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Welcome Letter by the SIF 16 Chairs  
 
May we extend a warm welcome to all the participants of the 10th International Conference on 
Structural Integrity and Failure (SIF 2016) held at the University of Adelaide in South Australia. 
 
We are delighted in bringing researchers from all parts of Australia to Adelaide and extend a special 
welcome to first time attendees and visitors from further afield. This conference is co-organised by 
The University of Adelaide and The University of South Australia under auspices of the Australian 
Fracture Group.  
 
This conference promises to be a lively high-quality event covering a wide range of topics in 
Structural Integrity including fracture and fatigue, creep, corrosion, composite materials, multi-scale 
modelling, non-destructive evaluation and geo-mechanics. We are privileged to have eight 
internationally renowned plenary and keynote speakers and over 60 contributed papers that will be 
presented and will appear in the published conference proceedings. All accepted papers have been 
peer reviewed by experts in the relevant field in order to ensure the high technical standards of the 
conference.  
 
This conference is hosted by a Local Organising Committee. We are grateful to them, as well as the 
Technical Committee for their work and guidance in bringing the conference to its realisation. We 
also thank the many people who contributed through the reviewing process. The support of the 
University of Adelaide, The University of South Australia and the Australian Fracture Group has been 
very much appreciated.  
 
Finally, we must not forget that any Conference is importantly a meeting place for colleagues and 
friends who have a common interest. Adelaide is the perfect place for this purpose. The city has both 
quiet and exciting places to visit and walk around; in short, it is an ideal site for a great scientific and 
social program. I wish you a fruitful conference and hope that while you absorb all of the technical 
and networking opportunities you also find the time to enjoy the beautiful and friendly city of Adelaide.  
 

Co-Chairs of SIF 2016 and Editors: 
Associate Professor Andrei Kotousov, The University of Adelaide 

Associate Professor Jun Ma, The University of South Australia 
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Locations and Maps 
 

SIF-2016 will be held in state of the art facilities on the University of Adelaide's main North Terrace 

Campus, Napier Building, Lecture theatres G03 and G04. The University of Adelaide's main campus 

is the site of most teaching and research facilities. Set in the cultural heart of the city, the University 

offers excellence in its educational and social facilities. 

 

 

 

Conference 
venue 

Welcome 
party 



 

3 

Origins of the Australian Fracture Group 

J R Griffiths, CSIRO 

Background: Australia has a distinguished history of contributions to the subject of fracture 

mechanics although this is not the place to record it in detail. Nevertheless, it is worthwhile setting 

the context for the setting up of the AFG in 1971. Important research groups in Australia at the time 

were at the CSIR Division of Aeronautics (later to be the (Defence) Aeronautical Research 

Laboratories) at Fishermans Bend, Melbourne. Full-scale fatigue tests on aircraft wings were started 

in the early 1940s and continue to the present day with facilities as good, or better, than any in the 

world. Alan Head, working in those laboratories, developed a model for fatigue crack growth 

(Philosophical Magazine, Vol. 44: 925-38, 1953) that pre-dated the more famous one of Paris and 

Erdogan. Alan was a Founder Member of the International Congress on Fracture which had its first 

meeting at Sendai in 1965. A second early development was the work in the 1950s and 60s by what 

is now the Snowy Mountains Engineering Corporation in Cooma, led by Ken Bilston, one of the last 

practitioners of Henri Schnadt’s ideas on brittle fracture. A third, and in the context of the Australian 

Fracture Group, crucial event was the setting up of the BHP Melbourne Research laboratories in 

Clayton in 1968 under Greg Tegart. Finally, I must mention the work in CSIRO in the 1960s led by 

Bob Leicester: Bob recognised that the strength of timber beams is determined by the stress intensity 

factor at sharp notches and this work was incorporated into the Timber Design Code and may be 

the earliest codified use of fracture mechanics for the integrity of engineering structures.  

Early history: It was against this background that the idea for an Australian Fracture Group came 

about. On the initiative of several people from the BHP Laboratories, a seminar was held there in 

September 1970 and it was agreed to set up a Group. Interim appointments were: 

Convener: Ken Bilston, Snowy Mountains Engineering Corporation, SMEC 

Secretary: Ernie Banks, BHP Melbourne Research Labs, MRL 

Working Parties were proposed (although were not, in fact, formed): 

Structures: Don Mansell, Melbourne University 

Pressure vessels: Stan Ambrose, Australian Welding Research Association 

Environmental influences: Neil Ryan, Aeronautical Research Laboratories 

Materials properties: Bob Leicester, CSIRO Division of Building Research 

Design and Standards: Max Lay, BHP MRL 

Theoretical analysis: Brian Cotterell, Sydney University 

Welding: John Wade, Australian Iron and Steel Pty Ltd. 

Testing : Maurice de Morton, Materials Research Laboratories (Maribyrnong) 

 

As it turned out, Ken Bilston took no further part in the Group. The first formal meetings were held in 

1971 and John Griffiths, at that time in the Monash University Department of Materials Engineering, 

was elected as the first President. Neil Ryan became the second President in about 1974 and 

continued in the post until the 1980s. Neil, Maurice de Morton and John Griffiths were all physical 

metallurgists as indeed were Peter Bullen from Fishermans Bend and Jack Osborn from Melbourne 

University, both being significant behind-the-scenes supporters. The majority of the Group were 

more traditional engineers. For the first two or three years we held very informal evening meetings 

in diverse locations ranging from a Monash lecture theatre to a pub in downtown Melbourne. Some 
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three to four meetings were held each year. The first one-day Conference was in October 1974 and 

was jointly chaired by Maurice de Morton and Bob Leicester (in an interesting contrast to present 

day figures, the registration fee was $15 and $2 for students). The AFG remained Melbourne-centred 

until 1985 when the fifth AFG conference was held in Sydney. New Zealand became a member of 

the AFG in 1997, and the 2010 AFG Conference was held in Auckland. 

 

The Previous SIF Conferences are: 

Australian Fracture Group Meetings 

Year Venue Chair(s) Awards 

1974 Melbourne Dr Bob Leicester & Dr Maurice de Morton   

1977 Melbourne Dr Neil Ryan   

1980 Melbourne Dr Neil Ryan   

1982 Melbourne Prof George Sih & Dr Neil Ryan & Dr Rhys Jones   

1985 Sydney Prof Bhushan Karihaloo   

1987 Sydney Prof Yiu-Wing Mai   

1988 Melbourne Dr Neil Ryan   

1990 Sydney Prof Yiu-Wing Mai   

1993 Melbourne* Dr Manfred Heller   

1994 Canberra Dr Arjen Romeyn   

1996 Melbourne** Prof John Williams & Dr Yee Cheong Lam   

1997 Sydney *** Prof Bhushan Karihaloo & Prof Yiu-Wing Mai Alan Head 

 

Structural Integrity and Fracture (SIF) Conferences 

Year Venue Chair(s) Awards 

1998 Melbourne Dr Chun Wang Alan Baker 

2000 Sydney Dr Greg Heness Yiu-Wing Mai 

2002 Perth Prof Arcady Dyskin   

2004 Brisbane Dr John Griffiths Brian Lawn 

2006 Sydney Prof Mark Hoffman   

2008 Perth Prof Xiaozhi Hu John Griffiths 

2010 Auckland Prof George Ferguson & Dr Ashvin Thambayah   

2013 Melbourne Prof Chun Wang   

2014 Sydney Prof Lin Ye & A/Prof Andrei Kotousov   

 

* Special session in 5th Australian Aeronautical Conference, Melbourne 

** Special session in 5th Australasian Congress on Applied Mechanics 

*** International Congress on Fracture, ICF9 
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International links: The stimulus for setting up the AFG was entirely local and it is noteworthy that 

the AFG was the first National Fracture Group in the world. The first International Conference was 

held at Melbourne University in 1982. It was chaired by John Williams (Melbourne University), Rhys 

Jones (Aeronautical Research Laboratories) and George Sih (Lehigh University). But the largest 

venture of the AFG was with the International Congress on Fracture: this was ICF9, held in Sydney, 

jointly chaired by Bhushan Karihaloo and Yu-Wing Mai. The AFG had several early contacts with the 

ICF (in addition to Alan Head’s continuing membership of the Executive as a Founder Member): 

(i) Jack Osborn was elected as a Director of ICF at the Munich meeting in 1973. Subsequent 

office holders were John Griffiths, Bhushan Karihaloo, Yu-Wing Mai (President ICF 2001 – 2005) 

and, currently, Mark Hoffman. So, in a sense, the Australian Fracture Group became a formal 

member of ICF in 1973. 

(ii) The Second Tewkesbury Symposium was held at Melbourne University, organized by Jack 

Osborn and Bob Gifkins, in 1974 and, while it was a Melbourne University event, it was supported 

by the Australian Institute of Metals, the Institution of Engineers Australia, the AFG and the ICF. (The 

First Tewkesbury Symposium, also organized by Jack Osborn was held in 1966 but was of course 

independent of any Fracture Groups). 
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Comments on “The Origins of the Australian Fracture 

Group”  

Dr F Rose 

First, the 1st Tewskbury Symposium was held at Melbourne University in Aug 1963, not 1966. The 

keynote speaker was Alan Cottrell (probably not yet knighted). The paper containing the Bilby-

Cottrell-Swinden model of fracture was published in Proc R Soc London in that same year. This 

model formalised an idea that Cottrell had already presented earlier in intuitive terms, and which was 

the theme of his keynote lecture. In my personal view, this model is a very important contribution to 

so-called elastic-plastic fracture mechanics. It is mathematically the same as the Dugdale model of 

plastic deformation at a crack tip, which, along with the key idea of plasticity-induced crack closure, 

which was first proposed by Wolf Elber in his PhD thesis at UNSW in 1968, underpins Jim Newman’s 

quite successful fatigue crack growth model. Unlike the BCS model, Dugdale’s model does not 

include a failure criterion: his intention was to model elongated plastic zones that had been observed 

experimentally in thin steel sheets. 

  

Secondly, as I understood it from Peter Bullen, the King St Bridge collapse in Melbourne in 1962, 

which was due to brittle fracture (originating from defective welds, I believe, and brought on by 

extreme cold weather), was very much instrumental in raising local interest and awareness in quasi-

brittle fracture, and hence in having Fracture as the topic for the 1st Tewsbury Symposium. This 

failure also captured attention worldwide. I am sure that I have seen a report on this failure by George 

Irwin. Unfortunately I don’t have the reference. 

  

Finally, this may seem a bit odd, but from my perspective as a theoretician, I have always thought 

that an important Australian contribution to fracture research, albeit an indirect one, was the 

translation into English of two celebrated monographs by the Russian mathematician, N.I. 

Muskhelishvili, which was done circa 1952 by Rainer Radok, who was then working at the newly 

formed Aeronautical Research Laboratory. His translations made this monumental and definitive 

work widely available in the Western world. Both translations first appeared in English as ARL reports. 

This work was used by Alan Head and Norm Louat to formulate a dislocation model of cracking in 

1955. I suspect it is this paper that led Cottrell to seek Bilby’s help with doing the theoretical analysis 

that resulted in the BCS model. Several decades later, Chun Wang and I used Muskhelishvili’s 

techniques to provide a more elegant re-formulation of self-similar fatigue crack growth that had 

been originally modelled by Alan Head in 1953, which was of interest to me in the context of fatigue 

crack growth at notches, under conditions of local cyclic plastic strain. We dedicated the paper to 

Alan for his 75th birthday. 
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Chairs 
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Prof Xungai Wang, Deakin University 

Prof Liangchi Zhang, The University of New South Wales 

Prof Brian Uy, University of New South Wales 

Prof Hoon Sohn, Korea Advanced Institute of Science and Technology (South Korea) 

Prof Di Zhang, Shanghai Jiao Tong University (PR of China) 

Prof Kiet Tieu, The University of Wollongong 

Prof Cheng Yan, Queensland University of Technology 
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Prof Liqun Shi, Fudan University (PR of China) 
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Prof Elena Pasternak, The University of Western Australia 
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PROGRAM 13 July (Day 1) 

 

  13 July, Wednesday, Day 1, Morning Sessions 

Location  The University of Adelaide, Napier Building, ground floor 

8:00 am 8:50 am Registration Open, Arrival Tea/Coffee 

Rooms  Napier G03 

Chairs  Prof Chun Wang 

8:50 am 9:10 am Opening Ceremony, Napier G03 

9:10 am 

 

9:50 am 

 

Plenary talk - Prof Yiu-Wing Mai (The University of Sydney) Personal research 

reflections on Fracture Mechanics of materials 

9:50 am 

 

10:20 am 

 

Keynote talk - A/Prof WenHui  Duan (Monash University) Sustainable and resilient 

infrastructure – new perspective from emerging nanomaterials 

10:20 am 10:40 am Morning Tea (20 min) 

Rooms   Napier G03 Napier G04 

Streams   Fatigue and Fracture Composite materials 

Chairs  A/Prof WenHui  Duan Prof Yiu-Wing Mai 

10:40 am 

 

 

11:00 am 

 

 

A/Prof Ling Yin - Structural integrity 

and failure of ceramic dental crowns 

Dr Hong-Yuan Liu - Short carbon fiber 

interleaves in carbon fibre/epoxy composites 

for enhancement of delamination resistance 

11:00 am 

 

 

11:20 am 

 

 

Dr Chris Wallbrink - Next Generation 

Fatigue Analysis Software: CGAP+  

Dr Kunkun Fu - Prediction of damage in 

composite panels with and without surface 

protections under lightning strike  

11:20 am 

  

  

11:40 am 

  

  

Dr Zhuang He - On evaluation of 

stress Intensity factor from far and 

near vertex fields  

Mr Hao Wu - Mechanically strong, flame-

retarding polymer composites through 

encapsulation 

11:40 am 

  

  

12:00 pm 

  

  

Dr Ribelito Torregosa - A bounded 

distribution model of equivalent initial 

flaw size distribution for structural risk 

analysis  

Mr Md Arifuzzaman - Failure behaviour of 

sandwich composites made of perlite/sodium 

silicate foam core and paper as skin under 

flexural loading 

12:00 pm 1:00 pm Lunch (1 hour) 
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   13 July, Wednesday, Day 1, Afternoon Sessions 

Location  The University of Adelaide, Napier Building, ground floor 

Rooms Napier G03 

Chair Dr Chris Wallbrink 

1:00 pm 

 

1:30 pm 

 

Plenary talk - Prof Di Zhang (Shanghai Jiao Tong University) Morphology-genetic 

materials inspired from nature species 

Rooms Napier G03 Napier G04 

Streams Structural Integrity Geo-Mechanics 

Chairs Prof Di Zhang Prof Arcady Dyskin 

1:30 pm 

  

  

1:50 pm 

  

  

Mr Dylan Agius - Fatigue analysis of 

transport aircraft structures using 

advanced cyclic plasticity models 

Dr Abbas Taheri - Mechanical behaviour of 

an anisotropic porous sandstone affected by 

different loading histories and rates   

1:50 pm 

  

  

2:10 pm 

  

  

Dr Turk Suzana - Microstructural 

implications of sulphuric acid surface 

treatment on the fatigue life of 

AA7050-T7451 aluminium alloy 

Dr Aditya Khanna - A review of the 

mechanisms controlling the residual opening 

of partially-propped hydraulic fractures 

2:10 pm 

  

  

2:30 pm 

  

  

Prof Gan-Yun Huang - On the onset 

of local sliding through dislocation 

nucleation in the adhesive contact 

under a tangential force  

Mr Yuan Xu - Numerical study of the effect of 

compound particles and moment stresses on 

the failure of granulate materials in 

compression 

2:30 pm 

  

  

2:50 pm 

  

  

Dr Kai Duan - Analysis and prediction 

of brittle fracture of an aluminium cast 

alloy using asymptotic boundary effect 

model  

Dr Giang D. Nguyen - Constitutive modelling 

of localized failure as a homogenization of 

multiphase materials 

2:50 pm 

  

  

3:10 pm 

  

  

Dr Xiaobo Yu - Crack path of 

aluminium alloy 7075-T651 under 

proportional and non-proportional 

mixed mode I and II fatigue loading  

Mr Pengyu Huang - A coarse-grained 

approach to modelling tensile fracture of sand 

grains and surface tension of water at 

mesoscale 

3:10 pm 3:30 pm Afternoon Tea (20 min) 

Rooms Napier G03 

Chair A/Prof Wenyi Yan 

3:30 pm 4:00 pm Plenary talk - Prof Brian Uy (UNSW)  Advances in steel-concrete composite structures 

in civil engineering 

Rooms Napier G03 Napier G04 

Streams Structural Optimisation Dynamics 

Chairs Prof Brian Uy Dr Xing Ma  

4:00 pm 

  

  

4:20 pm 

  

  

A/Prof Wenyi Yan - Design 

optimisation of axisymmetric/prismatic 

structures by applying BESO method 

Mr Ruoyu Wang - Numerical investigations of 

the effect of core layer on the ballistic 

performance of multilayered sandwich plates 

4:20 pm 

  

  

4:40 pm 

  

  

Mr Maxim Khudyakov - Optimal 

through holes in osteomorphic 

elements 

Mr Ali Daliri - High temperature-high strain 

rate compressive properties of basalt fibre 

reinforced polymer composites  

4:40 pm 

  

  

5:00 pm 

  

  

Dr Kazem Ghabraie - Towards 

accurate sensitivity analysis of 

structural systems 

Ms Maria Kuznetsova - Wave propagation 

problems in bimodular media 

Australian Fracture Group Meeting (all welcome) 
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PROGRAM 14 July (Day 2) 

 

  14th July, Thursday, Day 2, Morning Sessions 

Location The University of Adelaide, Napier Building, ground floor* 

Rooms Napier G03 

Chair Prof Lin Ye 

9:10 am 9:50 am Plenary talk - Prof Hoon Sohn  (Korea Advanced Institute of Science and Technology) 

Noncontact sensing technology for structural health monitoring and nondestructive 

testing 

9:50 am 10:20 am Keynote talk - Prof Chun Wang (RMIT) Aligning and chaining nano-sized carbon 

reinforcement to improve damage tolerance and diagnosis of fibre reinforced 

composites 

10:20 am 10:40 am Morning Tea (20 min) 

Rooms   Napier G03 Napier G04 

Streams   Structural Health Monitoring Advanced Materials 

Chairs  Prof Hoon Sohn Dr Youhong Tang  

10:40 am 

  

  

11:00 am 

  

  

Dr Jun Li - Using identified impulse 

response functions for  structural 

damage detection 

Dr Yingyan Zhang - Effect of 

functionalisation on interfacial thermal 

transport between graphene and epoxy: a 

molecular dynamics study 

11:00 am 

  

  

11:20 am 

  

  

Dr Pouria Aryan - Application of a 

method for reconstruction of baseline 

signal for damage detection in 

composites using guided waves 

Prof Hao Wang - Graphene-based flame 

retardants for polymers  

11:20 am 

  

  

11:40 am 

  

  

Mr Yi Yang - Higher harmonic 

generation of guided waves at fatigue 

cracks: three-dimensional Finite 

Element simulation 

Dr Sherif Araby - Synergy effect for 

elastomer/graphene/CNT composites 

11:40 am 

  

  

12:00 pm 

  

  

Dr Ehab Hameda - Creep buckling of 

sandwich panels made with visco-

elastic core 

Mr Wei Han  - Synergistic effects of HNTs 

and APTES on polystyrene enhancement 

12:00 pm 1:00 pm Lunch (1 hour) 
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  14th July, Thursday, Day 2, Afternoon Sessions 

Rooms Napier G03 

Chair Prof Elena Pasternak 

1:00 pm 

  

  

1:30 pm 

  

  

Plenary talk - Senior Prof Kiet Tieu (University of Wollongong) Tribology in steel rolling 

technology 

Rooms Napier G03 Napier G04 

Streams Geo-Mechanics Advanced Materials 

Chairs Dr Giang D. Nguyen Prof Kiet Tieu 

1:30 pm 

  

  

1:50 pm 

  

  

Prof Arcady Dyskin - The role of bridge 

cracks in hydraulic fracturing  

Dr Xiaoyuan Pei - Time effects on 

compression properties of carbon fiber 

reinforced polymer composites at evaluated 

temperatures 

1:50 pm 

  

  

2:10 pm 

  

  

Mr Shengzhe Wang - High strain rate 

behavior of unsaturated sand  

A/Prof Laichang Zhang - Recent progress 

in selective laser melted titanium alloys 

2:10 pm 

  

  

2:30 pm 

  

  

Mr Chengjun Yu - A constitutive model 

for cemented geomaterials 

Mr Zhiheng Zhao - Compressible, 

electrically conductive, fibre-like, three-

dimensional PEDOT-based composite 

aerogels towards energy storage 

applications 

2:30 pm 

  

  

2:50 pm 

  

  

Mr Junxian He - Acoustic emissions 

monitoring of hydraulic fractures: 

fracture geometry and aftershocks 

Mr Mahmoud Moussa - Free-standing, 

flexible, electrically conductive 

polymer/graphene hydrogel films for 

superior volumetric capacitance 

2:50 pm 

  

  

3:10 pm 

  

  

Mr Peng Zhang A new kind of analytical 

singularity element and its application in 

cohesive zone model based cracks 

Mr Jeffrey Venezuela - Hydrogen 

influenced fracture of automotive 

martensitic advanced high strength steels in 

a linearly increasing stress test 

3:10 pm 3:30 pm Afternoon Tea (20 min) 

Rooms Napier G03 

Chair Prof Hao Wang  

3:30 pm 4:00 pm Plenary talk - Prof Arcady Dyskin (University of Western Australia) Fractures in 

materials with microrotations: rational approach  

Rooms Napier G03 Napier G04 

Streams Non-linear Phenomena Composites 

Chairs Prof Gan-Yun Huang A/Prof Laichang Zhang 

4:00 pm 

  

  

4:20 pm 

  

  

Dr Xing Ma - Contact buckling 

phenomena in composite components  

Miss Zhujing Zhang - Blind bolt shear 

connections for assembly of steel-FRP 

composite beam systems 

4:20 pm 

  

  

4:40 pm 

  

  

Dr Hassan Karampour - Test 

procedures for investigating the buckle 

propagation of pipe-in-pipe systems 

Mrs Nasim Chitsaz - An enhanced micro-

mechanical model for matrix cracking 

analysis of angle-ply laminates 

4:40 pm 

  

  

5:00 pm 

  

  

Mr Ali Naem S. Alamry - Low velocity 

impact (LVI) performance of nano-

modified epoxy resin/fiberglass 

composites by MWCNTs 

Dr Salim Barbhuiyai - Microstructure and 

Nanoscaled properties of Glass Flake Filled 

Vinyl Ester Anti-corrosion Coating 
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Abstracts for Plenary Session Talks 

Personal Research Reflections on Fracture Mechanics of Materials 

Yiu-Wing Mai* 
Centre for Advanced Materials Technology (CAMT), School of Aerospace, Mechanical and 

Mechatronic Engineering, The University of Sydney, Sydney, NSW 2006, Australia 
 

Abstract. Over the past 40 years I have worked on the fracture mechanics of a range of engineering 
materials including polymers, fibre composites and their fibre/matrix interfaces, coarse-grained 
ceramics, cementitious materials, and electromagnetic materials. During this time, I have co-
authored 6 research monographs [1-6] with my past and present colleagues and graduate students 
on the fracture of some of these material types. It is perhaps high time to pause and reflect on what 
I did and what it took to make some lasting contributions to the field. Like life, research is a series of 
chance encounters. Hence, “being in the right place at the right time” is critical. In this talk, I will 
illustrate these with several examples based on my research experiences. (a) Crack-wake bridging 
model for toughening of quasi-brittle materials like ceramics and concretes, stitched and pinned 
composites, etc. (b) Fracture mechanics models for evaluation of fibre/matrix interface properties 
from single fibre pull-out, push-in and fragmentation tests. (c) Theoretical foundation for the essential 
work of fracture method to measure toughness of ductile materials, especially polymer thin films and 
papers/newsprints. (d) Mechanisms of toughening and embrittlement of thermoplastics 
nanocomposites – void expansion and confinement of molecular chains. Finally, I will give a 
summary of my current research. 

References    
[1] A G Atkins and Y-W Mai, "Elastic and Plastic Fracture: Metals, Polymers, Ceramics, Composites, 
Biological Materials", Chichester, U.K.: Ellis Horwood/John Wiley, 1985, 817 pp. Paperback edition, 
1988. 
[2] B Cotterell and Y-W Mai, "Fracture Mechanics of Cementitious Materials", Glasgow, UK: Blackie 
A & P/Chapman & Hall, 294 p, 1996. 
[3] J K Kim and Y-W Mai, "Engineered Interfaces in Fibre-Reinforced Composites", Elsevier Science 
Publishers Ltd, Oxford, 401 p, 1998. 
[4] S Y Fu, B Lauke and Y-W Mai, “Science and Engineering of Short Fibre Reinforced Polymer 
Composites”, Woodhead Publishing/CRC Press, Cambridge/New York, 338 p, 2009. 
[5] XH Chen, Y-W Mai, “Fracture Mechanics of Electromagnetic Materials: Nonlinear field theory and 
applications”, Imperial College Press, London, 305 p, 2013.  
[6] A Dasari, Z-Z Yu and Y-W Mai, “Polymer Nanocomposites: Towards Multi-Functionality”, 
Springer-Verlag, London, 374 p, 2016.  

Biosketch: Professor Yiu-Wing Mai received his undergraduate and postgraduate training in 
mechanical engineering at the University of Hong Kong, SAR, China. He worked previously in the 
US (the University of Michigan and the NIST), the UK (Imperial College) and Hong Kong (CityU, 
HKU, HKUST and PolyU); and now holds a University Chair in Mechanical Engineering at the 
University of Sydney.  
Prof Mai has made seminal contributions on fracture mechanics and advanced composite materials. 
His research results have impacted on the developments of asbestos-free fibre cements (James 
Hardie Coy Pty Ltd), superhard machining tools coated with ceramic nanocomposites (General 
Motors, China), testing protocols for essential work of fracture of polymers (ESIS-TC4), and 
improved composites manufacturing processes, such as pultrusion, thermoforming and stitching/z-
pinning (Cooperative Research Centre for Advanced Composite Structures). Prof Mai was elected 
to fellowships of the Royal Society of London, the UK Royal Academy of Engineering, the Australian 
Academy of Science, and the Australian Academy of Technological Sciences and Engineering. He 
has just been awarded the 2016 Griffith Medal by the UK Institute of Materials, Minerals and Mining. 
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Noncontact Sensing Technology for Structural Health Monitoring and Non-destructive 
Testing 

Hoon Sohn* 
Civil and Environmental Engineering, Korea Advanced Institute of Science and Technology 

(KAIST), South Korea 
 

Abstract. Noncontact sensing techniques is gaining prominence for structural health monitoring 
(SHM) and nondestructive testing (NDT) due to (1) their noncontact and nonintrusive natures, (2) 
their spatial resolution much higher than conventional discrete sensors can achieve, (3) their less 
dependency on baseline data obtained from the pristine condition of a target structure (reference-
free diagnosis), (4) cost and labor reduction in sensor installation and maintenance. In this talk, a 
suite of noncontact sensing techniques particularly based on laser and thermography technology will 
be presented for SHM and NDT of aircraft, wind turbine blades, high-speed trains, nuclear power 
plants, bridges, automobile manufacturing facilities and semiconductors. 

Biosketch: Hoon Sohn received his B.S. (1992) and M.S. (1994) degrees from Seoul National 
University, Seoul Korea and Ph.D. (1999) from Stanford University, California, USA, all in Civil 
Engineering. He worked at Los Alamos National Laboratory (LANL) from 1999 to 2004 as a 
Technical Staff Member and in the Civil and Environmental Engineering Department at Carnegie 
Mellon University for 2004-2006 as an Assistant Professor. He is now Professor at KAIST (Korea 
Advanced Institute of Science and Technology), and the Director of ICT Bridge Research Center 
sponsored by the Ministry of Land, Infrastructure and Transport in Korea (about 25 Million USD over 
5 years). Over last twenty years, his research interest has been in the areas of structural health 
monitoring, nondestructive testing and sensing technologies. His research interests include guided 
waves, noncontact laser ultrasonics, structural health monitoring, nondestructive testing, smart 
materials and sensing, and statistical pattern recognition to name a few. He has published over 120 
refereed journal articles, over 270 conference proceedings, and 10 book & book chapters. He was 
selected as one of 100 most promising individuals in Korea in 2012 by Donga Daily Newspaper, 
which is one of the three major newspapers in Korea. He was also the recipient of SHM Person-of-
Year Award at 2011 International workshop on SHM and 2008 Young Scientists Award in Korea, 
which is similar to the Presidential Early Career Award from US National Science Foundation 
(PECASE Award). His work has been funded by the Boeing Company, Samsun Electronics, US Air 
Force Research Laboratory, US Air Force Office of Scientific Research (US AFOSR), US National 
Science Foundation, National Research Foundation of Korea, Korea Agency for Defense 
Development, Hyundai & KIA Motors, Hyundai Heavy Industry, Bombardier, POSCO, Daewoo 
Construction. 

 
 

Sustainable and Resilient Infrastructure Materials - New Perspective from Emerging 
Nanomaterils 

WenHui Duan* 
Department of Civil Engineering, Monash University, Clayton, VIC, 3800, Australia 

 
Abstract. This presentation will provide an overview of the research activities within the Department 
of Civil Engineering at Monash University (Australia) on nano reinforced infrastructural materials. 
Since 2009, Dr Duan’s group has investigated the effect of emerging nano particles extensively, 
including carbon nanotubes (CNTs) and graphene oxide (GO) sheets on enhancing the mechanical 
properties and durability of cement/polymer-based materials. Analytical, molecular dynamics 
simualtions, and experimentation have been adopted in the research. In particluar, a theoretical 
framework with supporting experiments will be disucssed to address the effect of ultrasonication 
energy for carbon nanotube (CNT) reinforced OPC pastes.  The distribution of CNT lengths and the 
concentration of dispersed CNTs are characterized using scanning electron microscopy images and 
UV-vis spectra. After ultrasonication, the length of CNT is found to follow log-normal distributions 
which show a shortening effect. The concentration of dispersed CNT increases with ultrasonication 
energy but reaches a plateau after about 250 J/ml. The distribution of CNT lengths and the 
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concentration of dispersed CNTs are incorporated into a micromechanics-based model to simulate 
the crack bridging behavior of CNTs. In addition, the experimental results on graphene oxide (GO) 
reinforced OPC pastes will be presented as well with the comments on the 
advantages/disadvantages of GO for reinforcing purpose. Finally, the recent ARC Industrial 
Transformation Research Hub on nanoscience based construction materials manufacturing will be 
introduced. The hub will draw on the expertise of about 50 scientists and researchers from Monash 
and 30 partner institutions including CSIRO, Australian universities and industry, international 
research centres and universities including the National University of Singapore, Northwestern 
University (USA), and Princeton (USA). The research hub will develop novel construction materials 
including binders, cement additives, high performance concrete materials, concrete structural 
systems, polymer composites, and pavement materials. 

Biosketch: Dr Duan graduated from Tianjin University (China) in engineering mechanics with B.Eng. 
and M.Eng. in 1997 and 2002, respectively. He received his Ph.D. from the Department of Civil 
Engineering, the National University of Singapore (NUS), Singapore in April 2006. Dr Duan joined 
the Department of Civil Engineering at Monash University as a Lecturer in November 2008 and was 
appointed as an ARC Future Fellow in February 2013. Dr Duan was promoted to an Associate 
Professor at Oct 2014. 
Dr Duan conducted interdisciplinary research on nanocomposites and nanomechanics. By adding 
advanced nanomaterials such as carbon nanotubes and graphene oxide into conventional 
engineering materials such as epoxy, Portland cement, and geopolymer, Dr Duan has developed 
novel nanocomposites with high mechanical performances and reduced environmental impact. His 
research studies have resulted in more than 80 publications. Dr Duan's current h-index stands at 22 
(Google Scholar). In the last six years, Dr Duan was awarded several ARC and industry grants on 
nanocomposites and nanomechanics totalling $AUD 15 million including the most recent ARC IRTH 
Hub on nanoscience-based construction materials manufacturing. 
 

Morphology-genetic materials inspired from nature species 

Di Zhang*,Wang Zhang, Jiajun Gu, Tongxiang Fan, Hang Zhou and Huilan Su 
State key lab of metal matrix composites, Shanghai Jiao Tong University, 800 Dong Chuan Road, 

Shanghai, 200240 China 
 

Abstract. Biological materials naturally display an astonishing variety of sophisticated nanostructures that are 
difficult to obtain even with the most technologically advanced synthetic methodologies. Inspired from nature 
materials with hierarchical structures, many functional materials are developed based on the templating 
synthesis method. This review will introduce the way to fabricate novel Morpho-genetic materials based on 
nature bio-structures with a great diversity of morphologies, in State Key Lab of Metal Matrix Composites, 
Shanghai Jiao Tong University recently. We focused on replicating the morphological characteristics and the 
functionality of a biological species (e.g. plants, leaves, butterfly wings). We change their original components 
into our desired materials with original morphologies faithfully kept. Properties of the obtained materials are 
studied in details. Based on these results, we discuss the possibility of using these materials in photonic control, 
solar cells, electromagnetic shielding, energy harvesting, and gas sensitive devices, et al. In addition, the 
fabrication method could be applied to other nature substrate template and inorganic systems that could 
eventually lead to the production of optical, magnetic. or electric devices or components as building blocks for 
nanoelectronic, magnetic, or photonic integrated systems. These bioinspired functional materials with 
improved performance characteristics are becoming increasing important, which will have great values on the 
development on structural function materials in the near future. 

Biosketch: Di Zhang has received his PhD from Osaka University, Japan. He is now a chair 
professor of Shanghai Jiao Tong University. He is a professor of Materials Science and Engineering 
at Shanghai Jiao Tong University in China (since 1994), the director of State Key Lab of Metal Matrix 
Composites and the Institute of Composite Materials at SJTU (since 2003), and the Professor of 
Chang Jiang Scholars Program (since 2001). 
His research interests include the process of advanced metal matrix composites and the basic and 
applied research on biomimetic morphology-genetic materials. Prof. Zhang has published more than 
300 peer reviewed academic articles, 1 English academic book on morphology-genetic materials, 
and attended international conferences as invited speakers for more than 40 times. His works on 
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bioinspired functional materials has been widely reported by many famous scientific media (e.g., 
“Discovery Channel News”) in the world 

 
Advances in Steel-Concrete Composite Structures in Civil Engineering 

Brain Uy* 
School of Civil and Environmental Engineering, UNSW Sydney NSW 2052 Australia 

 

Abstract. Steel-concrete composite structures have been used in civil engineering for well over a 
century, with their rather serendipitous discovery during the development of the Skyscraper in 
Chicago and New York in the late 1880’s.  The initial steel-concrete composite developments for 
column and floor systems of buildings were rather empirical, however following World War II, 
significant investment in the USA and Europe saw major infrastructure developments applying 
scientific principles to understand their structural behaviour.  Since then there has been major and 
ongoing developments internationally to develop design procedures for their efficient and safe 
use.  This paper will outline the American, Australian, European and Chinese developments in the 
area of codification of steel-concrete composite structures which allow for the efficient and safe 
design of bridges and buildings.  The paper will then look to the future and outline ongoing advances 
and research into the behaviour of steel-concrete composite structures.  The current trend in tall 
building structures is to use steel-concrete composite frames, with more than 50 % of all tall buildings 
over 200 m worldwide using steel-concrete composite frames.  The major challenges lie in the 
deployment of materials which can provide efficient, robust and safe designs.  Ongoing research 
particularly in Australia looking into high performance steel and concrete for these purposes will be 
summarised in this paper. 

Biosketch: Brian Uy was appointed as Professor of Structural Engineering and Director of 
the Centre for Infrastructure Engineering and Safety (CIES) in the School of Civil and Environmental 
Engineering at The University of New South Wales in 2013.  Brian also holds an Adjunct Professor 
role within the School of Engineering and Information Technology at UNSW, Canberra (Australian 
Defence Force Academy (ADFA)).   
Brian has delivered over 270 conference papers in 35 countries, including over 60 keynote/invited 
lectures in 15 countries and has been involved in research in steel and composite structures for over 
20 years. He has co-authored some 650 publications including over 180 journal articles with over 
80% of these appearing in A* & A journals (Based on ERA 2010 ranking of the Australian Research 
Council). Much of this research has been underpinned by competitive grant funding from the 
Australian Research Council granting schemes and from industry totalling over $55 million Australian 
dollars with a success rate of over 75%.  Brian was a member of the Australian Research Council 
(ARC) College of Experts for Engineering and Environmental Sciences from 2007-2009 (serving as 
Deputy Chair in 2009). He was also a member of the Selection Advisory Committee for the ARC 
Australian Laureate Fellowships from 2011-2013 and in 2015 was appointed to the Engineering & 
Environmental Sciences Research Evaluation Committee for ERA 2015. Brian has been selected as 
a member of the ARC College of Experts for Engineering, Information and Computing Sciences for 
the period 2016-2018. 
Brian is Chairman of the Standards Australia Committee BD32 on Composite Structures and a 
member of BD90 on Bridge Structures which are developing standards on Steel and Composite 
Structures for buildings and bridges respectively. He also serves on BD01 and BD02 for Steel and 
Concrete Structures respectively. He has been the Chairman of the Australia Regional Group of the 
Institution of Structural Engineers since 2012 and he serves on its Council, International Interest 
Group, Sustainable Construction and Building Information Modelling Panel. In 2015 he was elected 
Chair for the Australian Group of the International Association of Bridge and Structural Engineering 
(IABSE).  Brian regularly provides higher level consulting advice and certification for major national 
manufacturing and infrastructure companies and for forensic/expert witness purposes for many of 
Australia’s leading legal practices. Brian serves on the editorial boards of fourteen international 
journals for structural engineering and is Chief Editor (Asia-Pacific) for Steel and Composite 
Structures. He is also a significant contributor to international codes of practice in steel and 
composite construction and currently serves on the American Institute of Steel Construction 
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(AISC) Task Committee 5 on Composite Construction and the American Society of Civil Engineers 
(ASCE) - Structural Engineering Institute (SEI), Technical Committee on Composite Construction. 
Brian graduated with a Bachelor of Engineering in Civil Engineering (Honours Class 1) and Doctor 
of Philosophy from The University of New South Wales. He was installed as a Fellow of the Institution 
of Civil Engineers (FICE) in 2014, a Fellow of the International Association of Bridge and Structural 
Engineering (IABSE) and a Fellow of Engineers Australia (FIEAust) in 2016.  He is a chartered 
member of Engineers Australia (CPEng), American Society of Civil Engineers (PE) and Engineering 
Council in the UK, (CEng). He is also a member of the Australian Institute of Company Directors and 
the Council on Tall Buildings and Urban Habitat. 
 
 
 

Tribology in Steel Rolling Technology 

A.K.Tieu* 
School of Mechanical, Materials and Mechatronics Engineering, University of Wollongong, 

Australia 
 

Abstract. Metal rolling processes are characterised by a combination of large plastic deformation, 
significant tribological factors and complex loading modes. In hot rolling process, the surface of work 
roll is initially heated up to 650oC while in contact with hot steel strips for 10-2-10-3s, and subsequently 
cooled by water to around 50 oC during the same cycle. The work-roll surface are subjected to high 
loading (<1GPa), high temperature between 850-1100oC and high rolling velocity (>10m/s), the 
work-roll surface inevitably degrades (e.g. oxidation, wear, abrasion, fatigue, etc.). For cold rolling 
the loading is even higher and strip speeds up to 30m/s. The metal deformation is closely related to 
the friction and lubrication conditions between the roll and the material surfaces.  Oil in water 
emulsions are introduced at the roll bite in cold and hot rolling to reduce friction, roll wear and to 
provide some cooling. The lubricant composition can affect the friction and dynamics of the rolling 
process. At the strip-lubricant-roll interface, tribology has a significant influence on the dimensional 
accuracy and the surface quality of strip. Friction at the interfaces between two rolls and a strip being 
plastically deformed by the rolls can directly affect the rolling pressure and consequently the 
mechanical deformation of the whole rolling mill and in particular the roll gap that control the final 
strip thickness. Roll wear affects the control of the strip shape and profile, flatness, and its surface 
finish. The thermal cyclic working of hot rolls causes a superficial oxide scale to form which plays an 
important role on the wear of roll surfaces and the surface quality of rolled materials. The interface 
between the roll and the steel consisting of oxide scales of work roll, lubricant and oxide scale of 
strip will affect the rolling process in terms of friction and thermal conductivity. This will result in 
changes in rolling forces, power consumptions, roll wear and surface quality and even the 
mechanical and metallurgical properties of the bulk materials. This presentation will discuss the 
above tribological aspects in hot and cold rolling of steel. It covers lubrication mechanics, 
measurement of friction and its effects on the product quality, oxidative and abrasive wear of the 
strip and work roll. Experimental and modelling results will be presented. 

Biosketch: Kiet Tieu was Group Leader of Investigation and Research Group at Australian Iron and 
Steel Company for more than 8 years. He joined the University of Wollongong in 1982 and is a 
Senior Professor in the School of Mechanical Materials and Mechatronics Engineering. He was Head 
of Department/School for 10 years during 1997-2007. 
His publications of 335 journal papers cover both spectrum of fundamental and applied research in 
metal forming, rolling technology and tribology. In 2012-2013, he was guest editor of Computational 
Material Science, Metallurgical and Materials Trans B, Thin Solids Film, Steel Research International, 
J. Materials Research Innovation, Intl. J. Materials and Products Technology, J. Nano Research and 
International J. Surface Science and Engineering.  
He was elected Fellow of the Australian Academy of Technological Science and Engineering in 2007. 
He is a member of ARC College of Expert (2014-2017). He received in 2011 the Quangcheng 
Friendship Award by the Jinan Municipal’s government, and the Qilu Friendship award by the 
Shandong Provincial People’s Government (China) for outstanding international collaborative 
research on strip shape control in hot rolling. He was awarded in 2012 the William Johnson 
International Gold Medal for “Lifetime Achievements in Materials Processing Research and Teaching” 
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from the International Committee for Advances in Materials and Processing Technologies (AMPT) 
(Dublin). 
 
 
 

Fractures in Materials with Microrotations: Rational Approach 

Arcady V. Dyskin1* and Elena Pasternak2 

1 School of Civil and Resource Engineering, University of Western Australia, Australia 
2 School of Mechanical and Chemical Engineering, University of Western Australia, Australia 

 
Abstract. Engineering and geological applications often encounter materials exhibiting rotations of 
microstructural elements. These include granular and fragmented materials (sand, some clays, 
powders, blocky rock mass) as well as rocks, concrete and ceramics at developed stage of damage 
when the constituents are sufficiently separated to permit mutual rotation. Such materials support 
in-plane fracture propagation under shear and compressive loads. Also propagating compaction 
bands are observed, which are similar to Mode I anti-cracks, i.e. cracks with compressive stress 
singularity. Continuum mechanics of materials with microrotations requires, in the simplest case, the 
use of the Cosserat theory. In this talk we will cover the basics of the Cosserat theory and the 
(already) traditional way of modelling fracture propagation using this approach. We then analyse real 
materials with rotating constituents and demonstrate that formulating fracture propagation criteria 
requires the use of an intermediate asymptotics in which the stress singularity at the crack tip is 
considered in the range of distances large compared to the Cosserat characteristic lengths but still 
smaller than the fracture length. While the stress distributions at the crack tip are the same as for 
the classical cracks, the moment stress has a stronger singularity. A universal mechanism of fracture 
propagation is formulated based on mutual rotations of the constituents caused by the moment 
stress concentration and leading to bond/particle breakage and re-compaction. Furthermore the 
tensile microstress induced by bending dominates the stress associated with conventional stress 
singularities and thus controls this type of fracture propagation. The distribution of the moment stress 
concentration is symmetrical, which supports the observed in-plane fracture propagation. 

Biosketch: Arcady Dyskin is a Winthrop Professor at School of Civil and Resource Engineering. 
Arcady graduated in 1975 from Moscow Oil & Gas Institute and in 1980 from Moscow State 
University. In 1986 he has obtained PhD in Mechanics of Solids from The Institute for Problems in 
Mechanics, USSR Academy of Sciences. In 1991 he joined the Department of Civil Engineering of 
the University of Western Australia. His areas of expertise include fracture mechanics, mechanics of 
materials with multiscale and fractal microstructure, rock mechanics and topological interlocking. 
 
 
 
 

Aligning and Chaining Nano-sized Carbon Reinforcement to Improve Damage Tolerance 

and Diagnosis of Fibre Reinforced Composites 

Chun Wang* 
Aerospace, Mechanical and Manufacturing Engineering, RMIT University, Melbourne VIC 3000, 

Australia 
 
Abstract. This presentation will present the progress of an ARC-Discovery project on aligning and 
chaining nano-sized carbon reinforcement to improve damage tolerance and diagnosis of fibre 
reinforced composites. Fibre-reinforced polymer composites are increasingly used in a wide range 
of industries including aerospace, civil and maritime constructions, and consumer goods. Due to the 
use of polymer matrix, existing fibre composites generally have low mechanical and electrical 
properties in the through-thickness direction. Recent research on nano-reinforcement, such as 
carbon nanotubes (CNTs), carbon nanofibres (CNFs), and graphene nanosheets (GNS), have 
indicated promising reinforcement efficiency as well as the ability to enhance electric and thermal 
properties of the polymer matrix. However, nano-reinforcements are commonly dispersed in the 
polymer matrix by ultrasonication and mixing, resulting in random distribution and orientation. This 
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talk will present some recent progress in aligning and chaining CNFs and graphene nano-platelets 
using electric or magnetic field to improve the fracture toughness, electrical conductivity, and thermal 
conductivity of a thermosetting polymer. 
 
Biosketch: Professor Wang received his PhD from the University of Sheffield in 1991. He has since 
worked for 14 years in government (Defence Science and Technology Group) and 12 years in 
universities in the UK (Sheffield University), USA (Stanford University), and Australia (University of 
Sydney and Deakin University). He is currently the Director of Sir Lawrence Wackett Aerospace 
Research Centre at RMIT University. Over the past five years he has been awarded 12 ARC grants 
(6 as lead CI) and attracted nearly $10 million research funding including a number of industry 
research contracts. He was a Member of the College of Experts (ARC) from 2013-2015.  
Professor Wang has made significant contribution in the fields of fatigue life assessment, bonded 
structures and repairs, composite structures, and structural health monitoring. He has published 260 
technical papers that have attracted 4540 citations according to Google Scholar. 
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13 July, Wednesday, Day 1, Morning Sessions 

Fatigue and Fracture - Chair: A/Prof WenHui  Duan 

 
 

Structural Integrity and Failure of Ceramic Dental Crowns  

Ling Yin1*, Abdur-Rasheed Alao1 and Richard Stoll2  
1 Mechanical Engineering, College of Science & Engineering, James Cook University, Townsville, 

QLD 4811, Australia 
2 Restorative Dentistry, College of Medicine and Dentistry, James Cook University, Cairns, QLD 4870, 

Australia 
 

Abstract. The Australian Dental Association (ADA) has stated that tooth decay is the most common 
health problem in our country. There are over 19 million decayed teeth, and dental services cost 
approximately $2 billion/year. Consequently, reliable, aesthetic and biocompatible dental restorations 
are in high demand. This presentation will review the key technical issues involved in dental restorations 
including dental materials, digital design and manufacturing, clinical surface treatments (adjusting, 
polishing and sandblasting), fatigue and wear performance, and failure analysis. Finally, the technical 
challenges in achieving reliable dental restorations are highlighted. 

 

 

Next Generation Fatigue Analysis Software: CGAP+ 

Chris Wallbrink1*, Mladen Ignjatovic2, Ribelito Torregosa1 and  
Weiping Hu1 

1Defence Science and Technology Group, Fishermans Bend, Australia 3207 
2QinetiQ, South Melbourne, Australia 3205 

 
Abstract. CGAP+ is a fatigue analysis software tool developed at the Defence Science and Technology 
(DST) Group and it represents the next generation software for fatigue analysis. CGAP+ builds on many 
of the innovations found in the original fatigue analysis software known as CGAP. CGAP+ now 
incorporates the latest version of crack growth analysis software called FASTRAN 5.42, a powerful risk 
analysis solver known as FracRisk as well as probabilistic crack growth analysis tools embedded within 
the CGAP solver. This paper will discuss many of the new innovations that are present in CGAP+ with 
some examples. Further, it will also discuss some of the verification and validation taking place and 
present future directions in the development of this software. 
 
 

On Evaluation of Stress Intensity Factor from Far and Near Crack Tip Fields  

Zhuang He* and Andrei Kotousov  
School of Mechanical Engineering, The University of Adelaide, SA 5005 Australia 

 
Abstract. Experimental approaches to the evaluation of stress intensity factor (SIF) of through-cracked 
plate components are currently based on the classical plane stress power series expansion (Williams’ 
crack tip solution). The practical evaluation has to take into account the finite domain of convergence 
of the power series expansion as well as the three-dimensional (3D) effects, which prevail in the close 
vicinity of the crack tip. In this paper we demonstrate that attempts to fit experimental data in the near 
crack tip region to Williams’ solution could lead to significant errors. In addition, it is verified that the 
stress intensity factor can be evaluated from the out-of-plane (transverse) displacements in the region 
controlled by 3D corner (vertex) singularity. 
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A bounded distribution model of equivalent initial flaw size distribution for structural risk 
analysis  

Ribelito Torregosa * and Weiping Hu 
 Aerospace Division, Defence Science and Technology Group 

506 Lorimer Street, Fishermans Bend, Australia 3207 
 
Abstract. In the analysis of the probability of fracture of aircraft structures, unbounded distribution 
models such as the lognormal and the Weibull distributions are often used to describe the probability 
distribution of the equivalent initial flaw sizes of the components. These models tend to give an overly 
conservative prediction of risk due to their unboundedness in the right tail. In this paper, a bounded 
distribution model, the Beta distribution, is used to model the equivalent initial flaw size distribution. The 
probability of fracture predictions using both the bounded and the unbounded distribution models are 
compared. Based on the study it has been recommended that the Beta distribution is preferable for 
modelling the equivalent initial flaw size distribution. 
 
 
 
Composite Materials - Chair: Prof Yiu-Wing Mai 

 

Short Carbon Fiber Interleaves in Carbon Fiber/Epoxy Composites for Enhancement of 
Delamination Resistance 

Helezi Zhou1,2, Xusheng Du2, Hong-Yuan Liu2*, Huamin Zhou1, Yun Zhang1 and Yiu-Wing Mai2 
1State Key Laboratory of Materials Processing and Die & Mould Technology, Huazhong University of 

Science and Technology, Wuhan 430074, PR China 
2Centre for Advanced Materials Technology (CAMT), School of Aerospace, Mechanical and 

Mechatronic Engineering, J07, The University of Sydney, Sydney, NSW 2006, Australia. 
 

Abstract. In this study, micro-sized short carbon fiber (SCF, average length 0.75 mm and diameter 7 
µm) interleaves were used to improve the interlaminar fracture energy (GIC) of carbon fiber/epoxy 
(CF/EP) composite laminates. At a relatively low SCFs areal density, 1.0 mg/cm2, the mode I GIC was 
increased by ~76%, which is a remarkable high value compared to results obtained by other interleaving 
methods in CF/EP laminates. For better understanding of the toughening mechanisms, single-edge-
notch bending (SENB) tests on bulk SCF/epoxy samples were conducted and significant improvement 
in GIC was achieved. Considering the low-cost of SCFs and the simple interleaving method, the 
technique presented in this work is economical and convenient for adoption by the composites 
manufacturing industry. 

 
 

Prediction of Damage in Composite Panels with and without Surface Protections under 
Lightning Strike  

Kunkun Fu1*, Lin Ye1, Li Chang1, Chunhui Yang2, and Zhong Zhang3 
1Centre for Advanced Materials Technology, University of Sydney, NSW 2006, Australia 

2School of Computing, Engineering and Mathematics, University of Western Sydney, NSW 2751, 
Australia 

3National Centre for Nanoscience and Technology, Beijing 100190, China 

Abstract. CFRP composite with a lightning strike protection (LSP) system may experience dielectric 
breakdown during a lightning strike. In the present work, a coupled electrical-thermal finite element (FE) 
model was developed for predicting the lightning strike damage in CFRP composite panels with and 
without an advanced LSP system. The dielectric breakdown was considered in the FE model by a 
subordinate. The LSP system included a buckpaper layer and an adhesive layer. Two types of adhesive 
layers were used to investigate the effectiveness of the LSP systems. The FE results showed that the 
predicted damaged area and depth are comparable with the existing experimental data [9] for pristine 
composite and composites with two types of LSP systems. Also, the LSP system with an insulating 
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adhesive layer could adequately protect the composite panel from the hazards of the lightning strike 
due to the high dielectric strength and resistivity of the insulating layer. 
 
 
 

Mechanically Strong, Flame-Retarding Polymer Composites through Encapsulation 

Hao Wu* and Jun Ma 
School of Engineering, University of South Australia, Mawson Lakes, SA5095, Australia 

 
Abstract. Being flame-retarding while retaining high mechanical performance is a formidable challenge 
for polymer composites used in industries, because addition of flame-retarding chemicals always 
damages the mechanical integrity of polymers. In this study, we encapsulated natural microtubules with 
triphenyl phosphate (TPP), followed by sealing with cellulous acetate. These microtubules were then 
compounded with epoxy resins. Comparison studies were undertaken to show the effect of 
encapsulation and sealing. When epoxy was directly mixed with TPP at 6.0 wt%, the resulting 
composite showed significantly reduced tensile strength by ~80%. The addition of pristine microtubules 
at 1.5 wt% reduced the strength by ~20%. By contrast, the encapsulated and sealed microtubules at 
7.5 wt% have enhanced the strength by ~30%. The reinforcing mechanism is under investigation. 
Preliminary research was conducted to measure the flame retarding performance of the composites. 
These encapsulated and sealed microtubules caused more char formation to the composite, and they 
reduced the fire rate. 

 

 

Failure Behaviour of Sandwich Composites Made of Perlite/Sodium Silicate Foam Core and 
Paper as Skin under Flexural Loading 

Md Arifuzzaman* and Ho Sung Kim 

Discipline of Mechanical Engineering, Faculty of Engineering and Built Environment, The University of 
Newcastle, University Drive, Callaghan 2308, Australia 

Abstract. Flexural behaviour of sandwich composites made of expanded perlite/sodium silicate foam 
core and Brown paper as skin is studied. Flexural properties such as flexural strength, core shear 
strength and stiffness were found to increase with increasing binder content in perlite core and 
compaction ratio for core manufacture. A threshold condition, however, for reinforcing effect exists 
according to a hypothesis test depending on combination of binder content in perlite core and 
compaction ratio. Failure mechanisms under flexural loading are discussed in relation with force versus 
displacement curves. Cracking was found to initiate from mid-plane of sandwich core approximately 
45° with the loading direction indicating it is in fracture mode I. The sequence of failure was in the 
following order: core cracking first, delamination, and then skin paper. 

 

 

 

 

 

 

 

 

 

 



22 

13 July, Wednesday, Day 1, Afternoon Sessions 

Structural Integrity- Chair: Prof Di Zhang  

 
 

Fatigue Analysis of Transport Aircraft Structures using Advanced Cyclic Plasticity Models – 
an Assessment 

Dylan Agius1*, Chris Wallbrink2, Weiping Hu2, Kyriakos Kourousis1,3, Chun Wang1 and Mladenko 
Kajtaz1 

1School of Aerospace, Mechanical and Manufacturing Engineering, RMIT University, Melbourne, 
Australia 3053 

2 Defence Science and Technology Group, 506 Lorimer Street, Fishermans Bend, Australia 3207 
3Department of Mechanical, Aeronautical and Biomedical Engineering, University of Limerick, 

Limerick, Ireland 
 

Abstract. Strain-life methodologies have routinely been used in the aeronautical industry for many 
years for fatigue analysis of aircraft. The Masing plasticity model is frequently used to track hysteresis 
loops for fatigue damage assessment. However, for load spectra containing sparsely spaced severe 
overloads (common to transport aircraft), the validity of the Masing model is questionable due to its 
inability to capture transient material behaviour. In this paper, four advanced cyclic plasticity models are 
assessed. A genetic optimisation algorithm was used to optimise model parameters. The optimised 
models were used to simulate the fatigue lives for 21 load spectra for P-3C Orion aircraft. A comparison 
was made between the test lives and the numerical lives based on their statistical distributions. Based 
on the present optimisation process the multicomponent Armstrong Frederick model with threshold 
provided the best fatigue damage calculation. 

 

 

Microstructural Implications of Sulphuric Acid Surface Treatment On The Fatigue Life Of 
AA7050-T7451 Aluminium Alloy 

Suzana Turk*, Alex Shekhter and Chris Loader  
Aerospace Division, Defence Science and Technology Group, 506 Lorimer Street, Fishermans Bend 

3207, Victoria Australia 
 

Abstract. A research program was conducted to evaluate and understand the fatigue implications of 
sulphuric acid anodising surface treatment process steps on AA7050-T7451 aluminum alloy as applied 
to 5th generation military aircraft. This paper identifies the microstructural changes taking place at each 
process step and discusses their impact on fatigue performance. Understanding these microstructural 
changes has the potential to improve fatigue modelling of sulphuric acid surface treated aircraft 
components manufactured from AA7050-T7451. 
 

 

On the Onset of Local Sliding through Dislocation Nucleation in the Adhesive Contact under 
Tangential Forces  

Gan-Yun Huang* and Xiang-Long Peng 
Department of Mechanics, School of Mechanical Engineering, Tianjin University, Tianjin 300072, 

People’s Republic of China 

Abstract. Determination of sliding onset is fundamental to understanding the friction and failure 
mechanisms at interfaces. However, when it occurs for objects in adhesive contact remains unclear. In 
the present work, the onset of local sliding in adhesive contact has been addressed by assuming the 
nucleation of dislocations. By analogy with the emission of dislocations at a crack tip, the critical 
tangential force for the onset of sliding has been determined and evolution of the contact size with the 
tangential force has been studied. Comparison with relevant experiments has verified the validity of the 
present concept. 
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Analysis and Prediction of Brittle Fracture of an Aluminium Cast Alloy Using Asymptotic 
Boundary Effect Model 

Kai Duan1* and David Taylor2 
1Centre for Railway Engineering and School of Engineering & Technology, Central Queensland 

University, Bryan Jordan Drive, Gladstone, Qld 4680, Australia 
2Trinity Centre for Bioengineering, Trinity College Dublin, Dublin, Ireland 

Abstract. The brittle fracture behaviours of a commercial aluminium cast alloy, MIC6® by Alcoa, are 
investigated using the asymptotic boundary effect model.  The fracture strength versus notch depth 
relations are measured on two sets of notched 3-point-bend (3PB) specimens by monotonically loading 
the specimens until failure.  Each set of these specimens have a fixed notch width and several notch 
depths.  The experimental results show the effects of both notch depth and width on fracture behaviours 
of these notched 3PB specimens.  The measured strength versus notch depth data are analysed using 
the asymptotic boundary effect model and used to calculate the fracture parameters including strength 
ft and fracture toughness KIC.  Such estimated ft and KIC values demonstrate that a decreasing notch 
width will lead to an increasing strength and decreasing fracture toughness.  This can be interpreted in 
terms of the defects within the high stressing region and damage/plastic zone in the vicinity of notch tip. 
Furthermore, for the purpose of comparison, the bending strength of MIC6® is measured on plain 3PB 
specimens and fracture toughness KIC on notched 3PB specimens in accordance with ASTM standard, 
E399. These measured results further verify the conclusions resulted from the notched 3PB specimens. 

 
 

Crack Path of Aluminium Alloy 7075-T651 under Proportional and Non-proportional Mixed 
Mode I and II Fatigue Loads 

Xiaobo Yu1*, Ling Li2 and Gwénaëlle Proust2 
1Aerospace Division, Defence Science and Technology Group, VIC 3207, Australia 

2School of Civil Engineering, the University of Sydney, NSW 2006, Australia 
 

Abstract Under mixed mode I and II fatigue loading conditions, the maximum tangential stress (MTS) 
criterion is commonly accepted for the prediction of crack path. Nevertheless, both the previous study 
in mild steel and a recent study in AA7075-T651 indicate that the MTS criterion is not always applicable, 
especially under non-proportional mixed mode fatigue loads. The purpose of this paper is to further 
elaborate this phenomenon based on recent experimental results that cover four proportional and eight 
non-proportional mixed mode I and II load cases. Comparisons between experimental crack paths and 
criterion predictions are made, revealing the deficiency inherent in the MTS and other range-based 
criteria. The existence of transient co-planar growth is also discussed. It is suggested that an improved 
criterion should consider the non-proportionality level and damage accumulation under mixed mode 
load conditions. 

 

 

Geo-mechanics - Chair: Prof Arcady Dyskin 

 

Mechanical Behaviour of an Anisotropic Porous Sandstone affected by Different Loading 
Histories and Rates   

Abbas Taheri*  
School of Civil, Environmental and Mining Engineering, the University of Adelaide, SA 5000, Australia 

Abstract. Results of an extensive experimental study on mechanical properties of an anisotropic 
sandstone subjected to different loading histories and loading rates during monotonic and cyclic loading 
are presented. Cyclic loading test were performed in uniaxial and triaxial condition and loading rate 
tests were undertaken under unconfined condition. The mechanical properties of the rock were altered 
by cyclic loading; dependent upon the applied stress level during cyclic loading the rock may become 
weaker or stronger as a result of cyclic loading. The strength and the stiffness of the sandstone were 
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increased with an increase in loading rate. In addition, it was found that increase of loading rate will 
increase fatigue life during cyclic loading.  
 

 
 

A Review of the Mechanisms Controlling the Residual Opening of Partially-Propped 
Hydraulic Fractures  

Aditya Khanna* and Andrei Kotousov 
School of Mechanical Engineering, The University of Adelaide, Adelaide, Australia, SA 5005 

Abstract. Hydraulic fracturing techniques are often used to create conductive pathways for fluid flow 
in low permeability rocks. Proppants, such as natural sand or ceramic particles are injected into the 
fractures to maintain the fracture opening under the compressive in-situ loading on the fracture faces. 
The proppant pack also provides a porous medium for fluid flow within the fracture. The hydraulic 
conductivity of a fracture depends upon the residual opening of the fracture and the porosity and 
permeability of the proppant-pack. In turn, these quantities are controlled by the mechanical 
response and stability of the proppant pack under compression, the non-linear phenomena 
associated with the contact between proppant particles and the rock, and the distribution of proppant 
particles along the length of the fracture. The present article focusses on the review of models and 
experiments describing these phenomena, with a focus on partially-filled fractures and the channel 
fracturing technique. 

 
 

Numerical Study of the Effect of Compound Particles and Moment Stresses on the Failure of 
Granulate Materials in Compression 

Yuan Xu1*, Elena Pasternak2 and Arcady Dyskin3 
1School of Civil and Resource Engineering, The University of Western Australia, 35 Stirling Highway, 

Crawley, WA 6009, Australia 
2School of Mechanical and Chemical Engineering, The University of Western Australia, 35 Stirling 

Highway, Crawley, WA 6009, Australia 
3School of Civil and Resource Engineering, The University of Western Australia, 35 Stirling Highway, 

Crawley, WA 6009, Australia 
 

Abstract. The effect of compound particles – pairs of particles rigidly connected to each other and 
moment stresses on failure of granulate materials in compression was investigated by using discrete 
element modelling software Particle Flow Code 2D. Microscopic shear failure was excluded by setting 
shear strength of particle bonds 7 times higher than the tensile strength. It was found that by adding 
compound particles the peak stress, crack damage stress and Young’s modulus increase and the 
fracture pattern changed. When moment stress was ignored the peak stress increased 4 times and 
localisation in fracture patterns was not observable. This suggests that it is the effect of tensile moment 
stresses can induce the formation of fracture patterns of the shear band type.  

 
 

Constitutive Modelling of Localised Failure as a Homogenisation of Multiphase Materials 

Giang D. Nguyen1*, Ha H. Bui2, Luming Shen3, Terry Bennett1 and Abdul Hamid Sheikh1 
1School of Civil, Environmental and Mining Engineering, The University of Adelaide, Australia 

2Department of Civil Engineering, Monash University, Australia 
3School of Civil Engineering, The University of Sydney, Australia 

 
Abstract. Localised deformation takes place in many cases in failure of engineering materials with the 
appearance of cracks gradually leading to material separation. It breaks down the assumption of 
homogeneity that continuum mechanics rely on and requires treatments to restore the validity and also 
stability of constitutive equations. In most (if not all) cases these treatments are applied at the level 
above the material (constitutive) level that commonly requires the involvements of numerical methods 
for the solution of Boundary Value Problems. In this work an attempt to treat localised failure at the 
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constitutive level is proposed by enriching the constitutive behaviour with kinematic quantities. The 
material under localised deformation is treated as a multiple phase material containing different types 
of behaviour inside and outside the localisation zone. A homogenisation scheme is used to connect 
these phases while also retaining the flexibility of the model to keep track of their evolutions. Numerical 
examples are used to demonstrate features of the proposed approach. 
 

 

A Coarse-Grained Approach to Modelling Tensile Fracture of Sand Grains and Surface 
Tension of Water at Mesoscale 

Pengyu Huang1*, Luming Shen1, Yixiang Gan1, Federico Maggi1,, Abbas El-Zein1 and Giang D. 
Nguyen2 

1School of Civil Engineering, The University of Sydney, Sydney, NSW 2006 
2School of Civil, Environmental and Mining Engineering, The University of Adelaide, SA 5005  

 
Abstract. Understanding the mesoscale behaviour of unsaturated porous media under various loading 
conditions can contribute to a wide range of engineering and science applications. However, explicit 
modelling of the solid, liquid, and gaseous phases at mesoscale in one computational domain is a 
challenging task. In this research, a coarse-grained (CG) molecular model is developed for describing 
quartz sand and water at mesoscale. The model parameters are calibrated to reproduce the mechanical 
properties of the solid and liquid, including the density, Young’s modulus, and tensile strength of quartz 
sand and the density and surface tension of water at room temperature measured from experiments. 
This preliminary work opens up a possible way to model the multiphase interaction in unsaturated 
porous media at mesoscale. 
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Design optimisation of axisymmetric/prismatic structures by applying BESO method 

Daniel Stojanov1, Xinhua Wu2, Brian Falzon3 and Wenyi Yan1* 
1Department of Mechanical and Aerospace Engineering, Monash University, Clayton 3800, Australia 

2Department of Materials Engineering, Monash University, Clayton 3800, Australia 
3School of Mechanical and Aerospace Engineering, Queen’s University Belfast, Belfast, UK 

Abstract. Structural topology optimization methods take a design domain specified by a finite element 
model and try to find a design for a structure that is optimized to improve performance against an 
optimization function. For energy absorbing structures this is a structure that absorbs the energy of an 
applied load with the smallest structural mass possible. Existing topology optimization method will try 
to optimize the structure, and find the best design for the boundary conditions and loads specified in 
the finite element model. Between two loading cases with the same geometry and boundary conditions, 
which vary only by a change in the location at which loads are applied, will result in different structures. 
The optimization results from a second load case may be very inefficient and poorly optimized for the 
loads applied in the first case. This is of interest in axisymmetric or prismatic structures in which the 
location of the applied load may be unknown. Examples include containment rings or structures 
absorbing energy from projectile impacts. A method was developed that allowed a designer to specify 
the cross-section on a prism or axisymmetric structure. The algorithm mechanically determined 
elements that corresponded to the same position within each cross-section of the structure and modified 
the design by modifying groups rather than individual elements. Results showed that the structures 
maintained their axisymmetry/prism characteristics while also optimized designs that efficiently 
absorbed the energy of the applied load. In this case the design task was for a structure that absorbed 
the required energy with the greatest efficiency in its mass. 
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Optimal Through Holes in Osteomorphic Elements 

Maxim Khudyakov1*, Arcady Dyskin1, Elena Pasternak2 and Barry Lehane1 
1School of Civil, Environmental and Mining Engineering, The University of Western Australia,  

35 Stirling Highway, Crawley, WA, 6009, Australia 
2School of Mechanical and Chemical Engineering, The University of Western Australia,  

35 Stirling Highway, Crawley, WA, 6009, Australia 
 

Abstract. Among different applications of interlocking elements, there are some situations when a hole 
should be made in interlocking structures. However, the effect of taking away some media from the 
interlocking elements can be more serious, in terms of assembly strength, than the reduction of the 
area in bricks with horizontal contact surfaces. The influence of hole dimensions on the stress 
concentration in interlocking assemblies under displacement-controlled and stress-controlled loading 
cases using Abaqus is analysed in this study. In addition, optimal radii are found for each loading case. 

 

Towards Accurate Sensitivity Analysis of Structural Systems 

Kazem Ghabraie* 
School of Civil Engineering and Surveying, University of Southern Queensland, Toowoomba, 

QLD, Australia 
 

Abstract. Accurate estimates of sensitivities of a structural system with respect to changes in its 
elements can be used to prevent further analysis when the system is modified. This can potentially be 
of significant importance in both structural design and structural analysis. This papers presents a 
formulation for accurate sensitivity analysis of a structural system for a common class of objective 
functions. A noble approach is proposed to improve the convergency rate and reduce the computational 
cost of high order sensitivity analysis for mean compliance. 
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Numerical Investigations of the Effect of Core Layer on the Ballistic Performance of 
Multilayered Sandwich Plates 

Ruoyu Wang1*, Emmanuel A. Flores-Johnson2, Gwénaëlle Proust1 and Luming Shen1 
1School of Civil Engineering, The University of Sydney, Sydney, NSW 2006, Australia 

 2CONACYT – Unidad de Materiales, Centro de Investigación Científica de Yucatán, Calle 43, No. 
130 Col. Chuburná de Hidalgo, Mérida, Yucatán 97200, México 

 
Abstract. In this study the effect of core material on the ballistic resistance of multilayered sandwich 
plates under projectile impact was investigated by means of finite element analysis using 
ABAQUS/Explicit. In all the simulations, silicon carbide was chosen for the front layer, while aluminium 
was chosen for the back layer. Aluminium foams and polymer foam have been selected as the core 
materials sandwiched between the front and back layers. The residual velocities of the projectiles after 
impacting various multilayered plates have been determined numerically. It was found that Rohacell 
200WF as core layer can stop the projectile with the highest initial velocity while keeping the same areal 
density. Foam materials as core layers played a more important role when the sandwich plates were 
impacted by low-velocity projectiles. 
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High Temperature-High Strain Rate Compressive Properties of Basalt Fibre Reinforced 
Polymer Composites 

Ali Daliri1,2*, Arun Vijayan2,3, Dong Ruan2,4 and Chun Hui Wang1,2 
1Sir Lawrence Wackett Aerospace Research Centre, School of Engineering, RMIT University, GPO 

Box 2476, Melbourne, VIC 3001, Australia 
2Defence Materials Technology Centre, Level 2, 24 Wakefield St, Hawthorn, VIC 3122, Australia 

3School of Fashion & Textiles, RMIT University, Brunswick, VIC 3056, Australia 
4Faculty of Engineering and Industrial Sciences, Swinburne University of Technology, John Street, 

Hawthorn, VIC 3122, Australia 
 
Abstract. In the present study we experimentally investigated the quasi-static and high temperature-
high strain rate (1×103 s-1 and 2.5×103 s-1) compressive properties of basalt fibre reinforced composite 
(BFRP) and glass fibre reinforced composite (GFRP) in the warp direction. The results demonstrate 
that ultimate compressive strength (UCS) and failure strain of BFRP increase with strain rate by 80% 
and 35%, respectively. Increasing temperature at high strain rates results in decrease of UCS, and 
strain to failure for both BFRP and GFRP. At high strain rates, the reduction of percent UCS for BFRP 
is larger compared to GFRP. The main failure mechanism in BFRP and GFRP at high strain rates is 
determined to be the formation of kink bands. 
 
 

Wave Propagation in 1D Bimodular Media 

Maria Kuznetsova1*, Arcady Dyskin1 and Elena Pasternak2 
1School of Civil, Environmental and Mining Engineering, University of Western Australia, 35 Stirling 

Highway, Perth, WA, 6009, Australia 
2School of Mechanical and Chemical Engineering, University of Western Australia, 35 Stirling 

Highway, Perth, WA, 6009, Australia 
 
Abstract. The bimodular property of geomaterials (different Young’s moduli in tension and 
compression) leads to complex modes of wave propagation. For the harmonic pulse loading when 
compressive pulse precedes a tensile pulse, an exact analytical solution is obtained and compared to 
a numerical one. For the loading case when a tensile pulse precedes a compressive pulse, numerical 
results are given. In the latter case, a phenomenon of strain disappearance caused by the collapse of 
the pulses is observed. In both cases shock waves are not formed and hence the stress concentrations 
capable of compromising structural integrity are not produced. 
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Using Identified Impulse Response Functions for Damage Detection in Structures 

Jun Li* and Hong Hao  
Centre for Infrastructural Monitoring and Protection, Curtin University, Kent Street, Bentley, WA6102, 

Australia 
 

Abstract. This paper presents a structural damage detection approach based on impulse response 
functions, which are identified from the measured dynamic responses with the input available. 
Sensitivity based model updating technique is performed for structural damage detection with the 
identified impulse response functions. The initial structural finite element model and acceleration 
measurements from the damaged structure are required. Local damage is identified as a reduction in 
the elemental stiffness factors. Numerical simulations on an Euler-Bernoulli beam model are conducted 



28 

to verify the proposed approach for the identification of impulse response functions and subsequently 
structural damage. 
 

Application of a Method for Reconstruction of Baseline Signal for Damage Detection in 
Composites Using Guided Waves 

Pouria Aryan1*, Andrei Kotousov1, Ching-Tai Ng2 and Ben Cazzolato1 
1School of Mechanical Engineering, University of Adelaide, Adelaide, Australia  

2School of Civil, Environmental & Mining Engineering, University of Adelaide, Adelaide, Australia  
 
Abstract. Majority of Guided wave-based damage detection techniques implement a baseline 
subtraction approach to detect presence of structural damage. However, the accuracy of this approach 
can be significantly compromised by various uncontrolled factors affecting wave propagation, which 
include temperature changes, degradation of mechanical properties of PZT and adhesive bond. This 
paper presents an application of a new method to produce the baseline signal for composite beams, 
which incorporates all these changes. It is based on the latest advances in 3D laser vibrometry in 
conjunction with high-fidelity FE simulations of guided wave propagation.  

 
 

Higher Harmonic Generation of Lamb Waves at Fatigue Cracks: Three-dimensional Finite 
Element Simulation 

Yi Yang1*, Ching-Tai Ng1 and Andrei Kotousov2 
1School of Civil, Environmental and Mining Engineering, The University of Adelaide, Adelaide, SA 

5005, Australia 
2School of Mechanical Engineering, The University of Adelaide, Adelaide, SA 5005, Australia 

 
Abstract. This study investigates the generation of higher harmonics due to the interaction of Lamb 
waves with fatigue cracks. Three-dimensional finite element simulation is used to model the wave 
propagation, higher harmonic generation and scattering due to the contact acoustic nonlinearity (CAN). 
The actuator and sensor models are also implemented in the simulation by considering both direct and 
converse piezoelectric effects. A 240 kHz signal, which corresponds to the fundamental symmetric 
Lamb wave mode, is excited using the actuator. The simulation results show that both second and third 
harmonics are generated when the guided wave interacts with the fatigue crack. 
 
 

 
Creep Buckling of Sandwich Panels Made with Viscoelastic Core 

Ehab Hameda* and Yeoshua Frostigb 
aSchool of Civil and Environmental Engineering, University of New South Wales, Australia, 

bSchool of Civil and Environmental Engineering, Technion – Israel Institute of Technology, Israel 

 

Abstract. The effects of creep of the core material on the geometrically nonlinear behaviour of sandwich 
panels under axial and/or lateral loading conditions are investigated. In many applications, a large 
portion of the applied load can be classified as a sustained one for certain periods of time, where creep 
effects may become critical. When the sandwich panel is subjected to axial compression and some 
disturbance in the lateral direction (imperfection), it undergoes increasing lateral deflections with time 
due to creep. These increased overall deformations change the internal forces and stresses with time 
due to the geometric nonlinearity that might consequently lead to global creep buckling of the sandwich 
panel under sustained loads that are smaller than the static buckling load. In addition, since the face 
sheets are made of materials with different viscoelastic characteristics than those of the core (or from 
elastic materials), creep leads to redistribution of the stresses with time even without the geometrically 
nonlinear effects, which can affect the overall and the local structural response. A brief literature reveals 
that these aspects of structural behaviour have not been investigated yet, despite their importance and 
their effect on the design of sandwich panels. A theoretical model is developed which combines the 
concepts of the hereditary (convolution) integral of viscoelasticity based on the principle of 
superposition, with the high-order sandwich theory (HSAPT). The model focuses on sandwich panels 
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made with viscoelastic “soft” core and elastic face sheets. The nonlinear HSAPT formulation accounts 
for the deformability of the core in shear and through its thickness and is based on large displacements 
kinematics of the face sheets. The hereditary integral is converted into a rheological generalized 
Maxwell model after the expansion of the relaxation moduli into a Prony series, which enables the 
solution of the governing equations through an incremental step-by-step time analysis without the need 
to store the previous response history. The capabilities of the model are demonstrated through 
numerical examples and parametric studies, and the effects of creep on the buckling and nonlinear 
time-dependent behaviour of sandwich panels is investigated. 

 
 

 

Advanced Materials - Chair: Dr Youhong Tang 

 

Effect of Functionalisation on Interfacial Thermal Transport between Graphene and Epoxy: A 
Molecular Dynamics Investigation 

Yu Wang and Yingyan Zhang* 
School of Computing, Engineering and Mathematics, Western Sydney University, Locked Bag 1797, 

Sydney NSW 2751, Australia 
 

Abstract. Owing to the superior thermal transport properties of graphene, composites with graphene 
fillers dispersed in epoxy matrix are expected to be promising candidates as thermal interface materials. 
However, the thermal conductivity of graphene-epoxy composites is hindered by the high thermal 
resistance across the interface between graphene and epoxy. This paper is concerned with modulating 
the graphene-epoxy interfacial thermal transport. By using molecular dynamics simulations, it is found 
that the covalent functionalisation of graphene could considerably reduce the graphene-epoxy 
interfacial thermal resistance. Among the various covalent functional groups, butyl is the most effective 
in reducing the interfacial thermal resistance. 

 
 

Graphene-based Flame Retardants for Polymers  

Hao Wang1*, Shan Liu1 and Zhengping Fang2 

1 Centre for Future Materials, University of Southern Queensland, Toowoomba, Queensland 4350, 
Australia 

2Laboratory of Polymer Materials and Engineering, Ningbo Institute of Technology, Zhejiang 
University, Ningbo 315100, China 

 
Abstract Polymers and polymer composites are widely used in construction industry, 
aerospace/automotive industry as interior materials, and electrical appliances. Flame retardancy is an 
essential requirement for these applications. Graphene and graphene-based materials have received 
increasing attention as non-toxic and high efficient halogen-free flame retardants. The special two-
dimensional atomic carbon sheet structure, large surface area and superior thermal stability of the 
graphene materials make them as promising flame retardants. They can effectively decrease melt flow, 
inhibt the flammable drips, and reduce the peak heat release rate (PHRR) and total heat release (THR). 
The main mechanism is the condensed phase flame retardancy through promoting polymer matrix to 
form a compact, dense and uniform char, which acts as a barrier in polymer during combustion. One of 
the key issues is to achieve uniform dispersion of the nano graphene-based materials into polymer. 
The graphene-based materials are also combined with traditional flame retardants to achieve 
synergistic effect and comprehensive flame retardancy.   
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Synergy Effect for Elastomer/graphene/CNT Composites 

Sherif Araby1*, Qingshi Meng 1,2 and Jun Ma1 
1School of Engineering, University of South Australia, Mawson Lakes, SA5095, Australia 

2College of Aerospace Engineering, Shenyang Aerospace University, Shenyang, 110136, China 
 

Abstract. Graphene sheets stack in polymer matrices whilst multi-walled carbon nanotubes (MWCNTs) 
entangle themselves, forming two daunting challenges in the design and fabrication of polymer 
composites. Both challenges have been simultaneously addressed in this study by hybridizing the two 
nanomaterials through melt compounding to develop elastomer/graphene platelet/MWCNT (3-phase) 
composites, where MWCNTs were fixed at 2.8 vol% (5 wt%) for all fractions. We investigated the 
composites’ structure and properties, and compared the 3-phase composites with elastomer/graphene 
platelet (2-phase) composites. MWCNTs may bridge graphene platelets (GnPs) and promote their 
dispersion in the matrix, which would provide more interface area between the matrix and the fillers. 
MWCNTs worked supplementally to GnPs by forming conductive networks, where MWCNTs acted as 
long nanocables to transport electrons and stress while GnPs served as interconnection sites between 
the tubes forming local conductive paths. This produced a percolation threshold of electrical conductivity 
at 2.3 vol% for 3-phase composites, 88% lower than that of 2-phase composites. At 26.7 vol% of total 
filler content (MWCNTs + GnPs), tensile strength, Young’s modulus and tear strength showed 
respectively 303%, 115%, 155% further improvements over those of 2-phase composites. These 
improvements are originated from the synergistic effect between GnPs and MWCNTs. The conducting 
elastomeric composites developed would potentially open the door for applications in automotive and 
aerospace industries.  

 
 

Synergistic Effects of HNTs and APTES on Polystyrene Enhancement 

Wei Han1*, Youhong Tang1 and Tom Jung2 

1 Centre for NanoScale Science and Technology, School of Computer Science, Engineering and 
Mathematics, Flinders University, South Australia 5042, Australia 

2 PRC Pipe System, South Australia 5160, Australia 
 
Abstract. In this study, a simply fabrication method has been used to modify commodity plastics, 
polystyrene. Synergistic effects have been founded with adding halloysite tubes and 3-
aminopropyltriethoxysilane together in PS. PS has been changed from the hard and brittle material with 
low impact strength to the highly ductile material with high impact strength. The proposed mechanism 
has been illustrated as well.  
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The Role of Bridge Cracks in Hydraulic Fracturing  

Arcady Dyskin1*, Elena Pasternak2, Junxian He1, Maxim Lebedev3, and Boris Gurevich3 
1School of Civil Engineering, University of Western Australia, Australia 

2School of Mechanical Engineering, University of Western Australia, Australia 
3Department of Exploration Geophysics, Curtin University, Australia 

 
Abstract. Hydraulic fractures often contain bridges – parts of unbroken rock connecting the opposite 
faces of the fracture. Traditionally, they are considered as obstacles for fluid flow. What was overlooked 
is that they could restrict opening of fractures. We show by laboratory experiment that the bridges are 
capable of holding the final fracture that apparently cuts the whole surface of the sample. We propose 
to model a fracture with bridges as a crack with Winkler layer whose stiffness is controlled by the bridge 



 

31 

geometry and density. The bridges only affect large fractures, i.e. fractures whose size is of the order 
of the characteristic scale of the bridge constriction; the latter is inversely proportional to the equivalent 
bridge stiffness.  For such fractures the presence of bridges makes the fracture opening and the stress 
intensity factors bound as the fracture dimensions proportionally increase. This is in a marked difference 
from the conventional models according to which both opening and the stress intensity factors tend to 
infinity as the fracture dimensions increase. The finding can affect the method of design and monitoring 
of extensive hydraulic fractures and thus reduce the hazards associated with fracking.  

 
 

High Strain Rate Behavior of Unsaturated Sand  

Shengzhe Wang1*, Luming Shen1, Federico Maggi1, Abbas El-Zein1 and Giang D. Nguyen2 
1School of Civil Engineering, The University of Sydney, NSW 2006, Australia 

2School of Civil, Environmental and Mining Engineering, The University of Adelaide, SA 5005, 
Australia 

 
Abstract. The influence of moisture content and rate of loading on the high strain rate response of 
unsaturated river sand is experimentally explored using the split Hopkinson pressure bar. The sand is 
made of grains with diameters ranging from 0.15 to 0.5 mm. Its dry density is 1.57 g/cm3. Degrees of 
saturation consisting of dry, 25% and 75% are considered under strain rates of 1300 s-1 and 2100 s-1. 
Experimental results indicate a general reduction in stiffness with the introduction of moisture with the 
softest response at 75% saturation for specimens loaded at 1300 s-1. At a strain rate of 2100 s-1, the 
stress-strain behavior of unsaturated samples is similar prior to the lock-up strain of 0.2 for the specimen 
at 75% saturation. Beyond this strain, the response closely matches that of pure water as extracted 
from literature. This reflects the shift in the primary load resisting mechanism from soil skeleton to pore 
water. 

 
 

A Constitutive Model for Cemented Geomaterials 

Chengjun Yu*, An Deng and Giang D. Nguyen 
School of Civil, Environmental and Mining Engineering, The University of Adelaide, Australia 

 
Abstract. This study presents a constitutive model developed for lightly cemented geomaterials. The 
cemented geomaterials, when subjected to loading, exhibit hybrid mechanical responses: elastic-brittle 
due to bond breaking and elastic-plastic due to grains friction. This constitutive model is developed to 
capture the two mechanical responses by using three physical elements, i.e., the spring, the bond and 
the slider. These elements are combined to mimic the mechanical responses of lightly cemented soils 
under triaxial loading conditions. The model formulation is presented and validation with experimental 
data performed to demonstrate its capability in capturing the material behavior under both low and high 
confining pressures. 

 
 

 
Acoustic Emissions Monitoring of Hydraulic Fractures: Fracture Geometry and Aftershocks 

Junxian He1*, Arcady Dyskin1, Elena Pasternak2 and Seyed Hassan Fallahzadeh3  
1School of Civil Engineering, University of Western Australia, Australia 

2School of Mechanical Engineering, University of Western Australia, Australia 
3School of Petroleum Engineering, Curtin University, Australia 

 
Abstract. We report hydraulic fracturing experiments conducted on 200 mm mortar cubic blocks with 
acoustic emissions registered and analysed using the Blue Shift Indicator algorithm. It reveals complex 
branching fracture geometry of fractal nature. Aftershocks are also observed in the experiments; the 
aftershock rate fits the Omori law.  
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A New Kind of Analytical Singularity Element and its Application n Cohesive Zone Model 
Based Cracks 

Peng Zhang*, WeianYao and Qiang Gaoc 
State Key Laboratory of Structure Analysis for Industrial Equipment, Dalian  

University of Technology, Dalian 116024, China 
 
Abstract. Recently, cohesive zone model (CZM) is widely used in crack analysis because of its ability 
to simulate crack initiation and propagation. However, there still remain some problems in the existing 
numerical methods. In the present study, an analytical singularity element is proposed to deal with CZM 
based crack problems. The cohesive traction is approximately expressed in the form of polynomial. 
Then special solution corresponding to each expanding term is specified analytically. As the proposed 
singularity element contains the formation of the analytical solution for the cohesive zone based crack 
problems, hence it possess high order accuracy, and there is no need to use dense meshes and 
transform elements. 
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Time Effects on Compression Properties of Carbon Fiber Reinforced Polymer Composites at 
Evaluated Temperatures 

Xiaoyuan Pei1,2,3*, Haijiao Wang1, Yonghong Tang3, Jialu Li1 and Li Chen1 

1Composites Research Institute, and Education Ministry Key Laboratory of Advanced Textile 
Composite Materials, Tianjin Polytechnic University, Tianjin 300387, China 

2School of Material Science and Engineering, and State Key Laboratory of Separation Membranes 
and Membrane Processes, Tianjin Polytechnic University, Tianjin 300387, China 

3Centre for Nanoscale Science & Technology, Centre for Maritime Engineering, Control and Imaging, 
School of Computer Science, Engineering and Mathematics, Flinders University, South Australia 

5042, Australia 
 

Abstract. The influence of high temperature on the compression properties of carbon fiber reinforced 
polymer composites (CFRPC) was studied. The braided carbon fiber/epoxy resin composite (braided 
composite) and the laminated carbon fabric/epoxy resin composite (laminated composite) were heated 
at 150 ℃ for 0.25 h, 10 h, 30 h, and 50 h, respectively. Compression test and SEM analysis were used 
to analyze the compression failure of the specimens before and after the high temperature treatment 
for different times. The results showed that the resin damaged and the degradation of the bonding of 
fiber/matrix interface caused by high temperature was the reasons for the decrease of the compression 
properties of the composites. However, the laminated composite has a more serious delamination than 
that of the braided composite. Therefore, using the braided preform as reinforcement of CFPMC is a 
better method to improve the compression performance at high temperatures. 

 

 

Recent Progress in Selective Laser Melted Titanium Alloys 

Laichang Zhang* 
School of Engineering, Edith Cowan University 

 
Abstract. Titanium materials are of particular interest for biomedical applications due to their 
outstanding biocompatibility, excellent corrosion resistance and appropriate mechanical properties. 
However, the difficulty of machinery and high cost of materials removal arising from the conventional 
multi-step manufacturing process usually cause titanium components expense. Emerging advanced 
manufacturing technologies such as selective laser melting (SLM) are providing the ideal platform for 
the creation of these customized devices. It facilitates the manufacture of parts with almost no geometric 
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constraints and is economically feasible down to a batch size of one. Compared to conventional 
manufacturing technologies, SLM provides more advantages such as higher degree of shape 
complexity, lower production time and higher material utilizations. This paper reviews the recent 
progresses in selective laser melting of titanium alloys and titanium matrix composites, especially the 
optimization of processing parameters, alloys development for SLM and their mechanical properties 
and corrosion behaviours. 

 
 

Compressible, Electrically Conductive, Fibre-like Three-dimensional PEDOT-based Composite 
Aerogels towards Energy Storage Applications 

Zhiheng Zhao* and Jun Ma  
School of Engineering, University of South Australia, Mawson Lakes, SA5095, Australia 

 
Abstract. PEDOT is an example of a conductive polymer which was mentioned as a prominent example 
in the Advanced Information for the Nobel Prize in Chemisty 2000. Due to its high water-solubility, 
PEDOT:PSS can be used through spray coating and ink-jet printing techniques, resulting in a large 
range of applications, such as anti-static coatings, transistors, sensors, solar cells, thermoelectric 
devices, transparent conducting screens and supercapacitors. PEDOT can be used as electrodes in 
supercapacitors due to its high electrical conductivity. The most important factors for energy storage 
devices are fast charge and high capacity and flexibility. Of those, flexibility is the most difficult to 
achieve because conventional materials used for supercapacitors are rigid. Conducting polymer 
composites, such as Polyaniline (PANI) and Polypyrrole (PPy), have been widely used to fabricate 
flexible electrodes for supercapacitors, showing desirable performance. However, PEDOT–based 
composite electrodes have not achieved a high electrochemical and flexible performance as those of 
other conducting polymers. In this study, we developed three poly(3,4-ethylenedioxythiophene) - 
polystyrene sulfonate based aerogels, showing various morphology and electrochemical performance. 
The formation mechanisms of these morphology were investigated through the purpose-designed 
experiment and characterization. The as-prepared flexible supercapacitor based on the fiber-like 
aerogel showed a specific capacitance of 362 F g−1, an energy density of 67.7 Wh kg−1 and a power 
density of 13.5 kW kg−1. It also exhibited a high bendability up to 60° with constant capacitance. 
 

 
 

Free-Standing, Flexible, Electrically Conductive Polymer/Graphene Hydrogel Films for 
Superior Volumetric Capacitance 

Mahmoud Moussa* and Jun Ma 
School of Engineering, University of South Australia, Mawson Lakes, SA5095, Australia 

Abstract. Supercapacitors showed several applications especially in the devices that need transient 
and high power input such as electromagnetic projectiles, high intensity lasers, and denial and blinding 
apparatus in RF/electronic warfare. Traditional capacitors cannot meet the ever-increasing energy 
demand for a wide variety of devices. It is thus necessary to develop new active materials having high 
power and energy densities. Graphene is extensively used in energy storage devices because of its 
high surface area and ease of electrode fabrication. However, graphene sheets often restack leading 
to poor capacitive performance. By inserting conducting polymers with appropriate nanostructures 
between graphene oxide sheets, we have developed 3D hydrogel electrodes where graphene oxide is 
reduced by the polymers, and the resulting highly porous structure in the hydrogel facilitates electron 
transfer to provide fast and reversible Faradaic reactions. The reduced graphene oxide is produced in 
a hydrogel form, which can be used to fabricate a free standing, flexible, interconnected porous 
structured hydrogel film. This binder-free electrode demonstrates ultrahigh volumetric capacitance (Cvol) 
of 612 F cm−3, which is 10 times higher than activated carbons used in supercapacitors currently 
available in the market. This represents a step forward towards the fabrication of flexible, high-energy 
density supercapacitors. 
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Hydrogen Influenced Fracture of Automotive Martensitic Advanced High Strength Steels in a 
Linearly Increasing Stress Test 

Jeffrey Venezuela1*, Qinglong Liu1, Mingxing Zhang1, Qingjun Zhou2 and Andrej Atrens1 

1The University of Queensland, Division of Materials, School of Mining and Mechanical Engineering, 
St. Lucia, 4072 Australia 

2Baoshan Iron & Steel Co., Ltd, Research Institute, Shanghai, 201900, China 
 

Abstract. The hydrogen embrittlement susceptibility of four grades of automotive martensitic advanced 
high strength steels (MS-AHSS) were studied using the linearly increasing stress test. The tensile 
strengths ranged from 980-1500 MPa. The HE susceptibility of the MS-AHSS increased with increasing 
tensile strength of the steel, decreasing applied stress rate, and more negative charging potential.  HE 
susceptibility was manifest by a shift from ductile cup-and-cone fracture to macroscopically brittle shear 
fracture.  
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Contact Buckling Phenomena in Composite Components  

Xing Ma* 
School of Natural and Built Environments, University of South Australia, Mason Lakes, SA 5095, 

Australia 

Abstract. This paper addresses the literature review of skin buckling theories in composite 
components. This skin buckling problem is usually modelled as thin plates resting on tensionless 
foundations. The challenge of the topic is the unknown boundary conditions, i.e. the unknown contact 
or non-contact areas. To obtain analytical solutions, a series of theories with certain 
simplifications/assumptions have been presented in existing literature. Analytical models for flat plates, 
profiled skin sheets, FRP composite plates have been developed to analyze the initial buckling 
response. Then it becomes possible to use effective width-based formulas from AS/NZS 4600:1996 
(for unconstrained plates) to deduce ultimate strengths for the more complex restrained case. FEA 
models and experimental study have also been employed for elastic or elasto-plastic post-buckling 
analysis, where an interesting phenomenon named secondary contact buckling has been observed.  
Yet, the mechanism is still undiscovered. Further experimental verification and engineering applications 
in different types of composite components are some other topics in further study.  
 

 
Test Procedures for Investigating the Buckle Propagation of Pipe-in-Pipe Systems 

Hassan Karampour1*, Mahmoud Alrsai1, Hong Guan1 and Faris Albermani2 

1School of Engineering, Griffith University, Australia 4222 
2School of Civil Engineering, The University of Queensland, Australia 4072 

Abstract. This paper investigates the collapse and propagation of buckling along the length of Pipe-in-
Pipe system (PIPs). Experimental study has been performed inside a hyperbaric chamber on buckling 
of aluminum (Al-6060-T5) PIPs with outer and inner pipe diameter to wall-thickness ratios (D/t) of 30 
and 25 respectively. A simple testing method known as Ring Squash Test (RST) is proposed for 
estimating the propagation buckling pressure of PIPs. Full length hyperbaric chamber and RST results 
are compared against previously reported empirical equations. It has been shown that the proposed 
RST is a much expedient test to implement in comparison to hyperbaric chamber test and estimates 
the propagation pressure of PIPs with reasonable accuracy. 
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Low Velocity Impact (LVI) Performance of Nano-modified Epoxy Resin/Fiberglass Composites 
by MWCNTs 

Mahfoud Shammakh, Ali Naem S.Alamry*, and B. Gangadhara Prusty 
School of Mechanical and Manufacturing Engineering, UNSW Australia, NSW 2052, Australia 

 

Abstract. Nano-technology is increasingly drawing the attention of scientific community because of 
many remarkable chemical and physical properties provided at the nano-scale. In this paper, the 
physical properties of a composite material were investigated when multi-walled carbon nanotubes 
(MWCNTs) were mixed with a polymer-based resin. This paper provides a brief summary of the 
specimen manufacturing procedure, and investigates the result of nano-modification of the epoxy resin. 
The mechanical properties of an epoxy resin plate with and without the implementation of MWCNTs 
are examined and compared by performing low velocity impact (LVI) tests. Software simulations such 
as finite element analysis and SolidWorks were used to aid in the study. 
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Blind Bolt Shear Connections for Assembly of Steel-FRP Composite Beam Systems 

Sindu Satasivam, Yu Bai and Colin Caprani (presented by Zhujing Zhang) 
Department of Civil Engineering, Monash University, Clayton, Melbourne, Australia 

 
Abstract. Steel-FRP joints were loaded in tension to experimentally investigate the shear stiffness of 
novel blind bolts used as the shear connections within steel-FRP composite beam systems. The shear 
connector stiffness derived from the experimental investigation was then used in a new design 
approach to predict the bending stiffness of modular steel-FRP composite beams systems. Two kinds 
of partial composite action were considered: that provided by the blind bolt shear connectors between 
the FRP slab and steel beam, and that provided by the weak in-plane shear stiffness of the transverse 
webs within the FRP slab. The proposed design procedure showed good agreement with the 
experimental results. 

 
 

A Simple and Robust Approach for Transverse Crack Analysis of Composite Laminates 

Nasim Chitsaz1*, Mohammadhossein Ghayour2 and Andrei Kotousov1 
1School of Mechanical Engineering, University of Adelaide, Adelaide, SA Australia 

2Department of Aerospace Engineering, Amirkabir University of Technology, Hafez Ave, Tehran, Iran 
 
Abstract. In this study, a new coupled analytical-numerical micromechanics analysis of the composite 
laminates with transverse crack based on variational approach is investigated. The novelty of this 
method is utilizing numerical approach and improving current variational approach in order to apply this 
method for general laminates. Furthermore, using simple polynomial series for estimation of stress 
perturbation due to transverse cracking, has made this method reasonable in terms of computational 
time. In this method, analytical part, including, admissible stress field with regards to boundary 
conditions and also equilibrium is solved one time analytically. Then, Newton-Raphson iterative 
procedure is used in order to solve non-linear equations, numerically. Finally, the validity of this method 
is demonstrated with several comparisons with experimental and also former theoretical methods. 
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Microstructure and Nanoscaled properties of Glass Flake Filled Vinyl Ester Anti-corrosion 
Coating 

Salim Barbhuiyai* 

School of Civil and Mechanical Engineering, Curtin University, Perth, Western Australia 6102, 
Australia 

Abstract.Vinyl ester matrix when reinforced with glass flakes increases the anti-corrosion performance 
of coatings. This provides a tortuous path to the ingress of aggressive ions, thus prolonging the life of 
the substrate. In this research the nanomechanical characterization of glass flake filled vinyl ester anti-
corrosion coating was done using instrumented nanoindentation technique. Microstructural and 
elemental analysis was done using the scanning electron microscope. The frequency distributions of 
Young’s modulus and hardness indicate that only 20-25% of the coating is composed of glass flakes 
and the rest is vinyl ester matrix. Microstructural and elemental analyses indicate the presence of oxides 
of Na, Ti, Zn, K, Al. 

 
 

Coupling Damage with Plasticity in Thermodynamics Based Constitutive Models  

Arash Mir, Van D. Vu, Giang D. Nguyen* and Abdul Hamid Sheikh 
School of Civil, Environmental and Mining Engineering, The University of Adelaide, Australia 

Abstract. The focus of this work is on specifying the coupling between damage and plasticity, which 

are commonly recognised as two underlying dissipative mechanisms in deformation of engineering 

materials. The features of the proposed framework allow for the existence of a single generalised yield 

potential, which controls the evolution of all internal variables. Developments of the proposed framework 

are presented and its applications to modelling different behaviour of materials, particularly, the inelastic 

dilative/contractive behaviour with non-associated flow rules are discussed.    
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