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Sustainable planting of trees in suburban environments 
Civil and Infrastructure Engineering, City 

 
Project Description 
Planting and maintaining trees in an urban landscape are vital to urban environmental sustainability. The project 
addresses the significant community problem of accommodating trees on clay soils in an urban environment. It 
involves field monitoring, laboratory testing, and numerical simulation of the atmosphere-tree-soil-building 
interaction, as well as case studies and site investigation. The outcomes of this project will be used to improve 
the Australian Standard AS2870 and guide the selection of street tree species. The specific aims of this project 
are to: 

 
• Develop a new technology and software tool for cost-effective inventory of council tree infrastructure 

using airborne LiDAR. It will provide detailed, accurate and up-to-date tree information over council 
area which will facilitate strategic planning of council trees in accordance with its Asset Management 
Policy; 

• Evaluate the influence of selected tree species on rates of soil water uptake and the root development of 
trees on clay sites in a suburban environment. 8 field sites (with 36 urban trees, 8 different tree species) 
in the different urban regions of Melbourne will be established/monitored for a period of 3 years. Sap 
Flow Meters and Tree Stem Pychrometers (water stress meters) will be used to quantitatively measure 
transpiration rates and degree of tree water stress of each tree;  

• Provide a rationally-based suburban tree planting management plan which is needed desperately by local 
government councils; 

• Provide the building industry and civil engineering profession with new guidelines and rational design 
models to reduce the risk of accommodating trees in an urban environment, leading to an increased 
acceptance of trees within communities living on problem clay sites. 

 
A high calibre civil engineering or environmental engineering graduate will be sought for the project. PhD 
candidate will work closely with a multi-disciplinary team consisting of arborists, plant scientist, geotechnical, 
environmental and forensic engineers. He/she will become familiar with the scientific equipment in soils, plant 
and meteorological science, and will develop skills in both field instrumentation and site investigation. 

 
References: 
[1]. J. Li et al Journal of Australian Geomechanics, 49 (2014) 63-72. 
[2]. J. Li, and L. Guo, Journal of Performance of Constructed Facilities, 31(2017) 1 -10 
[3]. D.A. Cameron, 16th National Street Tree Symposium, (2015) 37-48 (Review). 

 
Contact Details 
Senior Supervisor - Associate Professor Jie Li (jie.li@rmit.edu.au) 
Associate Supervisor - Dr Annan Zhou (annan.zhou@rmit.edu.au) 
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Tunnelling in Melbourne Formation: Ground Conditions and Ground Support 
Requirements 

Civil & Infrastructure Engineering, City and Bundoora Lab 
 

Project Description 

An investigation into the rock mass characteristics and stability of the Melbourne Formation, the predominant 
geological formation in the Melbourne CBD and surrounding areas. This project is relevant to the current 
Melbourne Metro Tunnel Project. Relevant data are available from published sources and locations where the 
Melbourne Formation is visible at the ground level. The project will investigate the ground support  
requirements for stable excavations in this rock mass. 

 
 

References: 

[1]. DELISIO, A. & ZHAO, J. 2014. A new model for TBM performance prediction in blocky rock conditions. Tunnelling and 
Underground Space Technology, 43, 440-452. 

[2]. GONG, Q., YIN, L., MA, H. & ZHAO, J. 2016. TBM tunnelling under adverse geological conditions: An overview. Tunnelling 
and Underground Space Technology, 57, 4-17. 

 
 
Contact Details 
Senior Supervisor - Associate Professor John Smith (johnv.smith@rmit.edu.au) 
Associate Supervisor - Dr Gang Ren (gang.ren@rmit.edu.au) 
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RFID enabled prefabrication for minimizing risk, construction waste and 
improving productivity 

Civil and Infrastructure Engineering, City 

Project description 
With its generally recognized benefits of fast process, clean and safe working environment, and excellent 
quality, prefabricated construction is gaining momentum as a solution to the various building construction 
challenges in the world [1, 2]. Over the last few decades there is an exponential growth and high popularity for 
prefabricated construction in Australia due to the above advantages over conventional construction. 

 
However, the above-mentioned benefits of using prefabrication cannot be achieved without envisaging its 
problems. Building design, precast components production, logistics, and prefabrication installation processes 
are still mostly discontinued and fragmented [3]. Current prefabrication conditions exhibit poor data 
interoperability and lack of capacity of visualizing and tracing information in real-time manner. To help 
alleviate schedule delay problems encountered in the construction of prefabrication housing, this research 
develops a radio frequency identification device (RFID)-which can then be integrated into multidimensional 
building information modelling (BIM) platform. This research investigates and identifies the technical and 
managerial challenges in the Australian prefabrication construction industry and aims to investigate the 
following: 

 
 An innovative RFID-enabled platform that integrates offshore prefabrication processes,  

technologies, information flow, and people 
 Smart construction techniques enabled through various algorithm technologies are created to build 

upon an intelligent construction environment along the prefabrication construction in Australia 
 A multidimensional BIM platform is established using cutting-edge technologies to leverage the 

real-time captured data from the RIFD decision making platform to acknowledge advanced decisions 
 Real-time captured data are used to form a closed-loop visibility and traceability mode in which 

different end users can track real time construction progress and supervise the live construction 
progress efficiently. 

 
Training Required: Construction, RFID technologies, BIM training, Use of algorithm techniques 

 
References: 
1. Lehmann, S., Low carbon construction systems using prefabricated engineered solid wood panels for urban infill to significantly 

reduce greenhouse gas emissions. Sustainable Cities and Society, 2013. 6: p. 57-67. 
2. Mao, C., et al., Comparative study of greenhouse gas emissions between off-site prefabrication and conventional construction 

methods: Two case studies of residential projects. Energy and Buildings, 2013. 66(0): p. 165-176. 
3. Li, C.Z., et al., Integrating RFID and BIM technologies for mitigating risks and improving schedule performance of prefabricated 

house construction. Journal of Cleaner Production. 
 

Contact Details 
Senior Supervisor - Associate Professor Kevin Zhang (kevin.zhang@rmit.edu.au) 
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BIM enabled decision-making toolkit for optimized green building design and 
construction 

Civil and Infrastructure Engineering, City 
 
Project description 

 
The lack of integration and misconception between the sustainability and the green rating tools concepts have 
led to several complications among industry practitioners in achieving higher rating  tools  without 
compromising the sustainability aspects of a green building [1, 2]. These tools are also unable to provide 
benchmarked options that enable industry to promote Green building construction. Another pitfall is that most  
of these tools barely acknowledges minimizing construction stage emissions by awarding credit points [3, 4]. 
This discourages passionate construction contractors who practice innovative and sustainable construction 
techniques to minimize construction stage impacts. Moreover, the design and the construction team finds it 
difficult to meet the client’s green requirements with the limitations in terms of cost escalations, availability 
issues, site specific constraints etc. In addition, lack of historical data, comparison options often restrict the 
decision-making capabilities in selecting the most sustainable and affordable option . The research team aims to 
develop a web based tool named Green Building Decision Making Platform (GBDMP) which enhances 
effective decision making to achieve greener buildings. 
Thus, the research project aims to develop a comprehensive decision-making model by integrating Building 
Information Modelling (BIM) and optimization theories to attain sustainable building design and construction 
decisions. This will be achieved through: 
 Extensive literature review will be carried out to investigate the current green rating tools in the world to 

identify the design and construction guidelines. Interviews, online surveys and discussion groups will also 
be conducted to further comprehensively examine the necessary design and construction guidelines that 
should be included in the current rating tools. 

 A system dynamic based assessment framework will also be developed to integrate the sustainability aspects 
with the design and construction guidelines in green rating tools. 

 The proposed optimization algorithms will be able to encounter all the limitations in the objective function 
and provide a more optimized and practically feasible output in achieving a better green star rating. Particle 
Swarm Optimization is an optimization technique, which can effectively use to select the most practically 
feasible option in given objective function. 

 The BIM decision making platform proposed, will be able to capture current information and undertake a 
comprehensive analysis on achieving the maximum sustainability and green rating criteria without 
compromising project specific constraints and other organization specific constraints. 

Training Required: BIM training, Use of Optimization techniques 
 

References: 
1. Eichholtz, P., N. Kok, and J.M. Quigley, Doing well by doing good? Green office buildings. The American Economic Review, 

2010: p. 2492-2509. 
2. Hardin, B. and D. McCool, BIM and construction management: proven tools, methods, and workflows. 2015: John Wiley & Sons. 
3. LEED, LEED for new construction. US Green Building Council, 2007. 
4. GBCA. Green Star. 2015 [cited 2015 1/06]; Available from: http://www.gbca.org.au/green-star/. 

 
Contact Details 
Senior Supervisor - Associate Professor Kevin Zhang (kevin.zhang@rmit.edu.au) 

http://www.gbca.org.au/green-star/
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Developing an innovative method for infrastructure monitoring based on 
remotely piloted aircraft system 

Civil and Infrastructure Engineering Discipline, City Campus 

Project Description 

Due to the complexity of the rapidly increasing modern infrastructures, project management based on those 
traditional methods, such as monitoring based on personal inspections, are becoming harder to support the big 
amount of work loadings [1]. For those traditional methods, the cost and time consuming of the data collection, 
analysis and reporting can result in big delay of the project and also the relevant planning [2]. 

Using remotely piloted aircraft system (RPAS) represent new aviation area and its application in civil 
engineering is an urgent issue [3, 4]. Before it can be appropriately utilized in civil engineering, several 
obstacles should be removed accordingly: (i) its applicability of the RPAS in different types of infrastructure 
projects; (ii) an accurate capture technology for the project monitoring during a period of time; and (iii) an 
accurate and efficient methodology for image processing. 

Based on the urgent requirements from both the industry and government, this PhD project is aiming to develop 
an innovative method based on RPAS for accurate and efficient infrastructure management. The focuses will be 
on monitoring the infrastructure construction progress based on RPAS, developing related models, and 
comparing with Building Information Modeling (BIM) 4D model. The PhD student will require basic 
knowledge on RPAS, BIM implementation, and image processing. 

The research outcomes of this PhD project will be serving as a technical guide for related practical applications 
in Australia and other countries. It is also closely aligned with the school’s priority to promote multiple 
disciplinary research works. The research on RPAS is a great combination of the research focuses from ECP 
Platforms of Information and Systems and Urban Futures at RMIT University. 

References: 

[1] Yang J, Park MW, Vela PA, Golparvar-Fard M. Advanced Engineering Informatics. 2015;29:211-24. 
[2] Lin JJ, Han KK, Golparvar-Fard M. International Workshop on Computing in Civil Engineering. Texas, USA: American Society 

of Civil Engineers; 2015. p. 156-64. 
[3] Kharchenko V, Llnytska S. Logistics and Transport. 2013;19:85-90. 
[4] Lusk RM. An Early Survey of Best Practices for the Use of Small Unmanned Aerial Systems by the Electric Utility Industry. 

Oak Ridge National Laboratory; 2017. 
 
Contact Details 
Senior Supervisor - Associate Professor Kevin Zhang (kevin.zhang@rmit.edu.au) 
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Numerical modelling of multi-phase media by meshless methods 
Discipline of Civil and Infrastructure, City 

Project Description 

Meshless methods have significantly progressed during the past few decades. In these methods a set of nodes is 
used to discretize the domain of a problem and, hence, unlike the finite element (FE) method, connectivity 
between elements and nodal points does not exist. This concept implies that meshless methods are more 
appropriate than the FE method for tackling geotechnical problems including extremely large deformations, 
discontinuities due to crack propagation and separation of materials, moving boundary conditions, and strain 
localisation. It is noteworthy that in geotechnical applications, the continuum usually includes a solid phase  
(soil particles), a fluid phase (water), and a gas phase (air), demanding a robust and stable computational  
method to model three-phase response. A recent study has shown that the meshless methods can outperform the 
finite element method in a few consolidation problems of geomechanics [1]. This project aims to further 
discover the potentials and merits of the meshless methods, particularly the Maximum Entropy Meshless 
method as well as the Reproducing Kernel Particle method, for analysing the multi-phase media involving large 
deformations. 

 
 

References: 

[1]. Nazem M, Kardani M, Bienen B and Cassidy M (2016). A stable Maximum-Entropy Meshless method for analysis of porous 
media, Computers and Geotechnics, 80, 248-260. 

 
 
Contact Details 
Senior Supervisor - Associate Professor Majidreza Nazem (majidreza.nazem@rmit.edu.au) 
Associate Supervisor - Dr Annan Zhou (anna.zhou@rmit.edu.au) 



DR218 (PhD)/ MR218(Masters) 
Civil and Infrastructure Engineering 

 

 

Mesh optimisation for geotechnical problems with excessive deformations 
Discipline of Civil and Infrastructure, City 

Project Description 

In a wide range of infrastructure problems, the failure of soil may cause economic loss, and even more 
dramatically, human loss. Examples include landslides, ground failure due to mining, and collapse of soil under 
foundations or road embankments. On the other hand, overdesign of infrastructure results in wasting public and 
private money. Cost-efficient and safe design of infrastructure demands (a) advanced techniques to estimate 
material (soil) properties and (b) robust and reliable computational methods to analyse the problem. This project 
aims to conduct a fundamental study as well as to develop novel computational methods for an important class 
of geotechnical problems which play a key role in design and maintenance of infrastructure in Australia. In  
these targeted problems, soil undergoes extremely large deformations involving the development and 
propagation of strong discontinuities. The robust methods developed as a part of this aspirational project will be 
employed to analyse and simulate the sophisticated onshore as well as offshore problems of geomechanics 
including landslides, land subsidence, foundations and anchoring systems, and site-investigation. 

The finite element method (FEM) is the most popular computational tool for analysing the behaviour of a wide 
range of complex engineering problems. The Updated-Lagrangian (UL) method is a common strategy to model 
large deformations. In this method all quantities are measured at the last equilibrium configuration, and the 
nodal coordinates are updated according to the incremental displacements at the end of each time step. In 
problems with relatively large deformations, updating the nodal coordinates often leads to mesh distortion and 
entanglement of the elements, which are severe drawbacks of the UL method for geotechnical applications [1]. 
In addition, strong discontinuities cannot be modelled using the standard FEM. In this project the candidate will 
further extend the rh-adaptive finite element method [2] within the framework of the extended finite element 
method in order to eliminate mesh distortion and to model discontinuities. 

References: 

[1]. Nazem M, Sheng D, Carter JP (2006). Stress integration and mesh refinement in numerical solutions to large deformations in 
geomechanics, International Journal for Numerical Methods in Engineering, 65, 1002-1027, 2006. 

[2]. Kardani M, Nazem M, Sheng D, Carter JP (2013) Large deformation analysis of geomechanics problems by a combined rh- 
adaptive finite element method, Computers and Geotechnics, 49, 90-99 

 
 
Contact Details 
Senior Supervisor - Associate Professor Majidreza Nazem (majidreza.nazem@rmit.edu.au) 
Associate Supervisor - Dr Annan Zhou (anna.zhou@rmit.edu.au) 
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Digital Design and Advanced Manufacturing of Customised Façade Panels and 
Structural Components 

Centre for Innovative Structures and Materials / School of Architectural Design 
 
 
Project Description 

This PhD project is directly linked to a much larger research program funded by the Innovative Manufacturing 
Cooperative Research Centre (CRC) on “Design Robotics for Mass Customisation Manufacturing”. The PhD 
student will have an opportunity to work closely with internationally renowned researchers and practitioners in 
both engineering and architecture (including Distinguished Professor Mike Xie and Dr. Roland Snooks), and to 
interact with industry partners of the CRC research program. 

The project will explore emerging technologies in both digital design (including structural optimisation, form- 
finding, algorithmic design, and parametricism) and advanced manufacturing (including 3D printing, robotic 
fabrication, and hybrid processes) [1] with a view to further developing and applying these technologies for 
rapid prototyping and, ultimately, economical production of customised façade panels and structural 
components for innovative/iconic architecture. There have precedents of architects creating such forms using 
digital tools. However, the cost and complexity of construction have been limiting. New technologies in both 
design and manufacturing are offsetting these limitations, reducing time, cost and risk. 

Using advanced manufacturing technologies (including 3D printing and robotic fabrication) this project will 
attempt to produce a series of large-scale prototypes of innovative structures generated from the design 
optimisation. State-of-the-art facilities are available at RMIT Advanced Manufacturing Precinct (including a 
range of 3D printers for metallic and polymeric materials) and in the School of Architectural Design (including 
several Kuka robots with various functions). 

References: 
[1] Menges A et al. (2017) Fabricate 2017: Rethinking Design and Construction, UCLPress. 

 
Contact Details 
Senior Supervisor - Distinguished Professor Mike Xie (mike.xie@rmit.edu.au) 
Associate Supervisor - Dr Roland Snooks (roland.snooks@rmit.edu.au) 
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Designing Innovative and Efficient Structures Using Topological Optimisation 
Techniques 

Centre for Innovative Structures and Materials 
 

Project Description 

Novel and efficient designs of structures can be achieved by using topological optimisation techniques that are 
capable of maximising the performance of the load bearing system and minimising its weight. The bi- 
directional evolutionary structural optimisation (BESO) method, originally proposed by Professor Mike Xie and 
his team, has been developed for this purpose. BESO is based on the simple concept of gradually removing 
inefficient material from a structure and, at the same time, adding material to the most needed locations. Such a 
simple but universally applicable technique can be used to not only significantly reduce the weight and the 
associated energy consumption of aircraft and motor vehicles but also produce strikingly elegant structural 
designs of bridges and buildings [1-4]. 

This PhD project is aimed at: (1) further developing the BESO technique and apply it to the design  of 
innovative buildings, bridges and other structures and devices; (2) integrating the design optimisation method 
with additive manufacturing technology (including direct 3D printing and lost-wax casting) so that the 
optimised forms could be fabricated quickly, precisely and economically. 

The PhD candidate will be supervised by an internationally renowned researcher and practising engineer, 
Distinguished Professor Mike Xie, who is one of the most highly cited scholars in his discipline in Australia, 
with over 10,000 citations and an h-index of 49. The candidate will be interacting extensively with an 
outstanding team of researchers in the RMIT Centre for Innovative Structures and Materials 
(https://www.rmit.edu.au/research/research-institutes-centres-and-groups/research-centres/centre-for- 
innovative-structures-and-materials). 

References: 
[1]. Y.M. Xie and G.P. Steven, Evolutionary Structural Optimization, Springer-Verlag, London, 1997. 
[2]. X. Huang and Y.M. Xie, Evolutionary Topology Optimization of Continuum Structures: Methods and Applications, John Wiley & 

Sons, Chichester, England, 2010. 
[3]. Y.M. Xie, Z.H. Zuo, X. Huang, T. Black and P. Felicetti, ‘Application of topological optimization technology to    bridge design’, 

Structural Engineering International, 24(2), pp 185-191, 2014. 
[4] Y.M. Xie and Z.H. Zuo, ‘Architectural design through bi-directional evolutionary structural optimization’, Time+Architecture, 

2014(5), pp 20-25, 2014. 
 
 
Contact Details 
Senior Supervisor - Distinguished Professor Mike Xie (mike.xie@rmit.edu.au) 

https://www.rmit.edu.au/research/research-institutes-centres-and-groups/research-centres/centre-for-innovative-structures-and-materials
https://www.rmit.edu.au/research/research-institutes-centres-and-groups/research-centres/centre-for-innovative-structures-and-materials
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Optimal Design and Additive Manufacture of Novel Metamaterials for 
Exceptional Mechanical Performance 

Centre for Innovative Structures and Materials 

Project Description 

The project aims to establish an effective and efficient computational framework for the topological design of 
novel mechanical metamaterials considering both geometrical and material nonlinearities. This will overcome a 
formidable bottleneck in practical applications of metamaterials which are mostly based on linear elastic 
assumptions. The expected outcomes will be a new methodology and an advanced engineering design tool that 
can be used for the development of new classes of metamaterials with exceptional mechanical properties (e.g. 
negative compressibility or negative Poisson’s ratio) over a large strain range. Such novel metamaterials will 
have many important applications, particularly in biomedical and defence industries. 

The PhD candidate will be supervised by an internationally renowned researcher and practising engineer, 
Distinguished Professor Mike Xie, who is one of the most highly cited scholars in his discipline in Australia, 
with over 10,000 citations and an h-index of 49. The candidate will be interacting extensively with an 
outstanding team of researchers in the RMIT Centre for Innovative Structures and Materials 
(https://www.rmit.edu.au/research/research-institutes-centres-and-groups/research-centres/centre-for- 
innovative-structures-and-materials). 

Professor Xie’s team has already carried out significant original research on metamaterials with unusual 
mechanical properties. Their findings have been published in many prestigous journals, e.g., [1-5]. The previous 
research by the team has laid a solid foundation for the new PhD candidate to further develop the ideas and 
applications in this exciting research field. 

References: 

[1]. Y.M. Xie, X. Yang, J. Shen, X. Yan, A. Ghaedizadeh, J. Rong, X. Huang and S. Zhou, ‘Designing orthotropic materials for 
negative or zero compressibility’, International Journal of Solids and Structures, 51, pp 4038-4051, 2014. 

[2]. J. Shen, S. Zhou, X. Huang and Y.M. Xie, ‘Simple cubic three-dimensional auxetic metamaterials’, Physica Status Solidi B, 
251(8), pp 1515-1522, 2014. 

[3]. X. Ren, J. Shen, A. Ghaedizadeh, H. Tian and Y.M. Xie, ‘Experiments and parametric studies on 3D metallic auxetic 
metamaterials with tuneable mechanical properties’, Smart Materials and Structures 24(9), 095016, 2015. 

[4]. X. Ren, J. Shen, A. Ghaedizadeh, H.Q. Tian and Y.M. Xie, ‘A simple auxetic tubular structure with tuneable mechanical 
properties’, Smart Materials and Structures, 25, 065012, 2016. 

[5]. A. Ghaedizadeh, J. Shen, X. Ren and Y.M. Xie, ‘Designing composites with negative linear compressibility’, Materials and 
Design, 131, pp 343-357, 2017. 

 
Contact Details 
Senior Supervisor - Distinguished Professor Mike Xie (mike.xie@rmit.edu.au) 

https://www.rmit.edu.au/research/research-institutes-centres-and-groups/research-centres/centre-for-innovative-structures-and-materials
https://www.rmit.edu.au/research/research-institutes-centres-and-groups/research-centres/centre-for-innovative-structures-and-materials
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A Study on the Fail-safe Design in Structural Topology Optimization 
The Centre for Innovative Structures and Materials / Boeing Aerostructures Australia Joint PhD Project 

 
 
Project Description 

This project will improve the robustness of critical load-carrying structures such as airplane when a structural 
member fails or a partial damage to a larger structural part occurs. The study in this field is named as fail-safe 
design which is essentially contradicts with maximum of material utilisation in traditional design. 

Some initial studies have been conducted to allow the necessary redundancy using structural optimisation [1]. 
The failure model was represented in a scenario-based problem by introducing small area of rectangular void 
phase into the design domain in 2014 [2]. However, their approach had to consider a huge number of scenario- 
based problems, of which each required an extra finite element analysis (FEA). In fact, the total number of FEA 
models was at the scale equal to the number of elements. As a result, the method would be prohibitively time 
consuming for practical design problems. To improve the efficiency, Zhou and Fleury [4] proposed to introduce 
a void phase much larger than the element size to represent the loss/damage of material. As a result, a smaller 
number of scenario-based problems were involved in the optimization. Although parallel algorithm could be 
developed to make the method in [4] more efficient, the design was still slow because of the significant number 
of scenario-based problems. 

Though some limited progress on the fail-safe design has been made, there is a lack of a systematic and efficient 
technique for the fail-safe design. This project will develop new computational techniues with the consideration 
of failure mode to significantly reduce the number of scenario-based problems. By adding control regions of 
solid materials, load paths connecting these isolated materials with the main structures will come out. As a 
result, additional structural members for the desired redundancy are produced. The structural topology 
optimisation will be conducted in the framework of a level set method [5]. 

References: 
[1] Bendsoe M (1989) Optimum shape design as a material distribution problem. Struct Multidisc Optim 1:193–202 

[2] Jansen M, Lombaert G, Schevenels M, Sigmund O (2014) Topology optimization of fail-safe structures using a simplified local 
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Liquefaction of solid bulk cargos during marine transportation 
Civil and Infrastructure Engineering, City Campus 

 
Project Description 

 
Liquefaction or shifting in the hold of a bulk carrier of wet granular solid bulk cargoes such as iron ore fines, 
nickel and bauxite is a frequently occurring problem, which takes place during the marine transportation. This 
can occur when excessive dynamic loading, induced by rough seas and vessel vibrations, is transmitted to the 
cargo. Over the past 30 years many suspected liquefaction incidents have been reported with a significant 
number of casualties and the loss of vessels. 

 
The objective of this study is to review and investigate the collective causes of liquefaction or shifting of solid 
granular bulk cargos in the hold of a bulk carrier and to develop techniques for the prevention of such incidents. 

 
References: 
[1]. Munro, M. and Mohajerani, A. 2016, 'Liquefaction incidents of mineral cargoes on board bulk carriers', in Advances in Materials 
Science and Engineering, Hindawi Publishing Corporation, United States, pp. 1-19 ISSN: 1687-8442 
[2]. Munro, M. and Mohajerani, A. 2016, 'Moisture content limits of Iron Ore Fines to prevent liquefaction during transport: review 
and experimental study', in International Journal of Mineral Processing, Elsevier BV, Netherlands, vol. 148, pp. 137-146 ISSN: 
0301-7516 
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Recycling Water Treatment Solids in Enhanced Fired Clay Bricks 
Civil and Infrastructure Engineering, City Campus 

 
Project Description 

 
The production of drinking water generates a byproduct called water treatment sludge or solid (WTS). Water 
treatment plants produce large quantities of water treatment sludge (WTS) and the cost of treating and disposing 
the sludge is a significant part of the operating cost of a water treatment plant. Millions of tonnes of WTS are 
increasingly stockpiled every year around the world. Disposal of WTS to landfills, waterways and stockpiles is 
economically and environmentally unsustainable. 

 
The objective of this proposal is to develop cost-effective and sustainable techniques that will permit the use of 
WTS at high percentages in fired-clay bricks. Incorporation of different types of innovative additives in the 
brick clay-WTS mixtures for the manufacturing of high quality bricks will be investigated. 
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[1]. Ukwatta Pitiye, A. Mohajerani, A. Eshtiaghi, N. and Setunge, S. 2016, 'Variation in physical and mechanical properties of fired- 
clay bricks incorporating ETP biosolids', in Journal of Cleaner Production, Elsevier, Netherlands, vol. 119, pp. 76-85 
[2]. Mohajerani, A. Kadir, A. and Larobina, L. 2016, 'A practical proposal for solving the world's cigarette butt problem: Recycling in 
fired clay bricks', in Waste Management, Elsevier, United Kingdom, vol. 52, pp. 228-244 
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Construction and Building Materials, 91, 86-93. 
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Recycling CCA Timber Waste in Asphalt Concrete 
Civil and Infrastructure Engineering, City Campus 

 

Project Description 
 
Millions of tonnes of Copper-Chrome-Arsenate (CCA) timber are produced around the world every year and a 
large amount of waste CCA timber in different forms are polluting the environment with their non- 
environmentally friendly chemical substances such as arsenic. After preservation of timber with CCA solution, 
toxic compounds are implanted to the cell walls of the wood matrix and a significant amount of CCA remains in 
the wood forever and make the disposal or recycling of CCA-treated timber waste very difficult and expensive. 
Leachate concentrations of chromium and arsenic in CCA-treated timber can be quite significant. 

 
The main objective of this research will be to investigate and develop techniques to recycle CCA timber waste 
in asphalt concrete. This will help to find an environmentally sustainable and innovative way to recycle CCA 
timber waste. It will introduce new advanced materials for pavement construction. Roads and highways are the 
largest sector in the world in terms of asset management. 

 
References: 
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Rezaei, A., ‘Physico-mechanical properties of asphalt concrete incorporated with encapsulated cigarette butts’ in Construction and 
Building Materials, Elsevier, Netherlands, vol. 153, pp. 69-80 ISSN: 0950-0618 (Q1) 
[2]. Paranavithana, S. and Mohajerani, A. 2006, 'Effects of recycled concrete aggregates on properties of asphalt concrete', in 
Resources Conservation and Recycling, Elsevier, Amsterdam, vol. 48, no. 1, pp. 1-12 ISSN: 0921-3449 
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CCA-Treated-Timber-2011.pdf [Accessed July 27 2016]. 
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Long-term risk assessment for unsaturated slopes and geo-infrastructure in 
the natural environment 

Civil and Infrastructure Engineering, City Campus 

Project Description 
 
Creep or rheological movement of soil mass down the slopes is a common process that precedes the occurrence 
of catastrophic landslides or mudflows with devastating consequences including loss of life. In fact, according  
to geomorphology, many local landforms (e.g., domes, humps) we see in natural slopes are due to soil creep 
with or without a landslide. Although soil creep movement itself can be very slow, it can cause significant 
damage to urban infrastructure over time causing cracks in buildings, pavements and embankments. But more 
importantly, soil creep can bring the slope to be highly vulnerable to wetting events causing catastrophic failure 
[1]. Commonly, landslides receive community attention when they feature disastrous consequences mainly due 
to wetting events such as due to a pipe failure or high rainfall, but the major underlying cause such as soil creep 
is either masked or forgotten [2]. 

 
This project aims to address this highly significant, urgent but overlooked issue in geomechanics – the coupled 
rheological and hydromechanical (CRHM) behaviour (or time-dependent hydro-mechanical behaviour) of 
unsaturated soils [3]. It will develop a better understanding and modelling of the CRHM behaviour of 
unsaturated soils, including long-term shear strength deterioration, time-dependent deformation subjected to 
hydro-mechanical loads, wetting-collapse behaviour at different wetting rates, soil microstructural change due  
to creep and hydraulic behaviour in the context of long-term cracks propagation. The proposed research will 
advance knowledge in unsaturated soil mechanics, soil rheology theory and computational geomechanics. 
Through advanced constitutive and numerical modelling techniques, the project will also provide solutions to 
address the long-term safety and serviceability of geo-infrastructure built on/in unsaturated soils in the natural 
environment. It will also facilitate the mitigation and prevention of natural hazards like landslides 
In particular, the project aims to: (i) Understand the coupled rheological and hydro-mechanical (CRHM) 
behaviour of unsaturated soils through suction-controlled creep tests (stress-controlled), water retention tests at 
different creep stages, and suction-controlled triaxial tests (strain rate controlled) on unsaturated soils. (ii) 
Develop novel elasto-visco-plastic hydro-mechanical (EVP-HM) constitutive models. (iii) Develop advanced 
numerical algorithms to implement the proposed EVP-HM models into the finite element method (FEM) and 
the extended finite element method (XFEM, for macro-cracks). Integrated analysis tools will be produced to 
provide a reliable prediction of long-term deformation and safety of slopes and geo-infrastructure in the natural 
environment. 
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[1].  Vyalov, S.S. 1986, New York: Elsevier. (Book) [2].  Middlemann, M.H., ed. 2007, Geoscience Australia: Canberra [3].      Zhou, 
A.N. and Sheng, D., Computers and Geotechnics, 2015. 63: 46-66. 

 
Contact Details 
Senior Supervisor - Dr Annan Zhou (Annan.zhou@rmit.edu.au) 
Joint Senior Supervisor – Associate Professor Majidreza Nazem (majidreza.nazem@rmit.edu.au) 



DR218 (PhD)/ MR218(Masters) 
Civil and Infrastructure Engineering 

 

 

Coupled thermo-hydro-mechanical behavior of unsaturated soils and its 
application to urban infrastructure risk assessment 

Civil and Infrastructure Engineering, City Campus 
 

Project Description 
 
The primary focus of soil mechanics, in the last century, was on soils saturated with water in an isothermal state 
and soil mechanical principles were mainly developed for saturated soils that only contain solids and pore-water 
with a constant temperature. However, most natural soils involved in urban infrastructure construction are found 
in a partially saturated condition with a varying environmental temperature, particularly in Australia where 
semi-arid and arid climates prevail. 

 
Almost all buried pipeline systems and shallow foundations (typically at a depth of about 0.5 to 2m) in  
Australia occur in the non-isothermal unsaturated zone and are impacted by soil movement caused by wetting, 
drying, heating and cooling. Thermo-hydro-mechanical behaviour of a soil becomes complicated once it is 
unsaturated [1]. Changes in degree of saturation and suction, mainly caused by evaporation and infiltration, alter 
almost all the engineering properties of a soil, such as strength, deformability, water/air permeability and heat 
diffusivity. For example, unsaturated soils can experience distinctive volume change (collapse or swelling) and 
shear strength alteration upon the variation of saturation, suction and temperature, even under a constant stress 
level. Infrastructure founded on unsaturated soils can be severely damaged because of huge volume change and 
strength alteration. 

 
The aim of this project is to develop novel and robust constitutive laws for the coupled thermo-hydro- 
mechanical behaviour of unsaturated soils in natural conditions. The developed constitutive laws will be 
implemented into finite element codes to predict the deformation of unsaturated soils caused by environmental 
loads, such as matric suction change, loading change, alternation of effective degree of saturation and 
temperature variation, and to guide the engineering design and risk assessment associated with unsaturated  
soils. To achieve this aim, the project has been structured into three phases. Phase 1: Systematically investigate 
the fundamental behaviour of unsaturated soils, such as volume change, shear strength, soil-water retention, and 
thermo-hydro-mechanical interaction. Phase 2: Develop novel thermo-hydro-mechanical constitutive models to 
characterise these fundamental behaviours of unsaturated soil in in stress-saturation-temperature space [2, 3]. 
Phase 3: Develop new numerical techniques for implementing proposed constitutive models into finite element 
codes [4]. 
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Advanced and Recycled Materials in Transport Engineering 
Civil and Infrastructure Engineering, City 

Project Description 

Design of transport infrastructures relies on many approximations; for instance, traffic growth over the design 
period, commonly 20 to 30 years, cannot be correctly predicted due to changes in economic and political 
circumstances. Asphalt, just to mention one of the many different materials in a road transport system, is a 
complex material to model due to its viscoelastic-plastic behaviour dependent on temperature and loading  
speed; long-term designed performance consequently struggles to cope with real traffic and climatic conditions. 
The outcomes are obvious to all road users; roads become congested, more traffic makes the initial road 
pavement design useless and expected road service lives are drastically reduced. Users travel on roads with high 
cracking levels and are wasting time in work zones due to ‘unplanned’ improvements of the infrastructure 
condition. There is a need to develop new materials to increase the service life of a road, making it able to face 
unexpected variations in traffic, climatic conditions and maintenance mistakes. 

The aim of this project is to develop innovative materials for the construction of transport infrastructures that 
will exploit advanced capabilities to deliver greater durability, reduced maintenance needs and consequent 
traffic disruptions, increased safety for road users, substantial reduction of costs for road authorities and 
municipalities and will prepare the road infrastructure to face the needs of future transport systems. 

The project will also provide significant environmental benefits due to savings in non-renewable resources and 
implementation of low-energy processes and recycling; the carbon footprint of the new materials will be 
reduced since lower amount of non-renewable resources and less maintenance will be required during the road 
service life [1]. Materials to be tested and developed include (non-exhaustive list of topics): self-healing asphalt 
and concrete mixes, polymer-modification, rejuvenators [2], conductive fillers, recycled mining waste materials 
in bitumen, permeable asphalt and concrete [3]. 

Worldwide policies forecast a future transport system that is resilient, resource-efficient, environmentally- 
friendly and safe for the benefit of all users, the economy and society. This project has the potential to address 
all of above and create a durable and sustainable transport system. 

References: 
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[2].  Borghi, A., del Barco Carrión, A.J., Lo Presti, D., Giustozzi, F. Effects of laboratory aging on properties of biorejuvenated  
asphalt binders. (2017) Journal of Materials in Civil Engineering, 29 (10). 
[3]. Bonicelli, A., Giustozzi, F., Crispino, M. Experimental study on the effects of fine sand addition on differentially compacted 
pervious concrete. (2015) Construction and Building Materials, 91, pp. 102-110. 

 
Contact Details 
Senior Supervisor - Dr. Filippo Giustozzi (filippo.giustozzi@rmit.edu.au) 



DR218 (PhD)/ MR218(Masters) 
Civil and Infrastructure Engineering 

 

 

Design and optimization of metastable mechanical metamaterials 
Civil and infrastructures and Centre for Innovative Structures and Materials, Bundoora 

Project Description 

The research will include designing, optimising, simulating, manufacturing, and testing Metastable Mechanical 
Metamaterials (MMMs) for adaptive protection of personal and expensive equipment under various loading 
conditions. In recent years, a new class of cellular materials were invented with amazing properties such as 
vanishing shear modulus[1], negative Poisson’s ratio (NPR)[2], and negative compressibility[3,4]. Cellular 
materials with such properties were termed as "mechanical metamaterials", which represent a type of novel 
materials synthesised to have exotic mechanical properties not readily existing in nature[11]. 

This project will start with a design of microstructures using buckling analysis on the periodic cellular materials 
in the current literature. By introducing proper confinements, the microstructure will trap elastic energy which 
will be released by a triggering mechanism in the array of periodically-repeated unit cells. Then the designed 
structure will be optimized to achieve maximum trapped elastic energy. A prototype of the bulk material with 
optimized microstructures will be fabricated using a modified bi-material 3D printing technology. Then the 
effectiveness and performance of the MMMs will be tested under different loading rates to identify the physical 
bounds for its performance. With the understanding of their performance and identification of dominant 
parameters, analytical models will be developed to predict their adaptive capacity. 

This research will provide a new perspective towards developing new 3D printing technology to create MMMs. 
It will encourage scientists and engineers to extend the 3D printing technology with more dimensions. As a fast 
developing and powerful technology, such a novel metamaterial can be integrated into various smart materials 
and structures which will underpin the growth in many areas of industrial activities in Australia. This project 
opens a new window to the further development of optimisation algorithms. The knowledge accumulated in this 
research will also benefit the development of new topology optimisation methodology previously developed 
using ESO/BESO, which has already become an innovative optimisation tools widely used around the world. 

References: 
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Topology Optimization of Metamaterials for Elastic Energy Trapping 
Civil and infrastructures and Centre for Innovative Structures and Materials, Bundoora 

 
Project Description 

The most recent research on mechanical metamaterials are plate mechanical metamaterials[1], topology 
metamaterials with selective buckling[2], hierachical mechanical metamaterials[3] and multistable mechanical 
metamaterials for trapping strain energy[4]. They provide a path to accelerating the deformation of 
microstructures. The adaptive capacity of the functional materials or smart material is dominated by the trapped 
elastic energy between two buckling modes. 

In this project, the trapped energy within the prescribed design displacement will be designed and optimized. 
The difference of external work is selected as the objective function. The sensitivity number is formulated with 
energy-based functions using the adjoint variable method. Thus, the optimization problem can be formulated 
with the volume constraint and prescribed number of confinements required to achieve a pattern switch between 
those two modes. For the nonlinear large deformation analysis of a buckled structure subjected to a 
displacement–load, up to a maximum, UL, which is termed the design displacement, the nonlinear optimization 
algorithm developed by our group [5] will be used and developed further. 

This research will provide a new perspective towards developing new 3D printing technology to fabricate 
metamaterials with the ability to trap eastic energy. It will encourage scientists and engineers to extend the 3D 
printing technology to fabricate smart materials. As a fast developing and powerful technology, such a novel 
metamaterial can be integrated into various smart materials and structures which will underpin the growth in 
many areas of industrial activities in Australia. The knowledge accumulated in this research will also benefit the 
development of new topology optimisation methodology previously developed using ESO/BESO, which has 
already become an innovative optimisation tools widely used around the world. 

References: 
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Design and fabrication of smart materials with negative linear compressibility 
for Negative Pressure Wound Therapy 

Civil and infrastructures and Centre for Innovative Structures and Materials, Bundoora 
 
Project Description 

The research will include designing, optimising, simulating, manufacturing, and testing smart materials for filler 
materials for wound care. In recent years, a new class of cellular materials were invented with amazing 
properties such as negative Poisson’s ratio (NPR)[1], and negative compressibility [2,3]. Cellular materials with 
such properties were termed as "mechanical metamaterials", which represent a type of novel materials 
synthesised to have exotic mechanical properties not readily existing in nature [4]. 

The objective of this project is to design and validate new cellular materials with appropriate stiffness and 
deformation pattern that will significantly improve the treatment of wound using a Negative Pressure Wound 
Therapy (NPWT) system. New smart cellular material processes NLC composite structure with a continuous 
reinforcement component with stimuli-responsive materials and a set of apertures. The new cellular materials 
will maintain or increase their height but contract laterally under negative pressure and thereby the wound will 
close directly without using invasive mechanical devices. 

Our research team in Centre for Innovative Structures and Materials (CISM) at RMIT University invented a 
variety of “metamaterials” with unusual behaviour such as negative/zero compressibility or negative/zero 
Poisson’s ratio. They have fabricated and tested prototypes of these materials and lodged a provisional patent 
application [3, 4]. This proposed project will develop and validate these materials further so that they can be 
used in the NPWT procedure as the special material with desired deformation pattern to facilitate wound 
closure. 
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Optimizing Designs of Solar Chimney for Residential Usages under Australian 
Climates 

Civil and Infrastructure Engineering Discipline, City Campus (experiments based on Bundoora Campus) 
 
Project Description 
Buildings are responsible for approximately 40% of total world annual energy consumption, in the form of 
lighting, heating, cooling, and air conditioning [1]. Under the current severe energy crisis based on traditional 
energy, solar energy as one of the significant renewable energies in our daily lives has been increasingly 
utilized. Solar chimney is a reliable and excellent passive ventilation system based on solar radiation, which can 
largely reduce the energy requirement in buildings with both low costs and maintenance [2]. A solar chimney 
(as seen in below figure) is essentially divided into two parts, one – the solar air heater (collector) and second – 
the chimney. Its principle is to enhance the indoor ventilation and then save energy consumption based on the 
temperature difference between indoor and outdoor environment under solar radiation [3]. 

 
Although solar chimney has been frequently utilized in Europe, North America, Africa and tropic countries, the 
related applications in Australia are limited even Australia has very good solar resource comparing to these 
countries. Statistics indicated for eight capital cities in Australia that the needed hours for heating actually could 
be higher as 44.81% and 66.54% for Melbourne and Hobart, respectively, and for cooling in Darwin is about 
70.16% [4]. Therefore, this PhD project is aiming to identify the key barriers for the solar chimney application 
in Australia and remove them by customizing optimization design for Australian climates. The focus of this 
research project is on the optimizing design of residential house, including both the engineering design and the 
related construction cost. The research methodology will be based on both experiment and numerical modelling. 

 
This project is precisely aligned with Australian government’s strategies of reducing gas emission and 
promoting renewable energy applications. It is also closely following the aims for ECP Urban Futures of 
reducing the dependence of building on traditional sources and creating a more green and sustainable Australia. 
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[2] Shi L, Zhang GM. Build Environ. 2016;103:250-61. 
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Determining the minimum distance of timber bridge from bushland based on 
two-way fluid-structure interaction technique 

Civil and Infrastructure Engineering Discipline, City Campus (experiments based on Bundoora Campus) 
 
 
Project Description 

 
Bushfire (also called wildland fire or forest fire) is one of the leading hazards worldwide and each year on 
average bushfires burn almost 865 million acres of land throughout the globe [1]. It was known that in Australia 
the average annual insured property loss from weather-related natural disasters between 1967 and 2006 to be 
around $820 million (in 2006 dollars), of which about 12% (or $98 million) can be attributed to bushfire [2]. 
Although timber bridge is one of the important existences in Australia, very few studies have been taken on 
addressing their behaviours under bushfire event. 

 
Previous studies have been much based on solo computational fluid dynamics (CFD) or structural modelling. 
Although these two techniques are great to address the fire or structural behaviours of structures, the related 
structural analysis under fire conditions was usually ignored due to the limitation of the computational tools. 
For example, the displacement of structure can largely affect the direction of fluid flow, but this kind of 
influences was usually ignored. Even though some sequentially coupled modelling was adopted in previous 
studies [3], the related results are still away from fully coupled simulation and also the practise. 

 
Therefore, the objective of this PhD project is to determine the minimum distance of timber bridge from 
bushland to avoid the damage. It will investigate both the fire and structural behaviours of timber bridge under 
bushfire events based on two-way (fully coupled) fluid-structure interaction. The distance analysis will consider 
the internal and external factors, such as timber bridge design, external wind, fire embers and bushfire size. 
Some fundamental experiments will be taken to address the timber components behaviours under fire conditions 
for the validation of numerical modelling (e.g. ANSYS). 

 
This PhD project is precisely aligning with the current Bushfire & Natural Hazards CRC project “Enhancing 
Resilience of Critical Road Structures: Bridges, Culverts and Flood ways under Natural Hazards”. The related 
research outcomes will also fulfil the Australian Government’s objective “to life the standard of bushfire 
mitigation and management in Australia to meet the requirement of World’s Best Practice”. 
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Deterioration Modeling and Structural Reliability Analysis of Rail Tracks in 
Australia 

Civil Engineering Discipline/Infrastructure Research Group, City 

Project Description 

Railways play a key role in the Australian economy. In 2004/05 alone, the rail industry contributed $11.19 
billion in value to Australia’s economy [1]. Poorly maintained tracks and surface topographies are a serious risk 
to safe and reliable rail transport. Between 2001 and 2009, Australian railways experienced 73 major 
derailments; of these, 52% were freight and 14% heavy haul [2]. 

One lesson from tracks failures is that the track deterioration and the fracture mechanisms under multiple 
influencing factors need to be understood at a fundamental level. In the analysis of tracks deterioration, service 
loads cause cracks and defects, leading to fracture and ultimate collapse [3]. The environment parameters can 
accelerate the deterioration mechanism of steel, which will not only induce more cracks but also reduce the 
structural strength of the track. Moreover, the time-variant random nature of both track deterioration and 
influencing factors needs to be accounted for. For a linear infrastructure such as railway tracks, the variation of 
conditions along the track length also affect the defects distribution and fracture progression. Therefore a new 
approach is urgently needed to develop a new technique with a clear understanding of the complex deterioration 
mechanism of tracks, the cause-effect relations, the key influencing factors and their time-space variant random 
nature. The proposed research will develop an innovative technique for the accurate assessment of track 
deterioration. This technique will form the basis for an advanced tool for the prediction of the remaining safe  
life of in-service tracks, which will effectively help to prevent and minimise the reoccurrence of catastrophic 
failures of railways. 

The specific aims of the proposed research are as follows: 
• Developing a rational and practical model for deterioration mechanism in railway tracks considering 

interaction of loads and environment (by using monitoring data from in service tracks, and producing 
data in the lab); 

• Developing a suite of rational and practical models for fracture and residual strength of railway tracks 
under the combined effects of fatigue and corrosion, including climate change and other environmental 
loads (by both lab work and FEM simulations); 

• Deriving a new time-space variant reliability solution to account for the time-space random nature of 
both the contributing factors and the deterioration and fracture modes of the tracks; 

References: 
[1]. Australasian Railway Association, 2005, 2006, Australian Transport Statistics, 2007; [2]. Australian Rail Transport facts, 
Apelbaum, 2007 [3]. Rail defects handbook, Australian Rail Track cooperation, Issue A, Revision 0, March 2006 
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Deterioration assessment of natural gas pipelines and prediction of their 
failure time and location 

Civil Engineering Discipline/Infrastructure Research Group, City 

Project Description 

Across Australia more than 47,000km of gas transmission pipelines traverse the country. Natural gas is the third 
most important energy commodity in Australia, providing an estimated 20 per cent of Australia’s energy 
requirements[1]. These assets are aging and deteriorating, resulting in increasing maintenance and operating 
cost, social impacts and safety threats. For natural gas pipelines, corrosion is one of the main causes of 
collapses. As reported by Beavers and Thompson 2006 [2], an average of 8000 corrosion leaks per year are 
reported on natural gas pipelines in the US. For natural gas pipeline accidents, 36% were caused by external 
corrosion and 63% were caused by internal corrosion. This demonstrates the urgent need to develop innovative 
solutions for the better management of the existing but aged and deteriorated infrastructure, based on accurate 
prediction of time and location of the structural failure of these assets. Equipped with these solutions, all 
stakeholders in the nation’s infrastructure, in particular asset managers and owners, can make risk-informed and 
cost-minimised decisions with respect to when, where, what and how interventions are required to ensure the 
safety and integrity of existing energy infrastructure during its whole life of service and along all its segments. 

In the proposed research, a quantitative corrosion model for steel gas pipes including all the contributing  
factors, their interaction and the cause/effect relationship. The corrosion progress will be further investigated by 
micro-structural analysis to further investigate the corrosion progress (and the cause/effect relationship) in  
micro level. A suite of stochastic models of failure mechanisms for steel gas pipes that allow for environmental, 
operational and ground influences will be investigated. An accurate and reliable solution for estimation of time 
and location of failure through development of a bi-variate reliability theory (i.e., introducing time-space variant 
random field model) will be developed. 

A new technique for laboratory test on steel samples will be introduced and developed to investigate the effect 
of stress on corrosion progress. This is a more realistic way for corrosion simulation in the lab, as in real world 
most of the steel structural elements are in tension. The proposed methodology for the research will be a 
combination of analytical, numerical and experimental approaches, supplemented by practical expertise and 
experiences from the researcher. 

References: 

[1]. APGA (2017), facts and figures about pipelines and gas, Australian Pipelines and Gas Association, www.apga.org.au; [2]. 
Beavers, J.A., and Thompson, N. G., (2006), External corrosion of oil and natural gas pipelines, ASM Handbook, Volume 13C, 
Corrosion: Environments and Industries (#05145) 
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Deterioration modeling and reliability analysis of offshore structures 
Civil Engineering Discipline/Infrastructure Research Group, City 

 

Project Description 

Offshore structures normally encounter a very harsh situation due to exposure to wave, wind and corrosive 
environment. The loading and environmental condition might result in safe life less than design life. Most of the 
offshore structures operate as part of energy infrastructure and their safety and structural reliability are of  
critical importance for the asset managers and decision makers. Unforeseen failure of these infrastructure will 
cause extreme economical, environmental and social impact on the country. 

This demonstrates the urgent need to develop innovative solutions for the better management of the existing but 
aged and deteriorated offshore infrastructure, based on accurate prediction of time and location of the structural 
failure of these assets. Equipped with these solutions, all stakeholders in the nation’s infrastructure, in particular 
asset managers and owners, can make risk-informed and cost-minimised decisions with respect to when, where, 
what and how interventions are required to ensure the safety and integrity of existing offshore infrastructure 
during its whole life of service and along all its segments. 

In the proposed research, a quantitative corrosion model for steel offshore structures including all the 
contributing factors, their interaction and the cause/effect relationship. The corrosion progress will be further 
investigated by micro-structural analysis to further investigate the corrosion progress (and the cause/effect 
relationship) in micro level. 

A suite of stochastic models of failure mechanisms for steel offshore platforms that allow for environmental and 
operational influences will be investigated. An accurate and reliable solution for estimation of time and location 
of failure through development of a bi-variate reliability theory (i.e., introducing time-space variant random  
field model) will be developed. 

A new technique for laboratory test on steel samples will be introduced and developed to investigate the effect 
of stress on corrosion progress. This is a more realistic way for corrosion simulation in the lab, as in real world 
most of the steel structural elements are in tension. 

The proposed methodology for the research will be a combination of analytical, numerical and experimental 
approaches, supplemented by practical expertise and experiences from the researcher. 
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Life cycle optimization of green building design, construction and operation: a 
multi-criteria approach for decision-making 

Civil and Infrastructure Engineering, City Campus 
Project Description 

 
The construction industry plays a vital role in the Australian economy, contributing around 7% to Australia’s 
GDP (ABS 2010). Australia's per capita GHG emissions are the highest of any OECD country where building 
sector alone contribute to 19% of Australia’s total energy, and 23% of Australia’s total GHG emissions  
(ASBEC 2008). Buildings are built to last for several decades. Over such a long lifetime, operational use of the 
buildings with its heating and cooling has a significant economic and environmental effect, as like maintenance. 
Construction and disposal have a one-off effect, but this may also be significant. Even a small reduction in 
economic and environmental effects in any of the life cycle stages would be significant when the number of 
buildings is taken into account. 

 
This project will develop an integrated analytical framework for optimization of building design and 
construction. Currently a number of tools are in use to evaluate star rating of the buildings only to comply with 
local legislation. There is no provision to integrate cost-benefit analysis and performances of materials and 
methods to construct and operate a building to have a whole life cycle management perspective. In order to 
achieve a fully optimized building, the life cycle assessment (LCA) and life cycle costing (LCC) along with 
star-rating would be integrated into the proposed framework. LCA and LCC will be based on whole building 
and whole life cycle basis, which would include construction, operation, maintenance, recycle and disposal 
phases. In order to integrate all these fragmented activities, an integrated tool will be developed to enable multi- 
criteria decision-making. A designer can easily navigate through the complex relationship of the design 
objectives and constraints to trade-off the various design options and their impacts on life cycle energy, cost and 
environment. A simple data input-output interface under the Building Information Modeling (BIM) platform 
will be proposed to analyze the bill of quantity (BOQ) of the building plan and various assemblages. All these 
will be subsequently used to evaluate the star rating, life cycle environmental impacts and cost. Finally, the 
optimization algorithms will be used to verify the potential economic, environmental and social savings that 
could have achieved without compromising project specific constraints. Optimization will evaluate all the  
results of alternative designs to come up with potential decision options. 

 
References: 
[1]. ABS (Australia Bureau of Statistics) 2010, Year Book Australia, 2009–10, ABS, Canberra, <www.abs.gov.au>. 
[2]. ASBEC (Australian Sustainable Built Environment Council) 2008, Building A Low Carbon Economy With Energy Efficient 
Buildings, ASBEC, Australia. 
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Use of water quality monitoring sensor data for operation and future improved 
design of Water Sensitive Urban Designs (WSUDs) components 

Civil and Infrastructure Engineering, City Campus 

Project Description 

Water Sensitive Urban Designs (WSUDs) have formed a part of integrated water management (IWM) in the 
Melbourne metropolitan region since the early 2000s when Melbourne Water 
(MW) launched several initiatives aimed at improving the water quality of the catchments discharging into Port 
Phillip Bay. However, few studies exist on the performance of the engineered features in WSUD assets, e.g. 
wetlands and bioretention filters. There are also considerable variations between different Councils in terms of 
WSUD implementation policies (e.g. type and number of features in a given district). Moreover, Council 
boundaries rarely coincide with the water catchment boundaries. These may therefore suffer from a lack of 
integrated river basin management due to both the policy variability and local variations in land use. 

 
Existing water quality monitoring network has revealed significant data gaps and weaknesses both in the 
monitoring data collected by the State VWQMN network (i.e. in this region; MW or EPA data) and the 
volunteer (Waterwatch) networks. Temporal gaps are a particular issue as the current monitoring frequency 
(usually monthly) is simply too infrequent to capture the full range of events in these catchments. Spatial gaps 
exist especially in terms of the existing network failing to monitor the effects of WSUDs (i.e. support the 
hypothesis that WSUDs are improving water quality) due to an absence of suitable sites in these catchments. In 
the 2005 VWQMN assessment, most monitoring sites in the target catchments failed the standards for 
concentrations of both nutrients and heavy metals. 

 
Most WSUDs are designed using off-the- shelf modelling packages (e.g. MUSIC) without any recourse to site 
specific field data to support the parameter values used in the modelling, although these models appear to 
perform reasonably well within the range of conditions which they were developed for. It is our opinion that a 
clear requirement exists for a field monitoring based research project to collect high quality data from targeted 
assets and other monitoring sites (e.g. upstream of WSUDs) to add value to the current design and 
implementation strategies. In this regard, a suite of newly developed water quality monitoring sensors could be 
utilised to collect continuous data both from upstream and downstream locations of the targets. Based on this 
data, advanced modelling tool like SWMM can be standardised to evaluate the future design, construction, and 
management of those assets. 
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Forecasting and control of biofouling in water distribution system 
Civil and Infrastructure Engineering, City Campus 

Project Description 

 
Biofilm growth, also known as biofouling on any submersed surfaces, is the unwanted attachment and growth 
of sessile microorganisms. Biofouling in water distribution system (WDS) can lead to a number of water quality 
issues, including chlorine demand, coliform growth, pipe corrosion, water taste and odour problems. While it is 
well-known that a number of physicochemical and biological factors contribute to biofilm formation, recent 
studies suggested that the surface roughness and the near-surface microfluidic conditions play a key role in the 
settlement of microorganisms and subsequent biofouling problems (Partha et al. 2013 and 2014. 
 
Conventionally, the biofilm growth problem in a WDS is being handled by different manual cleaning methods 
such as flushing, air scouring and swabbing to more abrasive methods. However, conventional pipe cleaning 
practices (e.g. flushing) have limitations in developing appropriate flow conditions to remove biofilms from 
wall surfaces. An aggressive cleaning method could aggravate the problem further by dislodging the 
encrustations of the pipe walls and accelerating the next stage biofouling. On the other hand, the excessive use 
of disinfectant (e.g. chlorine/chloramine) to remove harmful microorganisms from water and pipe walls 
produces disinfection by-products (DBPs) which can cause potential health problems. 
 
To reduce excessive use of disinfectant and costly manual cleaning, the present study proposes a novel 
approach based on CFD analysis of the pipe geometries to forecasting biofilm growth potential areas. These 
critical areas in WDS will be protected by applying self-cleaning engineered surfaces. The introduction of CFD 
model parameters into an existing ANN model is expected to be effective in reducing excessive operational cost 
involving unnecessary monitoring and chlorine injection points. CFD analysis can also reveal precise 
mechanism of biofilm growth on pipe walls in relation to surface roughness and flow conditions. 
 
The proposed self-cleaning surfaces are microstructure-based synthetic patterned surfaces, capable of 
developing lotus-effect on the pipe walls, and are effective in controlling biofilm growth under specific 
hydrodynamic conditions. The microstructure-based synthetic patterned surfaces are non-toxic approach of 
biofouling control inside the pipe networks. 
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Use of recycled materials in concrete for structural engineering applications 
Civil and Infrastructure Engineering Discipline, City/Bundoora 

Project Description 

Natural construction materials are becoming increasingly scarce, and the need to reuse waste materials to reduce 
environmental impact is a global trend to address sustainable material usage in the built environment. As an 
example of reuse of waste to produce a sustainable material, rubber from recycled tyres can be used to partially 
replace concrete fine aggregate and produce crumb rubber concrete. Crumb rubber made from recycled car and 
truck tyres, is used as a replacement for natural sand aggregate in concrete; to produce crumb rubber concrete. 
Globally, ~259M vehicle tyres are discarded annually; only a tiny proportion are recycled, and the rest are 
dumped in landfills or are unaccounted for. At the same time supplies of natural sands for use in concrete are 
being rapidly depleted. The application of recycled materials in construction has great potential to reduce the 
environmental impacts of both waste and exploitation of natural material resources. Other examples of 
replacement for natural material in concrete include recycled ceramics, recycled aggregates, and recycled 
composites. 

This research project will focus on the use of recycled materials to develop concrete as a construction material 
for structural applications for our built environment including buildings and bridges. The aim is to investigate 
the structural performance of reinforced concrete made with recycled materials considering durability issues  
and long term performance. The local bond behaviour, flexural, shear and axial behaviour of structural elements 
constructed with the new material will be characterized. Structural analysis methods and design guidelines will 
also be developed. 

Knowledge of engineering materials and structural analysis is essential. The experience of numerical modelling 
and experimental investigation is desirable. 

 
References: 
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Rehabilitation and strengthening of structures using innovative techniques and 
materials 

Civil and Infrastructure Engineering Discipline 

Project Description 

Australia has many concrete structures exposed to aggressive environments that are deteriorating prior to their 
intended design life due to durability issues. Externally bonded fibre reinforced polymer (FRP) composite 
applications are emerging as a method of structural rehabilitation. However, the long-term performance of FRP 
strengthening systems is uncertain, and road authorities, building asset departments and independent contractors 
have a critical need to understand the relationship between long-term performance and FRP construction  
process as FRP strengthening techniques are becoming more and more widespread. Whilst the strengthening 
effect of FRP has been widely researched, the ability of the FRP techniques to arrest progression of  
deterioration induced by durability issues is not fully understood. 

This project will investigate the durability and structural performance of strengthening processes for  
deteriorated structures through a comprehensive analytical and experimental study considering aggressive 
environments and long term behaviour. Bond-slip interface laws for FRP strengthening techniques to substrate 
will be investigated and novel analytical models to predict the time-dependent behaviour of FRP repaired and 
strengthened structural elements using partial interaction theory will be further developed. 

Knowledge of engineering materials and structural analysis is essential. The experience of analytical modeling 
and experimental investigation is desirable. 
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Analysing Road Safety Strategies and Modelling Accidents for Different Road 
Users 

Project Description 

In today’s world, traffic accidents are known as an important concern for many countries. In fact, safety is 
defined as a main concern on designing, maintenance and development of every transport system in these 
countries [1-3]. The number of traffic accidents in Australia and Melbourne has decreased in recent years. 
However traffic crash always is a noticeable concern in transport research. Identifying these locations with high 
number of accidents helps improve safety and decrease the number of accidents in these locations [4-6]. Road 
safety still remains one of the main social and health issues in many countries. Understanding the underlying 
relationship between traffic crash severity outcomes and factors leading to more severe crashes is very  
important in addressing the problem of safety for different road users including pedestrians, cyclists, heavy 
vehicles, and passenger cars. This research aims to identify the main factors including road, drivers, and social- 
economic characteristics associated with crash severity outcomes in Victoria. Furthermore, Geographic 
Information Systems (GIS) will be applied to identify crash hotspots. Understanding of contributing factors and 
crash hotspots will provide practical policies and strategies to enhance road safety. 

 
Social and economic factors are known as influencing variables for vehicle-pedestrian crashes. Literature shows 
that socioeconomic factors related to location of crash are usually applied for vehicle-pedestrian crash analysis. 
Moreover, limited study considered pedestrian living area neighbourhood to apply social and economic factors 
for vehicle-pedestrian crash modelling. However, it is not investigated that for vehicle-pedestrian crash analysis 
variables related to living area neighbourhoods are more important or location of crash. This research aims to 
reveals how factors related to living area neighbourhoods and location of crashes can influence on vehicle- 
pedestrian crash severity. Consistent with that broad aim, the following objectives are identified: 
• Extract and compare socio-economic factors related to pedestrians’ and drivers’ living area neighbourhoods 

and location of crashes. 
• Develop models to predict the frequency or severity of crashes for different road users. 
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Improving Access to Transport Systems and Enhancing Active Transport in 
Urban and Rural Areas 

Project Description 

A large number of research studies have identified that suburban areas of Australian metropolitans are suffering 
from significant transport disadvantages [1, 2, 3]. More recent research indicated that increasing auto fuel prices 
and home loan interest rates intensify transport disadvantages in Australia’s suburban fringe [3, 4]. However, 
improving public transport accessibility in terms of service coverage and availability may result in a more 
reliable transport system as a whole [5]. 

The growing number of studies used land-use and design measures such as population density; land use 
mixing and connectivity. Six groups of land use factors are interconnected with transport including settlement 
size; urban density, land use mix; urban design; local accessibility to public transport and the provision of 
parking. More recently, transportation research has become concerned with built-environmental determinants of 
“active transport”, driven mainly by the need to reduce the negative side effects of auto-related issues. Active 
transport is commonly defined as trips made by non-motorized mode of transport such as walking and cycling. 
However, Use of public transport is considered within the definition of active transport as it often involves some 
walking or cycling to get connected from origins to destinations of trips. As discussed two fundamental urban 
features that impact travel choice and active transport, are the proximity of different land uses and connectivity 
between complementary activities e.g. work, and shop. 

The aim of this project is to develop a framework to integrate disaster mitigation strategies in transport 
system and enhance access to transport network during disaster. The project expects to develop innovative and 
practical accessibility measures to transport network during disasters. The project also presents strategies to 
enhance access to road network and public transport system during natural disasters. The expected outcome is a 
robust framework to measure how residents could access the road network and public transport system in  
natural disasters. This should minimise the costs associated with natural disasters and save lives. The results 
from this project should provide significant benefits to the Australia’s economy and society. 

References: 
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Optimising the Planned Maintenance of Transport Infrastructure 
Civil and Infrastructure Engineering Discipline, City and Bundoora 

 
Project Description 

Transport organisations have traditionally focused on construction/expansion of transport infrastructure. After 
completing the expansion of transport networks, the emphasis has shifted from developing new infrastructure to 
intelligently maintaining the existing ones. In recent years, economical constraints have influenced budget 
allocation to transport sectors. This resulted in highlighting the development of maintenance management systems 
in transport sectors particularly in transport infrastructure [1, 2, 3]. Maintenance management systems assist 
organisations in deciding when and how to maintain transport infrastructure facilities to minimise the maintenance 
cost/time and diminish replacement activities. 

 
Many parameters involve ensuring that transport systems is operating to its safe and best practice standards. The 

condition of the transport infrastructure can influence the system operation either directly or indirectly [4, 5]. To 
keep the transport infrastructure in a reasonable condition and to obtain the most benefit out of its life cycle, a 
maintenance/renewal regime is required. Providing a maintenance plan to recover the serviceability of transport 
infrastructure from damages and preventing further wear-out is essential for such large networks. Meanwhile, 
existing transport infrastructure optimisation models minimise the operating cost/time of maintenance. They 
mainly ignore the cost/time experienced by the users of that particular transport infrastructure and users of other 
transport sectors (e.g. road users). However, a systematic modeling/optimisation approach which is general, 
efficient, and practically implementable will assist the transport industry in gaining consumers’ satisfaction as well 
as significant cost savings and operational benefits in the long run. 

 
The broad aim of this research project is to optimise the planned maintenance tasks and timing for transport 

infrastructure by means of a state-of-the-art data collection coupling smart phones and traditional techniques. 
Consistent with that broad aim, the following objectives are identified: 
• Develop a deterioration model to predict the transport infrastructure damage by a state-of-the-art data 

collection method using smart phone applications. 
• Develop an optimisation model for planned maintenance activities that minimises the maintenance as well as 

users cost/time at the same time. 
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Structural Topology Optimization in Nature: Investigation and Application 
The Centre for Innovative Structures and Materials 

Project Description 

This project will investigate the structural topology optimization in nature and its applications in engineering. 
For instance, woodpeckers drum tree trunk at a speed of 6-7 m/s with a deceleration of approximately 1000 g, 
but there is no head injury. Some initial studies reveal that the impacting-protection of woodpeckers’ skull 
comes from their amazing structures. Interestingly, structural topology optimization has the same power as the 
creator of nature to some extent, which has been widely used to design structures with maximum of stiffness, 
lightest structures and other super properties. Therefore it will be very attractive to explore the essential relation 
between natural structures and structural topology optimization. 

The project has three major steps: 

1) Establish a numerical model of a natural structure, which will be scanned by a micro scanner. An 
algorithm in image process will be developed [2]. 

2) Analyze the properties of the natural structures using finite element analysis in Abaqus or Ansys. 
3) Conduct structural topology optimization in terms of the data collected from scanning data and 

computational results. A variational technique of level set method image process will be used in this step 
[3,4]. 

Though some limited progress on the fail-safe design has been made, there is a lack of a systematic and efficient 
technique for the fail-safe design. This project will develop new computational techniues with the consideration 
of failure mode to significantly reduce the number of scenario-based problems. By adding control regions of 
solid materials, load paths connecting these isolated materials with the main structures will come out. As a 
result, additional structural members for the desired redundancy are produced. The structural topology 
optimisation will be conducted in the framework of a level set method [4]. 

References: 
[1] Bendsoe M (1989) Optimum shape design as a material distribution problem. Struct Multidisc Optim 1:193–202 
[2] Li, C., Xu, C., Gui, C., and Fox, M.D., 'Distance Regularized Level Set Evolution and Its Application to Image Segmentation', 
IEEE Transactions on image processing, 2010, 19, (12), pp. 3243-3254. 
[3] Yamada, T., Izui, K., Nishiwaki, S., and Takezawa, A., 'A Topology Optimization Method Based on the Level Set Method 
Incorporating a Fictitious Interface Energy', Computer Methods in Applied Mechanics and Engineering, 2010, 199, (45), pp. 2876- 
2891. 
[4] Osher S and Sethian JA (1988) Fronts propagating with curvature-dependent speed: 
Algorithms based on Hamilton-Jacobi formulations. J Comput Phys 79:12–49 
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Performance of Fibre Reinforced Cementitious Composites under elevated 
temperatures 

Civil and Infrastructure Engineering Discipline, City and Bundoora 

Project Description 

Cementitious material is a principal construction material used for civilian, industrial and military constructions. 
These structures might be subjected to extreme loadings during their service life, which may result in severe 
damage to the structures and cause tremendous casualties and property loss. Fibre reinforced cementitious 
composites (FRCC) have recently gained significant interest due to their superior performances compared with 
normal reinforced concrete. The pseudo strain-hardening behaviour and multiple cracking of FRCC contribute 
to the higher load resistance, improved durability, high energy absorption and excellent damage tolerance.  
These characteristics have potential to significantly improve the performance of structures made of FRCC [1]. 

Exposure to high temperature can have adverse impact on the mechanical properties of concrete and cement 
mortars. Cracking and spalling may occur due to the change in the pore structures, and the bond between 
cement paste and aggregates may be lost. However, the presence of fibres in cementitious matrix could 
potentially improve the fire resistance of the material. This project aims to investigate the structural  
performance of FRCC under both ambient and elevated temperatures. The material properties of FRCC will be 
studied, considering various factors such as fibre type and shape, fibre volume fraction, different loading 
conditions and so on. The FRCC will then be applied to the structural components. The effectiveness of the use 
of FRCC in civil engineering structures will be investigated and compared to the normal reinforced concrete 
structures and the structures made of other composite materials. 

Knowledge of engineering materials, structural analysis and fundamentals of computational mechanics is 
essential. The experience of numerical modelling is desirable. 

 
References: 
[1]. M. Maalej et al. Construction and Building Materials 36 (2012) 216. (Review) 
[2].  M. Colombo et al. Materials and Structures 43 (2010) 475. 
[3].  A. Çavdar. Composites Part B: Engineering 43 (2012) 2452. 
[4].  A. Caverzan et al. Mechanics of Materials 59 (2013) 87. 
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Investigation on fracture failures of corroded metal pipelines 
Civil and Infrastructure Engineering, City 

Project Description 

Pipelines are essential infrastructure that play a pivotal role in a nation’s economy, prosperity, health, 
environment, social well-being and quality of life. In Australia, there are approximately 139,000 km of water 
pipes [1], a significant proportion of which are made of metal, i.e., cast iron and steel [2]. Due to their long term 
service, coupled with exposure to aggressive environment (including climate change) and increased demands 
(including population growth), deterioration of and damage to metal water pipes have resulted in a very high 
rate of pipe failures. For instance, the Australian National Water Commission [3] reported 20 failures of water 
mains per 100 km per year on average. 

An investigation on pipe failures reveals that most metal pipe failures are of fracture type, caused by the  
unstable propagation of cracks or defects on the pipe surface [4]. These cracks/defects may occur in 
longitudinal, circumferential or inclined directions and have long been recognized as a major cause of potential 
failures for cylindrical structures. Therefore, there is a well-justified need to investigate the fracture behavior of 
corroded metal pipes. 

So far, the supervisor has successfully obtained two ARC discovery projects DP140101547 and DP170102211 
on metal pipelines. Currently, there are 4 PhD students working on metal pipes. 

The aim of this project is to investigate the fracture behaviors of corrosion affected metal pipes. The 
mechanisms of fracture, in particular, mixed mode fracture, of metal pipes, and the factors that affect them, will 
be examined. The factors that affect the mixed mode fracture toughness of metals, e.g., corrosion, inclined 
cracks, multi-axial stresses and plasticity of materials will also be investigated by experimental studies. An all- 
fracture mode specimen and a corresponding loading device will be designed for carrying out the experiments. 
In addition, advanced time-dependent reliability theory will be employed to assess the fracture conditions of 
metal pipes with mixed mode fracture. 

References: 
[1]. Moore, G., Corrosion challenges-Urban water industry, in A report on the impact of failure of infrastructure assets through 
corrosion as a result of current practices and skilling in the Australian mainland urban water and Naval defence sectors, 2010, the 
Australian Corrosion Association Inc. 
[2]. Petersen, R.B. and R.E. Melchers, Long-term corrosion of cast iron cement lined pipes, in Corrosion and Prevention. 2012: 
Melbourne, Australia. 
[3]. National        Water        Commission        Australia,        National        performance        report        2009-10.          2009: 
http://archive.nwc.gov.au/   data/assets/pdf_file/0015/11265/ NPR_urban.pdf. 
[4]. Marshall P. The residual structural properties of cast iron pipes-structural and design criteria for linings for water mains. UK 
Water Ind Res; 2001. 
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Characterization of water flow in damaged concrete 
Civil and Infrastructure, City 

 
Project Description 
This project is on investigation of water flow in damaged concrete. The research group proposing this project 
has been involved in a very large project funded by Metro Train Melbourne (MTM) involving many academics 
from different disciplines. More than ten PhD students are engaged in this project as well as three other ARC- 
funded. One of the big problems with significant economic impact faced by MTM is the water flow through the 
cracked tunnel lining. Currently, two industry-funded PhD students are working on this area. Several technical 
papers on this topic have been published by the research group in this area. 

This project will involve the characterization of water flow in damaged concrete. Water ingress in concrete has 
two distinct phases: unsaturated and saturated. Water flow through unsaturated concrete can be monitored by 
measuring the wet front using nuclear magnetic resonance (NMR) imaging technique [1]. Following full 
saturation, a steady state water flow occurs; this can be measured by weighing quantity of water seeped through 
concrete over a specified time [2]. Proportion of typical three-phase composition of concrete material, i.e., 
cement paste, aggregate and interfacial transition zone (ITZ) governs the overall water flow through concrete. 
Loading-induced stress causes damage in the form of microcracks, which in turns increases water conductivity 
of concrete and velocity of water flow in concrete [3]. Distribution of microcracks depends on the internal 
structure of concrete materials as a three-phase composite material. Characterization of water flow in damaged 
concrete requires concrete to be modeled as a material with two conductivities; one for intact concrete and 
another for damaged concrete [4]. 

The aim of this project will be to characterize water flow through stressed concrete and to develop constitutive 
models relating stress, damage and water conductivity in concrete. This will involve experimental as well as 
analytical studies. To obtain different damage extents, the concrete specimens will be subject to cyclic loading 
for target residual strains under displacement control. X-ray radiography will be used to visualize the moisture 
content distributions at several times during the water absorption process. Mesoscale numerical modeling is  
used to model water flow in concrete. In addition, stochastic modeling followed by probabilistic analysis is 
undertaken to find a probabilistic model for concrete conductivity. 

References: 

[1]. R. Gummerson et al. Nature 281 (1979) 56. [2]. X. Li et al. Construction and Building Materials, 105 (2016) 503. [3]. Z. Yang et 
al. Journal of Materials in Civil Engineering, 18 (2006) 474. [4]. S. Rahal et al. Construction and Building Materials, 125 (2016) 613. 
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Development of self-diagnosing and self-healing technologies for sustainability 
of concrete structures 

Civil and Infrastructure Engineering 
 
Project Description 

 
Current technologies for health monitoring of structures focus on vibration and dynamic response measured 
using sensor technologies. However, with development of novel concrete materials such as geopolymers and 
high volume fly ash concrete, properties of self-healing and self-diagnosing can be engineered during the 
development of the new materials. 

The project will explore development of sensor technologies for monitoring of structural elements for optimized 
maintenance. Research will commence with development of a clear understanding of the durability of concrete 
structures under exposure to aggressive as well as normal exposure conditions. For a selected mechanism of 
degradation, the self-healing characteristics required to overcome of the on-set of the deterioration mechanism 
will be understood. This will then be compared with the microstructural development of geo polymer and high 
volume fly ash materials and any additional additives required to overcome the observed problems will be 
identified. 

In parallel the project will explore the sensor technologies required to monitor the degradation response of 
concrete materials. Working with the researchers in the Micro-nano research facility of RMIT, cost effective 
sensor technologies will be explored for one mechanism of degradation of concrete strucures. 
References: 
[1]. Gunasekara, M. Setunge, S. and Law, D. 2017, 'Long-term mechanical properties of different fly ash geopolymers', in ACI 
Structural Journal, American Concrete Institute, United States, no. 3, pp. 743-752 ISSN: 0889-3241. 
[2]. Gunasekara, M. Setunge, S. and Law, D. 2017, 'Correlations between mechanical properties of low calcium fly ash geopolymer 
concretes', in Journal of Materials in Civil Engineering, American Society of Civil Engineers, United States, pp. 1-9 ISSN: 1943-  
5533 
[3]. Lokuge, W. Gamage, N. and Setunge, S. 2016, 'Fault tree analysis method for deterioration of timber bridges using an Australian 
case study', in Built Environment Project and Asset Management, Emerald, United Kingdom, vol. 6, no. 3, pp. 332-344. 
[4]. Mohseni, H. Setunge, S. Zhang, G. and Wakefield, R. 2017, 'Markov process for deterioration modeling and asset management of 
community buildings', in Journal of Construction Engineering and Management, American Society of Civil Engineers, United States, 
vol. 143, no. 6, pp. 1-12. 
[5]. Hasan, M. Setunge, S. Law, D. and Molyneaux, T. 2013, 'Predicting life expectancy of concrete septic tanks exposed to sulfuric 
acid attack', in Magazine of Concrete Research, ICE Publishing, United Kingdom, vol. 65, no. 13, pp. 793-801. 
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Intelligent asset management of smart buildings 
Civil and Infrastructure Engineering 

Management of existing networks of infrastructure is a major challenge faced by managing authorities who try 
to deliver a service under constrained resources. Recent research completed at RMIT has developed the central 
asset management system (CAMS) which incorporates up to 700 degradation models for building components 
derived using discrete inspection data. The system is hosted in cloud and is currently deployed among a number 
of partners of CAMS. In the second phase of the research, RMIT researchers are expanding the system to have 
automated condition inspection and user engaged decision making. These elements require fundamental 
research in the areas of the methods of monitoring of building components and the utilisation and the 
interpretation of the observations to create intelligent infrastructure systems. 

The Ph.D project will conduct research in to composition of high rise buildings to develop methods of 
inspections required to capture the data needed to generate degradation models which form the basis of the asset 
management systems. These will be developed through understanding of deterioration prediction and decision 
making in asset management systems. Data collected through the partner organisations will be analyzed and a 
laboratory based experimental program will be developed to create a fundamental understanding of the selected 
mechanisms of degradation considering the physical degradation mechanisms of different components. 

A method for capturing and predicting the level of service required by buildings will be developed and 
integrated in to decision making. The contribution to knowledge will be through changing the network level 
asset management from a purely a data driven approach to a hybrid method incorporating mechanisms of 
degradation and utilization monitoring. 

References: 
[1]. Edirisinghe, R. Setunge, S. and Zhang, G. 2013, 'Application of gamma process for building deterioration prediction', in Journal  
of Performance of Constructed Facilities, American Society of Civil Engineers, United States, vol. 27, no. 6, pp. 763-773 ISSN: 0887- 
3828 . 
[2]. Ranjith, S. Setunge, S. Gravina, R. and Venkatesan, S. 2013, 'Deterioration prediction of timber bridge elements using the  
Markov chain', in Journal of Performance of Constructed Facilities, American Society of Civil Engineers, United States, vol. 27, pp. 
319-325 ISSN: 0887-3828
[3]. Edirisinghe, R. Setunge, S. and Zhang, G. 2015, 'Markov model based building deterioration prediction and ISO factor analysis
for building management', in Journal of Management in Engineering, American Society of Civil Engineers, United States, vol. 31, no.
6, pp. 1-9 ISSN: 0742-597X.
[4]. Mohseni, H. Setunge, S. Zhang, G. and Wakefield, R. 2017, 'Markov process for deterioration modeling and asset management of
community buildings', in Journal of Construction Engineering and Management, American Society of Civil Engineers, United States,
vol. 143, no. 6, pp. 1-12.
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Advanced Structural Engineering Innovative Structures for Eco-friendly 
Construction 

Civil and Infrastructure Engineering, City 
Project Description 

 
The construction industry contributes approximately 33% of the total Co2 emission globally. The durability of 
current constructions is also a big problem. The repair cost of a concrete structure can be twice as high as the 
original construction cost. Climate change further accelerates corrosion and shortens their service life. This PhD 
project aims at developing eco-friendly structures and construction technologies to reduce the Co2 emission of 
construction, reduce repair/maintenance cost, and extend the service life of concrete structures. 
 
The aim of the PhD work can be achieved through one of the following ways: 
 

[1] Recycling materials. Recycling leads to inferior material properties that impede their structural use. 
Different recycled materials and recycling methods will be studied, aiming at development of an innovative 
approach to enhancing the material properties. One example is the structural use of recycled aggregate 
concrete (RAC), where the PhD work will develop an effective approach and detailed design guidelines to 
enhance the properties of RAC, e.g. by providing confinement [1] or adding fibres [2]. 

[2] Development of innovative structures. Replacing steel bars by other advanced materials such as fiber 
reinforced polymer (FRP) in RC structures can avoid corrosion problem and extend service life. As FRP 
material is brittle, it causes other structural problems. The PhD work will study and develop new/innovative 
structures to overcome its problem. One example is the development of compression yielding technology that 
can overcome the brittle failure problem in FRP reinforced concrete members [3, 4]. 

[3] Studying the behavior of a new structure. Use of new materials leads to the lack of guidelines for design 
and construction of the new structures. The PhD work will develop new guidelines through experimental 
tests, numerical simulations, analytical study, or combinations of them. 

 
If preferred, the candidate can work in another research institute such as a Chinese university for a period up to 
one year to do a collaborative research work. The PhD project features innovation, creativity, and fun in  
research methodology. A good undergraduate training is essential and no other specific or specialist training is 
required. 

 
References: 
[1]. Y. Wei, Y. F. Wu. Compression behavior of concrete columns confined by high strength steel wire. Construction and Building 
Materials 2014; 54: 443–453. 
[2]. S. Senaratne, D. Gerace, O. Mirza, V.W. Tam, W.H. Kang. The costs and benefits of combining recycled aggregate with steel 
fibres as a sustainable, structural material. Journal of Cleaner Production 2016;112: 2318-27. 
[3]. Y. F. Wu. New avenue of achieving ductility for reinforced concrete members. Journal of Structural Engineering 2006; 
132(9):1502-1506. 
[4] Y. F. Wu, J. F. Jiang, K. Liu. Perforated SIFCON blocks – an extraordinarily ductile material ideal for use in compression yielding 
structural systems. Construction and Building Materials 2010; 24(12): 2454-2465. 
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Advanced Structural Engineering Rehabilitation of Existing Civil 
Infrastructures 

Civil and Infrastructure Engineering, City 

Project Description 
 
There are a vast number of existing structures requiring strengthening/rehabilitation to extend life, increase load 
carrying capacity, recover from damage, and retrofit from inadequate design. Traditional technologies for 
structural rehabilitation is often labor intensive, costly, time-consuming, and ineffective. Use of advanced 
materials, such as fiber reinforced polymer (FRP) and nanomaterials, can overcome these problems and provide 
a much better engineering solution for structural rehabilitation. Rehabilitation of structures using advanced 
materials is currently one of the most popular research areas in civil/structural engineering. By bonding very 
strong, light, thin, and durable material onto the surface of an existing structure, the performance of the  
structure can be significantly improved. This PhD project aims at the better use of the advanced materials for 
rehabilitation of structures, through one of the following ways: 
 
(1) Development of new/innovative rehabilitation technologies. An example of new rehabilitation technologies 
is the development of HB-FRP [1] which successfully resolved the critical and difficult problem of debonding  
of FRP from concrete structures. Another is the use of nano-steel sheet for flexural strengthening of concrete 
structures [2]. 
(2) Development of design guidelines for more effective use of the technology. The behavior of rehabilitated 
structures is complicated and much more research works are required for better understanding of the structures 
and application of the technology. One example is the development of the model for FRP confined concrete 
columns under eccentric loading [3] and another is the method for identification of interfacial bond properties 
between FRP and existing concrete structures [4]. 
 
If preferred, the candidate can work in another research institute such as a Chinese university for a period up to 
one year to do a collaborative research work. The PhD project features innovation, creativity, and fun in  
research methodology. A good undergraduate training is essential and no other specific or specialist training is 
required. 

 
References: 
[1]. Y. F. Wu, K. Liu. Characterization of mechanically enhanced FRP bonding system. Journal of Composites for Construction 2013; 
17(1): 34-49. 
[2]. Y. F. Wu, J. Lu. Preventing debonding at the steel to concrete interface through strain localization. Composites Part B: 
engineering 2013; 45(1): 1061–1070. 
[3]. Y. F. Wu, C. Jiang. Effect of load eccentricity on the stress–strain relationship of FRP-confined concrete columns. Composite 
Structures 2013; 98: 228-241. 
[4]. Y. F. Wu, L. He, L. C. Bank. Bond test protocol for plate-to-concrete interface involving all mechanisms. Journal of Composites 
for Construction 2016; 20(1): 04015022. 
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Application of Advanced Engineering Materials Innovative Approach for 
Characterization of Material Properties 

Civil and Infrastructure Engineering, City 
 
Project Description 
 
Advancements in engineering are often driven by the advancement in material science. This project aims at the 
development and engineering applications of advanced materials, such as composite materials, FRP, 
nanomaterials, high-performance concrete, performance enhanced recycled materials, natural materials, etc. 
Effective and efficient application of materials requires the adequate knowledge of material properties. 
Characterization of material properties is one of the most important and cutting-edge research areas in science 
and technology. 

 
The PhD project will use innovative approaches to characterize the properties of a selected material using 
experimental or computational approach, or a combination of them. When an experimental approach is used, 
the PhD work will involve in the development/application of innovative laboratory test method for material 
characterization. One example of the experimental approach is the development of a true triaxial test facility 
for FRP confined concrete material [1] and another is the test scheme of FRP confined concrete [2]. It can also 
involve in developing new high-performance materials, an example of which is the development of a highly 
ductile construction material – perforated SIFCON [3]. Computational modeling of constitutive (stress- strain) 
relationship of materials is one of the most important and advanced areas in engineering research. Although 
steady and continuous development has been made in the area, it still faces critical and major break-through 
before the technology can be adequately used in engineering. An example of the computational approach is the 
constitutive modeling of FRP confined concrete using plasticity theory [4] and another is the model for cyclic 
loading [5]. 
 

If preferred, the candidate can work in another research institute such as a Chinese university for a period up to 
one year to do a collaborative research work. The PhD project features innovation, creativity, and fun in 
research methodology. A good undergraduate training is essential and no other specific or specialist training is 
required. 
References: 
[1]. M. Mohsena, Y.  F.  Wu. Triaxial test for concrete under non-uniform passive   confinement. 

Construction & Building Materials 2017; 138: 455–468. 
[2]. L. Wang, Y. F. Wu. Effect of corner radius on the performance of CFRP-confined square concrete columns: test. Engineering 
Structures 2008; 30(2): 493-505. 
[3]. Y. F. Wu, J. F. Jiang, K. Liu. Perforated SIFCON blocks – an extraordinarily ductile material ideal for use in compression  
yielding structural systems. Construction and Building Materials 2010; 24(12): 2454-2465. 
[4]. J. F. Jiang, Y. F. Wu. Characterization of yield surfaces for FRP- confined concrete. Journal of Engineering Mechanics  ASCE 
2014; 140(12): 04014096. 
[5]. W. He, Y. F. Wu, K. M. Liew. A fracture energy based constitutive model for the analysis of reinforced concrete structures 
under cyclic loading. Computer Methods in Applied Mechanics and Engineering 2008; 197(51-52): 4745 - 4762. 
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Assessing the leak-before-break in underground tunnels 
Civil Engineering Department  

 

 
 
Project Description  
  
Construction of underground tunnels for needs such as transport, water supply, sewerage and telecommunication 
is an increasing worldwide demand. The reported statistics showed that many countries adopt underground 
tunnelling to facilitate their transportation systems due to limited above ground space and safe operational 
requirements. Such tunnels are buried in ground with soil/rock which provides protection and support. However, 
these buried tunnels are often subjected to deterioration mainly due to weathering of rocks, corrosion of 
reinforcement and/or degradation of concrete.  Consequently, the leaks have become a common problem in these 
assets and management of these aging infrastructures has become a pressing issue for asset managers. Such 
failures can cause significant consequences in terms of economic loss to asset managers, public safety, damage to 
property and also have an adverse effect on the overall performance of the tunnels. 
 
The main driver for the failure of underground tunnels is the water flow through the surrounding material. Due to 
deep embedment conditions, most of underground tunnels could be assumed under submerged conditions and 
hence the water flow imposes major concern when assessing the condition of underground tunnels. The water flow 
will first induce scour/erosion of the surrounding material, which can result a run off of fine particles from the 
soil/rock matrix. The erosion will further cause to generate additional pathways for water flow (i.e. increases the 
permeability) due to particle run off. As a result of enhanced permeability in the surrounding material, additional 
water percolates on the surface of the tunnel. As most of the buried tunnels are ageing, there is high possibility that 
lining could possess cracks through which soil/rock particle could run off with the leaking water. Such leaking is 
commonly identified as exceeding serviceability condition by asset managers who tend to adopt remedial 
measures such as cement grouting to fix the water leaking. Even though such practice could fix the leaking in 
short term, these cracks can still be active due to continuing deterioration, operation loads and material erosion 
behind the tunnel. As a result, cracks can propagate to a limiting condition (i.e. length & width) that could lead to 
exceed acceptable convergences or even to result catastrophic failures. This project will investigate the effect of 
cracks on the performance of buried ageing tunnels using numerical modeling. First, an advanced numerical 
model will be developed on the basis of randomly generated concrete meso-structure using user defined concrete 
damage plasticity model. The model will be calibrated using unconfined compressive strength tests on samples 
prepared at different concrete grades. The developed and calibrated model will be applied to capture the crack 
propagation of the tunnel lining which interacts with eroded rock/soil interface  under fatigue loading. The results 
will be useful to asset managers to understand the influence of existing visible cracks on the overall performance 
of the underground tunnel and to estimate the safe life before resulting unacceptable tunnel behavior. The 
investigations will be performed in reference to the Melbourne underground tunnel (MURL).  
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Uplift resistance of buried offshore pipelines in clay soils 

Civil Engineering Department  
 
 
Project Description  
 
In recent times, there has been a rapid increase in the use of subsea pipelines to transport high pressure and high 
temperature (HPHT) hydrocarbons. Such pipelines are commonly buried in clay seabed to provide environmental 
stability, thermal insulation and mechanical protection. These buried pipelines, operating at high temperature and 
pressure, have a high tendency to buckle upward during its service life. Such upheaval buckling of pipes are 
traditionally restrained by using a rock dump and/or backfill materials to prevent the potential failures. The use of 
rock introduces more stability to the pipeline during its upward expansion, but is less economically viable 
compared to the use of backfill material. However, there is uncertainty in the use of backfill materials, as 
determining the safe cover heights depends on several factors such as clay consolidation (time-dependent process), 
pipe operating conditions and racheting effects. This research project will investigate the estimation of uplift 
resistance of buried offshore pipelines in clayey soils and safe burial depths required to mitigate upheaval 
buckling. 
 
This research project will determine the factors affecting uplift resistance in cohesive (clayey) soils using large 
scale experiments and advanced numerical simulations. The results will be used to obtain the probability of failure 
for pipelines against upheaval buckling and to produce design guidelines for safe burial of pipelines in clay 
backfills. The specific objectives of this proposal are; 
 
Objective 1: To determine the effect of the following factors on the uplift resistance of buried pipelines in clay 
using large scale experiments 
        a. Degree of clay consolidation  
        b. Speed of pipe upward movement (drained, undrained and partially drained loading scenarios)    
Objective 2: Develop an advanced numerical tool to predict uplift resistance of subsea buried pipelines 
Objective 3: Determine the probability of failure for pipelines against upheaval buckling using time dependent 
reliability theory  
Objective 4: Produce design guidelines for safe design of HPHT pipelines in clay backfills against upheaval 
buckling 
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Predicting the vulnerability of road pavements subjected to landslides 

Civil Engineering Department  
 
 
Project Description  
  
Failure of coastal roads in Australia and worldwide can be significant due to cascading events such as flood or 
storm surge. Recent statistics revealed that the floods in 2010-2011 in Queensland had a huge impact particularly 
on central and southern Queensland resulting in the damage of state owned 9170 km of road network. Further in 
2011, a 40km section of Great Ocean Road, a major tourist drive, in south western Victoria was closed due to 
heavy rains causing safety concern on the motorists using the road.  The most recent impact by floods to road 
infrastructure in Australia is reported to be on the Great Ocean Road near Wye River, in Sept, 2016 where recent 
bush fires, followed by storm surge and flooding led to failure of road structures. One of the major causes for these 
failures was identified as landslides near the major road due to the floods and associated erosion. Even now, the 
authorities are unsure about the stability of the surrounding land and the vulnerability of road network under 
floods. Such damage to road networks would cost millions of dollars for remediation of the infrastructure, and 
more importantly, these cascading events can result in significant social cost as a result of damage to the 
community’s transportation network. 
 
This project will look into assessing the vulnerability of road infrastructure subjected to floods. Flooding can 
induce damage to roads by a two-way damage mechanism. Firstly, the roads can fail due to washouts of 
embankments by scour phenomenon which can lead to landslide of the road subgrade (local slide). Secondly, the 
failures can be due to shear strength failures in cut-through slopes across roads (i.e. external slide). The soil 
conditions of subgrade and cut-through slopes will first be collected across a series of road network in Australia. 
Then, the hydro-mechanical numerical models will be developed to assess the effect of flooding induced hydro-
dynamic forces on embankments and cut-through slopes. The major contribution to knowledge will be 
understanding of the floods which lead to failure. The developed models will be validated using case studies such 
as recent road failures at Great Ocean Road near Wye River, A prediction model which can be used to assess the 
potential damage of roads during floods will be developed for in-place road infrastructure 
 
This project will also investigate the capability of ground stabilization which can be introduced for stabilizing 
existing cut-through slopes and new road construction. Investigations will be performed for obtaining the level of 
required stabilization to withstand the critical hydro-dynamic forces from flood events. An analytical model will 
be developed to predict the suitable geometry for stable finite slopes incorporating suitable geometric function and 
material properties (drained and undrained). The proposed model will be calibrated and validated using model 
tests in the laboratory. The model will be tested in stabilizing real ground slopes in conjunction with the project 
activities of the research partner of RMIT Centre for Pavement Excellence Asia Pacific (CPEAP). 
 
Contact Details 
Senior Supervisor - Dr Dilan Robert (dilan.robert@rmit.edu.au )    
Associate Supervisor - Dr Filippo Giustozzi (filippo.giustozzi@rmit.edu.au)             
 
 
 
 
 
 

 

mailto:dilan.robert@rmit.edu.au

	Sustainable planting of trees in suburban environments
	Project Description
	Contact Details

	Tunnelling in Melbourne Formation: Ground Conditions and Ground Support Requirements
	Project Description
	Contact Details

	RFID enabled prefabrication for minimizing risk, construction waste and improving productivity
	Project description

	BIM enabled decision-making toolkit for optimized green building design and construction
	Project description

	Developing an innovative method for infrastructure monitoring based on remotely piloted aircraft system
	Project Description
	Contact Details

	Numerical modelling of multi-phase media by meshless methods
	Project Description
	Contact Details

	Mesh optimisation for geotechnical problems with excessive deformations
	Project Description
	Contact Details

	Digital Design and Advanced Manufacturing of Customised Façade Panels and Structural Components
	Project Description
	Contact Details

	Designing Innovative and Efficient Structures Using Topological Optimisation Techniques
	Project Description
	Contact Details

	Optimal Design and Additive Manufacture of Novel Metamaterials for Exceptional Mechanical Performance
	Project Description
	Contact Details

	A Study on the Fail-safe Design in Structural Topology Optimization
	Project Description
	Contact Details

	Liquefaction of solid bulk cargos during marine transportation
	Project Description
	Contact Details

	Recycling Water Treatment Solids in Enhanced Fired Clay Bricks
	Project Description
	Contact Details

	Recycling CCA Timber Waste in Asphalt Concrete
	Project Description
	Contact Details

	Long-term risk assessment for unsaturated slopes and geo-infrastructure in the natural environment
	Project Description
	Contact Details

	Coupled thermo-hydro-mechanical behavior of unsaturated soils and its application to urban infrastructure risk assessment
	Project Description
	Contact Details

	Advanced and Recycled Materials in Transport Engineering
	Project Description
	Contact Details

	Design and optimization of metastable mechanical metamaterials
	Project Description
	Contact Details

	Topology Optimization of Metamaterials for Elastic Energy Trapping
	Project Description
	Contact Details

	Design and fabrication of smart materials with negative linear compressibility for Negative Pressure Wound Therapy
	Project Description
	Contact Details

	Optimizing Designs of Solar Chimney for Residential Usages under Australian Climates
	Project Description
	Contact Details

	Determining the minimum distance of timber bridge from bushland based on two-way fluid-structure interaction technique
	Project Description
	Contact Details

	Deterioration Modeling and Structural Reliability Analysis of Rail Tracks in Australia
	Project Description
	Contact Details

	Deterioration assessment of natural gas pipelines and prediction of their failure time and location
	Project Description
	Contact Details

	Deterioration modeling and reliability analysis of offshore structures
	Project Description
	Contact Details

	Life cycle optimization of green building design, construction and operation: a multi-criteria approach for decision-making
	Project Description
	References:
	Contact Details

	Use of water quality monitoring sensor data for operation and future improved design of Water Sensitive Urban Designs (WSUDs) components
	Project Description

	Forecasting and control of biofouling in water distribution system
	Project Description
	Contact Details

	Use of recycled materials in concrete for structural engineering applications
	Project Description
	Contact Details


	Rehabilitation and strengthening of structures using innovative techniques and materials
	Project Description
	Contact Details


	Analysing Road Safety Strategies and Modelling Accidents for Different Road Users
	Project Description
	Contact Details

	Improving Access to Transport Systems and Enhancing Active Transport in Urban and Rural Areas
	Project Description
	References:
	Contact Details

	Optimising the Planned Maintenance of Transport Infrastructure
	Project Description
	References:
	Contact Details

	Structural Topology Optimization in Nature: Investigation and Application
	Project Description
	Contact Details

	Performance of Fibre Reinforced Cementitious Composites under elevated temperatures
	Project Description
	Contact Details

	Investigation on fracture failures of corroded metal pipelines
	Project Description
	Contact Details

	Characterization of water flow in damaged concrete
	Project Description
	Contact Details

	Development of self-diagnosing and self-healing technologies for sustainability of concrete structures
	Project Description
	Contact Details
	Project Description
	Contact Details

	Advanced Structural Engineering Innovative Structures for Eco-friendly Construction
	Project Description
	Contact Details

	Advanced Structural Engineering Rehabilitation of Existing Civil Infrastructures
	Project Description
	Contact Details

	Application of Advanced Engineering Materials Innovative Approach for Characterization of Material Properties
	Project Description

	Blank Page
	Blank Page
	Blank Page



