEM initiatives adopted by firms; developmental CEM initiatives and
Influential CEM initiatives. Developmental CEM initiatives include product development input
and communication platforms; while influential CEM initiatives include social media
engagement and product reviews. Finally, the third section includes the outcomes of the CEM
process; developmental outcomes and influential outcomes. For the quantitative study, the
data collection is still under progress, however, the findings will be presented in the symposium
by June 2019 for feedback before publication.
Originality/value – Customer Engagement Marketing (CEM) is a fruitful area for research
(Pansari and Kumar, 2017), it refers to the “firm’s deliberate effort to motivate, empower and
measure customer contributions to marketing functions” (Harmeling et al., 2017, p. 367).
Previous research in the engagement literature focused its lens on the behavioural dimension
of the engagement process, however, the planning process of the customer engagement from
a strategic perspective requires attention and needs to be studied intensively in different
sectors. This research adds to the engagement literature and focuses the lens on a different
arena that will inspire future research.
Key words Engagement Marketing – Influencing CEB – Co-developing CEB – Retailing
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C4 - An empirical investigation of food price volatility driver in East Africa: The role
Climate variability and policy response
Edeo Kalo, Department of Economics, Strathclyde Business School

The sharp and rapid rises of food price were observed during 2007/08 when financial crisis
striking the western nations. This phenomenon is one of the fragile and hostile situations that
continue the volatility of global food system. As the food price rising to the dizzying height, the
most vulnerable poor people of this world were hardly troubled (J.Cohen, 2009). While the
food price at the international market reduced noticeably by the late of 2008, the domestic
food prices in developing countries were remain unchanged and even after 2009 has started
rising till today. The continuous increases of food prices in developing nations have been
aggravated by multiple causes that changes its nature and level of atrocity effect from time to
time and those factors will be addressed by this research. A dynamic panel approach will be
employed to account for country fixed effects and the persistence of volatility. The price
volatility exhibits clustering which implies the period of high volatility followed by low volatility
or vice versa and in order to control for these cluster a dynamic model will be used to
incorporate the lags of the dependant variable in the analysis. The data has been gathering
from FAOSTA, African Stable Food Price database, Few.net and NOAA. The observation
period is restricted to a time between 2005 and 2015 because of data limitation, which leaves
us with observation of 11 years per country. On this account, the unit of analysis is crop –
country- month _year with a panel of more than four countries.
Therefore, understanding the ranges of factors that contributing to price volatility for the
specific country or region is important for the assessment whether it will continue affecting on
the low-income people in world poorest countries and in then identifying its mitigation strategy.
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11.40 - 12.45 Poster Session
Rooms: JA Foyer
P1 - Potential application of gold nanoclusters toward detection of beta amyloid
monomers/oligomers
Seyedeh Hajar Mousavi, Department of Physics, Faculty of Science
Dr Yu Chen, Department of Physics, Faculty of Science
P2 - Experimental validation of transient CFD modelling of pressure relief valves
Christopher Doyle, Mechanical and Aerospace Engineering, Faculty of Engineering
Dr William Dempster, Mechanical and Aerospace Engineering, Faculty of Engineering
Mr Steven Taggart, Mechanical and Aerospace Engineering, Faculty of Engineering
P3 - Waste not, want not: Enhancing the ability of yeast to utilise its own leftovers from
the brewing industry to fuel the transport industry with ethanol
Ainsley Beaton, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of Science
Dr Nicholas Tucker, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of
Science
Dr Leonardo Magneschi, Ingenza Ltd., Roslin Innovation Centre, Roslin, UK
Dr Franck Escalettes, Ingenza Ltd., Roslin Innovation Centre, Roslin, UK
P4 - Applications of multivariate statistics in honey bee research
Abdulaziz Alghamdi, Mathematics and Statistics, Faculty of Science
Dr Alison Gray, Mathematics and Statistics, Faculty of Science
P5 - Investigating the variability and dynamics of airborne bacteria in a hospital
intensive care unit over a 24 hour period
Laura Dougall, Electronic and Electrical Engineering, Faculty of Engineering
Dr Malcolm Booth, Glasgow Royal Infirmary, Glasgow, UK
Elisha Khoo, School of Medicine, Dentistry and Nursing, University of Glasgow, UK
Hannah Hood, School of Medicine, Dentistry and Nursing, University of Glasgow, UK
Professor Scott MacGregor, Electronic and Electrical Engineering, Faculty of Engineering
Dr Michelle Maclean, Departments of Biomedical Engineering & Electronic and Electrical
Engineering, Faculty of Engineering
P6 - The genome of streptomyces clavuligerus
Lis Algora, Strathclyde Institute of Pharmacy and Biomedical Sciences, Faculty of Science
Dr Paul Herron, Strathclyde Institute of Pharmacy and Biomedical Sciences, Faculty of
Science
P7 - Micropatterning brain cells for live-cell imaging of mitochondrial motility
So Jeong Kim, Strathclyde Institute of Pharmacy and Biomedical Sciences, Faculty of Science
Dr Susan Chalmers, Strathclyde Institute of Pharmacy and Biomedical Sciences, Faculty of
Science
Dr Mairi Sandison, Strathclyde Institute of Pharmacy and Biomedical Sciences, Faculty of
Science
P8 - Development of BIM level 4 objects using big data analytics
Soukaina AlAouad, Department of Architecture, Faculty of Engineering
Dr Ibrahim Motawa, Department of Architecture, Faculty of Engineering
Dr Yashar Moshfeghi, Computer and Information Sciences, Faculty of Science
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P9 - Groundwater Quality Index as a Hydrochemical Tools Monitoring Saltwater
Intrusion into Coastal Freshwater Aquifer of Eastern Dahomey Basin, Southwestern
Nigeria
Jamiu Aladejana, Civil and Environmental Engineering, Faculty of Engineering
Robert Karlin, Civil and Environmental Engineering, Faculty of Engineering
Dr Philippe Sentenac, Civil and Environmental Engineering, Faculty of Engineering
Ibrahim Hassan, Civil and Environmental Engineering, Faculty of Engineering
P10 - Dual species quantum gas microscope
Ilian Despard, Department of Physics, Faculty of Science
Anders Ulibarrena Diaz, Department of Physics, Faculty of Science
Professor Stefan Kuhr, Department of Physics, Faculty of Science
P11 - Urban fragmentation of major cities in the Arab States of the Gulf
Mohammad Elmahdi, Department of Architecture, Faculty of Engineering
P12 - Building up an original framework of creativity: A socio-historical analysis
Maria Egizia De Pascale, School of Education, Faculty of Humanities & Social Sciences
Dr Jane Essex, School of Education, Faculty of Humanities & Social Sciences
Dr Saima Salehjee, School of Education, Faculty of Humanities & Social Sciences
P13 - Verification of sustainability reports and activities for stakeholders using
assurance processes
Richard Kojo Tawiah, Department of Accounting and Finance, Strathclyde Business School
P14 - Conduct and analysis of a colony loss survey of beekeepers in Saudi Arabia
Abdulmajeed Albarrak, Mathematics and Statistics, Faculty of Science
Dr Alison Gray, Mathematics and Statistics, Faculty of Science
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P1 - Potential application of Gold nanoclusters toward detection of Beta Amyloid
Monomers/oligomers
Seyedeh Hajar Mousavi, Department of Physics, Faculty of Science
Dr Yu Chen, Department of Physics, Faculty of Science
Nowadays countless people suffer from neurodegenerative disease like Alzheimer’s. It is
believed that the main reason behind this group of disorders is protein misfolding which results
in creation of toxic oligomers and finally turn into highly ordered beta-sheet fibrils which is
called beta amyloid in case of AD. Several strategies have been already proposed toward
Amyloid beta detection including immunoassay, electrochemical detection, capillary
electrophoresis, resonance light scattering, and so on. However, a promising approach
remains unsolved. Some detection methods are expensive, time consuming and not enough
selective and sensitive. Fluorescent oriented method is one of the reliable solutions which has
a great potential toward Aβ detection. In this regard, wide ranges of nanostructures have been
used as fluorophore for bioimaging. Hereby, we looked at fluorescent gold nanoclusters as
AD sensor by focusing their properties, preparation method and also reasons behind
fluorescent properties. Then we present synthesized Gold nanoclusters capped with GSH with
size less than 2nm with advantage of long life time, large stock shift, high quantum yield and
stable upon storing at 4°C. In next step gold nanoclusters are functionalized with CLPFFD
peptide that specifically attach to beta amyloid oligomers. It is projected that Ligand exchange
which happens through partial replacement of Cysteine chemisorbed with other thiols will not
change quantum yield of gold nanoclusters and emission structure considerably.
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P2 - Experimental Validation of Transient CFD Modelling of Pressure Relief Valves
Christopher Doyle, Mechanical and Aerospace Engineering, Faculty of Engineering
Dr William Dempster, Mechanical and Aerospace Engineering, Faculty of Engineering
Mr Steven Taggart, Mechanical and Aerospace Engineering, Faculty of Engineering
Purpose – The main objective is to assess the accuracy of using both steady state and
transient CFD methods against experimental measurements to assess the validity of the used
methods and compare to commonly used quasi-steady analysis design approaches.
Methodology/approach – The commercial CFD code FLUENT was used to investigate the
flow behaviour for air at pressures of up to 5 bar by measuring the flow rate and aerodynamic
forces acting on the valve disc for both steady state and transient conditions. To capture the
dynamic behaviour of the PRV during transient simulation, a hybrid dynamic mesh
methodology was developed alongside a user defined function (UDF) to provide a robust
solution to modelling PRV dynamics using CFD. Once modelled, the transient dynamic mesh
simulation would be able to provide a history of piston movement with time to highlight
overpressure and blowdown characteristics. Experimental testing was performed within the
pressure testing facility at the University of Strathclyde and Broady Flow Control Ltd. This
testing program combined both steady state and transient measuring techniques to enable
validation of the computational model for both conditions
Findings – It was found that steady state simulation using a modified Langtry and Menter
Transition SST turbulence model was capable of predicting steady state aerodynamic forces
to within 1% average accuracy and flow rate to within 2% average accuracy of experimentally
measured values across the full lift range. The transient simulation was capable of predicting
overpressure to within 1.5% and blowdown to 0.3% as well as accurately modelling the
dynamic motion of the PRV. Significant differences in flow structure between transient
dynamic mesh and steady state approaches were also observed, questioning the validity of
quasi-steady analysis approaches. It is therefore recommended to accurately capture the
dynamics of PRV motion using CFD; a transient dynamic mesh approach should be adopted,
if feasible, at the cost of increased computation compared to steady state modelling methods.
Research limitations/implications – CFD solver capability
Practical implications – Cost, Computational Time, Experimental Accuracy
Originality/value – An opportunity was available in this study to compare the accuracy of
steady state CFD simulation and the assumption of quasi steady conditions to direct transient
simulation on capturing the dynamics of the PRV. Such a study has not yet been performed
within available literature therefore it seemed essential to build upon previous validation work
using steady state approaches. In addition, a robust dynamic mesh methodology for PRV’s
has not been investigated/demonstrated to a great degree.

Key words – Pressure Relief Valves, Computational Fluid Dynamics, CFD, Transient
Simulation, Dynamic Mesh.

30 | #DSMS19

P3 - Waste not, want not: Enhancing the Ability of Yeast to Utilise Its Own Leftovers
from the Brewing Industry to Fuel the Transport Industry with Ethanol.
Ainsley Beaton, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of Science
Dr Nicholas Tucker, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of
Science
Dr Leonardo Magneschi, Ingenza Ltd., Roslin Innovation Centre, Roslin, UK
Dr Franck Escalettes, Ingenza Ltd., Roslin Innovation Centre, Roslin, UK
Purpose – There is an increasing demand for alternative energy sources that are both
sustainable and economically viable. Biofuels have been shown to be a valid tool to augment
the use of the finite fossil fuel resources though the supply chain for a viable feedstock has
not been well established. Current work to utilise corn mash, a bi-product from another
industry, as a carbon source for the yeast, S. cerevisiae, to ferment into bio-ethanol requires
a more robust strain of yeast to make the process viable and close the process loop.
Methodology/approach – High throughput phenotyping using the Omnilog Biolog to screen
hundreds of growth conditions simultaneously. Next generation sequencing technologies
Illumina and Oxford Nanopore are being utilised to genetically interrogate the strains and
modifications made to them as well as to define a strain validation approach applicable to our
industrial partners. In addition to the genetic modifications are being carried out to enhance
the carbon metabolism profile of the yeast.
Findings – S. cerevisiae can be genetically modified through targeted site insertions in a
stable manner to improve the utilisation of diverse carbon sources that leads to the full
exploitation of a bi-product. Furthermore the Oxford Nanopore technology allows for rapid in
house strain validation that meets industries requirements.
Originality/value – Novel method development for this organism in an industrial setting have
been established and the resulting strains will progress through to be used in industrial
processes that will aid in the sustainability goals of many nations.

Key words BioFuel, Molecular Biology, Next-Generation Sequencing.
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P4 - Applications of Multivariate Statistics in Honey Bee Research
Abdulaziz Alghamdi, Mathematics and Statistics, Faculty of Science
Dr Alison Gray, Mathematics and Statistics, Faculty of Science
Honey bees play a significant role both ecologically and economically, through the pollination
of flowering plants and crops. In addition to honey, honey bees also produce beeswax, royal
jelly and propolis. Propolis is a resinous product, which consists of a combination of beeswax,
saliva and resins gathered by honey bees from the exudates of various surrounding plants. It
is used by the bees to maintain and seal small gaps in their hives, but is also an anti-microbial
substance that may protect them against disease [1]. This highly biochemically active
substance is of considerable interest in apitherapy for human health [5, 6]. Both its composition
and colour depend on its age and the sources of resin collected from the environment of the
hive [6].
Purpose – The purpose of this research is to compare methods of statistical analysis used to
study the biochemical properties of propolis, which have attracted much attention. Biochemical
analysis of propolis leads to highly multivariate metabolomics data [3,4]. The main benefit of
metabolomics is to generate a spectrum, in which peaks correspond to different chemical
components, making possible the detection of multiple substances simultaneously. Relevant
spectral features may be used for pattern recognition.
Methodology/approach – We investigate the use of different statistical methods for analysis
of metabolomics data from chemical analysis of propolis samples using Mass Spectrometry
(MS). Methods studied include pre-processing methods and multivariate analysis techniques
including principal component analysis (PCA), and clustering methods [2]. Background
material and results of data analysis will be presented from samples of propolis from beehives
in Scotland and Libya.
Findings – PCA, was applied in the data sets, to reduce the dimensionality of the input space
of the data to two or three dimensions, making the pattern recognition procedure easier by
visualising the data in a 2 or 3 dimensional representation. Results indicated that two PCs (or
dimensions) are sufficient to describe most of the total variation of the data sets. Loadings
plots indicated the relationship between some of the variables in the data and the samples of
data sets, as. In general, PCA was proved to be useful in obtaining a good picture of the
general structure of the data sets. As PCA is used exclusively with the Euclidean distance, a
non-linear dimension reduction technique, i.e. the multidimensional scaling (MDS), was
chosen for application to the data sets, in the hope of deriving more information about any
patterns of the samples, for which no useful information was obtained by PCA. MDS
algorithms have the advantage that unlike PCA, they can be used for dimension-reduction and
pattern recognition purposes with any dissimilarity (or similarity) measure. Two such methods
were applied to the data sets, i.e. the classical MDS and a special case of metric MDS, i.e.
Sammon’s non-linear mapping. Four distance metrics were used for comparison purposes,
with the Euclidean distance models giving the best results with respect to two criteria. Results
of the analyses showed that both MDS methods were consistent with PCA to identify any
clustering of the samples. Concerning the distance metrics, in the case of classical MDS, the
Euclidean model was slightly better in illustrating the clustering of the samples, while in the
NLM we see if NLM can improve the results obtained from the classical MDS analysis to the
Euclidean model. In general, MDS was not capable of providing any further information about
the clustering of the samples than PCA.
Practical implications – The findings lead to recommendations concerning different methods
of analysis of metabolomics data, specifically for applications involving propolis samples.
These should be useful findings for researchers analysing similar types of data.
Originality/value – The research is novel in that it forms a systematic study of statistical
methods used for analysis of metabolomics data, in order to make recommendations about
optimal methods and highlight advantages and disadvantages.
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Key words – Propolis, Mass Spectrometry (MS), metabolomics data, principal component
analysis (PCA), Cluster analysis.
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P5 - Investigating the Variability and Dynamics of Airborne Bacteria in a Hospital
Intensive Care Unit over a 24 Hour Period
Laura Dougall, Electronic and Electrical Engineering, Faculty of Engineering
Dr Malcolm Booth, Glasgow Royal Infirmary, Glasgow, UK
Elisha Khoo, School of Medicine, Dentistry and Nursing, University of Glasgow, UK
Hannah Hood, School of Medicine, Dentistry and Nursing, University of Glasgow, UK
Professor Scott MacGregor, Electronic and Electrical Engineering, Faculty of Engineering
Dr Michelle Maclean, Departments of Biomedical Engineering & Electronic and Electrical
Engineering, Faculty of Engineering
Airborne transmission of infectious microorganisms poses a critical threat to human health,
particularly in the clinical setting where it is estimated that 10-33% of nosocomial infections
are spread via the air. Within the clinical environment, microorganisms originating from the
human respiratory tract or skin can become airborne by coughing and sneezing, and periods
of increased activity such as bed and dressing changes, movement, staff rounds and visiting
hours. Current knowledge of the clinical airborne microflora is limited and there is uncertainty
surrounding the contribution of airborne microorganisms to the transmission of nosocomial
infection. This study aims to establish an improved understanding of the variability in the
dynamics and levels of airborne microbial contamination within an operational intensive care
unit (ICU).
Environmental monitoring of airborne contamination levels was conducted in an ICU, in both
occupied and unoccupied patient isolation rooms. Monitoring was performed using a sieve
impactor air sampler, with 500 L air samples collected every 15 minutes over 10 hour (08:0018:00 h) and 24 hour (08:00-08:00 h) periods. Samples were collected on tryptone soya agar
(TSA) plates, and the bacterial contamination levels were recorded as CFU/m3 of air. An
activity log was also collated over the 10 hour and 24 hour sampling periods in order to record
any activity occurring in the ward/room that might contribute to spikes in airborne
contamination levels.
A high degree of variability in airborne contamination was observed over the course of a 24-h
period in the hospital ICU. Contamination counts ranged from 12-510 CFU/m3 over 24-h in an
isolation room occupied for 10 days by a patient with C. difficile infection. Levels were lowest
during the night and in unoccupied rooms, with an average value of 20 CFU/m3. Peaks in
airborne contamination showed a direct relation to an increase in room activity, such as bed
changes and visiting times.
This study demonstrates the variation and degree of airborne contamination that can occur in
an ICU over a 24-h period. Numerous factors contributed to increasing microbial air
contamination and consideration should be given to potential improved infection control
strategies and decontamination technologies to reduce airborne contamination, with the
ultimate aim of reducing healthcare-associated infections from environmental sources.
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P6 - The Genome of Streptomyces clavuligerus
Lis Algora, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of Science
Dr Paul Herron, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of Science

Purpose – Streptomyces clavuligerus is the producer of clavulanic acid; a β-lactamase
inhibitor that is used in combination with amoxicillin to treat many infectious diseases. Genome
sequencing has established that S. clavuligerus contains a linear chromosome and four linear
plasmids: pSCL1, pSCL2, pSCL3 and pSCL4. The essentiality of these plasmids is still
unknown and particularly pSCL4 which carries 20% of the coding sequences, including the
genes tap and tpg that encode terminal proteins necessary for maintaining the telomeres of
linear chromosomes and plasmids. The study of the genome and construction of mutants will
help generate improved strains for the production of clavulanic acid.
Methodology/approach – Pulsed-field Gel Electrohpresis and Whole Genome Seqquencing
are used to analyse the genome architecture of S. clavuligerus coupled with Southern
hybridisation. Construction of S. clavuligerus mutant strains using φC31 att-site-specific
integration and homologous recombination.
Findings – The genomic phisical map and Whole Genome Sequencing of of S. clavuligerus
confirmed the presence of the replicons pSCL2, pSCL3 and pSCL4 with sizes of 150, 450 and
1,800 kilobases respectively. In addition, the telomeres of the five replicons have been
identified establishing the chromosome and pSCL4 to carry the same non-archetypal
telomeres suggesting they are supported by the same Tap encoded by pSCL4. Furthermore,
we introduced a copy of tap-tpg onto the chromosome prior to plasmid curing and/or tap-tpg
deletion. Consequently, targeted genome sequence and further physical analyses will permit
us understand the complex dynamic relationship between the megaplasmid and the
chromosome in this microorganism.
Originality/value – The study of the genome and improvement of such an important industrial
organism will help improve the production of the β-lactam antibiotic clavulanic acid as well as
understanding the potential of other antibiotics-producing microorganisms.

Keywords AMR, antibiotics, genome, Actinobacteria
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P7 - Micropatterning brain cells for live-cell imaging of mitochondrial motility
So Jeong Kim, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of Science
Dr Susan Chalmers, Strathclyde of Pharmacy & Biomedical Sciences, Faculty of Science
Dr Mairi Sandison, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of
Science
Purpose – Dysfunction of mitochondria is a common factor in many neurodegenerative
diseases, with a potential early change being alterations in intracellular mitochondrial motility
and thus inappropriate localisation. Quantification of organelle trafficking within neurons is
challenging due to complex, extended and branching cellular architectures. We used soft
lithography microcontact printing techniques to grow brain cells in investigator-guided patterns
and morphologies. Using this approach, we encouraged neurite outgrowth along defined
linear patterns, enabling clear video-microscopic visualisation of mitochondrial transport.
Several processes to improve microcontact printing were optimized for different conditions
including types of substrates and stamps to enable a long-term neuronal culture.
Methodology/approach – The cell-adhesive peptides laminin, poly-D-lysine or a mixture of
laminin/poly-D-lysine were used to generate patterns for cell adherence in specific regions on
various substrates: O2-plasma treated glass and non-cell-adhesive substrates (pre-treated
with silanes). Rat primary hippocampal cells were isolated, allowed to adhere to the substrates
and maintained in cell culture for up to 2-weeks to develop mature neurites. Mitochondrial
motility was visualised by live-cell fluorescence video-microscopy following incubation with
100 nM MitoTracker Green-FM. After recording mitochondrial trafficking, cells were fixed and
stained for GFAP, MAPT/tau, MAP2 and DAPI – markers of astrocytes, axons, dendrites and
total cells, respectively, to investigate the relative abundance of neurons and astrocytes onand off-pattern.
Findings – When substrates were initially bulk-coated, poly-D-lysine encouraged more
extensive neurite outgrowth compared to laminin or a mixture of laminin/poly-D-lysine coated
substrates after 2 weeks’ growth. Mean mitochondrial movement in cells on the three types of
substrate was 12.24, 14.37 and 13.47 % mitochondrial area moved per s, respectively (no
significant difference). To grow neurons with linear neurite patterns for clear video-microscopy,
several variables were optimised to improve micropatterning efficacy and cell adhesion to the
patterns quantified. Hydrophilic stamps transferred ink uniformly whereas hydrophobic stamps
resulted in ink clustering, though with more ink transfer. The optimal time for stamping with
hydrophilic stamps was 15 min (n=6). Laminin-micropatterns showed significantly greater
adhesion of neurons: 53.7% of cells stained positive for neuronal markers and 37.3% for the
astrocyte marker. In contrast, laminin/poly-D-lysine-micropatterns tended to encourage more
astrocytes; 45.1% of cells on-pattern were astrocytes and 37.3% neurons (n=8, p=0.025,
Mann-Whitney). Perfluoro-silanisation pre-treatment of substrates improved pattern integrity,
minimising off-pattern cell adhesion. 48% of cells grown on perfluoro-silane pre-treated
substrates were on-pattern compared to only 36.4% of cells on O2-plasma treated glass (n=15,
p<0.05).
Originality/value – This project shows that microcontact printing of polymer substrates can
indeed encourage neurons to grow within geometrically-defined patterns, thus enabling
clearer visualization and quantification of sub-cellular processes such as mitochondrial
transport. We have clarified techniques to optimize the adherence of neurons to the patterns,
reducing the number of non-neuronal “helper” cells as well as the number of off-pattern cells.
These studies provide a platform to further study mitochondrial-related events such as
transport defects in neurons from animal models of neurodegenerative disease.

Keywords - mitochondria; microcontact printing; hippocampal neurons/astrocytes; poly-Dlysine/laminin
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P8 - Development of BIM Level 4 Objects using Big Data Analytics
Soukaina AlAouad, Department of Architecture, Faculty of Engineering
Dr Ibrahim Motawa, Department of Architecture, Faculty of Engineering
Dr Yashar Moshfeghi, Computer and Information Sciences, Faculty of Science

The built environment is increasingly advancing towards a resource efficient circular economy
and is leading to more efficient and customisable manufacturing through industry 4.0.
Sophisticated information and communication technologies, particularly BIM (Building
Information Modelling) are playing a powerful role in facilitating the development of sustainable
buildings. BIM is not a new concept; it extends collaboration to the building owners and
maintainers who will use the design information throughout the life of the building. BIM has
various advantages and abilities to address the problems faced by the construction industry
today such like: increased collaboration, reduced rework on site through better planning and
design, improved safety, and resource efficiencies. Furthermore, the UK government
recognized that the process of moving the construction industry to more digitalisation.
Research has demonstrated the efficiency of integrating big data analytics with BIM systems.
Wide research on sustainability pillars: economic, social, and environmental have been
conducted. However, limited research has been made to look at achieving social sustainability
through BIM. On the other hand, the concept of big data was widely used in construction fields
for: optimisation of energy consumption, management of construction waste prediction and
minimisation, building asset management, facilities management, and building surveying.
However, there are potentials to use big data analytics for social sustainability in buildings.
This research aims to integrate BIM systems with big data analytics to model social
sustainability in construction as a methodology to develop BIM level 4 objects.
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P9 - Groundwater Quality Index as a Hydrochemical Tools Monitoring Saltwater
Intrusion into Coastal Freshwater Aquifer of Eastern Dahomey Basin, Southwestern
Nigeria
Jamiu Aladejana, Civil and Environmental Engineering, Faculty of Engineering
Robert Karlin, Civil and Environmental Engineering, Faculty of Engineering
Dr Philippe Sentenac, Civil and Environmental Engineering, Faculty of Engineering
Ibrahim Hassan, Civil and Environmental Engineering, Faculty of Engineering
Saltwater intrusion into the coastal freshwater aquifer has constituted a threat to groundwater
quality in different parts of the world. Therefore, monitoring groundwater intrusion becomes
necessary for sustainable management of this precious resource. This study aimed at
monitoring saltwater intrusion into the coastal freshwater aquifer of the Eastern Dahomey
Basin located in the southwestern part of Nigeria. Groundwater statistics and multiple indices
for saltwater intrusion such as ionic ratios, hydrochemical facies evolution diagram (HFE-D),
saltwater mixing index (SMI) and Groundwater quality index for saltwater intrusion (GQIswi)
were employed in this study. Higher EC and TDS values and concentration of some ions in
dry season water samples compare to wet season showed increase salinity. Statistical
analysis of maximum, minimum, average, and standard deviation of parameters such as Na+,
Ca2+ Mg2+, Cl−, HCO3- and SO42− ions and EC values with coefficient of correlation between
Cl-, Ca2+, Na+ and NO3- revealed the influence of seawater intrusion on some wells that are
relatively deeper located within the proximity of the coastline specifically around Seme, Lekki,
Eleko, Okun-Ajjah, Ode-Mahin and Igbokoda in both wet and dry season. Correlation of ions
such as chloride in wet season originates partly from the industrial and municipal effluent
especially from wells within the coastal plain sand and alluvium deposit which are very close
to the river channels, while dry season groundwater shows the influence of saltwater intrusion.
HFE-D revealed that mixed groundwater of Na+Ca-HCO3, Na-Cl and Ca-Cl dominate the area
due to gravity-driven flow and therefore leading to groundwater freshening inland from the
coastline towards the northern part of the basin. Groundwater quality index from SMI and
GQIswi show areas within 3 km from the coastline are more sensitive to saltwater intrusion
based on abstraction rate and depth of the wells. The present study has provided vital
information to help planners and policy-makers protect the threatened coastal groundwater
resources of Eastern Dahomey Basin, for sustainable management.

Keywords: Saltwater intrusion, Groundwater quality index, freshwater and Coastal aquifer
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P10 - Dual Species Quantum Gas Microscope
Ilian Despard, Department of Physics, Faculty of Science
Anders Ulibarrena Diaz, Department of Physics, Faculty of Science
Professor Stefan Kuhr, Department of Physics, Faculty of Science

The relentless advancement of new and improved technologies relies heavily on the ability to
comprehend their inner workings. Solid state materials, such as high Tc superconductors or
complex semiconductor mixtures are extremally difficult to simulate on a classical computer
as the time required for a simulation to run quickly outreaches the age of the universe therefore
other methods are required to fully understand these materials. Atomic gas microscopy
provides a quantum analogy to these complex systems while allowing for fast measurement
times to be combined with complete environmental and atomic control. Trapping single
Rubidium atoms within an optical lattice allows for a real world system to simulated. This is
achieved thanks to the full control of such optical systems that allow for the atoms individual
positions to be controlled as well as their interaction strengths with neighbouring atoms. In
realism however, a system very rarely contains just a single atom in a square lattice. Our
experimental setup aims to have duel species Rubidium within a variety of lattice orientations
such that out of equilibrium quantum dynamics can be probed. This will enable a new
generation of complex real world systems to be studied on a state of the art quantum simulator
which has a greater level of control and flexibility compared to other quantum simulators.
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P11 - Urban Fragmentation of Major Cities in the Arab States of the Gulf
Mohammad Elmahdi, Department of Architecture, Faculty of Engineering
This research explores the concept of urban fragmentation in the context of major cities in the
Arab States of the Gulf focusing on the city of Riyadh, Saudi Arabia. The aim of this research
is to develop an adequate response to the issue of spatial fragmentation in the urban form of
major cities of the Arabian Gulf. Based on a clear understanding of the issue of fragmentation
and the new urban trends and patterns of globalization that shapes it. The origins and
implications of the urban fragmentation phenomenon have been the subject of many writings
in the past. Several disciplines contextualize the phenomenon it in different ways, and in the
past few decades fragmentation has become increasingly recurrent in urban, social and
cultural discourse. Despite that there still remains a lack of consensus around a clear
understanding of what does this concept mean or how is it measured.
There have been few parallels to the speed and scale of urbanization in cities of the Middle
East, particularly during the 1970s. Riyadh, Saudi Arabia grew from 1 square kilometer in the
1920s to reach over 1500 square kilometers today. The cities considered for the investigative
work in this research are Riyadh - Saudi Arabia, Doha - Qatar, and Dubai - United Arab
Emirates; with the primary focus on Riyadh. These three major cities are all growing at rapid
rates, and although they share similar levels of wealth and socio-political challenges, they
have different ideas of what they envision themselves to be and are at various stages of
achievement. Therefore, examining them through a comparative urbanism exercise may
provide valuable lessons from the slight differences in the ways they go about addressing
those challenges. It is widely believed that fragmentation is a consequence of globalization
processes. The context of the Arabian Gulf therefore necessitates an exploration of the role
of state in the era of globalization. To understand the impact of urban fragmentation on the
city a number of urban development types, which are attributed with emergence of the
phenomenon, are identified. In the following stage two levels of analysis are undertaken to
examine the role of these development types in crating fragmentation. The first level will be
done on a macro scale to examine the greater impact of these development types on the city
level. The second level is on the micro scale to examine the immediate impact of these
development types on the local urban level.
This is a presentation of work in progress and will be limited to findings and preliminary
analysis of the early stages of the research process.

Keywords: Urban Continuity, Urban Fragmentation, Urban Transformation, Arab States, The
Gulf
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P12 - Building up an Original Framework of Creativity: A socio-historical analysis
Maria Egizia De Pascale, School of Education, Faculty of Humanities & Social Sciences
Dr Jane Essex, School of Education, Faculty of Humanities & Social Sciences
Dr Saima Salehjee, School of Education, Faculty of Humanities & Social Sciences
Purpose – The purpose of my work is to draw a new framework of creativity through empirical
experience that would help in science teaching at school, taking into account the teachers’
view and the pupils experience.
Methodology/approach – My work has its roots in history, in the philosophy of education and
science, in psychology and in the neurosciences. I started my research looking at the way we
build up our knowledge, studying the scientific method under the light of the deductive and
inductive approach; then, I analysed the positions of various philosophers as Popper, with his
idea of the unreachable truth and conflictual research, and Kuhn, with his incommensurable
paradigms, fruits of a compromise. The overview of my research would be uncompleted if I
would not look at the work of some researchers on personality and on the brain structure with
respect to the creative skills and these are the aspects I am exploring at the moment.
Several models have been traced to describe the creative process and all of them walk
alongside the scientific thinking, some of them emphasizing the advent of a particular state of
mind (Wallas), some others the flexibility in creating new and original connections in a certain
moment of time (Wallas, Guilford and Koestler). Between these models, I selected some of
the most accredited as the Wallas’ four-stage model of creativity process (1926), the Koestler’s
conceptual blending (1964), the Guilford’s the convergent and divergent thinking (1967) and
Kaufman and Beghetto’s four C model of creativity (2000). Actually, analysing them step by
step, it is quite evident how the scientific thought can evolve through these mental processes.
Findings – Numerous attempts are in progress to enhance creativity in science teaching as
well as to develop the creative skills in the students. Unfortunately, nowadays, science is still
taught and learned towards schematics and rigid approaches, whereas the gathering of the
scientific concepts emphasizing the creative skills would act on the self-confidence of the
students and would give them the equipment to challenge a problem, to restructure it and to
look at it from different points of view.
Practical implications – The practical implications will be a better approach to science
teaching and the enhancement of the creative skills of the students, that can be broadened
and are useful in all the aspects of life.
Originality/value – Numerous attempts are in progress to enhance creativity in science
teaching as well as to develop the creative skills in the students. Unfortunately, nowadays,
science is still taught and learned towards schematics and rigid approaches, whereas the
gathering of the scientific concepts emphasizing the creative skills would act on the selfconfidence of the students and would give them the equipment to challenge a problem, to
restructure it and to look at it from different points of view.

Key words – Creativity, science, framework, teaching
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P13 - Verification of Sustainability Reports and Activities for Stakeholders using
Assurance processes
Richard Kojo Tawiah, Department of Accounting and Finance, Strathclyde Business School
Businesses do not operate in vacuums. They need the social and environmental structures to
support their activities in order to create value and wealth. In the quest of employing these
social and environmental structures, operating firms tend to “hurt” the society by damaging
the environment, disbursing incommensurate remunerations to employees and outwitting the
government and society at large.
Stakeholders have raised concerns about these business activities, and they have advocated
that firms compensate the social and environmental system(s) via a proportionate contribution
to the society. These could be achieved by paying employees living wages, providing safe
working environments for staff, protecting the environment, increased and satisfactory
customer relations, donations to the communities and supporting the government with
taxations.
Firms have not appropriately heeded the calls by stakeholders for improved sustainability
measures. This has resulted in Social Audits by independent firms into firm activities in order
to achieve social justice. Supplementary measures like the ‘Silent’ and ‘Shadow’ Social
Accounting have been implemented to augment the social audit movement. These measures
yielded positive returns, however, they are coupled with grave loopholes due to their political
orientation and propaganda. My research seeks to adopt the universally accepted form of
sustainability assurance as a means of verifying the sustainability reports and activities of firms
for the sole benefit(s) of the identified stakeholders. The use of sustainability assurance is
managerialist and apolitical in nature and aims at improving both firm operations and the social
and environmental systems.
The research will be performed through the study of three (3) Big 4 Audits Firms in developing
economies to ascertain how best sustainability reports could be verified for stakeholders. It is
expected that varied assurance processes will contribute to improving sustainability activities
and reporting by businesses and provide concrete proofs of value-added activities by firms to
stakeholders. This will ultimately culminate in the social justice sought after by social auditors,
‘silent’ and ‘shadow’ social accountants and sustainability assurors.

Keywords: Social; Environmental; Sustainability; Social Audits; Silent and Shadow Social
Accounting; Verifying; Assurance; Managerialist; Political; Big 4; Developing Economies;
Value-Added; Social Justice.
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P14 - Conduct and analysis of a colony loss survey of beekeepers in Saudi Arabia
Abdulmajeed Albarrak, Mathematics and Statistics, Faculty of Science
Dr Alison Gray, Mathematics and Statistics, Faculty of Science
Purpose – The purpose was to design and conduct a survey of beekeepers in Saudi Arabia,
for primary data collection and analysis. Objectives were to estimate colony loss rates of honey
bees in different seasons in Saudi Arabia and identify causes of colony losses of honey bees
in Saudi Arabia, as well as to obtain a profile of beekeepers in Saudi Arabia and identify their
management practices.
Methodology/approach – A survey was designed of beekeepers in Saudi Arabia and
conducted face-to-face over several months in summer 2018. The questions were adapted
from the standardised colony loss questionnaire developed by the international COLOSS
honey bee research association (www.coloss.org) and from a beekeeper questionnaire used
in Algeria.
Findings – There is variation in colony loss rates across the seasons. The loss rate in summer
was significantly higher than in other seasons, probably owing to the challenging weather
conditions. There were also significant differences in loss rates between different regions of
the country. The main cause of losses was reported by beekeepers to be the parasitic Varroa
destructor mite.
Research limitations/implications – The main limitations were difficulties in identifying and
accessing beekeepers throughout Saudi Arabia, and obtaining a high response rate.
Furthermore, information was limited as not all beekeepers in any one region were available
for interview.
Practical implications – This study provides information which can help beekeepers in Saudi
Arabia to be better prepared for seasonal changes, in order to minimise loss of their colonies,
an issue of global concern as honey bee numbers are falling rapidly throughout the world.
Identifying reasons for regional differences will be useful. The findings should also be of
interest to policy-makers in the country, for environmental reasons and as local honey is in
high demand.
Originality/value – This was the first purpose-designed survey of colony losses in Saudi
Arabia. While other honey bee research studies have been conducted in Saudi Arabia, this is
one of the most extensive studies yet and the only one of its kind so far.

Keywords - Survey of beekeepers; honey bees; colony losses; Varroa destructor; seasonal
loss rates
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Session Chair: Nicola Irvine
D1 - Of Microbes and the Mesolens: Investigating the internal architecture of
Escherichia coli biofilms
Liam Rooney, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of Science
Professor Paul A. Hoskisson, Strathclyde Institute of Pharmacy & Biomedical Sciences,
Faculty of Science
Professor Gail McConnell, Department of Physics, Faculty of Science
D2 - Characterisation of Aurodox, a novel treatment for E. coli O157
Rebecca McHugh, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of
Science
Professor Paul A. Hoskisson, Strathclyde Institute of Pharmacy & Biomedical Sciences,
Faculty of Science
D3 - Identification of plasma membrane localisation determinants in sphingosine
kinase 1
Ryan Brown, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of Science
Professor Nigel Pyne, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of
Science
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D1 - Of Microbes and the Mesolens: Investigating the internal architecture of
Escherichia coli biofilms
Liam Rooney, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of Science
Professor Paul A. Hoskisson, Strathclyde Institute of Pharmacy & Biomedical Sciences,
Faculty of Science
Professor Gail McConnell, Department of Physics, Faculty of Science
Purpose – Bacterial biofilms are communities of bacteria and their extracellular components
which can colonise both biotic and abiotic surfaces. Due to their composition they offer
constituent bacteria protection from chemical, environmental and mechanical factors,
including conferring resistance to antimicrobial drugs [1], [2]. Conventional imaging techniques
are unable to visualise the architecture of these communities over large scales while observing
single cell dynamics. Therefore, the structure and cellular arrangements in these communities
is not well understood. To address this, we use advanced optical microscopy techniques to
observe the structural architecture of bacterial communities. In doing so we have identified a
previously unreported channel network which we hypothesise plays a role in the maintenance
the biofilm.
Methodology/approach – As bacteria are so small, observations using microscopy have
typically sacrificed either the imaging volume or spatial resolution. Here we use the Mesolens,
an optical microscope with 4x magnification and a numerical aperture (the parameter which
governs resolution) five-times higher than any commercial low-magnification objective lens [3].
Using the Mesolens, we can image volumes >100 mm3, with lateral resolution of 700 nm and
axial resolution of 7 m. To visualise microbial biofilms we have designed a 3D-printed
imaging platform to grow and image live fluorescent Escherichia coli biofilms in situ. We
demonstrate the ability of channels to facilitate uptake of fluorescent microspheres and
nutrients using a biosensor. We also provide insights to the composition of these channel
networks to better understand how they form and how they could be exploited to promote
clearance and development of novel therapeutic strategies.
Findings – We have characterised a previously undocumented network of channels within
communities of E. coli. Using widefield mesoscopy we have determined the structure,
arrangement and role that these channels have in facilitating nutrient uptake. We show that
these channels are not composed of non-fluorescing/dead cells or secreted
exopolysaccharides (which form most of the biofilm structure), or that they arise as an imaging
artefact. The role of these channels in facilitating nutrient uptake was also explored using a
fluorescent biosensor, where fluorescence emission is controlled by the presence of specific
nutrient sources.
Practical implications – The discovery of channel-mediated nutrient delivery within bacterial
biofilms provides novel insights into bacterial organisation and community dynamics. The
functional role of these channels may be exploited in both clinical and industrial settings to
promote biofilm clearing and dispersal. By “tricking” the bacteria to transport biofilm dispersal
agents or anti-biofilm drugs instead of nutrients into the centre of these communities we could
provide new drug delivery routes for biofilm-related diseases and to overcome biofouling in
industrial processes.
Originality/value – This research demonstrates the first application of the Mesolens to
microbiology [4]. The Mesolens has been previously used to image various eukaryotic
specimens (e.g. embryogenesis, insect development, and plant signalling), but has not been
applied to microbial specimens [3], [4], [5], [6]. This is the first observation of intracolony channels
in mature macro-colony biofilms. These finding may be exploited to promote clearance of
biofilms to lower their burden on public health and decrease the economic impact of industrial
biofouling.
Keywords – Large field-of-view microscopy, optical microscopy, microbiology and biomedical
imaging
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D2 - Characterisation of Aurodox, a novel treatment for E. coli O157
Rebecca McHugh, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of
Science
Professor Paul A. Hoskisson, Strathclyde Institute of Pharmacy & Biomedical Sciences,
Faculty of Science
Purpose – Currently, there are no antibiotic treatments for the foodborne infection, E. coli
O157 (EHEC). In Scotland, we have a serious problem with these infections, for which there
is currently no antibiotic treatment due to unwanted side effects of traditional antimicrobials.
In this work, I aim to develop a new ‘anti-virulence’ therapy for the treatment of these infections
in order to limit the associated side effects.
Methodology/approach – Natural products of Streptomyces bacteria were screened for
inhibitory properties E. coli o157. From this, a compound known as Aurodox was isolated and
the effect of the compound on E.coli o157 was fully characterized using cell infection models
and analysis of gene expression and protein secretion. In addition, whole genome sequencing
was used to dissect the biosynthetic pathway by which Aurodox is synthesized in it is native
producer Streptomyces goldiniensis.
Findings – Aurodox, a natural product from the soil bacterium, Streptomyces goldiniensis
inhibits the attachment of EHEC to the epithelial cells of the gut and prevents the pathology of
the disease from occurring.
Practical implications – Novel compounds for the treatment of EHEC infections are urgently
required. Therefore, the impact of this discovery was far reaching. The research paper was
picked up by the press, and a total of 76 news organisations published details of our research,
making the altmetric score of our study in the top 0.01% of all research ever published (1).
Originality/value – This research is the first example of a natural product drug discovery
pipeline leading to a potential anti-virulence strategy for EHEC.

Keywords Drug discovery, Microbiology, Infection
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D3 - Identification of plasma membrane localisation determinants in sphingosine
kinase 1
Ryan Brown, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of Science
Professor Nigel Pyne, Strathclyde Institute of Pharmacy & Biomedical Sciences, Faculty of
Science
The translocation of sphingosine kinase 1 (SK1) to the plasma membrane of cells is required
to transform normal cells into cancer cells1,2 and this association enables access to its
substrate, sphingosine via a gating mechanism involving a lipid binding loop 1 (LBL-1).
Plasma membrane association involves an ERK-catalysed phosphorylation of an exposed
S225 in the regulatory loop in the enzyme1. Translocation can also be phosphorylationindependent and regulated by Gq in response to stimulation of muscarinic receptors3.
Recently, we proposed that SK1 exists in a dimeric quaternary enzyme, with a highly positive
charge cluster formed at the interface between protomers, which together with LBL-1 allows
docking of SK1 to anionic phospholipids in the plasma membrane in a curvature sensitive
manner4. Indeed, this has been confirmed experimentally5. We also proposed that the Cterminal tail of SK1 might obscure the positive charge cluster to prevent plasma membrane
association of the enzyme4. Moreover, the C-terminal tail might be displaced by for instance,
Gq to allow receptor-mediated regulation of the translocation of SK1. We have therefore
investigated the role of the C-terminal tail of SK1 in this process. Carbachol (muscarinic
receptor agonist) was shown to induce translocation of wild type (WT) mouse GFP-SK1 to the
plasma membrane in an ERK-independent manner in MCF-7L breast cancer cells. Mutant
GFP-SK1 (T1-T5), in which 5 amino-acids were sequentially removed from WT GFP-SK1 Cterminal end were over-expressed in MCF-7L cells and these cells were then stimulated with
carbachol. The T1 mutant (lacking the last 5 amino-acids at the C-terminal end) failed to
translocate to the plasma membrane, while WT and mutant T2-T5 lacking 10, 15, 20 and 25
amino-acids respectively were able to translocate and this was inhibited by the PLD1/2
inhibitor, FIPI and by the Gq inhibitor, YM254890. These findings indicate that both
phosphatidic acid and Gq are required for the translocation of WT and T2-T5 mutants in
response to carbachol. However, the T1 mutant might be deficient in binding of a protein,
other than Gq that enables its translocation in response to carbachol. Therefore, we propose
that the last 5 amino-acids at the C-terminus of SK1 might interact with this unidentified protein
to unveil the positive charge cluster that can electrostatically bind to phosphatidic acid
generated in the plasma membrane by PLD1/2. In contrast, the T2-T5 mutants are likely to
contain a C-terminal tail that is sufficiently shortened to expose the positive charge cluster,
thereby enabling translocation of SK1 without displacement. Future studies will focus on
identification of the protein that interacts with the last 5 amino-acids of SK1 as this might
identify a novel interaction site for drugs that can function to block translocation and thereby,
act as anti-cancer agents.

Keywords – Cell signaling, cancer, molecular biology, sphingolipids
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13.30 - 14.50 Parallel Session E – Measurement Science and Enabling
Technologies
Room: JA326
Session Chair: Lewis Hill
E1 - Measuring tiny magnetic fields using atoms and lasers
Carolyn O'Dwyer, Department of Physics, Faculty of Science
Dr Stuart Ingleby, Department of Physics, Faculty of Science
Iain Chalmers, Department of Physics, Faculty of Science
Dr Aidan Arnold, Department of Physics, Faculty of Science
Professor Erling Riis, Department of Physics, Faculty of Science
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E2 - 3D super-resolution microscopy without axial scanning: comparison of methods
Lucas Herdly, Department of Physics, Faculty of Science
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E3 - Narrowband Internet of Things (NB-IoT) – current security issues in an emerging
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E1 - Measuring Tiny Magnetic Fields Using Atoms and Lasers
Carolyn O'Dwyer, Department of Physics, Faculty of Science
Dr Stuart Ingleby, Department of Physics, Faculty of Science
Iain Chalmers, Department of Physics, Faculty of Science
Dr Aidan Arnold, Department of Physics, Faculty of Science
Professor Erling Riis, Department of Physics, Faculty of Science
Dr Paul F. Griffin, Department of Physics, Faculty of Science
Purpose – What do fridge magnets, beating hearts, and magma vortices have in common?
They all create magnetic fields. When we measure magnetic fields we can gain information
about the source – but how do you measure something that is invisible?
My work investigates techniques for building a portable, compact, low-power, unshielded
magnetic field sensing device (magnetometer) for making a broad range of measurements in
interesting environments.
Methodology/approach – Atoms are the key to this challenge. Caesium atoms act like tiny
individual bar magnets which align themselves in a magnetic field. We excite the atoms to a
magnetically sensitive state using a laser beam, allow them to spin around the magnetic field,
and then measure the frequency at which they rotate. Their rotation frequency is proportional
to the magnetic field strength, which we can measure by monitoring the effect on a weak laser
beam.
Findings – The sensitivity we have achieved from a mobile, battery-powered system beats
that of any commercial, non-cryogenic magnetometer, with a resolution of better than ten
million – this means that we can track magnetic field changes equivalent in size to measuring
the thickness of a red blood cell on top of Livingston Tower.
Practical implications – This means that a heartbeat in a magnetically noisy hospital
environment could be measured non-invasively. Our group is currently investigating
applications ranging from defence and security, archaeology, and mineral exploration.
Originality/value – Already there are magnetometers everywhere. Smartphones use
magnetometry to detect their position relative to magnetic North. MRI machines sense the
magnetic relaxation of hydrogen atoms in the body. The trade-off is between sensitivity and
portability. We aim to build a device that has the sensitivity to measure biomagnetic signals
but is as portable as a smartphone.

Keywords - Magnetometry, quantum sensors, lasers
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E2 - 3D super-resolution microscopy without axial scanning: comparison of methods
Lucas Herdly, Department of Physics, Faculty of Science
Ross Phillips, Department of Physics, Faculty of Science
Dr Sebastian van de Linde, Department of Physics, Faculty of Science
Nanometre-scale molecules such as proteins or DNA assemble in biological structures
responsible for every function of life. Conventional light microscopy is limited by the diffraction
barrier around 250 nm as described by Ernst Abbe in 1873. Abbe’s limit remained unbroken
until the end of the twentieth century. E. Betzig, W. E. Moerner and S. Hell were awarded the
Nobel Prize in chemistry in 2014 for the development of the techniques that overcome Abbe’s
limit and for developing this new field now known as super-resolution microscopy or
nanoscopy.
Our work concentrates on dSTORM (direct STochastic Optical Reconstruction Microscopy), a
single molecule localisation microscopy (SMLM) technique, that consists of the photoswitching
of fluorescent molecules and their localisation with nanometre precision. dSTORM also relies
on labelling techniques, chemical buffer conditions and data analysis.
A reliable and well-understood microscope system is paramount to achieve the best increase
of resolution permitted by dSTORM, down to a few nanometres. The characterisation of our
system comprises several steps that will be developed in this work. This characterisation
shows the imperfections found in any optical system and enables us to develop correction
measures to reduce their impact on the quality of future experiments.
The third spatial dimension can be explored on a dSTORM system by the insertion of an
additional optical system in the emission path.
In this work, we present the characterisation of our dSTORM system on reference structures,
fluorescent beads and single molecule surfaces. We compare several methods and several
devices in each method.

Keywords: Super-resolution, three-dimensional microscopy, astigmatism, biplane
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E3 - Narrowband Internet of Things (NB-IoT) – Current Security Issues in an Emerging
Industrial Sensor Networks
Stephen Ugwuanyi, Electronic and Electrical Engineering, Faculty of Engineering
Dr James Irvine, Electronic and Electrical Engineering, Faculty of Engineering
The scope of demands for industrial internet (II) is changing due to advances in sensor
technologies and the associated incidences of security breaches. Long term evolution (LTE)
and fifth generation (5G) is the essential wireless technologies predicted to bring about the
fourth industrial revolution (Industrial 4.0) through machine-to-machine and human-tomachine interconnections. The existing LTE wireless infrastructure and the new 5G wireless
infrastructure are currently being optimized and developed respectively to support low power
wide area network (LPWAN) protocols. Narrowband internet of things (IIoT) is an evolving
licensed LPWAN protocol that is widely investigated because of the massive business
opportunities that it brings. It is part of the 3rd generation partnership project (3GPP) release
13 standard introduced to meet the rising demand for low-cost connectivity in many fields.
Release 13 has the potential to aid autonomous services such as asset telecontrol and
monitoring.
Recent studies have highlighted the importance of LPWAN as a relevant technology for IoT
deployment. Research addressing issues of security overhead, bandwidth utilization and
connectivity remains a topical research area and in demand by both the cellular service
providers and chipset manufacturers. Work is in the area of extending NB-IoT coverage [1] [2], co-existence of NB-IoT in LTE environment [3] - [4], NB-IoT design and specifications [5]
- [6] and applications [7] - [8] - [9].
To assess the impact of security overhead in the different operational scenarios of NB-IoT
deployment modes, a design and implementation approach is used to integrate an Amarisoft
software-based Lime SDR LMS7002M which provide a cellular base station for LTE/NB-IoT
wireless communication standard and Pycom Fipy module serving as the sensor nodes. This
paper provides a generic security requirement for NB-IoT deployment.
The findings provide early insight and understand into what standard security requirements
are for NB-IoT deployment and identifies the implications of signaling security provisioning.
The study will provides data set of security monitoring and analytics, which would be used to
reveal new and existing security vulnerabilities and evaluate the effectiveness of the proposed
solution
The practical implication of this study is that a better understanding of security requirements
for IoT deployment would enable more general deployment, increasing the demand for
connectivity and giving increased business output. The findings of this study are very important
to the IoT device manufacturers, service providers and service users and would serve as a
key decision indicator for NB-IoT deployment.

Keywords – Narrowband Internet of Things, Industrial Internet of Things, Security
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Fraser Gunn, Department of Pure and Applied Chemistry, Faculty of Science
Dr Aruna Ivaturi, Department of Pure and Applied Chemistry, Faculty of Science
F3 - The impact of property assessed clean energy program on solar energy adoption,
prices, and employment: Evidence from a difference-indifferences approach
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F1 - Integrated Modelling of Cost‐effective Assessment for Floating Production System
with Turret Mooring in South East Asia
Tubagus Dirgantara, Naval Architecture, Ocean & Marine Engineering, Faculty of Engineering
Professor Longbin Tao, Naval Architecture, Ocean & Marine Engineering, Faculty of
Engineering
Currently, oil and gas industry development and exploration are in state of stagnant phase.
Since 2015 up to now, the crude oil price is in the average of 55-60 USD/barrel. The margin
of oil price and its production cost is at the bottom line for western region such as UK, Brazil
and US. However, In South East Asia (SEA) region, the production cost is approximately 20
USD/barrel [Wall street Journal, 2016]. Hence, development and exploration are still
demandable and even go further offshore by using floating vessel. Energy Maritime
Associates reports there are approximately 30 units of Floating (Production) Storage System
on ordered and installed status as well as approximately 39 planned oil and gas projects
involving floating production units in SEA region [EMA, 2015]. These floating units are
commonly in place by means of mooring system either spread mooring, turret mooring and
others. Each mooring system has their own excellency in term of integrity, CAPEX, OPEX and
system availability during service life which affects the production cost.
The oil price fluctuation and high offshore production cost have forced the oil and gas
companies to postpone or even stop offshore development and exploration. Therefore, this
research main objective is to develop an advance methodology for comprehensive design and
analysis of Turret Mooring System (TMS) on Floating Liquefied Natural Gas (FLNG) in the
region of South East Asia. The output of this research is expected to give positive feedback
for the ongoing and planned projects by turning down the offshore production cost, increasing
system availability and reliable structural integrity. This advance methodology for
comprehensive design and analysis would be the first to develop for TMS on FLNG. In
addition, this research could be used as one stop reference of Turret Mooring System design
on Floating LNG. This one stop reference would be the first to develop as well and expected
to be used as guidance for floating production unit owner or operator on selection of mooring
system according to integrity, CAPEX, OPEX, and system availability. Case study based on
specific field will be introduced to emphasis the magnitude of this research. Field with water
depth more than 400m will be used to compare the mooring systems design. Coupled dynamic
analysis will be performed to evaluate the integrity of mooring, risers and its floating structure.
The interaction between the floating object and the mooring lines (including risers) is taken
into consideration such that the floater motions are influenced by the non-linear behaviour of
mooring lines and risers. Cost estimation will be assessed in term of CAPEX (engineering,
procurement, construction and installation) and OPEX. Present Value method will be used to
evaluate the total cost between the selected systems. Reasonable approach of risk and return
rate over field design life time will be analysed. Risk modelling due to weather,
loading/offloading and safety operation for system availability will be included in this research
as part of system availability and cost analysis. In overall, this research provides an advance
and comprehensive analysis to select desired FLNG mooring system based on effective
production cost with integrated structural reliability and high system availability. This positive
result is expected to attract oil and gas industry back on streaming not only in South East Asia
region but over the globe.
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F2 - Perovskite Solar Cells for Indoor Light Harvesting
Fraser Gunn, Department of Pure and Applied Chemistry, Faculty of Science
Dr Aruna Ivaturi, Department of Pure and Applied Chemistry, Faculty of Science
Purpose – To research the area of perovskite solar cells and manufacture perovskite solar
cells to be used as indoor light harvesters
Methodology/approach – Firstly, research into literature was done in order to determine the
architecture of the perovskite solar cell that gave the best efficiency with the best
manufacturing process. Alongside this, research into devices that are already been tested as
indoor light harvesters will be carried out to find out their testing conditions and parameters.
Once this was found the devices will then be manufactured using the process highlighted in
the paper and tested in the standard conditions of AM1.5G 1 Sun. If the results are able to be
repeated, then these devices will then be tested under low light conditions to find their
efficiency to see if they are able to be used in indoor applications using some of the parameters
that were highlighted in the papers that were found. If the devices showed insufficient
efficiency, then further device optimization will be carried out and the above process will then
be repeated.
Findings – Initial experiments on optimizing the conductivity of the hole transport layer (one
of the important layers) of the perovskite solar cells has been very encouraging and we have
been able to vary the conductivity (from 2.55x10-8 S cm-1 to 1.15x10-3 S cm-1) by changing the
dopant concentration (from 0 to 100%) with the optimum value of 9.4x10-4 S cm-1 at 20.5%.
The next step is to use these in the solar cells.
Practical implications – With the increase in Internet of Things (IoT) devices such as smart
phones, household electrics and robotics will be wirelessly connected and would need to
power these off grid and efficient solar cells which can convert indoor light into electricity will
have very important practical implications.
Originality/value – The value of this research is of great importance as the need for
renewable energy is as important as ever with the increase in use on fossil fuels. When these
fossil fuels are combusted, the side products produced have a devastating effect on our
environment and atmosphere. By moving towards solar power, we can help to decrease man
dependence on fossil fuels. Being able to power devices off grid by using indoor light
conditions, will help to relieve the strain on the overall power demand of the planet.

Keywords Indoor light harvesting, Photovoltaics, Perovskite solar cells, Solar, Energy,
Renewables
References
1

Best Research-Cell Efficiencies (NREL, accessed 24th April 2019),
https://www.nrel.gov/pv/assets/pdfs/best-research-cell-efficiencies-190416.pdf.

2

C. Y. Chen, J. H. Chang, K. M. Chiang, H. L. Lin, S. Y. Hsiao and H. W. Lin, Adv. Funct.
Mater., 2015, 25, 7064–7070.

59 | #DSMS19

F3 - The Impact of Property Assessed Clean Energy Program on Solar Energy Adoption,
Prices, and Employment: Evidence from a difference-indifferences Approach
Ali Taleb, Department of Economics, Strathclyde Business School

The costs of renewable energy have fallen especially during the past two decades. Various
policy measures were employed by localities to promote the adoption of clean energy,
increase the dependency on clean energy sources and ensure energy efficiency. Starting from
2007, many US states have enabled legislations and adopted the Property Assessed Clean
Energy (PACE) program, a financing mechanism that allows residents to be funded in order
to install renewable energy projects and retain energy efficiency. Since then, the number of
solar modules installations have increased dramatically in line with the expansion of PACE
programs. This study uses difference-in-differences approach to estimate the effect of PACE
program on the installed capacity of solar energy. Moreover, we investigate the impact of
PACE on the non-residential price-per-watt of installation and job creation in California. The
results show that the capacity of solar installations increases, prices are negatively associated
with the introduction of PACE, however, the coefficients are statistically insignificant. Same as
for unemployment.
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F4 - A comparative study on data manipulation in PCA-based structural health
monitoring systems for removing environmental and operational variations
Callum Roberts, Mechanical and Aerospace Engineering, Faculty of Engineering
Dr David Garcia Cava, Mechanical and Aerospace Engineering, Faculty of Engineering
Dr Dmitri Tcherniak, Brüel & Kjær Sound & Vibration Measurement, Skodsborgvej 307,
Naerum 2850, Denmark
Reducing the downtime of energy assets, such as onshore and offshore wind turbines,
is a desirable objective especially for the offshore industry. Replacing costly visual
maintenance schedules with an online system is a priority but it will not see
implementation until it is demonstrated to reliable under all conditions. Vibration-based
structural health monitoring methodologies are robust methods that can be used as a
data-driven system for damage diagnosis. However, there are a few challenges that are
currently being investigated to ensure the systems are more reliable for decisionmaking. The features selected from the vibration responses are not only sensitive to
damage but also to environmental and operational variations. The current paper aims to
investigate the use of a principal component analysis (PCA) based system for vibrationbased structural health monitoring. In particular, this paper aims to compare different
approaches, by using the same dataset, to explore the effect that data manipulation has
on the damage detection capabilities of such a system when it is corrupted by
environmental and operational variations. The data that was used for this study was first
taken from a simulated five degree of freedom spring-mass-damper system and
secondly from an in-operation Vestas V27 wind turbine with damaged and undamaged
scenarios. The simulated system was subjected to varying temperature and contains
four states; a healthy state alongside three states with increasing damage, represented
by the reduction of a spring stiffness. Each combination of data manipulation was
compared to determine their performance and limitations on removing environmental
and operational variations for reliable damage diagnosis. A full normalisation procedure
of the data was shown to outperform both raw and mean centered data whilst correlating
the accelerometer data improved the overall damage detection rates when compared to
using the accelerometer time series’ in their raw output form. Implementing a bandpass
filter also increased the damage detection rates for all data manipulation combinations.

Keywords: Environmental and Operational Variations, Wind Turbine, Damage
diagnosis, Principal Component Analysis, Correlation Factors.
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15.10 - 16.30 Parallel Session G – Advanced Manufacturing and Materials
Room: JA326
Session Chair: Esraa Karam
G1 - Introduction of rubber joints within traditional masonry infill walls: A numerical
modelling approach
Prateek Dhir, Civil and Environmental Engineering, Faculty of Engineering
Dr Enrico Tubaldi, Civil and Environmental Engineering, Faculty of Engineering
G2 - EV batteries remanufacturing
Khalid Mahmoud, Department of Design, Manufacture and Engineering Management, Faculty
of Engineering
Fiona Gutteridge, Department of Design, Manufacture and Engineering Management, Faculty
of Engineering
G3 - Sliding wear assessment of various alloys for pumping applications: a comparative
study
Ronnie Woodward, Mechanical and Aerospace Engineering, Faculty of Engineering
Dr Alex Galloway, Mechanical and Aerospace Engineering, Faculty of Engineering
Dr Athanasios Toumpis, Mechanical and Aerospace Engineering, Faculty of Engineering
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G1 - Introduction of Rubber Joints within Traditional Masonry Infill Walls: A Numerical
Modelling Approach
Prateek Dhir, Civil and Environmental Engineering, Faculty of Engineering
Dr Enrico Tubaldi, Civil and Environmental Engineering, Faculty of Engineering
Past earthquake events have highlighted the high vulnerability of non-structural components
of reinforced concrete frame buildings and the significant contribution of the damage of
masonry infills to overall direct and indirect losses. Several techniques have been introduced
to increase the flexibility of the infill panel, and to isolate it from the surrounding frame through
the introduction of soft layers. Among the different materials that can be employed for the soft
layers, rubber is the most promising, because it exhibits different types of behaviour in terms
of stiffness and dissipation capacity depending on the type of compound employed. Specially
shaped rubber joints, placed between the brick units and at the masonry wall-frame interface,
have been recently developed and some preliminary studies have demonstrated their
effectiveness in reducing the damage of infilled masonry walls. In the present study, a
computational meso-scale modelling approach is developed using ABAQUS for describing the
behaviour of reinforced concrete frames with masonry infill walls equipped with rubber joints.
In the proposed approach, the reinforced concrete members of the frame are described with
a continuum approach, with three-dimensional solid elements simulating the concrete and
embedded beam elements simulating the steel reinforcing bars. A meso-scale approach is
used for describing the masonry infills, with zero-thickness interfaces used to model the mortar
and rubber joints. The proposed numerical approach, calibrated and validated against some
experimental studies carried out on masonry infilled frames, is used to investigate the
effectiveness of the rubber joints for protecting the walls. It is shown that the introduction of
the rubber joints allows concentrating the deformation in the flexible rubber layers, thus
reducing the overall stiffness of the system. This reduction of stiffness has also beneficial
effects in terms of minimization of absolute accelerations, which in turns improves the seismic
behaviour of acceleration-sensitive non-structural components in buildings.
Keywords: Masonry infills, rubber-joints, non-structural component, finite element analysis.
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G2 - EV Batteries Remanufacturing
Khalid Mahmoud, Department of Design, Manufacture and Engineering Management, Faculty
of Engineering
Fiona Gutteridge, Department of Design, Manufacture and Engineering Management, Faculty
of Engineering
European aspiration is to achieve a 100 percent Electric Vehicle (EV) sales target by 2030,
which brings new business opportunities for the automotive remanufacturers to get involved
in EV batteries remanufacturing. This involves overcoming the current weakness in the EU
automotive market position for the Hybrid and Electric Vehicle batteries remanufacturing as
well as after sales support and manufacturing.
Almost all major automotive manufacturers have already produced a Hybrid or fully Electric
car model. However, the price of the car is still expensive due to the Lithium-ion Battery cost.
This paper reviews the evolution of the Lithium-ion Batteries design changes in the production
and remanufacturing opportunities as well as anticipated changes in cost due to
manufacturing. Europe has the biggest market share of the EV, which is set to grow further
substantially. The following aspects which are relevant to the EV battery components are
covered in this review;
• Technical Analysis of EVs end-of-life Lithium-ion (Li) Batteries for the reuse, recycling,
remanufacturing growth opportunities for Independent Remanufacturers.
•

Battery efficiency – 90% efficiency is seen in the EV Battery Cells after 10 years old
Electric cars; because EV batteries come with a15-year life cycle, so that the Li Batteries
can be reused and remanufactured for the 2nd life cycle, as required.

•

A high-level review of environmental Impact and benefits of remanufacturing EV
Batteries and contribution to energy and carbon reduction.

•

Innovative E-Mobility Infrastructure in Europe, review of EV’s chargers’ points, EV
Charging Timeline, and Remanufacturing Li Batteries Challenges.

EV battery remanufacturing provides tremendous untapped benefit and opportunities in the
European markets. The automotive sector is the most beneficial area from remanufacturing
and which accounts for 70% of all remanufacturing companies across the globe. To be able
to access this new market BORG Automotive must build up new reverse engineering
knowledge for Electric Vehicles and Li Battery Packs to find a suitable methodology which
helps them to develop new test stations and jigs based on new technologies for auto fault
diagnostic testing and resetting of Electronic Unit boxes according to the Original Equipment
Manufacturer (OEM) test specifications.
The increasing market demand for the Lithium-ion traction batteries implies the need to
recover active materials from spent Li Batteries, as well as from the electrodes from the OEM
production batch rejects to prevent future shortages. This would minimise the dependence on
imported key raw materials for Li Batteries, because 75% of the cost of an electric vehicle is
the Li battery system, which is determined by the battery cell investment and the proportion of
an active materials is in high volumes compared to consumer electronic products which use
Li batteries such as Laptops or Phones. Two different end applications and products are
recommended in this report, first one is the reuse of Li Batteries in the EVs and second is
recycle of Li Batteries to make a Power Bank and third application is the recovery of raw
materials from battery Cells.
Keywords: Lithium-ion Batteries, EV Battery Remanufacturing, and Environmental.
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G3 - Sliding wear assessment of various alloys for pumping applications: a comparative
study
Ronnie Woodward, Mechanical and Aerospace Engineering, Faculty of Engineering
Dr Alex Galloway, Mechanical and Aerospace Engineering, Faculty of Engineering
Dr Athanasios Toumpis, Mechanical and Aerospace Engineering, Faculty of Engineering
Pumping applications require wear resistant components to ensure long operating life spans.
Sliding wear is a key mechanism of damage for rotary machinery, particularly in the oil and
gas sector. Components in this context frequently experience failure due to material loss and
changes in geometry, so processes such as nitriding and heat treatments are applied. This
improves tribological properties, however adds time and expense to the manufacturing stage.
The present study focusses on examining the tribological properties of various potential alloys
for pumping applications to judge their suitability in this sliding wear context. The performance
of these potential alloys were compared to the results of the current heat treated and nitrided
pumping materials. Nitronic 60, AISI 420, 15-5PH, AISI 4340, grey cast iron, nitrided M39T,
and leaded bronze were analysed in pin-on-disc sliding wear tests. This involved sliding two
samples, a pin and a disc, together while under load to create wear scars on the surface of
the disc.
The resultant mass and volume losses from the scar were measured to allow material
combinations to be ranked. Through examination of the wear scar, the mechanisms of
deformation were able to be discerned, allowing for the wear behaviour to be established. To
give further context, these were accompanied by metallurgical techniques such as hardness
measurements, energy dispersion spectroscopy, glow discharge optical emission
spectroscopy, and profilometry.
The untreated materials did not surpass the performance of the nitrided and heat treated
materials. It was found that the sliding wear results broadly divide the material combinations
into three groups from best to worst: those with cast iron pins, those with Nitronic 60 pins, and
self-mated/bronze disc combinations. This behaviour is attributed to the favourable graphite
and oxidative lubrication properties inherent to cast irons, whereas the other combinations
have no such microstructural features.
Further work involves the external conditions of the pumping environment. While much data
has been gathered for alloys in the dry sliding conditions, little has been done to account for
the marine environment in which these machines operate. The current study addresses this
by conducting sliding wear tests while submerged in salt water, allowing for the corrosive
properties of the pumping media to be accounted for. The materials tested in this study were
two of the best performing widely-available materials from the dry testing regime: AISI 4340
alloy steel and 15-5PH stainless steel.
The pin-on-disc tests will vary in their applied corrosive media. The first regime involves testing
with water only, before then using salt water, before then using salt water with the samples
cathodically protected. This allows for the contribution of corrosion to be isolated, allowing for
a greater understanding of the synergy between wear and corrosion to be established.
Through this combination of dry and wet testing, a larger context of the wear properties of
these alloys can be generated, extending the current knowledge of wear materials for pumping
applications.
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H1 - Cooling of impurity atoms by a reservoir gas
Rosaria Lena, Department of Physics, Faculty of Science
Professor Andrew Daley, Department of Physics, Faculty of Science
Purpose – The interest in new and efficient ways of achieving the cooling of atoms is still very
active and challenging. So far, many schemes have been presented and are currently used in
experiments, such as evaporative [1] or laser cooling [2-3], that in 1995 led to the first
observation of a Bose-Einstein Condensate [4-5]. Depending on the kind of system we want
to study, these processes might not always be suitable or sufficient, e.g. because of the
decoherence problems related to the scattering in the case of the laser cooling, or not suitable
for cooling of most molecular ions due to the lack of closed optical transitions, or the loss of
too many atoms in evaporative cooling. Sympathetic cooling of atoms or molecules immersed
in an ultracold reservoir [6-7] can be used to bypass some limits given by other techniques,
e.g. to cool the motional states of the trapped atoms without inducing decoherence of the
internal states [8] and allowing the trapped atoms to reach the temperature of the reservoir.
This kind of model is useful for the study of impurities in a Bose-Einstein condensate, but also
for state engineering, the study of dissipation in many-body systems and reservoir
engineering, because of the control and tunability that we have over the parameters, such as
the interaction between the trapped atoms and the reservoir.
Furthermore, this scheme can find practical implementation in the context of dual species
experiments.
Methodology/approach – The system we worked on consists of neutral atoms trapped in an
anisotropic harmonic potential, immersed in a 3D superfluid gas which is treated as a
reservoir.
We use an Open Quantum System approach to study the dynamics of the trapped impurities
in the reservoir gas.
Findings – We studied the induced dynamics of impurities atoms in different trapping
configurations that have not been studied theoretically before and that can be implemented
experimentally. We focused also on the finite temperature reservoir effects and found regimes
where we can minimise reheating even when the temperature is of the same order of
magnitude of the system energy scale.
Originality/value – This project, besides offering immediate experimental implementations,
paves the way to the study of new physics in analogous configurations, such as more
fundamental approaches to non-Markovianity in the dynamics.

Keywords - Ultracold atoms, impurities, Open Quantum Systems, Cooling
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H2 - Risk based human reliability assessment with modified fuzzy CREAM during
engine room fire drill in marine vessel
Sung Ahn, Naval Architecture, Ocean and Marine Engineering, Faculty of Engineering
Purpose – In order to improve maritime safety, most approaches which using probabilistic
risk assessments have tried to consider all the negative impacts on the maritime safety of a
system. Technical factors, environmental factors, organizational factors and human factors
were utilised by variables which affect to maritime accidents for retrospective and prospective
risk analysis. In this paper focuses on human factors which are main contribution to maritime
accident. Whilst, human factor is complicate factors due to the dynamic sea working
environment in an interactive way. Through the Human Reliability Assessment (HRA), the
probability of human error (HEP) in the maritime industry can be quantified. However, the lack
of data for human error in the maritime industry, excessive subjectivity of application and weak
consistency are the most important problems in this research field. So as to overcome these
difficulties in HRA in maritime industry, the comprehensive analysis process is configured out
in this paper.
Methodology/approach – This paper chooses cognitive reliability and error analysis method
(CREAM) as a basic frame work of HRA and propose modified CREAM method in order to
solve weakness of current HRA methods by utilizing fuzzy theory and expert judgements’
aggregation method. The challenge is to construct the process to convert qualitative measures
of expert judgement with linguistic terms for multi external conditions which affect to human
failures in maritime procedure to quantitative measures. Firstly task analysis for engine room
fire drill procedure in marine vessel is carried out to identify element level of human behaviour.
And Performance Shaping Factors which contribute to human behaviour failure are evaluated
by expert judgements. For the consistency and objectivity, expert judgements are aggregated
with numerical numbers by utilizing newly proposed fuzzy CREAM method. Finally, the
quantified human error probability for each element human behaviour are used for risk
analysis with risk matrix.
Findings – Total human error probability during engine room fire drill is quantified and the risk
prevention methods founding through risk based human reliability assessment can contribute
to eliminate or improve the condition which make human do error easily and finally make
human error probability lower even though person in charge is changed because nominal
probability of human’s error are changed with depending on various external conditions.
Research limitations/implications – Application of different human reliability assessment
tools like HEART, NARA.
Practical implications – Investigation across the industries such as aviation, nuclear power
plant.
Originality/value – Challengeable application Human reliability assessment to maritime
section. Proposed modified fuzzy CREAM method which is suitable maritime industry.

Keywords - Human Error Probability, CREAM, Fuzzy, Expert opinion aggregation, fire drill
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H3 - Energy Autonomous Buildings
Saeed Mohammadi, Mechanical and Aerospace Engineering, Faculty of Engineering
Due to growing worldwide population, the increase of Co2 emissions and energy costs, the
need to create sustainable and efficient building is greater than ever. In addition, greenhouse
effect, global energy crisis, and finding clean energy sources for resilience housing design,
trigger the radical thinking of Autonomous Buildings (ABs). The ABs idea has been focused
on particular interest for ‘independent and autonomous energy cycle’ to maintain
environmental comfort, that started from decades ago. For instance; Robert and Branda Vale
demonstrated their ‘autonomous house’ in the 1970s [1]. More than ten years later, Building
Research Established in the UK, built ‘Integer House’ in 1998, that was known as; ‘Intelligent
and Green’ building [2]. In the other hand, advanced built environment and energy reliability
required fundamental engineering and ‘energy design architecture’. An automation and
sustainable energy system that the building can rely on at any time and/or season. Therefore,
the combination of ‘advanced energy efficient buildings’ and ‘energy autonomy’ are the main
focus of this research project. By focusing upon proving the green energy need, and the
development of high impact technology integration and unique process we have been able to
create not only research led opportunities, but openings new market led. This indicate reduce
energy use and environmental consequences. The study gathers best practices ABs across
the world, outline data and create a taxonomy, identify where and how ABs can be built. This
study provides general knowledge of current autonomous buildings and emphasising the need
to use of green energy technology to reduce Co2 emissions and decarbonisation. Now, the
research has outlined the concept which will lead to high performance ABs. However, the
objectives of this study are to identify; a) What is the autonomous building? Why we need it?
How can we make it? Where can we make it? This paper takes a review of ABs and aim to
provide a comprehensive literature review to identify, the definitions and boundaries of
‘autonomous’.
Keywords: Self-sufficient house, Zero carbon building, off-grid building, energy efficiency,
energy design.
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H4 - Computational design techniques, such as optimization, design simulation,
parametric design, have been widely utilized to design and validate complex
engineering models.
Shahroz Khan, Naval Architecture, Ocean and Marine Engineering, Faculty of Engineering
Professor Panagiotis Kaklis, Naval Architecture, Ocean and Marine Engineering, Faculty of
Engineering
Erkan Gunpinar, School of Mechanical Engineering, Istanbul Technical University
Bekir Sener, Faculty of Naval Architecture and Maritime, Yaldiz Technical University
Computational design techniques, such as optimization, design simulation, parametric design,
have been widely utilized to design and validate complex engineering models. Recently, there
have been various efforts in digitalization and smartness of these design techniques, which
harvest the computational power to explore design spaces for ingenious, optimal and usercentred designs/solutions. However, even with these advancements, the maritime industry is
still based on relatively traditional and passive design exploration techniques, which cannot
guarantee the generation of true optimal designs. Moreover, the nonintuitive nature of these
techniques cannot capture the naval architects’ design intention. Therefore, in this work, a
new interactive design system is proposed for the rapid creation of optimal and user-centred
hull designs. The new system is a hybrid involving generative and interactive design
approaches, which enables users to interactively induce his/her preference for designs into
the design space exploration and to create a variety of design alternatives. Among them, user
can select a preliminary hull design with desirable characteristics based on its form
appearance and hydrostatic/hydrodynamic performance. The new system primarily explores
the initial design space using a generative design technique (GDT) to create uniformly
distributed design variations of an initial design. Afterwards, designs are selected based on
the user's design preferences and are feed to a novel space-shrinking technique (SST). In
each interaction between user and the system, SST shrinks the design space which is inputted
into GDT to create new designs in the shrunk space for the next interaction. As the interactive
process continues, SST guides the exploration process and focuses the computational efforts
on user-preferred regions. The interactions between user and the system are repeated until
the user reaches a satisfactory design(s). The efficiency of the proposed design system is
validated via experimental and user studies, and its performance is compared with interactive
genetic algorithms.

Keywords Generative Design, Interactive Design, Computer-Aided Design, Yacht Hull Design
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