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Treatment of Expansive Soils Using Sugarcane Waste and Hydrated Lime - (12cp) 
Aria Abedinnezhad - S15-157 
 
Supervisor:  Hadi Khabbaz 
Assessor: Behzad Fatahi 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
 
In order to have an adequate foundation on any type of soils (building and road construction), a 
geotechnical investigation needs to be done to assure the soil has acceptable strength to transmit 
the load from the infrastructure to the ground. Expansive soil is a type of clay that will tend to 
expand as they absorb water and will shrink as water is evaporated. Expansive soils undergo large 
amount of frost heaving and shrinking due to seasonal moisture changes. These movements lead 
to cracking of the infrastructure built above, especially foundation of light buildings, road 
pavements, buried utilities and embankments built on expansive soils. 
 
The damage cost which is caused by expansive soils, is estimated to be above £150 million in the 
UK and $100 billion in the USA. In order to avoid the damage caused by expansive soils, 
stabilization techniques were developed by using chemical and physical additives. These types of 
stabilizations are known to give better results than other methods such as mechanical compaction, 
dewatering and earth reinforcement. 
 
Cement and lime are the additives that initially were used to improve the strength of expansive 
soils. However, due to their high cost and eco-destructive characteristics, the use of cement and 
lime has reduced significantly over the past few years.  Bagasse ash is known to be an un-
expansive material and studies show that using a mixture of bagasse ash and lime have a better 
result than using lime by itself, in compacted soil. 
 
The aim of this paper is to provide a method to treat expansive soils (from coastal regions in 
Queensland) based on data gained from conducted tests. The tests are done by adding different 
percentages of bagasse ash and hydrated lime to the soil, without any chemical additives, at UTS 
soil laboratory. This study also shows how the properties of the soil will change by adding 
mentioned substances, along with Bentonite and Kaolin. 
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Design of A Versatile Tennis Net - (12cp) 
Simon Albrecht - S15-089 
 
Supervisor:  JC Ji 
Assessor: Terry Brown 
Major:  Mechanical and Mechatronic Engineering Major BE and BEDipEngPrac 
 
 
A net is the primary feature in the game of Tennis providing the barrier between player and 
opponent. Training techniques on a standard 3 feet height Tennis net has been in place for decades 
with no emphasis on changing the height of the net. Current methods for children learning Tennis 
have been explored including on a three-quarter-size mini court or on a portable Tennis net with 
reduction in height. No such methods have been used on a standard sized Tennis net. To reduce 
the height of the standard net includes releasing the Tension on the net which will make the net 
sag. 
 
The overall aim of this capstone project is to design and develop an Innovative solution to allow 
the standard Tennis net to change in height whilst maintaining tension to some extent. The 
mechanism will attach to as many Tennis net posts as possible. The mechanism will allow the 
Tennis net to reduce from its standard height for younger children to learn the basics of Tennis 
which will target the cognitive stage of learning Tennis. Conversely, by using the same 
mechanism to make the net move above the standard height Tennis net for amateur and 
competitive Tennis players can practice on. The higher net is to help provide physiological 
advancements into training with more topspin, which is a benefit for any Tennis player when 
returning to the original size net. This targets the associative and autonomous stage of learning 
Tennis. 
 
Research has been conducted and understanding of both Tennis nets and Tennis posts was 
discovered. This includes different types of patents and Intellectual property surrounding the 
Tennis net. A thorough understanding of the International Tennis Federation rules and standards 
have been attained.  
 
The project utilises the Engineering design process. The steps followed in the design process 
were; understanding the objectives and criteria, study and selection of appropriate functional 
requirements, preliminary calculations and sketches and preliminary CAD model. 
Recommendations for the most appropriate mechanism that attaches to a Tennis net and post are 
presented with an emphasis on future works for the training net. 
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The Evolution of Road Maintenance Safety: Where To From Here for Australia? - (12cp) 
Amber Allan - S15-082 
 
Supervisor:  Ken Halstead 
Assessor:  Ali Saleh 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
 
In recent years, the concept of safety within the construction industry has attracted increasingly 
focused attention. This focus is due to the high number and rate of work-related injuries and 
illnesses. This has resulted in shifting perceptions by society, as well as the development of 
maintenance practices and procedures that reflect this change. 
 
Road maintenance has an impact upon all road users, in particular, the welfare of maintenance 
crews. A level of risk to personnel safety is present in all areas of road maintenance, with this risk 
being further increased as maintenance work must be completed on a regular basis, in comparison 
to that of planned road construction works. Identification of improved safety practices not only 
benefits those individuals at risk, but also has far reaching long term economic benefits, 
particularly in regard to work health and safety compensation for all stakeholders. 
 
This project aims to recognise and investigate elements associated with road maintenance safety 
by comparing the results of a literature review with an industry analysis. Sixty representatives 
from the construction industry were surveyed, and six were interviewed in order to gain an 
understanding of current practices, perceptions and issues relating to safety in the industry.  
 
Multiple elements related to the safety of road maintenance are explored within this project, with 
a particular focus on safety culture and climate, management commitment, self-regulation and 
design. The findings are presented through a SWOT analysis highlighting the elements that have 
been found to both positively and negatively impact safety outcomes. 
 
Using these findings as a base, this project proposes future developments by recognising specific 
areas of concern that are yet to be developed. In doing do, methods and practices in which road 
maintenance safety can be enhanced within Australia, with the potential of being adapted 
internationally, are identified. 
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SDN Laboratory Design and Implementation Using Raspberry PI - (12cp) 
Abraam Athanassios - S15-145 
 
Supervisor:  Robin Braun 
Assessor: Mehran Abolhasan 
Major:  ICT Engineering Major BE and BEDipEngPrac 
 
 
Computer networks or data networks are telecommunications network that allow the computers 
to exchange data. A network is simply a collection of computers of computers and other hardware 
components interconnected by communication channels that allow sharing resources and 
information. With the high rates the internetworking is developing new concepts and ideas are 
created and develop as well. Such as the term Software Defined Networks ‘SDN’. 
SDN has so many definitions. Each description or definition can be taken from the point of view 
of the different engineering streams that is looking into the new technology. But as for one 
universal definition or point of view. “Software-Defined Networking (SDN) is an emerging 
architecture that is dynamic, manageable, cost-effective, and adaptable, making it ideal for the 
high-bandwidth, dynamic nature of today's applications. This architecture decouples the network 
control and forwarding functions enabling the network control to become directly programmable 
and the underlying infrastructure to be abstracted for applications and network services.” 
 
Since have been working within the network engineering industry for the past two years. I the 
most issues faced by anyone either a user or technical team member within the field of network 
engineering. Computer networks are the backbone of the industry if there is any failure or issues 
within the network it will stop the site down. As computers uses the network to talk to each other 
as well as talking to the outer world through the internet.  
 
The project aims to design and test different internetworking designs using SDN switches built 
using the most affordable components and using the OpenFlow protocol. Switches to be built 
using raspberry pies using Linux an open source operating systems. Also, by using NOX 
controller which is a platform for building network controlled applications. 
This capstone will serve as a starting point for more future research and testing within the SDN 
field. This project does explain the steps taken and what has been done to get a working SDN 
network as well as the testing results outcome. 
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Development of Continuum Robot for Cable Management - (12cp) 
Andres Carol Villavedra - S15-086 
 
Supervisor:  Dikai Liu 
Assessor: Marc Carmichael 
Major:  Mechanical and Mechatronic Engineering Major BE and BEDipEngPrac 
 
The University of Technology, Sydney has been working in collaboration with the Roads and 
Maritime Services for a number of years to develop a robot which will be able to crawl through 
the chambers, send images back to an operator, laser blast and paint the interior of the Sydney 
Harbour Bridge in places where it would be difficult or dangerous for a human to do so. 
 
This Capstone project set out to solve the cable management issues of the Stage 2 Climbing Robot 
but has developed into a proof of concept for using continuum robots as a cable management 
solution not just on the Stage 2 robot, but on other robotic applications as a whole. 
 
A prototype was built, using a combination of commercially available parts, workshop 
manufactured parts from student SolidWorks models as well as parts manufactured by the student 
in the research lab.  
A series of tests were carried out on the non-motorised module to study the pulling force required 
to achieve certain poses, paying special attention to the fact that as the spine begins to bend, it 
begins to behave differently from a rigid beam and attempting to model this behaviour. 
 
The prototype was then motorised and various tests were carried out to test its ability to reach 
controlled poses, as well as studying how different dimension parameters affect the module’s 
payload ability. The prototype is controlled by a microcontroller with both the entirety of the 
software implementation and circuit design carried out by the student. 
 
This report aims to capture as much of the learning done by the student with the hope that the 
extensive load testing data on the prototype can be useful to somebody willing to undertake a 
similar project. 
  



Template for Capstone Project D/HD Presentation Day 

  6 

Chemical Stabilisation of Soft Soil - (12cp)  
Whung Xiang Chen - S15-172 
 
Supervisor:  Behzad Fatahi 
Assessor: Hadi Khabbaz 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
As urbanisation progresses, ideal lands with adequate strength to be built on are quickly 
diminishing. This shortage has led to adoption of weaker grounds as building foundations and 
making soil stabilisation an attractive choice especially for highway construction. 
 
In some highway projects, a vast area of agriculture land is being utilised, such as the pacific 
highway which occupies 954 ha between Woolgoolga and Ballina. Apart from organic soil 
deposit, agriculture land still bears a different soil environment for engineering process. These 
lands are usually rich in residual fertiliser but there are no encompassing research capturing these 
effects in soil stabilisation.  
 
The purpose of this project is to determine the effect of residual fertiliser in soils on the most 
common soil stabilisation technique in Australia – cement stabilisation. This research adopts a 
laboratory experiment of kaolin sample mixed with different fertiliser contents changing between 
1 and 3% and cement as the stabiliser. These samples are then assessed up to 56 days in terms of 
their shrinkage, density and stiffness to compare the differences with the common cement 
stabilisation only. It should be noted that the stiffness parameter employed is the shear modulus, 
assessed with the bender element system.  
 
This project contributes to the understanding of admixture interaction within the soil environment 
and serves as part of the collective effort among engineers to possibly refine the soil stabilisation 
technique. 
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SLAM Based Object Modelling Using a Hand-Held RGB-D Camera - (12cp) 
Yuhang Chen - S15-158 
 
Supervisor:  Shoudong Huang 
Assessor: Teresa Vidal Calleja 
Major:  Mechanical and Mechatronic Engineering Major BE and BEDipEngPrac 
 
 
The development of 3D sensing technology, such as Kinect, has enabled the application in many 
areas such as 3D mapping, virtual reality, and entertainment. This project made an attempt on 
creating 3D models of real-world objects using a hand-held RGB-D camera.  
 
The project first studied some core concepts and technologies relating to building 3D models 
using a moving sensor, including rotations in space, feature descriptors which are used as 
references for registration between scans, singular value decomposition, random sample 
consensus, and simultaneous localization and mapping (SLAM) that are important to deal with 
sensor noises in point cloud alignments. This project then investigated the possible alignment 
errors resulted from the scan matching process and how graph-based SLAM can be used to 
achieve a more desirable modelling result.   
 
This project, taking the corner of a cube and two orthogonal planes as examples, demonstrated 
the creation of covariance matrix regarding point-to-plane iterative closest point algorithm which 
encodes the alignment confidence regarding the six degrees of freedom in space. Incorporating 
Point Cloud Libraries (PCL), OpenCV (Open Source Computer Vision) and G2O (A Generalised 
Framework for Graph Optimisation), this project proposed a method that enabled the 
reconstruction of detailed 3D models of objects. In the experiment, this approach was applied to 
30 frames of scans recorded in a ROS (Robotics Operating Systems) bag file, and the result 
indicates a visually satisfactory implementation of the approach. However, free-hand operation 
means there is no ground truth available with which to compare the experimentally calculated 
result. Therefore, a simulation in MatLab was carried out to demonstrate, in a quantifiable way, 
how 3D modelling can benefit from pose-graph SLAM based techniques. 
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Energy Efficient Home Automation System Demonstrator Using Open Source IoT 
Environment - (12cp) 
Salman Chowdhury - S15-136 
 
Supervisor:  Zenon Chaczko 
Assessor:  Jan Szymanski 
Major:  ICT Engineering Major BE and BEDipEngPrac 
 
 
In the last few years, the demand for automated technology has grown significantly. There have 
been improved research and studies for the application of Internet of Things(IoT). Autonomous 
technology is expected to increase smart and sustainable systems in the coming years. The modern 
world is slowly adapting to automated technologies, a recent project like Google’s self-driven car 
will pave the path for autonomous systems. As demand for these system increases, the required 
education for IoT also increases. Currently, there are a countless number of users for automation 
systems, however not everyone understands the technology and application behind it. Universities 
and schools have set their sights on the importance of automated systems and development by 
starting education programs to allow students to experiment and discover such systems. 
 
The project, Energy Efficient Home Automation System (EEHAS) demonstrator allows the 
control of 4 different power points around the house using Arlec remote power outlet blocks. The 
remote control is connected to the Raspberry Pi which acts as the controller and allows the switch 
to be controlled by the local server. Users have the ability to choose from manual and automatic 
mode. The user has total control over the switch during manual mode, choosing which outlet to 
turn on or off. In auto mode, the software algorithm in the controller checks for motion using the 
PIR motion sensor and automatically turns off appliances if it is not being used. 
 
EEHAS allows for efficient use of energy and is expected to decrease energy consumption in the 
regular household. It further aims to establish the development of an automation system using off 
the shelf household products and open source IoT environment. The primary objective is to show 
students the use of the autonomous system and how this can be achieved using a few household 
applications, Raspberry Pi, PIR motion sensor and the software Node-red along with a basic 
knowledge of programming and networking. The prototype will help high school and university 
students to apprehend the basic of automation system using open source IoT application allowing 
them to build their own automation system from scratch. Educational institutes will benefit highly 
from this prototype as it can be used in conferences and workshops to demonstrate the 
applications of IoT and autonomous systems. 
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A Technical and Economic Analysis of Base Isolation - (12cp) 
Andrew Clune - A16-076 
 
Supervisor:  Yancheng Li 
Assessor:  Rijun Shrestha 
Major:  Civil Engineering Major BBEBBus and BEBsc 
 
 
This project aims to investigate effectiveness of two of main categories of base isolation systems, 
i.e. rubber bearing and friction pendulum bearing. The investigation will examine both the design 
of the base isolators and the costs and benefits associated with them, in an attempt to assess their 
overall effectiveness. Base isolation is a method of protecting various structures from 
earthquakes, allowing them to withstand otherwise catastrophic seismic events. The effectively 
decouple a structure from the ground’s motion, allowing the two to move autonomously. This 
allows a structure to survive earthquake events without structural damage or damage to the 
structure’s occupants and equipment. It can be applied to a wide range of structures. The use of 
base isolation not only protects the occupants of the building, but can also provide construction 
savings as less materials are required in construction. 
  
However, base isolation as a seismic protection method has been slow to gain popularity. This is 
widely due to the misconception that the isolators will drastically increase the costs of a 
construction project. Investigating base isolation’s effectiveness at protecting buildings and its 
associated costs will demonstrate that base isolation is an efficient and cost effective method of 
protecting buildings from seismic events. Dispelling this misconception offers a significant 
contribution to the engineering industry. A cost benefit analysis technique commonly applied in 
modern day businesses will be used to assess the bearings. This will attempt to calculate the net 
present value of the types of bearings by discounting the costs and savings of the bearings to a 
present day value. I will then examine non-monetary and potentially unexamined advantages and 
disadvantages of using base isolation, such as protection of human life. 
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Design, Build and Evaluation of a Narrow, Tilting 3 & 4 Wheeled Motorcycle - (12cp) 
Rowan Connor - A15-153 
 
Supervisor:  Terry Brown 
Assessor: Bruce Pearson 
Major:  Mechanical and Mechatronic Engineering Major BE and BEDipEngPrac 
 
 
Motorcycles have many advantages compared to cars when it comes to commuting in congested 
cities. These advantages include: lower fuel consumption and consequent CO2 emissions, less 
wear of roads and associated infrastructure, and less road and parking footprint requirements. 
Also, in Sydney, the use of bus lanes and lane filtering is permitted which significantly reduces 
commuting times for motorcycle users. A disadvantage for motorcycle users is a vulnerability to 
road conditions e.g. wet, oil or diesel slicks. Providing an alternative vehicle that has a lower rider 
vulnerability, while maintaining the commuting advantages of the motorcycle, may induce people 
to move from cars to motorcycle type vehicles. 
 
The aim of the project was to design, build and evaluate a narrow, tilting three and four wheeled 
motorcycle and assess if the vehicle could provide the user with a safer, more stable commuter 
vehicle ideal for congested city commuting. The novel front and rear suspension design will allow 
the vehicle to tilt through corners like that of a single-track vehicle while enjoying the extra 
stability and safety of three or four wheels. The design and build of the vehicle will utilise many 
components from a Honda CT110 including the chassis, engine and wheels. The vehicle will be 
evaluated in comparison to a two wheeled motorcycle of similar overall weight and dimension. 
 
Due to the complexity of the project, time constraints and an unfortunate major personal injury, 
only the three wheel version was built and evaluated. A rear suspension design concept was 
designed but never built.  Several experienced motorcycle riders evaluated the three wheel version 
and were quickly confident in the vehicle's capabilities and found no need to modify their riding 
style, i.e. the vehicle's handling was equivalent to that of a two wheel motorcycle and all agreed 
there was a significant increase in stability, especially at low speeds. 
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Removal of Nitrates from Water Using an Iron-Modified Ion Exchange Resin - (12cp) 
Maria Doumit - S15-043 
 
Supervisor:  Saravanamuth Vigneswaran 
Assessor: Vinh Nguyen 
Major:  Civil and Environmental Engineering Major BEBus and BEBSc 
 
 
Nitrogen is a nutrient naturally found in surface and ground water. In ecosystems, it assists in the 
growth of algae and aquatic plants which feed and provide habitats for aquatic animals. However, 
excess nitrogen enters water bodies through agricultural runoff and discharges from sewerage and 
wastewater facilities. In excess, nitrogen has negative environmental effects on aquatic 
ecosystems including stimulating excess algal growth and eutrophication. Also, excess 
concentrations of nitrogen in drinking water can cause negative health effects including 
methaemoglobinaemia (blue-baby syndrome) and has been linked to cancer.  
 
Different methods for removing nitrogen in water were discussed in this Capstone project, 
including adsorption, ion exchange, denitrification, electrolysis and reverse osmosis. More 
specifically, adsorption materials and methods were analysed, including ion exchange resins and 
the suitability of modifying resins to increase nitrogen adsorption capacity.  
 
To test the suitability of modifying resins to increase nitrogen adsorption capacity, Dowex 
Marathon 11, a type 1 strong base anion, was modified by iron impregnation. Two batch tests; 
equilibrium adsorption and adsorption kinetics, and a fluidised-bed experiment were carried out 
for both the modified Dowex resin and unmodified Dowex resin. The Langmuir, Freundlich and 
pseudo-first and pseudo-second order models were used to model the data from the tests.  
 
The results of the test were that modification of the Dowex resin increased the nitrogen adsorption 
capacity by 20% using the Langmuir model. However, modification had little to no effect on the 
kinetics of nitrogen adsorption. In the fluidised bed study, the unmodified Dowex resin reached 
saturation levels faster than the modified Dowex, due to its lower adsorption capacity. The 
modified Dowex resin was regenerated using KCl solution, with little decrease in the adsorptive 
capacity.  
 
In Australia, elevated nitrate levels in groundwater are a concern, particularly in arid Central 
Australia. The ion exchange using the modified Dowex resin is a potential improved treatment 
method, due to its increased adsorption capacity. 
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Investigating Effects of Bagasse Fibre in Expansive Soil & Simple Programming For Road 
Pavement Design - (12cp) 
Anchen Du - S15-168 
 
Supervisor:  Hadi Khabbaz 
Assessor: Behzad Fatahi 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
The robustness of foundations is one of the most critical aspects of the construction of structure 
and infrastructures.  It is obvious that soil properties are equivalently important particularly when 
dealing with problematic soils, such as expansive soil.  This type of soil is able to make 
considerable negative impacts to the construction.  There are a number of methods, including 
physical methods (Geocell column) and chemical methods (lime and cement) that have been 
developed to reduce or eliminate the adverse influences caused by expansive soil. However, 
approached, most of these approached are quite expansive and geographically limited, especially 
in road construction. 
Not only in Sydney, but also in enormous areas around the world, road construction has been 
suffering the pains caused by expansive soils. Many pavement failures are due to the presence of 
expansive soils in subgrade. Stabilising expansive soils has effectively and economically been a 
tricky issue in road construction; and many investigations are being conducted in this area. Under 
this background, –a research team at UTS is carring out a study employing bagasse fiber and ash, 
by products of sugarcane manufacturing to improve the expansive soils engineering properties in 
order to clarify its application in road construction. I have been assigned to work on if different 
percentages of bagasse fibre and hydrated lime can actually stabilise expansive soils. In this 
project, three different fibre contents were used, 0.5%, 1% and 1.5% and different proportions of 
lime were also applied. . The experimental results have been employed to develop a code using  
MATLAB software.  In this code a simple road pavement can be selected. The results can be 
generated through combining the theoretical analyses and experimental results. 
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Swimming Pool Safety – Is It Reducing Drownings? - (12cp) 
Ketaki Gaikwad - S15-064 
 
Supervisor:  David Eager 
Assessor: Terry Brown 
Major:  CBK90010 No specified major 
 
 
The Swimming Pools Act was legislated in 1992 with the aim of reducing drownings in 
swimming pools of young children in the age group 0 to 5 years. The project analyses the impact 
of the Act and regulations promulgated under it, on the objective of reducing drowning of 
children. An objective of the project is also to identify areas of improvement, which will help to 
more effectively implement the Act & regulations, and contribute to the end objective of reducing 
drownings. 
 
The approach used in the project consisted of: completing a literature survey and comparative 
study with other jurisdictions – within Australia and overseas, gathering direct feedback from 
Councils who are the main agency tasked with implementation of the Act, undertaking field work 
to gather direct feedback and data from pool owners, and then analysing the information and data 
gathered.  
 
Average drowning deaths of children in private swimming pools reduced by 39% in 2010-2014 
period compared to the previous 10 years. But further improvements are needed. Supervision is 
the first line of defense, but improvements in the second line – comprising of legislation, standards 
and community awareness – are warranted. The project identifies key areas where improvements 
can be made, such as: abolishing exemptions, uniformity of standards, improvements in the 
swimming pools register, and others. 
 
The contribution of the project to the field of study is the addition to the body of knowledge, 
information and data on the subject of private swimming pool safety, the understanding of factors 
that support and hinder the safety objective, and the identification of measures that will improve 
safety. 
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Defect Segmentation and Classification on Pipe Thickness Images - (12cp) 
Marc Generalao - S15-053 
 
Supervisor:  Teresa Vidal Calleja 
Assessor:  Shoudong Huang 
Major:  ICT Engineering Major BEBBus BEBSc 
 
 
There is a famous saying “prevention is better than cure", maintaining a healthy body has a higher 
chance of averting a sickness or disease. Water pipeline systems are an integral component of 
modern society; however, their structural integrity is in jeopardy mainly because of large defects. 
Maintenance and conditional assessment of these water pipes are crucial so that disastrous events 
are prevented. While the human eye is keen on discerning defects it is costly and inefficient to 
sustain such a laborious task. As such, there is a need to develop a reliable and efficient pipeline 
assessment mechanism to monitor an infrastructure that spans a very wide range of area. 
 
This report documents the use of supervised machine learning techniques to segment a pipe 
thickness image such that defect areas are automatically identified. Four well-known techniques 
were compared: Naïve Bayes, Support Vector Machines, Decision Trees and Logistic Regression. 
Weka implementation was used to compare the different classification algorithms and LabelMe 
was used to produce the ground-truth labels of the defect areas. The performance of these 
techniques have been evaluated using k-fold cross validation which showed similar quantitative 
and qualitative results. Moreover, various image patch sizes were used as input features; their 
respective performances showed that an image patch of size 3 by 3 produced the best results for 
our dataset. The qualitative comparison of the classifier outputs and the outputs from only using 
a threshold to segment the images showed that using supervised learning is needed to filter noisy 
areas outside the relevant defects. 
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Modelling and Analysis of Multi-Speed Transmissions - (12cp) 
Rohan Guruji - S15-108 
 
Supervisor:  Paul Walker 
Assessor:  JC Ji 
Major:  Mechanical Engineering Major BE and BEDipEngPrac 
 
The automotive industry has grown significantly since the industrial age. During the industrial 
age, engineers and labourers were less inclined to make vehicles efficient as their main focus was 
to on vehicle performance, not efficiency. As technology has improved over the years and as 
statistical data has shown, there is an increase of greenhouse gasses are generated by cars; there 
is now an enhanced focus on making vehicles more efficient. 
This project focuses on analysis of the efficiency of transmissions used in vehicles. Determining 
exact transmission losses is challenging as it is relatively difficult to obtain instantaneous data on 
the behaviour of gears and bearings during operation. Ultimately, the aim of the project is to 
construct a mathematical model which helps in determining the dominating losses in particular 
operating conditions.  
In order to achieve this, research has been conducted on the types of losses which occur in 
transmissions. Losses have been divided into three main categories: churning, windage and 
friction losses.  Relevant formulas have been selected based on their accuracy and ease of 
implementation for mathematical modelling. This is then followed by collecting physical data of 
a Volkswagen 6-speed manual gearbox which essentially act as inputs into the model.  
Matlab/Simulink is used to construct the mathematical model. Once the losses are obtained from 
the model, they are then compared with the researched articles for verification purposes. 
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Visualising the Internet of Things - (12cp) 
Matthew Hall - S15-103 
 
Supervisor:  Zenon Chaczko 
Assessor: Stephen Grant 
Major:  ICT Engineering Major BE and BEDipEngPrac 
 
 
In modern households and businesses, there is a proliferation of electronic devices, from personal 
communication and entertainment devices to major appliances. Increasingly, these devices are 
joining together to be interwoven into a unified hub of data. With access to this information, one 
would be able to follow persons and objects of interest in real-time, allowing for simplification 
of logistics for people and asset management. For instance, a business could monitor specialised 
equipment as it travelled around a factory for security or to assess usage trends. 
 
Currently, it is difficult to visualise these interconnected devices within an area of interest. 
Outdoor positioning systems such as the Global Positioning System (GPS) are ineffectual at 
mapping devices within a very small range, particularly inside a building. Various potential 
indoor positioning systems are in development with differing levels of accuracy, cost and effort 
to implement. As of yet, none of these innovative systems have achieved a wide adoption, which 
limits the production of visualisation software. 
 
The main purpose behind this project is to create a tool to investigate one's immediate area to 
identify specific devices in a simple, visual way. By leveraging the integrated functionality 
available on a standard smartphone in conjunction with several consumer-grade Bluetooth low 
energy (LE) devices, it is possible to depict the position of a device on a visual representation of 
the current location. This data can also be collated over time, which can be presented to the user 
on the aforementioned virtual map to quickly highlight the movements of a device within an area. 
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Digital Signal Processor for TIMS Unit - (12cp) 
Timothy Hollier - S15-088 
 
Supervisor:  Peter McLean 
Assessor:  Ben Rodanski 
Major:  Electrical Engineering Major BE and BEDipEngPrac 
 
 
In this Capstone project a ARM Cortex M4 microcontroller is used to develop a module for the 
Telecommunication Instructional Modelling System (TIMS) Unit, available in the University of 
Technology Sydney’s Control Laboratories. Analog signals will be digitised, processed and 
output again as analog signals, all controlled by a simple user interface. This interface will allow 
the user to select the specific function they desire, from a user manual. The selection will be done 
via a dial, with the current choice displayed on a seven segment display. The focus of this 
Capstone project is the hardware and firmware design for the microcontroller. 
 
This Capstone project aims to provide a single TIMS card which is flexible enough to provide an 
extensive variety of functions, in contrast to the current cards available in the control laboratories, 
which can only serve one singular purpose. The TIMS module designed in this Capstone project 
is intended to be completely compatible with the TIMS unit including having an identical input 
jack size, having a uniform faceplate, to handling the same signal range (auditory frequencies). 
 
The centerpiece of this design is the K70 microcontroller from NXP. This project also aims to 
test the capabilities of this particular component. The K70 is currently in use in the university’s 
Embedded Systems Laboratory, in the form of the TWR-K70F120M board, which is used in 
subjects such as Embedded Software. This TIMS module will provide added capabilities in the 
Signals Laboratory, which will be used to enhance student learning. 
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Stabilising Soft Clay Using Fertiliser - (12cp) 
Kaixin Huang - S15-061 
 
Supervisor:  Behzad Fatahi 
Assessor: Hadi Khabbaz 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
 
With the rapid growth rate in population worldwide and urbanisation, there has been an increased 
demand for suitable lands for construction of various types of infrastructures. As a result, many 
of these infrastructures have been constructed on soft clays to accommodate this change. Soft 
clays classified as one of the problematic soils due to their high compressibility, low shear 
strength and bearing capacity. They can cause significant potential problems such as differential 
settlement, slope stability, cracking, collapse and excessive ground movement during and post 
construction. Numerous soil improvement techniques have been developed and advanced to 
remediate these problems. 
 
Recent research shows that soil chemical technique has great potential to improve the engineering 
properties of soft clays. Soil improvement using fertiliser is an innovative method that utilises 
environmentally friendly fertiliser that can be added to the soft clays used as alternative binders 
or complementary binders to stabilise the soil. The addition of technically, environmentally and 
economically feasible material to soft clays which can improve properties such as shear strength 
and bearing capacity to more stabilised soils. Thus, soil chemical technique approved assists in 
remediate issues with soft soils. 
 
This project investigates the effect of Di-ammonium Phosphate (fertiliser) on the mechanical 
properties of cement treated kaolinite clays. The cement treated kaolinite clay samples were 
prepared using cement contents of 10%, 15% and 20% by the weight of dry kaolinite clay. Five 
different percentages of fertiliser content, namely, 0.5%, 1%, 2%, 3% and 5% Di-ammonium 
Phosphate were employed to understand the influence of different fertiliser contents. A total of 
54 specimens of cement treated clays with numerous cement and fertiliser contents were tested 
using bender element test for 56 days. The specimens wrapped with the plastic sheet to maintain 
the moisture content for the entire curing period. Shear wave velocity, shear modulus, wet density 
and time to achieve 90% strengthening are presented and discussed in this study. 
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Life Cycle Assessment of High-Rise Concrete Buildings - (12cp) 
Desiree Karzon - S15-123 
 
Supervisor:  Vute Sirivivatnanon 
Assessor: Wengui Li 
Major:  Civil Engineering Major BBEBBus and BEBsc 
 
 
Since the 1980’s there has been a push for sustainable practice by the government, environmental 
organisations, and the general public. This drive was developed due to some factors including 
global warming, greenhouse gases (GHG), energy consumption, waste and air pollution, the 
increase in population and cost of living. The construction industry has a direct and indirect 
association with each factor. The United Nations Environmental Programme (2009) states that 
the building sector accounts for approximately 40% of the total energy used in the world and 
contributes about 30% of the world’s total GHG emissions per year (UNEP, 2009).  
 
This report aims to focus on how the construction industry can reduce its impact to the 
environment through creating more sustainable and efficient high-rise concrete buildings. This is 
achieved through a literature review on the life cycle of buildings and their impact on the 
environment.  The report then completes a life cycle assessment case study a high-rise concrete 
building and evaluates the mid-point and end-point environmental impacts. A sensitivity analysis 
is then completed on this case study to test the effects of a building's energy use in different 
climate zones. Another life cycle assessment case study is completed on the reconstruction of a 
concrete road slab to allow for comparisons to be made with different types of construction 
projects. The report then concludes, stating various ways that buildings can become more 
sustainable through the materials used, construction techniques and building design. Construction 
firms, government, engineers, and architectures will find this report most useful. 
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Polystyrene CNC Machine - (12cp) 
Bachir Kazzi - A15-127 
 
Supervisor: Sarath Kodagoda 
Assessor:  Shoudong Huang 
Major:  Mechanical and Mechatronic Engineering Major BE and BEDipEngPrac 
 
 
Despite Windtech Consultants being a leading structural wind analysis multinational company 
for over 20 years, many of their manual processes are dated, inefficient, expensive and to some 
degree hazardous. In order to test a structure for the effects of wind loading, a scaled model of 
the principal structure and its surroundings are manually built out of polystyrene and tested in a 
wind tunnel environment simulating wind effects for analysis. The environment model making 
process is long, laborious and hazardous.  
 
In order to rectify some of these issues I designed and engineered a machine to automate the 
polystyrene cutting process. To do so successfully a thorough analysis of the relevant current 
processes used at Windtech was conducted and market research into existing solutions performed. 
Research into actuation methods, control feedback, machine design, electrical distribution and 
circuit building as well as heat transfer and material science was undertaken. Many prototypes 
were also produced as the design went through several minor and major iterations and new 
challenges arose. 
 
The result at this point is a fully functioning 3 axis CNC machine capable of cutting polystyrene 
with a custom built and engineered thin sturdy stainless steel hot rod. It is powered by DC voltage 
supplies not greater than 30 volts making it safe to work with. Actuation utilises ball screws with 
linear guides and bearings driven by stepper motors in conjunction with chopper drivers. 
 
The machine is still in development and some work must still be done in the realm of CAD 
translation and firmware, however its capabilities have been proven and the groundwork has been 
laid for further development. Alternative solutions for CAD translation currently do exist on the 
market and further negotiations with Windtech will reveal what direction the development will 
go.  
 
The machine has provided Windtech with a viable solution which will largely rectify the hazards 
and inefficiencies associated with their current procedures. Further development will be 
continued after the Capstone in order to integrate the machine into the Windtech pipeline. 
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The Development of a Low-Cost Renewable Cooking Solution for Refugees - (12cp) 
Angad Keith - S15-066 
 
Supervisor:  John Zhou 
Assessor: Sherub Phuntsho 
Major:  Civil and Environmental Engineering Major BE and BEDipEngPrac 
 
 
Access to fuel for cooking is a major challenge facing refugees. Refugees often use firewood as 
their main source of cooking fuel; however this has adverse effects on health and the environment. 
Thus, the crux of this project is to reduce their reliance on firewood for cooking purposes by 
developing a technically, economically and culturally appropriate renewable solution as an 
alternative.  
 
This project proposes the use of a parabolic solar cooker integrated with a phase change material 
(PCM). A parabolic solar cooker provides a reasonable comparison to firewood in terms of 
cooking times and achievable temperatures, while the use of a PCM will ensure that meals cooked 
during the day can be kept warm enough to be consumed for dinner. The performance of this 
integrated system was evaluated by conducting experiments based on model refugee diets. 
Multiple cooking trials using rice, barley and lentils were carried out and cooking times were 
recorded. The performance of the PCM was evaluated by placing the cooked meal in a thermally 
insulated environment and recording the temperature of the meal at dinner time.  
 
Using the PCM-integrated system, it was found that rice dishes took approximately 2 hours 11 
minutes to cook, while barley dishes took 2 hours 45 minutes to cook. The lentils were unable to 
cook in the PCM-integrated system. An explanation for this is provided in the discussion. 
Additionally, the thermally insulated environment allowed the meal in the pot to maintain a 
temperature of 57 – 59 0C until 1900 hrs, at which time it would be consumed as dinner.  
 
Following a discussion of the results, a cost-benefit analysis is presented. This analysis is 
necessary to evaluate the economic viability of using this integrated system in a refugee context. 
Finally, recommendations for improvements to the system for future studies are also presented. 
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Reliability Improvement of 11KV Distribution Systems through Feeder Augmentation - 
(12cp) 
Christopher Koppl - S15-045 
 
Supervisor:  Li Li 
Assessor: Youguang Guo 
Major:  Electrical Engineering Major BE and BEDipEngPrac 
 
 
Distribution network service providers (DNSPs) throughout Australia are under increasing 
pressure to lower network costs whilst at the same time maintaining or improving the reliability 
of electrical service to customers. Recently, the Australian Energy Regulator (AER) has 
effectively cut the level of capital expenditure DNSPs are willing to invest into the network. So 
that this expenditure cut is not translated into a reduction in service reliability to customers, the 
AER has developed an incentive scheme to entice DNSPs to maintain appropriate investment into 
distribution networks. 
 
This project has been developed in a time when investing in reliability improvement strategies is 
only justifiable if the level of investment required falls below the maximum threshold value that 
the average customer places on their reliability. To achieve a reliability improvement in the 
current climate, a methodology has been developed and tested through this project to prove that 
it is possible to increase the reliability performance of 11kV distribution systems through a low-
cost network solution of feeder augmentation. This involves using current distribution network 
infrastructure and placing radial distribution feeder end-points at optimal locations throughout 
the system to reduce the extent of network outages, based on current failure rate probabilities and 
the number of customers supplied from each individual distribution feeder. In doing this, the 
number of service interruptions experienced by customers is minimised and reliability 
performance is increased. 
 
The results obtained over two independent case studies of real-world distribution systems on the 
Ausgrid distribution network are presented and show that while the current reliability 
improvement methods are not able to be replaced, it is still possible to achieve smaller reliability 
performance gains throughout entire distribution networks. 
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Wheeledwalks: Data Collection, Analysis, and Distribution Framework for Mobility 
Impaired Bushwalking - (12cp) 
David Lee - A16-013 
 
Supervisor:  Zenon Chaczko 
Assessor: Stephen Grant 
Major:  ICT Engineering Major BE and BEDipEngPrac 
 
 
Getting out and exploring nature is an activity that everyone should be able to enjoy. Recently a 
friend of mine and an avid bushwalker suffered an accident which has left her a paraplegic. Her 
love of bushwalking, however, was not diminished, and she was disappointed to discover that 
there is no easy access to information on what walks are wheelchair accessible, other than short 
(< 2km) purpose-built sealed paths. This is because there is currently no grading system for what 
is considered “wheelchair accessible. This project aims to provide a means of grading walks for 
wheelchair accessibility, as well as begin a database of walks that are suitable for wheelchairs, 
accessible via a smartphone App. 
 
There are three main parts to the project: Data collection, analysis, and distribution. The Data 
Collection application is an Android™ App that enables the recording of raw data from sensors 
attached to a wheelchair (accelerometers, heart rate monitor, GPS) and exports the data as a walk 
log file. The Data Analysis application is a cloud-based web platform which analyses and 
interprets the walk data, converting it into a compressed format that contains information on 
various aspects of the walk. The Distribution application is another Android™ App which 
downloads the interpreted data and displays the walk as a colour-coded track overlay on Google 
Maps™. 
 
This project builds on previous work by myself developing the data recording application, and 
solves problems such as multiple simultaneous Bluetooth_LE connections, auto-updating cloud 
data transfer and analysis, signal filtering, display, interpretation, and effective data visualization. 
It will provide not only a useful community resource for the wheelchair bound population, but a 
system relevant to pram users and cyclists as well. 
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Stabilize Expansive Soil with Bagasse Fibre and Hydrated Lime - (12cp) 
Chaoming Li - S15-122 
 
Supervisor:  Hadi Khabbaz 
Assessor: Behzad Fatahi 
Major:  Civil Engineering Major BBEBBus and BEBsc 
 
 
In road construction engineering, the swelling behavior of expansive soil has been a problematic 
issue on road pavement and maintenance. Differential settlement or ground heaving result in 
distortion and uneven deformation on the road surface. This distortion contributes undesirable 
safety problems or uneconomical lost. There are a number of modification techniques to improve 
the characteristics of expansive soils such as physical improvement by employing coarse sands 
or chemical stabilization by adding cement, lime, gypsum or sodium silicate. These applications 
facilitate to stabilize the road subgrade or foundation of substructures, hence, to reduce the effect 
of settlement of existing and future road substructure. Nevertheless, these applications are 
expensive to apply for road project. A lower costing treatment on expansive soil need to be apply 
by using agricultural waste such as bagasse fibres a byproduct of sugarcane in combination with 
hydrated lime. 
 
In this project, black soil from Queensland was tested with hydrated lime and bagasse fibres. 
Bagasse fibres can improve the strength of the black soil and reduce its swelling and shrinkage 
effect, whereas the hydrated lime helps to improve the chemical bonding on the soil. This 
chemical reaction from hydrated lime and water increases the roughness of the surface of bagasse 
fibres. In addition, an artificial expansive soil which is a mixture of bentonite clay and kaolin clay 
was used. The project also carries the investigation of artificial soil to work out a better solution 
with hydrated lime and fibre for expansive soil. Based on the compaction test, the maximum dry 
density and the optimum moisture content of black soil and artificial soil were adopted for the 
preparation of samples. Many tests including UCS tests and linear shrinkage tests were conducted 
according to Australian testing standard. The results indicate that combination of lime and 
bagasse fibre is effective in increasing the strength of expansive soil and reducing its shrink and 
swell movements. 
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The Analysis of Compressive Strut Action in Deep Beams and Its Vertical Shear Capacity 
Using Dincel Walls - (12cp) 
Sixiao Lu - S15-126 
 
Supervisor:  Shami Nejadi 
Assessor: Anne Gardner 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
 
There is a growing interest in the research of deep beams which behaves differently to flexural 
beams. As deep beams transfer force by strut action, flexural beam design method is no longer 
applicable. Strut and Tie Model (STM) is a highly recognised method for the design of such 
members. With the increasing use of STM in deep beam design, it is critical for all structural 
engineers to fully understand its behaviour.  
 
The purpose of this project is to investigate the behaviour of deep beams such as transfer walls 
using STM. The results of this analysis will then be applied to a case study on Dincel wall. Dincel 
formwork is widely used in construction industry to reduce construction cost. However, such 
built-in formwork weakens the in-plane vertical shear strength of the wall. There is limited 
information in the industry on what reduction factor should be applied to Dincel wall shear 
capacity. Thus, this project will aim to investigate this issue.  
 
This project will detail deep beam design methodology from three major standards worldwide 
which are AS3600, EC2 and ACI. Finite element programs ATENA and Strand7 will be used for 
deep beam analysis and verification of the Australian Standard on STM. This report will present 
the findings in the parametric study of transfer wall strength for different span/depth ratios, 
concrete strength, horizontal reinforcement and aggregate size. Comparisons between Dincel and 
conventional concrete wall strength will be discussed to determine the shear capacity reduction 
in Dincel walls. Analysis on the strut action through weak planes of Dincel walls is also 
demonstrated.  
 
Recommendations including minimum reinforcement for STM will be provided for Australian 
Standard. The outcome of this capstone project will lead to a better understanding of deep beams 
analysis using STM and the shear capacity of Dincel walls, which is beneficial for structural 
engineers in the construction industry. 
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Promoting the Benefits of Waste Tyre Recycling In Construction Materials, a Critical 
Assessment. - (12cp) 
Alice McMahon - A16-004 
 
Supervisor:  John Zhou 
Assessor: Emre Erkmen 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
 
Crumb Robber Concrete (CRC) is a product that has emerged in response to changing market and 
regulatory requirements.  CRC is not only a response to sustainable construction; it is a specialised 
product in its own right.  CRC has been found to have lower compressive strength than 
conventional concrete, however exhibits several performance enhancing characteristics including 
but not limited to: improved impact resistance, toughness, ductility, durability, damping ratio, 
energy dissipation, ASR performance and freeze-thaw protection.  These characteristics are 
dependent upon the quantity, size, origin and treatment of the crumb rubber used.  Aggregates are 
considered the most mined materials in the world, representing approximately 70-80% of 
conventional concrete mixtures.  Increased consumption of concrete and rubber tyre waste are 
placing additional stresses on increasingly impoverished resources.  Whilst awareness is 
increasing over the importance of recycling waste materials, effective standards are 
underdeveloped and inconsistent and non-binding.  This thesis will explore why a material like 
crumb rubber concrete warrants investigation to offset the environmental impacts that result from 
conventional concrete production.  It is imperative that barriers to use are understood and possible 
implementation pathways are explored in order to establish a sustainable market for CRC.  The 
future economic, environmental and social cost of inaction must be quantified in order to shift 
mindsets and bring about change today.  Education and industry participation are paramount to 
the marketability and success of CRC and further research into sustainable construction materials.  
When applied as a specialised product, CRC is an excellent solution to a number of specific 
construction applications. 
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Innovative Mobile Communication System (INUA) Developed For Uts-Helps (UPASS) - 
(12cp) 
Viraaj Mehta - S15-133 
 
Supervisor:  Richard Xu 
Assessor: Zenon Chaczko 
Major:  ICT Engineering Major BE and BEDipEngPrac 
 
 
Mobile wireless communication is most widely used medium for communication in today’s 
world. Internet of Things (IoT) and open source tools allow inventors and developers explore 
wide range of possibilities available. The project was initially designed to solve the problems 
associated with UTS-HELPS (UPASS) administration. It was achieved by automating current 
manual procedures in order to reduce the hassle involved and save both time and financial costs. 
 
The key idea is to utilise open source tools in mobile environment that could be used in both 
online and offline scenario’s. INUA system is designed to work in worst case offline scenarios. 
The prototype was designed as a mobile application developed for Android platforms that 
communicates with a cloud database (Firebase) and interacts with open source API’s for various 
purposes such as the Twitter API, Google Tesseract API, and Kahoot API. 
 
A wireless communication medium named “Vircom” was designed to share data and other 
information between devices. It uses a combination of both Wi-Fi and socket connections to work 
in both online and offline scenario’s that makes it independent of the network, platform (OS) and 
the device type because all the communication is now done at a TCP layer. Also, the Vircom 
communication system is designed to be independent of the user interface that a software 
developer designs as all data is exchanged as services in background of the application you use. 
 
The Vircom offline version is integrated within the prototype developed for U: PASS and can be 
integrated within any other mobile application. It will function independently of platform used, 
device and network connectivity. 
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Study Dynamic Characteristics of Structural Components from Sydney Harbour Bridge 
Using Finite Element Approach - (12cp) 
Nicholas Mitchell - S15-083 
 
Supervisor:  Jianchun Li 
Assessor: Emre Erkmen 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
 
The iconic Sydney Harbour Bridge (SHB) recently passed eighty years of design usage. 
Completed in 1932, the focus on the long-term serviceability and survivability of the structure 
has since increased substantially. To ensure that the reliability and safety of the bridge are 
appropriately maintained, a project was established that encompasses the Structural Health 
Monitoring (SHM) of the structure. In more general terms, the project aims to develop methods 
for the reliable detection of damage, and provide robust and accurate assessment techniques, for 
Australia’s critical bridge infrastructure. Over 2,000 accelerometers were attached to the jack-
arch structural components on the underside of the SHB bus lane in order to facilitate the SHM 
process. The accelerometers are used to gather data on the vibration responses of the jack-arches. 
Counterparts of the components were established in the structural laboratories of the University 
of Technology, Sydney (UTS) to enable the completion of an experimental study. 
 
The purpose of this report is to apply Finite Element Approach to investigate and therefore gain 
understanding on the dynamic characteristics of the jack-arch components. The selected Finite 
Element (FE) software, ANSYS, was used for the development of FE models of individual jack-
arches. Their dynamic properties were derived through various analysis methods, and compared 
to those of the experimental specimens. Following subsequent discussion, attempts were made at 
updating the FE models to better match experimental results, a process known as model updating. 
This was completed with varying degrees of success, and recommendations were then made 
pertaining to the scope of any future work on the topic. 
 
This report has inherent value to those continuing the SHM work on the Sydney Harbour Bridge. 
The report’s conclusions also provide substantial benefit for engineers worldwide involved in 
vibration-based SHM, particularly where this relates to large bridges, or to model updating. 
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Investigating the Usage of Construction and Demolition Waste, As an Aggregate, Within 
Concrete - (12cp) 
Peter Musso - S15-090 
 
Supervisor:  Anne Gardner 
Assessor: Kirk Vessalas 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
 
Concrete is one of the most commonly used materials in the Civil and Structural Engineering 
industries, and has been used in some way in the vast majority of modern structures. The use of 
construction and demolition waste as an aggregate within fresh concrete, has the potential to allow 
for significant environmental benefits, through a reduction in the amount of waste going to 
landfill. 
 
Whilst the idea of using recycled aggregate has previously been investigated, there is hesitation 
within the Engineering industry to accept the widespread use of recycled concrete aggregates in 
structural concrete. This is due to its’ nature as a recycled material, which inevitably results in 
concerns about the quality of, and consistency between equivalent recycled concrete aggregate 
particles.  
 
This project investigates the application, of recycled concrete aggregate, sourced from 
construction and demolition waste, in structural concrete. This project reviews the results and 
relationships published in various sources of scholarly literature, to examine the impact of the 
inclusion of recycled concrete aggregate on the fresh and hardened properties of concrete.  
 
The findings from the scholarly research were used to establish a degree of equivalency between 
natural aggregates, and recycled concrete aggregates. It was found that recycled concrete 
aggregate, can be used in place of natural aggregate, by either ‘treating’ the recycled concrete 
aggregate particles, or altering the mix design to account for the change in properties. 
 
Based upon the relationships established between the recycled concrete aggregate content and the 
properties of the concrete, a theoretical one-way slab has been designed with varying quantities 
of recycled concrete aggregate. The design process has utilised a modified version of the one-
way slab design process from AS3600, which has been altered to account for the impact of the 
inclusion of the recycled concrete aggregate. 
 
The conclusions reached from this project indicate that where recycled concrete aggregate is used 
in low quantities (less than 50%), that there are no detrimental effects on the design of a structural 
element, arising from its’ inclusion. 
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Design and Commissioning Longitudinal Test Method for Impact Attenuating Surfaces - 
(12cp) 
Anh Vu Nguyen - A16-019 
 
Supervisor:  David Eager 
Assessor: Chris Chapman 
Major:  Mechanical Engineering Major BE and BEDipEngPrac 
 
 
The purpose of this study is to create a longitudinal test method for unitary playground impact 
attenuating surfaces. The current standard for evaluating the performance of playground surfaces 
is AS/NZS 4422:1996 Playground surfacing-Specifications, requirements and test method. The 
limitations of this standard is that it is used to evaluate the performance of a material at the time 
of testing, however the results do not give a quantifiable measure of the longevity of the material. 
At present, there is no specific test method for evaluating the degradation in performance of a 
playground impact attenuating surface (IAS) material during the course of its service life. 
 
The longitudinal test method aims to simulate long-term degradation of IAS’s by applying 
repetitive uniaxial compression loadings and observing the effect these have on the performance 
of the material. The performance is assessed by first determining the critical fall height by free-
fall impacting a hemispherical missile onto the test samples. The penetration of the missile was 
determined and used as the cyclic loading displacement. This displacement was used to determine 
the cyclic loading force for the repetitive loading of the test sample. The performance of the 
material as it degraded due to the repetitive loading was monitored.  
 
The cyclic testing was conducted under constant peak force and observations were made of the 
depth of penetration. Three playground surface samples were tested, namely: a control sample 
and two prototype samples. Experimental results show that there is a trend of increasing depth of 
penetration relative to the number of cycles of the applied peak force. Free-fall impacts were 
conducted out at various intervals of cyclic loading and compared with initial free-fall impact 
results to quantify the effects of the cyclic testing. Results of this study show that there is a 
noticeable decline in performance of the material as the sample is subject to a number of cyclic 
loadings. Results of testing one particular prototype shows that, after 3000 loading cycles, the 
effective critical fall height has reduced from an original height of 2.33 metres to 1.50 metres or 
approximately, a 35% decrease in performance. 
 
This study shows that, using the proposed test method, there is a correlation between material 
degradation and performance of the materials in regards to its ability to attenuate the forces 
associated with impacts. The significance of this study is that it provides a test method to measure 
the degradation of an IAS product due to repeated loading, and therefore assess the longevity of 
the product. 
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Post Stroke Rehabilitation Based on Augmented Reality - (12cp) 
Yousif Oraha - S15-142 
 
Supervisor:  Adel Ali Al-Jumaily 
Assessor: Ahmed Al-Ani 
Major:  ICT Engineering Major BE and BEDipEngPrac 
 
 
Physical Rehabilitation comes in many different forms, many of which have complex factors 
involved which either limit the ability to progress easily without external care, or have financial 
and geographical factors which prohibit access to care. One type of Physical Rehabilitation that 
requires extra care is that of post-stroke patients. The aim is to provide an easy pathway to help 
these patients return to a state of equal mobility and reintegrate within their communities. 
 
This project aims to achieve an insight onto modern rehabilitation methods and outlines in-home 
exercise based rehabilitation that can provide similar or better results to practitioner care at a 
health care center (physiotherapy). After determining that in-home rehabilitation is a viable 
method and in some cases can also present better long term results, a system is designed to 
coincide with this theory and help us to better understand the barriers of in-home rehabilitation. 
 
The system focuses on implementing exercises that are performed based on Augmented Reality 
using a Microsoft Kinect V2 on a Windows Environment. These exercises are specifically chosen 
to be from Active ROM and Active Assisted ROM exercises, meaning they do not need a third 
party present to help the user perform the exercise. The advantages of this are that the users can 
participate in exercises that are not monotonous and that are able to track progress in a meaningful 
and exciting manner. The exercises allow for virtual interaction with an augmented environment 
that draw the patients into a challenging experience that will help promote improvement in their 
range of motion. 
 
The proposed system has many proprietary hardware requirements such as the need for a Kinect 
V2, as well as USB 3.0 controllers specifically made by Intel or Renasus. Those requirements 
aside, on a technical level it was found that within the development time frame, the system 
produced still needed to be attended and could not be completed operated by an end user at home. 
Therefore, in its current state this implementation would be best suited to be used by a practitioner 
to not only monitor progress but to also help demonstrate how to execute these exercises. 
 
The future aim of this project would be to completely solidify the solution so that the user is able 
to be set up remotely from home and have their data shared with the practitioner. At the same 
time, it would be possible for the practitioner to alter the rehabilitation regime as the user 
progressed. 
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Planning and Delivery Strategies for Accessible Transport in Sydney - (12cp) 
Bradley Pinto - S15-106 
 
Supervisor:  Ken Halstead 
Assessor: Michelle Zeibots 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
 
Transportation has been identified as a key area requiring innovation and renewal in order to 
achieve the 'Tomorrow's Sydney' vision laid out by the NSW government. Within the context of 
transportation, continued sustainable investment, particularly in civil and urban projects is 
required to deliver innovative solutions. However, continued investment in transportation 
requires a sustainable model which provides a real return on transport investments, whilst also 
increasing the performance and accessibility of the Sydney transport network.  
 
There are several catalysts driving the need to improve accessibility in the Sydney transport 
network. These catalysts include factors such as demographic changes in the population of 
Sydney, economic challenges influencing investment in transport and the ability to revitalize 
ageing transport infrastructure. An accessible transport network can be defined by the 
characteristics it exhibits. These characteristics include how transport policy and planning 
decisions are determined, the interface between the urban and transport environment, the 
integration between transport services and the implementation of appropriate transport modes 
where required.  
 
With the introduction of the Long Term Transport Master Plan in 2012, the NSW Government 
has provided a strategic outlook which details several projects and initiatives which seek to 
develop a more accessible transport system in Sydney. This report will first conduct an assessment 
to understand the catalysts, the current strategic outlook and the condition of the existing transport 
network in relation to the primary modes of travel.   
 
Following this initial assessment, a detailed study will be completed to contextualise the findings 
of this assessment. Primarily, this report will seek to determine whether the application of modern 
urban planning techniques such as value capturing and transit oriented development can deliver 
a more efficient, innovative and sustainable method to achieve greater transport accessibility in 
Sydney.  
 
A major component of this study will be based on the Hong Kong transport network, specifically 
the sustainable model developed by Mass Transit Railway Corporation (MTR) which provides a 
real return on investment and has unified transport and urban development.  
 
Ultimately, based on the findings in the report, a more innovative planning and project delivery 
model will be proposed. 
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Measurements of Specific Heat Capacity with Differential Scanning Calorimeter (DSC) - 
(12cp) 
Lachlan Pooley - A16-011 
 
Supervisor:  Terry Brown 
Assessor: Guang Hong 
Major:  Mechanical Engineering Major BE and BEDipEngPrac 
 
 
The Cp value of a material changes with the change in temperature of that material. This Cp value 
also changes with the heating rate with respect to time. Data on the Cp values that have this rate 
of change will provide better knowledge of the thermo-physical properties of these materials and 
will increase the capabilities and fidelity of state-of-the-art computational fluid dynamics (CFD) 
simulations as well as fire dynamics simulator (FDS) that are used for fire modelling.  
 
The models and simulations are reliant on data gained through experimentation, this allows for 
the study of how the materials react and further understanding of how fires respond in different 
situations. This enables iterative methods to be used to increase the understanding of fire and risk 
management. This process enables legislation and regulation to be proposed and implemented to 
stipulate appropriate fire suppression and control methods.  
 
Specific heat capacity (Cp) in relation to the rate of temperature change will be measured using 
Differential Scanning Calorimetry (DSC) and Cp values calculated using the Sapphire method in 
conjunction with post processing software. 
 
This research encapsulates the determination of Cp values and trends for PMMA, Pinewood, 
Pinewood char, Cotton and Wool.  
 
The Cp values were found to vary with the change in heating rate. Variation occurred between 
tests of the same materials and same heating rate, the averages of these data sets were used in the 
final determination of results. The observed trends show that with an increase in heating rate, the 
sensitivity of Cp decreased. This was generally uniform across the materials tested, disregarding 
the material’s characteristic trends that were observed.. 
  



Template for Capstone Project D/HD Presentation Day 

  34 

Effects of Boric Acid & Borax Treatments and Polyvinyl Acetate on the Durability of 
Bamboo - (12cp) 
Chris Radevski - S15-104 
 
Supervisor:  Rijun Shrestha 
Assessor: Yancheng Li 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
 
This project aims to investigate the effects of the combination of various treatments and adhesives 
on the durability and subsequent strength of bamboo in a structural application.  The performance 
of bamboo will be tested once it has been exposed to a humid environment, exhibiting high 
moisture contents.  The effectiveness of the treatments and or adhesives applied to the samples 
will be measured.  This project proposes a significant contribution to the engineering industry as 
bamboo is currently not used as a structural timber in Australia. By investigating the effects of 
certain treatments and adhesives and testing these effects whilst exposing bamboo to an intensely 
humid environment, it is possible to enhance the material’s properties and performance. 
 
Bamboo is widely used across the South American and Asian countries because of its physical 
properties and the availability of the material. The use of bamboo particularly in construction 
boasts numerous advantages. Bamboo exhibits rapid growth and can be harvested and used within 
six years. It is a very lightweight material, best processed with simple hand tools, requires 
significantly less energy to harvest than traditional timber and is a sustainable product that can be 
grown in plantations.  From an engineering standpoint, the benefits of bamboo outweigh the 
benefits of traditional timber. The purpose of borax and boric acid treatments is to minimize the 
bamboo’s susceptibility to fungal and insect attacks, and prolongs the lifespan of bamboo 
members. 
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The Financial Viability of Solar Photovoltaics - (12cp) 
Harshaa Raha - S15-055 
 
Supervisor:  Wenshan Guo 
Assessor: Huu Hao Ngo 
Major:  Civil and Environmental Engineering Major BEBus and BEBSc 
 
 
Solar energy is power which is harnessed from the sun and transformed into other forms of energy 
such as heat and electricity. Solar energy is a renewable energy source, which produces no 
emissions or greenhouse gases. However, solar energy still remains an underutilised energy 
resource in many parts of the world. 
 
Australia has the highest solar radiation per square metre of any continent and receives on average 
58 million petajoules (PJ) of solar radiation per year, which is approximately 10,000 times greater 
than its total energy consumption. So, why is this solar energy potential not being utilised to its 
full capacity? 
 
This capstone project will provide analysis on solar photovoltaic schemes (PV) in Germany. A 
PESTEL analysis has been undertaken in order to determine the macro environmental factors that 
influence the success of solar PV in Germany. This will form a baseline for best practice. A case 
study has been developed on the economic viability of the solar power system installed at the 
University of Technology Sydney (UTS) in Building 11. Analysis on the economic viability of 
the UTS solar PV system has been completed by undertaking Net Present Value (NPV) and 
Internal Rate of Return (IRR) analysis for the system.  
 
As we continue fossil fuel divestment due to the serious environmental implications of fossil fuels 
such as climate change and global warming. We must investigate the financial viability of other 
renewable energy sources and determine if these economic models are sustainable. The objective 
of the study is to determine the long term financial forecasting for the UTS solar power system 
and provide recommendations in order to make the system sustainable. 
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Transformation of an All Direction Mower into a Hydraulic Log Splitter - (12cp) 
Jake Robinson - S15-119 
 
Supervisor:  Bruce Moulton 
Assessor: Terry Brown 
Major:  Mechanical Engineering Major BE and BEDipEngPrac 
 
 
The current physical demands of a farmer’s day to day life has a tremendous impact on their 
health and well-being. As time goes by the body continues to age and the physical activities and 
demands of a farmer become more and more challenging and taxing on the human body as it is 
not designed to last forever. 
This project aims at reducing a lot of the physical effort required to split wood via the traditional 
method, manually. It aims at working directly with a client to utilise existing materials and parts 
and create a device that will split logs with ease. It will function mainly through the optimisation 
of hydraulic systems with goals of largely reducing heavy lifting of logs and the repetitive 
physical demands of splitting them. 
With the average age of farmers continually growing and their likeliness to continue work long 
after most others retire, emphasises the need for repetitive and strenuous tasks, like log splitting, 
to be made easier by modern technology. 
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Micro Generation in Smart Cities: Building Of Micro Scale Water Turbine for - (12cp) 
Jaime Rodriguez - A16-292 
 
Supervisor:  Associate Professor Huu Hao Ngo 
Assessor: Wenshan Guo 
Major:  C22028 Exchange Undergraduate 
 
 
In all the countries around the world, the concentration of population in urban areas is increasing, 
and so is the demand for energy. Given that fossil fuels still account for the largest part of the 
energy production to cover that demand and the environmental harm that this involves, it is 
necessary to start promoting initiatives to reduce this environmental impact. Since most of the 
population of the world lives in cities, implementing new ways of producing energy there would 
decrease the pressure that the environment is subject to due to the power demand. 
 
The aim of this project is to design and build a micro-scale water turbine that harnesses the energy 
contained in the rainfall to charge a battery, providing a micro-generation system that could be 
used for distributed generation in cities. The completion of this project requires selecting and 
assembling the appropriate mechanical, electrical and electronic components, so that energy can 
be efficiently transformed by the system. 
 
The micro hydropower system, as well as its individual components, undergo testing. 
Experiments with different load, flow and head conditions are conducted to see what effect they 
cause in the performance of the system. 
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Design of A Modified Afridev Hand Pump Top Mechanism - (12cp) 
Mohamed Sesay - S15-113 
 
Supervisor:  William Dartnall 
Assessor: Paul Walker 
Major:  Mechanical Engineering Major BE and BEDipEngPrac 
 
 
There is an urgent health related need to access clean water in third world nations especially in 
sub-Saharan Africa. Access to safe sand filtered ground-water for most communities in the sub-
continent is made possible through hand-pump installations. Over the past 25 years, there has 
been a considerable effort in providing rural communities with these machines. This has 
contributed greatly in improving the livelihood of rural population in Sub-Saharan Africa with 
the assistance of developed countries.  
 
One particular pump, known as the Afridev hand-pump is among the most successful design of 
handpumps ever made. The focus of my project was to understand the design concept of the 
Afridev handpump and improve it by modification. The Afridev’s success has been related to its 
simplicity which provided access to the down-hole system by simply removing the top cover. 
This idea was one of the main aims of the developers involving design of this deep well hand-
pump that can be a village level operation and maintenance (VLOM) device requiring fewer tools 
and having increase mean-time between failures (MTBF).  
 
The aim of my project has been to build on the design concept of the Afridev, and even further 
increase the MTBF. The project’s aim has been to improve Afridev handpump by doubling the 
stroke length which will also increase the delivery of water. The modification also provides a 
means by which different downhole systems can be attached to the well-head mechanism. One of 
these alternative down-hole systems is the efficient and reliable down-hole system developed for 
the solar ground-water pumping industry by my supervisor.  
 
The modified design has manufacturing information which can be used to develop a prototype. 
The document includes analysis, production and maintenance details in accordance with 
Australian standards.  
  
Based on Afridev success over the years, advancing its concept will be significant achievement. 
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Urban Transformation in Australia: Converting Commercial & Industrial Buildings into 
Residential Accommodation - (12cp) 
Martin Shor - S15-115 
 
Supervisor:  Anne Gardner 
Assessor: Chris Wilkinson 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
 
Due to the constant increase in population of Australia by one person every minute and thirty-
two seconds, the population has now exceeded 24 million people in 2016. As a result, the high 
demand for urban living in key cities of Australia is generating never before seen pressure for 
urban transformation. This process involves land re-development of dilapidated and under-
capitalized real estate assets in areas of high density land use. The intention of this research project 
is to examine the process of converting commercial and industrial buildings into residential 
accommodation in order to create a balance between supply and demand of residential dwellings. 
 
This report reviews drivers and challenges of urban transformation, various Sydney based urban 
transformation projects, estate appraisal of buildings by determining the building condition level 
and performance and material assessments. This report will also include an in-depth analysis of 
two urban transformation case studies namely Griffiths Teas and Edward Hill and Co Factory. 
Both buildings are located in Surry Hills and are considered heritage buildings, constructed over 
a century ago.  
 
Document analyses undertaken as part of the case studies include a Development Application to 
the City of Sydney Council, a Building Code of Australia assessment, a Quantity Surveyor report 
to determine the total build cost, BASIX analysis to ensure the building is energy efficiency 
compliant and a Traffic Management assessment. Investment appraisals have been calculated to 
determine the Gross Development Value and the Residual Land Calculation which will inform 
investors if the building is a viable investment. This project has shown that both case studies are 
worthwhile and the investor would make a significant profit. This result leads to the conclusion 
that urban transformation projects can make a positive contribution to local amenity for all 
stakeholders if designed appropriately. 
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Thermodynamics – Steam Turbine Experiment Redesign - (12cp) 
Samuel Shumack - A16-072 
 
Supervisor:  Paul Walker 
Assessor: Guang Hong 
Major:  Mechanical Engineering Major BE and BEDipEngPrac 
 
 
The University of Technology, Sydney (UTS) currently utilises a Steam Power Plant and Turbine 
to teach Mechanical Engineering students the Laws of Thermodynamics. Due to the Universities 
master plan to re-purpose Building Two, the current experiment setup is being removed. This has 
offered the opportunity to redesign the experiment setup utilising newer technologies, with a 
teaching focus in mind.  
 
This project focuses on developing a tangible experiment for students to physically see and 
understand the Laws of Thermodynamics. Research has demonstrated the benefits of employing 
tangible learning platforms, with lab experiments being an example of this and a large focus of 
UTS’s engineering course. With this in mind, this experiment has been designed to be small 
enough to fit onto a trolley. This Experiment can be operated by the student to achieve a hands 
on understanding of the processes occurring.  
 
Research is supplemented by the experimentation and implementation of data acquisition 
techniques specific to the boiler turbine setup. It documents the learning curb of data acquisition 
devices such as the National Instruments USB 6001 along with associated software, LabVIEW.  
 
The final output of this project, still to be refined, benefits the field of engineering through the 
teaching platforms it facilitates. Future students at UTS will be able to learn Thermodynamic 
concepts and build thermodynamic cycles using physical data sets. 
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Role of Excess Consumption and Economic Development in Hazardous Waste Generation 
- (12cp) 
Kieran Smith - S15-081 
 
Supervisor:  Prasanthi Hagare 
Assessor: Wenshan Guo 
Major:  Civil and Environmental Engineering Major BE and BEDipEngPrac 
 
 
Hazardous waste generation and trade is an international issue with the potential to cause 
significant damage to human and environmental health. Unfortunately, action against it reached 
a peak in the early 1990s with the signing of the Basel Convention and progress has largely stalled 
since. Compounding the existing issue is the continuous growth of e-waste, the remnants of the 
technology boom and a growing source of hazardous waste. 
 
Against this context, the aim of this report is to examine the effect of economic development and 
excess consumption on hazardous waste generation. The report explores the historical 
relationship between economics and waste, which led to the “toxic trade” of hazardous waste in 
the 1980s and examines whether a clear relationship between economics and hazardous waste 
exists now. Furthermore it explores the theoretical consumer behaviour that leads to the creation 
of hazardous waste and compares it to how the community perceives its own behaviour. 
 
Hazardous waste generation, export and import data reported to the Basel Convention from 1997 
– 2014 was compared with GDP statistics from the World Bank to determine if a relationship 
between the two data sets could be proven. The results of this report determine that a relationship 
may exist between GDP and Hazardous Waste Generation, although this assertion is significantly 
complicated by the relatively minor amount of data available and the inconsistency within that 
data.   
 
In addition to this, a survey was undertaken which asked community members a series of 
questions about their own purchasing behaviour and their understanding of hazardous waste. The 
results from the 103 survey respondents largely confirmed the theoretical observation that people 
make replacement purchases while they still have functioning devices or devices that could be 
repaired (67%) and that the community is generally unaware of the export of e-waste (82%.) On 
a positive note, some motivations for consumer behaviour were identified which may be key to 
reducing the issue in the future. 
 
The output from this report should help to highlight the potential continual growth of hazardous 
waste with GDP along with the ways in which governments, industry and consumers are 
responsible for the generation of e-waste. Ultimately it can be utilised to demonstrate the 
continuing hazardous waste problem in order for it to be addressed again on a large scale so that 
appropriate solutions on a national or even international scale can be determined. 
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Characterisation of Trampoline System Energy - (12cp) 
Emily Spudic - S15-097 
 
Supervisor:  David Eager 
Assessor: Chris Chapman 
Major:  Mechanical Engineering Major BEBBus and BEBSc 
 
 
The correlation between a suitable design, sound construction and how these factors translate to 
the user experience is vital to the performance of an engineered product. Safety, and in more 
recent times, the health benefits have been the focus of study in regards to trampoline systems. 
Furthermore, extensive research has been conducted into the energy transformations involved in 
jumping on a trampoline, but little investigation has been undertaken to characterise the changes 
in this energy. Therefore, this project aims to determine how the energy within the resonant 
system of a trampoline is influenced by factors attributed to both the trampoline and the user, and 
how this corresponds to the user performance and experience. 
 
With the use of a high-speed camera, the energy losses associated with dropping static weights 
of differing masses onto trampoline surfaces were calculated. These results were compared to the 
acceleration data measured by a tri-axial accelerometer for a range of trampoline users. The data 
obtained was compared to the subjective feedback provide by the test subjects through the 
completion of a questionnaire, to qualitatively and quantitatively characterise the relationships 
that exist between the different factors explored.  
 
The results of the project showed differences in the energy losses for each of the trampolines 
tested, and variations in the measured acceleration of users depending on the specific trampoline 
and the user jump height. This shows that different amounts of energy must be input by the jumper 
depending on the amount of resistance provided by the trampoline and the jump height they want 
to achieve. The findings of this project can be used not only to optimise the design of trampolines, 
but also for other physical models in which the interaction between energy and mechanical 
features are important in achieving a desired response. 
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Which Scheduling Method Is Best For Commercial Construction, The Critical Path 
Method Or Location Based Scheduling? – (12cp)  
Ben Steele - S15-191 
 
Supervisor:  Hiyam Al-Kilidar 
Assessor: Ravindra Bagia  
Major:  Civil and Environmental Engineering Major BE and BEDipEngPrac 
 
 
The commercial construction industry can be challenging, with large scale projects costing into 
the billions of dollars and taking years to complete. The Critical Path Method (CPM) and Location 
Based Scheduling (LBS) are both scheduling methods used to control the activities that take place 
on a construction project. CPM is the “industry standard”, as it clearly articulates task durations 
and relationships, however, it becomes cumbersome on projects with repetitive elements. LBS 
views a repetitive project from a manufacturing standpoint and attempts to increase control and 
efficiency by manipulating task duration and sub-contractor time on site.  
 
This Capstone Project analyzes construction fitout schedules which commonly involve a series 
of repetitive tasks. This report presents the planned and actual project schedules created by CPM 
in MS Project for three construction projects. Furthermore, it compares this data with a schedule 
created by applying LBS to the planned CPM data, to determine which method is superior for 
these projects. A superior schedule would reduce subcontractor prices, create greater project 
control and reduce overall project duration.  
  
When LBS was applied to past projects, sub-contractor works were consolidated, keeping them 
available longer and allowing the learning curve to be effectively utilized. Moreover, trades 
moved throughout the project with minimum clashes. CPM allowed sub-contractors to set the 
pace of work within the head contractors’ nominated timeline, whilst LBS nominated sub-
contractor times on site, thus better able to respond to client variations or latent conditions.  
 
LBS grants additional power to the head subcontractor by nominating trade durations onsite, 
leaving them more responsive to variations or construction issues. By further nominating the sub-
contractor output, project durations and cost can be reduced. 
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Investigation into Using Vibration Based Damage Sensitive Features Along With Machine 
Learning For Damage Characterisation - (12cp) 
Nicholas Stefani - S15-184 
 
Supervisor:  Emre Erkmen 
Assessor: Jianchun Li 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
 
Structural Health Monitoring (SHM) is a relatively new field for defining and explaining the 
current condition and health of structures. The types of structures this technique is useful for is 
numerous: ranging from planes to bridges. Because of the multidisciplinary nature of SHM, there 
are still many avenues to explore, as to ensure the most appropriate system is always being 
implemented. This report defines damage within a structure as any change in geometric or 
physical properties; which could be in the form of corrosion or a fracture. While traditional 
methods of SHM rely heavily on Non-Destructive Evaluation (NDE), however these methods 
require specific information pertaining to the location of interest, deeming these as localised 
condition assessment techniques. Using this approach is inefficient and therefore a drain on 
federal funding and organisational resources. To combat this we consider investing in 
autonomous systems that are capable of assessing the condition of a structure on a global scale 
and could be a more efficient use of resources. 
 
A global approach is based on data acquired through sensors placed on the structure that measures 
the response at those locations. If this structure were to be damaged, then the sensors would give 
a different response. A feature must be extracted from the data set that is able to reflect any 
changes that have occurred to the system. The difficultly then is choosing a feature that is sensitive 
to the change in the system, whilst also resistant to ambient conditions in the form of temperature 
or operational loading. 
 
The approach proposed is to use machine learning, specifically Support Vector Machines (SVMs) 
that are useful for statistical pattern recognition. Machine learning is a prominent and growing 
technique used in many industries, but only recently has it been re-purposed for SHM. To describe 
this process, we first measure the response from the structure, extract the appropriate features 
from the data, and then compare the previous sets of data to the current one for any anomalies. 
These anomalies are flagged as potential damage which allow for further investigation to be 
conducted. This allows for an autonomous system to be implemented for SHM purposes, 
encouraging maintenance and further investigation when an anomaly is detected. 
  



Template for Capstone Project D/HD Presentation Day 

  45 

Biomechanics of the Energy Flow of Rock Climbers - (12cp) 
Nathan Thomas - A15-119 
 
Supervisor:  David Eager 
Assessor: Chris Chapman 
Major:  Mechanical and Mechatronic Engineering Major BE and BEDipEngPrac 
 
 
Rock climbing has become increasingly popular and the routes have become increasingly difficult 
over the last few decades and with these there has been more focus on specific techniques to 
tackle certain problems. 
 
The overall purpose of this research is to evaluate the impact of differing movements, when 
climbing indoor walls, have on the climber’s energy output and ability to complete the climb.  
 
As the research base for technique analysis is limited in rock climbing, research was initially 
conducted to confirm the existence of the different techniques and to provide a base from which 
to ascertain the performance variables for technique comparison. Research for the varying hand 
and foot holds available for indoor climbs was also conducted. As these would specify what 
techniques the climbers would need to apply to progress past each hold. 
 
The first study done was a comparison study, which involved filming three experienced level and 
three beginner level climbers ascending an indoor climb. This study compares the techniques used 
relating to the climbers hand and foot placement, centre of mass displacement, the velocity of 
their limbs, joint angular changes, trajectory efficiency and work/power. The second study 
undertaken was another comparison study as it focused more on the experienced level climbers 
as they ascending a more difficult climb.  
 
Varying differences were found in centre of mass characteristics, body geometry and trajectory, 
with regards to differing orientations of each climber’s hand and foot. Large variations in the joint 
angular change were demonstrated when comparing experienced and inexperienced. The 
coordination in the reaching arm and the final arm posture were found to be invariant with 
technique.  
 
The conclusion was that, the overall energy consumption was larger when the reaching arm 
movements were accompanied by improper foot placement and fluctuations in joint angular 
changes. 
  



Template for Capstone Project D/HD Presentation Day 

  46 

A Mobile Gateway Application for Internal Staff and Doctors for St. Vincent's Health 
Australia - (12cp) 
Joseph Tran - S15-093 
 
Supervisor:  Tom McBride 
Assessor: Julia Prior 
Major:  ICT Engineering Major BE and BEDipEngPrac 
 
 
This report demonstrates the skills gained throughout the Software Engineering degree in a 
project that challenges and prepares the student, Joseph Tran, for the purposes of transitioning 
into the professional sphere of engineering. Also this project provides a helpful resource to assist 
anyone else seeking to start work on mobile applications at an enterprise level. 
The selected project is the development of a mobile application platform that provides a 
standardised communication platform to support the strategy of unifying the various facilities and 
services under the St Vincent's Health Australia's organisation. 
Through this report it will depict the various challenges, obstacles and blockages that were 
encountered throughout the project lifecycle. 
After many false starts, misunderstandings and various attempts to recover from the 
organisational blockages, the project was cancelled. This led to a reflective review of the various 
processes and the appropriateness of approaches to determine whether the situation could have 
been avoided. 
As such it has been revealed that the project scope that was initially conceived was vastly 
mishandled and was motivated by the temporary desire to imitate other organisational 
communication platforms. 
The report does not describe a functional product nor was the original goal of the project achieved. 
But what this report does contain is a careful analysis on what went wrong and various symptoms 
that could be learnt and adapted from to prevent future or similar projects from being wasted. 
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Investigation into Hydrogen Refuelling Stations and Hydrogen Fuel Cell Vehicles - (12cp) 
Kevin Truong - A16-012 
 
Supervisor:   Stuart Nettleton 
Assessor: Ravindra Bagia 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
 
Australia has long been considered the ‘lucky country’ with vast energy resources at its disposal. 
To continue advancing as a nation, it is imperative that Australia looks into new, innovative and 
disruptive technologies in an increasingly competitive global energy market that is searching for 
clean alternatives to reduce its carbon footprint. As climate change is affecting habitats and 
humanity around the globe, technology is being developed to combat the effects of greenhouse 
gases and global warming. The realisation of potential benefits of switching towards cleaner fuel 
sources will need to be met with political mandates as the technology matures and delivers 
benefits to economic, social and environmental systems. 
 
Transport is Australia’s second highest contributor to CO2-equivalent emissions and is the most 
energy intensive industry in Australia, even more so than electricity generation. There is no one 
silver bullet to reduce emissions within transport, with a combined technology approach required 
to solve this complex issue. Hydrogen Fuel Cell Electric Vehicles (FCEVs) are one part of the 
solution to reducing emissions in the transport sector. It will require infrastructure to be 
constructed to support the sales of these zero-emission vehicles. As the world is moving to a 
cleaner global energy source, hydrogen is slowly emerging as an energy carrier with the potential 
to be a clean source with applications already available in the transport industry. Hydrogen has 
the potential to become a major part of commercial vehicle transport as a clean energy carrier, 
provided that the source of electricity for generation is also a renewable source. 
 
This report will consider the main cost inputs into the construction of hydrogen refuelling stations 
from examples in California, the net present value of the total cost of ownership of a commercial 
hydrogen FCEV passenger vehicle, namely for the taxi industry and the economic and business 
environment that surrounds this technology. 
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Vertical Axis Wind Turbines with Maintained Efficiency and Reduced Acoustic 
Emissions. - (12cp) 
James Vorlow - S15-132 
 
Supervisor:  JC Ji 
Assessor: Chris Chapman 
Major:  Mechanical Engineering Major BE and BEDipEngPrac 
 
 
Wind turbines have been a reliable source of renewable energy and improving their efficiency 
has been of great importance in reducing the pollution of the environment. With an increase in 
demand of reducing costs to urban electricity consumption, wind turbines fixed to high city 
structures will allow facilities to generate their own power. 
 
The purpose of this project is to increase the efficiency of Vertical Axis Wind Turbines (VAWT) 
while reducing their acoustic emissions. The acoustics produced by wind turbines can be 
significantly high which is not ideal for urban life. The project will focus on experimenting with 
the angle of the VAWT’s blades, as well as the effect of the number of blades on the system. A 
counter rotating shaft will be implemented to reduce the overall acoustics produced by the system. 
 
The model VAWT used supports 1-5 external and 1-4 internal blades that can be used. An array 
of different angles can be applied to the blades in 20° increments. Anemometers were used to 
measure the wind speed output in m/s, while an RPM meter was used to calculate the shaft speed 
and a dB Reader to measure the noise produced. The power supply outputs were measured 
(Voltage and Amps) in order to determine the efficiency of the system at various blades/blade 
angles. The findings are graphed on a dB to Tip Speed Ratio (TSR) as well as the Efficiency to 
TSR. 
 
The addition of a counter rotating shaft showed for a reduced sound emissions while maintaining 
a desired efficiency. As the inner blades produced their own opposite waves in conjunction o the 
external blades the acoustic noises were seen at lower levels. 
 
Via the application of a counter rotating shaft the results found that it was a significant 
improvement on the system and it is recommended the application be used on VAWT systems in 
the future. 
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Smart Home Intercom Assistant - (12cp) 
Adan Warren - S15-161 
 
Supervisor:  Zenon Chaczko 
Assessor: Jan Szymanski 
Major:  Mechanical and Mechatronic Engineering Major BE and BEDipEngPrac 
 
Smart Home Intercom Assistant – (12cp) 
 
 
Development and progression of the project was fueled by social innovation of smart computer 
assistance in everyday tasks.  In an ideal world, all tasks that society views as tedious or 
cumbersome should have an easy to access and inexpensive solution.  Efficient communication 
throughout a building is one such issue presented that remains unsolved because although there 
are many somewhat inexpensive and effective solutions available in the market, there exist no 
inexpensive solutions that are adaptive to various circumstances or non-native integration.  As 
such, the project intention was to explore and develop support for an intercom network of a 
building and this has been achieved. 
 
The Capstone Project prototype includes features such as: (but not limited to) 
• Automated data communication between primary and secondary computers. 
• Two-way intercom. 
• Remote and voice user interface. 
• On-demand customisation of settings via user interface and console. 
• Logging of tasks and events. 
• Flexible and sustainable programming suitable for integration with non-native Bluetooth 
and WiFi devices (such as a smartphone). 
• Adaptive internet connection to enhance its features. 
 
The purpose behind including all these features is twofold; to augment an existing intercom 
network and to manage a self-sustaining and adaptive two-way intercom network if required.  As 
a prototype developed under time pressure these features are bare-bones and in a real world 
implementation the project would be further developed, however all of these features are 
functional and reasonably efficiently performed. 
 
By synthesising numerous projects and ideas originated from the socially innovative world and 
the principles guided by them, the project has become an elegant, adaptive, and high-performance 
Frankenstein’s Monster to solve the presented need. 
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POW NCCC Generator Install - (12cp) 
Andrew Washington - S15-102 
 
Supervisor:  Youguang Guo 
Assessor: Li Li 
Major:  Electrical Engineering Major BE and BEDipEngPrac 
 
 
In hospitals it is critical that a reliable backup power source for the critical services exists. Diesel 
generators offers a low cost solution with a high power to area ratio. With suitably design 
generator controllers and correctly designed transfer switches generators can be used to start up 
immediately and provide power in the case of a mains failure, to avoid a  situation of a hospital 
losing power that can have fatal consequences. 
 
This capstone projects will detail the design of 800kVA Standby rated generator as well as a fuel 
control system for transporting fuel from the ground to the generator located on the roof. The 
system will be developed at the Prince of Wales Nelune Comprehensive Cancer Centre. This 
project will focus on the selection and design of the project focusing on the electrical perspective 
combined with some mechanical elements of the selected engine, alternator, acoustic attenuators, 
secondary muffler, generator controller and the fuel control system. The main focus of this system 
will be the Easygen2500 generator controller and the Omron PLC used to control the fuel system. 
I will further discuss the integration of the two systems. 
 
This project has been designed to meet the client requirements and the specifications of the design 
documents. The specifications allocated the size of generator needed, using this and the loads of 
each transfer switch the parts have been selected. This report will detail the design and 
implementation process and how this projects has been managed. I will split the report into a 
management and design and provide evidence of the design and as built design drawings and 
documentation. In this project I have worked closely with the client design specifications and the 
Australian Standards. 
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Shear Wall and Vertical Shear Capacity - (12cp) 
Hong Zhang - S15-067 
 
Supervisor:  Shami Nejadi 
Assessor: Anne Gardner 
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
 
As the lateral loads which come from the wind and earthquake are becoming more and more 
important when designing a multi-story building, the shear wall has become an essential 
component which can provide primary lateral resistance to the building. In the engineering 
research area, most of the researches are concentrating on the key features and horizontal shear 
capacities of the shear walls. The vertical shear capacity of the shear wall subjected to out-of-
plane loads has not been demonstrated as much as the in-plane shear capacity. As the vertical 
loads which include self-weight of the structure are relatively lager than the lateral loads, the 
consideration of vertical shear capacity is as important as the horizontal one during the design 
process of the shear wall. 
 
The capstone project aims to review the theories, behaviours and international design codes of 
the shear wall and to demonstrate the vertical shear capacity of the shear wall subjected to the 
out-of-plane loads. A comprehensive literature review is undertaken to review all the information 
on shear wall design which can provide fundamental knowledge to the project. Furthermore, the 
discussion of design codes from different countries is provided to improve the understandings of 
shear wall design. In order to deeply demonstrate the problem, a lift core wall which acts as a 
shear wall in a multi-story building has been chosen as a case study to be studied and analysed. 
 
The analysis of vertical shear capacity is undertaken by the simulation software ANSYS which 
applies the finite element method. The results have been verified by comparing the outcomes of 
case study, hand calculations and modelling analysis. Finally, the recommendations may make a 
contribution to the outcome of further research by modifying the model. 
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Application of Biosolids Produced from Wastewater (12cp) 
Saleem Aliraja – A16-206 
 
Supervisor:  Huu Hao Ngo 
Assessor:  
Major:  Civil Engineering Major BE and BEDipEngPrac 
 
 
This report is on the use of biosolids as an alternative to fertiliser for plant and crop production, 
land reclamation and extracting oil from wastewater. 
  
The intention of this report is so that we get an idea of the benefits of biosolids as a sustainable 
alternative. I believe that biosolids can be further improved and incorporated more into society’s 
ever increasing needs for food and energy. 
 
To acquire our information we reviewed current literature on biosolids from various authors and 
case studies. We obtained results from past experiments to understand the effect biosolids had. 
We did not carry out any experiments. 
 
In land applications, it was found that biosolids have a varying effect. This is dependent on various 
factors which are discussed in this report. For the most part, biosolids increased the yield of plants 
and crops. 
 
For land reclamation usage, biosolids proved to be highly beneficial particularly on barren lands 
from mine sites. It is a long process, but without biosolids, these lands may never reach a 
satisfactory level of vegetation. 
 
Extracting oil from wastewater is still in its infancy and much needed research is needed in this 
field. If extracting oil from wastewater can become commercially viable, this will not only create 
new source of energy, but can also be a means to further treat the sludge prior to disposal, so that 
its impact on the environment is reduced. 
 
Overall it was found that the benefits of using biosolids are clear and that it should be more widely 
used. There will always be a minority of the public who disagree with the usage of biosolids, for 
fears it may contaminate food and waterways. This can be overcome with appropriate education 
programs. 
 


