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Welcome letter by the SIF 2018 Chairs 
We extend our warm welcome to all the participants of the 11th International Conference on Structural 
Integrity and Failure (SIF 2018) held at the University of Western Australia in Perth, Western 
Australia. We are delighted to welcome researchers from different parts of Australia and overseas. 
This conference is organised by the University of Western Australia under auspices of the Australian 
Fracture Group.  
 
This conference promises to be a high-quality event covering a wide range of topics in Structural 
Integrity and Fracture including fracture and fatigue, creep, corrosion, composite materials, multi-scale 
modelling, non-destructive evaluation, geo- and biomechanics. We are glad to announce nine 
internationally renowned keynote speakers and 36 conference presentations and papers to appear in the 
conference proceedings.  
 
All accepted papers have been peer reviewed by at least two experts in the relevant field in order to 
ensure the high standards of the conference and proceedings.  
 
We are grateful to the Local Organising Committee, as well as the National and International Advisory 
Committees for their work and guidance in bringing the conference to its realisation. We also thank 
many people who contributed through the reviewing process. We are grateful to the enormous help of 
John Pougher and Susan Marie. The financial and logistic support of the University of Western 
Australia, as well as the support of the Australian Fracture Group are very much appreciated.  
 
We hope this Conference will serve as an important meeting place for colleagues and friends who have 
a common interest. Perth is the perfect place for this purpose. We wish you an interesting and 
rewarding conference.  
 
Co-Chairs of SIF2018 and Editors: 
Professor Elena Pasternak, Vice-President of the Australian Fracture Group, The University of 
Western Australia 
Winthrop Professor Arcady Dyskin, The University of Western Australia 
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Locations and Map 
SIF2018 is held on campus of the University of Western Australia in the University Club.  
Welcome Reception and Registration is held in the Club Café Balcony. 
Sessions are held in Seminar Room 1 Ground Floor Foyer. 
Conference Banquet is held in the Formal Dining Room. 
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The 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	
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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	 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 
*	Special	session	in	5th	Australian	Aeronautical	Conference,	Melbourne		
**	Special	session	in	5th	Australasian	Congress	on	Applied	Mechanics		
***	International	Congress	on	Fracture,	ICF9	
	
	



   

 8 

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  

2012 Melbourne Prof Chun Wang Francis Rose  
Brian Cotterell 

2014 Sydney Prof Lin Ye & A/Prof Andrei Kotousov  

2016 Adelaide A/Prof Andrei Kotousov & A/Prof Jun Ma  

2018 Perth Prof Elena Pasternak & Prof Arcady Dyskin  
	

	
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 of “The Origins of the Australian Fracture Group”  
L.R. Francis Rose, Defence Science and Technology Group  
 
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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Committees 

Chairs 
Professor	 Elena	 Pasternak,	 Vice-President	 of	 the	 Australian	 Fracture	 Group,	 University	 of	
Western	Australia	
Winthrop Professor Arcady Dyskin, University	of	Western	Australia	
	
 
Local organising committee 

• Hakan Basarir, UWA 
• Arcady Dyskin, UWA 
• Mohamed Elchalakani, UWA 
• Ali Karrech, UWA 
• Elena Pasternak, UWA 
• Adam Wittek, UWA 

 
National Advisory Committee 

• Associate Professor Raj Das, RMIT University  
• Professor Itai Einav, University of Sydney  
• Professor Yuri Estrin, Monash University, University	of	Western	Australia  
• Professor Andrei Kotousov, President	 of	 the	 Australian	 Fracture	 Group,	 University of 

Adelaide  
• Professor Yiu-Wing Mai, University of Sydney  
• Associate Professor Ching-Tai Ng, University of Adelaide  
• Professor Brian Uy, University of Sydney  
• Professor Lin Ye, University of Sydney 

 
International Advisory Committee 

• Professor Guowei Ma, Hebei University of Technology, University	of	Western	Australia 
• Professor Alexander Puzrin, ETH Zurich  
• Professor Chengzhi Qi, Beijing University of Civil Engineering and Architecture (BUCEA)  
• Professor Miles B Rubin, Technion - Israel Institute of Technology  
• Professor Sergey Turuntaev, Inst. of Geosphere Dynamics of Russian Academy of Sciences, 

Moscow Institute of Physics and Technology  
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Program 

Welcome Reception: Monday, 3 December 
Venue: Club Café Balcony 
 
 
Day 1: Tuesday, 4 December 
Day 2: Wednesday, 5 December 
Day 3: Thursday, 6 December 
 
Venue: 
Seminar Room 1 Ground Floor Foyer  
Uni Club, University of Western Australia 
 
 
 
 
 
 
 

Monday, 3 December 

17:00-19:00                       Welcome Reception and Registration, UWA Club, Club Café Balcony 
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Tuesday, 4 December, Seminar Room 1 Ground Floor Foyer 
8:00 Registration,  Ground Floor Foyer 
8:15 Opening, Elena Pasternak 

Session	1.	Chair	Elena	Pasternak	
8:30 Andrei Kotousov 

Development of Early Damage Mechanics 
9:15 Ultrasonic monitoring of compressive damage evolution in concrete, Aditya Khanna, Andrei 

Kotousov, Ching-Tai Ng, L.R. Francis Rose 
9:40 Multi-scaling-based fractal damage in non-linear materials, Ali Karrech, Mirko Manca, 

Mohamed Elchalakani 
10:05 On the Simplified Modelling of Front Shapes of Fatigue Cracks, B. Zakavi, A. Kotousov, A. 

Khanna, R. Branco 
10:25 Tea 

 Session	2.	Chair	Miles	B	Rubin	
10:40 Itai Einav 

The collapsibility of partially soaked crunchy soft matter 
11:25 

 
Transient dissipative solitary waves during oedometric compaction of a highly porous carbonate, 
Klaus Regenouer-Lieb, Thomas Blach, Christoph Schrank, Thomas Poulet, Manman Hu, Xiao 

Chen, Hamid Roshan 
11:50 Scattering attenuation and dispersion of elastic waves in fractured media, Boris Gurevich 
12:15 The effect of abrasive particle size on the wear behavior of AISI 440 stainless steel, Siyu Huang, 

Wen Hao Kan, Hongjian Wang, Li Chang 
12:40 Lunch 

 Session	3.	Chair	Itai	Einav	
13:25 Karol Miller 

Structural Integrity, Failure and Initiation and Propagation of Discontinuities in Soft Biological 
Tissues 

14:10 Boundary smoothing for topologically optimized designs using B-spline, Dedao Liu, Kai Zhou, 
Louis N. S. Chiu, Wenyi Yan 

14:35 Developments on Risk-Based Fatigue Failure Prediction for Application to Military Aircraft, 
Ribelito F. Torregosa, Weiping Hu, Chris Wallbrink 

15:00 Fault Detection in randomly vibrating systems: a simple model, Neville Fowkes 
15:25 Tea 

 Session	4.	Chair	Boris	Gurevich	
15:40 

 Ultrasonic based crack imaging in concrete, Jay Kumar Shah, Subhra Majhi, Abhijit Mukherjee 

16:00 
 

The dynamic fracturing patterns of multiple types of rock with Brazilian tests investigated by 
high-speed 3D-DIC, Haozhe Xing, Gonglinan Wu, Qianbing Zhang, Sevda Dehkhoda, Jian Zhao 

16:20 Influence of the shape of 3-D cracks on their growth in biaxial compression, Hongyu Wang, 
Arcady Dyskin, Elena Pasternak, Phil Dight 

16:40 Stress distribution in osteomorphic blocks with holes, Maxim Khudyakov, Elena Pasternak, 
Arcady Dyskin 

17:00 Development of Numerical Rock Model Using Discrete Element Method, Takahiro Gondo, 
Kenji Furui 

17:20 Transitional Negative Stiffness and its Effect on Material Instability and Failure under 
Compression, A. Dyskin, E. Pasternak, Yuan Xu 
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Wednesday, 5 December, Seminar Room 1 Ground Floor Foyer 
8:15 Registration,  Ground Floor Foyer 

 Session	5.	Chair	Arcady	Dyskin	
8:30 Miles B Rubin 

A thermomechanical breakage model for shock-loaded granular media 
9:15 Multiscale modelling of selective laser melting process for residual stress and distortion 

assessment of a cantilever beam, Brandon Lay, Weiping Hu 
9:40 Numerical Study of Applied Continuum Mechanics for Damage Detection on a Cantilever Plate, 

Aaron Baker, Stuart Wildy, John Arkwright 
10:00 Vibration fault detection of fracture in a wind turbine tower foundation, Mohammed al-Hadad, 

Kristoffer McKee, Ian Howard 
10:20 Tea 

 Session	6.	Chair	Guowei	Ma 
10:35 Sergey Turuntaev 

Interactions of hydraulic fractures	
11:20 The application of piezoelectric strain gauges to enhance fatigue crack closure measurement, 

Chris Wallbrink, Dylan Agius 
11:45 

 
On the coarse-scale residual opening of hydraulic fractures created using the Channel Fracturing 

technique, Luong Hao, Aditya Khanna, Andrei Kotousov,  L.R. Francis Rose 
12:05 Field Scale Case Studies of Blue Shift Damage Monitoring Method, Junxian He 
12:30 Lunch 
13:15 Session	7.	Chair	Sergey	Turuntaev 

 Guowei Ma 
Fracture Mechanism of Non-straight Fissure in Brittle Material	

14:00 Fatigue Scatter of the tests results related to error of applied stress, Przemysław Strzelecki 

14:25 Cyclic torsion and tension-compression behaviour of aluminium alloy and steels for high-cycle 
fatigue, Tomasz Tomaszewski 

14:50 Advanced Multiscale Modelling and Simulation of Metal Fatigue and its Applications, Marijo 
Mlikota 

15:15 Tea 
 Session	8.	Chair	Adam	Wittek 

15:30 Shape Memory Effect of Polymer Glass and Its Application in Molding Process: A Numerical 
Simulation Study, Weidong Liu, Liangchi Zhang	

15:55 Ultrasonic Based Detection of Steel-concrete Interfacial Debonding in Reinforced Concrete with 
Top-Bar Effect, Yikuan Wang, Abhijit Mukherjee, Arnaud Castel 

16:15 
 

Measurement of residual stresses in rails using Rayleigh waves, James Martin Hughes, James 
Vidler, Aditya Khanna, Munawwar Mohabuth, Andrei Kotousov, Ching-Tai Ng 

16:35 
 Meeting of the Australian Fracture Group, All are welcome 

18:30 Pre-dinner Drinks, Formal Dining Foyer Arcady Dyskin 

19:00 Conference banquet, UWA club, Formal Dining Room, 19:00-22:30 
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Thursday, 6 December, Seminar Room 1 Ground Floor Foyer 
8:15 Registration,  Ground Floor Foyer 

 Session	9.	Chair		Lin	Ye	
8:30 Alexander M Puzrin 

Can earthquakes trigger delayed snow avalanches? 
9:15 Analytical solution for thermally induced axial stresses in end bearing heat exchanger piles 

embedded in homogeneous soils, Dunja Perić, Aaron Cossel, Sharmin Sarna 
9:40 Modelling Fault Instability caused by Asymmetric Friction, Rui Wong, Elena Pasternak, Arcady 

Dyskin 
10:00 Wave Propagation in Materials with Closing Micro-Cracks Modelled by Discrete Chain of 

Bilinear Oscillators with Damping, Maria Kuznetsova, Elena Pasternak, Arcady Dyskin 
10:20 Tea 

 Session	10.	Chair	Alexander	M	Puzrin 
10:35 Yiu-Wing Mai and Lin Ye 

Cutting Mechanics of Soft Materials and the Role of Fracture Toughness	
11:20 Microfabrication by Severe Plastic Deformation: Architecturing of Multi-Phase Materials by 

Deformation-Induced Patterning, Yuri Estrin, Yan Beygelzimer, Roman Kulagin 
11:45 

 A reexamination of crack deflection at interfaces, Jay Kruzic, Mahabub Alam, John Parmigiani 

12:05 Effect of electrospun cellulose nanocrystals/polysulfone interleaves on the interlaminar fracture 
toughness of carbon fiber/epoxy composites, Shenming Cai, Yan Li, Hong-Yuan Liu, Y-W Mai 

12:25 Lunch 
13:10 Session	11.	Chair	Andrei	Kotousov 

 Arcady Dyskin 
Fracture propagation in Cosserat Continua	

13:55 The Influence of the Windscreen inclination angle of Small Passenger Car on Brain 
Biomechanical Responses in Pedestrian Impact, Fang Wang, Chao Yu, Bingyu Wang, Guibing 

Li, Adam Wittek 
14:20 Using a commercial graphite intercalation compound for flame-retarding elastomeric 

composites, Hao Wu, Jun Ma 
14:45 Flexure behaviour of Rubberised Concrete-Filled Single-Skin Circular Tubes, Mohamed 

Elchalakani, Ali Karrech, Minhao Dong, Bo Yang 
15:10 Tea 
15:25-
16:00 Conference	closure,	Student	Prize	Awards	

 The name of presenter is underlined. 
Postgraduate student presenters are in red.	
Keynote presentations are marked by green background 
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Abstracts 

Day 1, 4 December 2018 
 
KEYNOTE 
 

Development of Early Damage Mechanics 
 

Andrei Kotousov1*, James Vidler1, Aditya Khanna1, James Hughes1, Ching-Tai Ng2, Giang D. 
Nguyen2 and L.R. Francis Rose3 

 
1School of Mechanical Engineering, The University of Adelaide, Adelaide, SA 5005, Australia 

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

3Aerospace Division, DST Group, Melbourne, VIC 3207, Australia 
 

*Email – andrei.kotousov@adelaide.edu.au 
 
 
Abstract. The classical damage mechanics approach establishes the link between the accumulated 
damage and the change of first order elastic properties, such as Young’s modulus. This change 
typically becomes measurable with the accumulation of defects or discontinuities, e.g. micro- or 
macro-cracks, by which point the structure is approaching its final (failure) stage. However prior to the 
micro- or macro-crack formation stage, which can extent over 90% of the lifetime, the mechanical 
damage in polycrystalline materials is associated with the accumulation of local plastic deformations 
within the grain structure. It has been demonstrated previously that the higher-order elastic constants 
are highly sensitive to grain plasticity and plasticity-induced damage mechanisms e.g. creep and 
fatigue. Therefore, the change of these constants can be related to the early damage of materials and 
structures and provides early prognosis of residual structural life.  
 
In this work, we utilise Rayleigh waves in the ultrasonic frequency range to measure the third-order 
elastic constants and link these constants to fatigue damage stages prior to crack formation. The 
outcomes of this study demonstrate that the experimental methodology can be applied in-situ, and can 
be integrated in Structural Health Monitoring systems. Such systems offer many benefits including the 
development of effective maintenance procedures and reduction of the risk of structural failures. 
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Ultrasonic Monitoring of Compressive Damage Evolution in Concrete 
 

Aditya Khanna1,a*, Andrei Kotousov1,b, Ching-Tai Ng2,c and L.R. Francis Rose3,d 

 
1School of Mechanical Engineering, The University of Adelaide, Adelaide, SA 5005, Australia 

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

3 Aerospace Division, Defence Science & Technology Group, Melbourne, VIC 3207, Australia 
aaditya.khanna@adelaide.edu.au, bandrei.kotousov@adelaide.edu.au, calex.ng@adelaide.edu.au, 

dfrancis.rose@dst.defence.gov.au 
 
The development and practical implementation of Structural Health Monitoring (SHM) systems 
tailored for concrete structures is vital for the cost-effective management and safe operation of critical 
civil infrastructure assets. In particular, there is a need for the development of techniques capable of 
early detection and monitoring of small-scale damage (for e.g. micro-cracking). Previous experimental 
studies have demonstrated the sensitivity of nonlinear ultrasonic techniques for the detection of small-
scale damage, however their practical implementation remains limited.  
 
In this paper, an experimental study is performed on a short concrete column subjected to progressive 
compressive loading until failure. The evolution of damage is followed by means of two nonlinear 
ultrasonic techniques, namely, the Scaling Subtraction Method (SSM) and the Second Harmonic 
Generation (SHG) method for the purpose of comparing the potential and limitations of the two 
techniques. The experimental methodology utilises cheap piezo-ceramic disc transducers for ultrasonic 
excitation and measurement, therefore making it ready for practical, real-world applications. 
 
 
 

Multi-Scaling-Based Fractal Damage in Non-Linear Materials 
 

Ali Karrech, Mirko Manca, Mohamed Elchalakani 
 

Department of Civil, Environmental and Mining Engineering, The University of Western 
Australia.  35 Stirling Hwy, Crawley WA 6009 

  
  
In this communication, we present novel approaches of modelling the initiation and propagation of 
weaknesses at multiple scales. We first describe a damage mechanics approach that predicts the failure 
of materials embedding defects that follow a fractal distribution in finite strain. The model takes into 
account the non-linear behaviour of materials in the reversible and irreversible thermodynamic 
regimes. This approach, which extends the Eshelby-Hill theory to finite strain, describes the effects of 
self-similar local defects on the overall behaviour of heterogeneous materials. We then propose a novel 
dual cohesive element that we formulate and implement to describe fault zones embedding fibres in 
their microstructures.  The proposed method extends conventional cohesive elements and uses Park–
Paulino–Roesler and inverse-exponential potentials to describe the softening effects at the different 
scales of interest. 
 
Both frameworks are implemented numerically using the finite element method, where material and 
geometrical non-linearities are included in the proposed algorithms. We also propose analytical 
solutions and experimental data to verify/validate the proposed methods. Overall, the proposed 
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approaches predict the experimental/analytical data with an acceptable level of accuracy, which prove 
their relevance for structural engineering applications. 
 
 
 

On the Simplified Modelling of Front Shapes of Fatigue Cracks 
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A direct three-dimensional (3D) finite element modelling of fatigue crack growth in structural 
components still represents a formidable task due to a complex singular behaviour of the stress field 
along the crack front as well as strong non-linearities associated with material plasticity and the change 
of contact conditions between crack faces during the loading cycle. The complexity of the 3D 
numerical modelling of fatigue crack growth largely motivates the development of simplified 
approaches. This paper describes several possible approaches for the evaluation of front shapes of 
fatigue cracks. These approaches are based on the (1) elimination of the corner singularity effect, (2) 
predictions based on the first-order plate theory, (3) the equivalent thickness concept, and (4) the Iso-K 
criterion. This paper briefly outlines these simplified approaches and presents some theoretical 
predictions for the case of through-the-thickness cracks propagating in plates under quasi-steady-state 
conditions. The theoretical predictions are also compared with experimental observations. 
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KEYNOTE 
 

The Collapsibility of Partially Soaked Crunchy Soft Matter  
 

Itai Einav* and Francois Guillard*  
 

*School of Civil Engineering,  
The University of Sydney, NSW 2006, Australia  

Email: itai.einav@sydney.edu.au 
 

It is commonly known that cereals crush under load or become soggy in fluid over time. But what 
happens when they are both loaded and soaked at the same time? Surprisingly, this experiment 
uncovers ‘ricequakes’ – the sudden collapses of columns of wetted brittle porous media that produce 
perpetual clicking sounds akin to a slowing metronome. To explain this phenomenon we present a 
simple model of capillary driven crushing steps progressing through the micro-pores. We show that the 
growth of ricequake delay over time is governed by the ratio between the typical size of micro-pores 
and the capillary-gravity length. Our model also explains the mechanisms that control the rate of 
deformation observed in the experiments. Finally, by relating fluid and solid properties to quakes and 
deformation, our results may be extended to other collapse problems wherein chemically active fluids 
weaken brittle porous media, such as failures of stockpiles, sinkholes, and ice shelves. 
 
Reference: 
I Einav, F Guillard. Tracking time with ricequakes in partially soaked brittle porous media. Science 
Advances. (accepted, 5 August, 2018). 
 
 
 
 

Transient dissipative solitary waves during oedometric compaction of a highly 
porous carbonate 

 
Klaus Regenauer-Lieb1, Thomas Blach1, Christoph Schrank2, Thomas Poulet3, Manman Hu1, 

Xiao Chen1 and Hamid Roshan1 
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We present a new approach to failure of materials inspired by a “Wave Mechanics” approach. Wave 
mechanics in its classical definition is a theory of analysis of the behaviour of atomic phenomena with 
particles represented by wave equations. The basic theory relies on four basic principles (1) 
quantization of energy, (2) dual state of particles, waves or particles, (3) the uncertainty principle of 
momentum and position of particles and (4) the correspondence principle, which defines that at large 
time/length scale classical mechanics is recovered. In order to introduce the theory we only focus here 
on the correspondence principle. 
 
We postulate that the same wave mechanics approach can be used to analyse the behaviour of 
geomaterials. An alternative particle-physics based approach defined by discovering the smallest 
building blocks of matter and identifying their interaction laws is already well established in 
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geomechanics [Cundall, 2001]. The alternative wave mechanics (condensed-matter) approach tries to 
understand and explain the new laws that emerge when many particles interact [Sethna, 1992]. This 
approach is not yet tested in geomechanics.  
 
We postulate that the wave-mechanics approach holds the key for understanding the universality of 
physical phenomena that can be observed over many orders of scale [Sethna et al., 2001] and propose 
a new mathematical approach, which we present here for use of analysis of failure of materials as a 
first application. 
 
The mathematical approach is based on predicting the criteria for failure of materials by investigating 
diffusion waves based on multiphysics interaction of thermal, hydraulic, mechanical and chemical 
(THMC) phenomena. These are captured in a continuum formulation by their underpinning reaction-
diffusion partial differential equations. The equations are subject to a wave test function and the 
criteria for the onset of diffusion waves is investigated. Two scenarios exist: (1) If there is no delay in 
the energy conversion to the test function then heavily damped diffusional waves propagate through 
the material at the triggering wavelength. An example is the thermal-elastic wave triggered by a 
modulated laser beam hitting the material [Mandelis, 2001]. (2) In most cases relevant for 
geomaterials the physics controlling the reaction term is not fast enough. There is a phase delay of the 
reaction and the imaginary wave vector is not equal to the real part. In this case diffusion waves only 
appear if the imaginary wave vector picks up enough strength [Mandelis, 2001].  In other words, a 
dispersive, damped diffusion wave can only propagate through the material above a critical frequency 
of the force function. At low frequencies there are no waves. We investigate the case where the 
travelling waves may prepare the material for failure and show how the classical Arthur-Vardoulakis 
angles of failure can be recovered for stationary waves (vanishing wave speed).  We also present, for 
the first time, experimental evidence, showing how diffusion waves can lead to failure in a controlled 
laboratory experiment.  
 
References:  
Cundall, P. A. (2001), A discontinuous future for numerical modelling in geomechanics?, Proceedings 
of the Institution of Civil Engineers-Geotechnical Engineering, 149(1), 41-47. 
Mandelis, A. (2001), Many Uses for Diffusion Waves, Physics Today, 54(3), 100-102, 
doi:10.1063/1.4796266. 
Sethna, J. P. (1992), Order parameters, broken symmetry, and topology, in Lectures in the Siences of 
Complexity, edited by L. Nadel and D. Stein, pp. 243-288, Addison-Wesley Publishing Company, 
New York. 
Sethna, J. P., K. A. Dahmen, and C. R. Myers (2001), Crackling noise, Nature, 410(6825), 242-250. 
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Scattering attenuation and dispersion of elastic waves in fractured media 
 

Junxin Guo1,2 and Boris Gurevich1,3 
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We study the elastic wave dispersion and attenuation due to the scattering caused by fluid-saturated 
aligned slit fractures of finite thickness, which are embedded in an isotropic elastic background 
medium. Using the Foldy approximation and the representation theorem, the longitudinal wave 
dispersion and attenuation are related to the displacement discontinuities across the fractures. These 
fracture displacement discontinuities are obtained from the boundary conditions and the wave 
dispersion and attenuation can thus be calculated. A numerical example shows that the fracture 
thickness has significant influence on the dispersion and attenuation, especially in the low frequency 
regime when the fracture size is smaller than the wavelength. The effect of the fluid bulk modulus is 
also significant and opposite to the effect of the fracture thickness. However, the effect of the fluid 
viscosity is found to be relatively minor. To validate the proposed model, the theoretical predictions 
are compared with ultrasonic measurements on fractured samples. The comparison shows a reasonable 
agreement between theory and experiment. This work reveals the important influence of fracture 
thickness and saturating fluid properties on the P-wave scattering dispersion and attenuation. Potential 
applications include ultrasonic non-destructive testing and characterisation of hydrocarbon reservoirs 
using seismic waves. 
 
 
 
 
The effect of abrasive particle size on the wear behavior of AISI 440 stainless steel 

 
Siyu Huang, Li Chang, Hongjian Wang 
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The aim of the present study is to evaluate wear behaviour of AISI 440 Stainless Steel exposed to 
different test conditions, including change the size of the abrasive particle, the load and the sliding 
speed. Abrasive wear tests were designed base on pin-on-disc model which carried out to evaluate the 
wear mechanisms. A carbon chromium steel was chosen as the counterpart and the particle size range 
from 24-250 mesh. Optical microscope(OM), scanning electron microscope(SEM),Vickers hardness 
test, Nano-indentation test were used in the characterization of particles. Compare the wear rate and 
surface roughness after different wear test. Digital holographic microscopy (DHM),  OM and SEM 
images were used to identify the wear mechanisms. The results show, for the cases studies, the wear 
rate increase with the particle size decrease, however, when the particle size is reduced to a particular 
scale, the wear rate starts to decrease. The change of load and the sliding speed will also lead the 
different interactions.  
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KEYNOTE 
 

Structural Integrity, Failure and Initiation and Propagation of Discontinuities in 
Soft Biological Tissues 

 
Karol Miller 

Intelligent Systems for Medicine Laboratory, UWA, karol.miller@uwa.edu.au 
  
The field of Biomechanics is in the most exiting state of transition from the theoretical subject of the 
20th century to a practical discipline providing patient-specific solutions in the 21st century. 
Computational biomechanics is becoming instrumental in enabling a new era of personalised medicine 
based on patient-specific scientific computations. 
 
In this lecture I will focus on selected aspects of structural integrity assessment, failure risk prediction 
and mathematical modelling and computer simulation of the initiation and propagation of 
discontinuities in human soft organs, for prognosis, diagnosis and treatment planning for an individual 
patient. A special emphasis will be placed on practical methods with a prospect of being implemented 
in clinical workflows. 
 
My lecture will be illustrated by examples from the areas of vascular and neuro-surgery as well as 
surgical robotics. 
 
 
 
 
 

An automatic solution with B-spline to smooth boundaries of topology optimized 
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Topology optimization is becoming an important tool for structure design, especially with the 
expanding application of additive manufacturing. However, the boundaries of finite element-based 
topology optimized designs are usually defined by the sides of the elements on the boundary with zig-
zag lines. In practice, the boundary of a design should be smoothed to remove stress singularities. An 
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automatic boundary smoothing solution using B-spline is presented in this paper. It consists of three 
steps. First, the features in optimized designs made up of finite elements are automatically recognized 
and labeled as internal boundaries and outside boundaries. Secondly, the outside boundaries are 
grouped automatically into straight lines to be kept and zigzag lines to be smoothed. Finally, B-splines 
with 𝐶! continuity are used to approximate and fit the zigzag lines. 𝐶! continuity can be guaranteed 
around the connecting points of B-spines and straight lines. A design with smoothed boundary can be 
created to facilitate manufacturing or further analysis. 
 
 
 
 

Developments on Risk-Based Fatigue Failure Prediction for Application to 
Military Aircraft 
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In response to the Australian Defence Force (ADF) requirements the Defence Science and Technology 
(DST) Group has been engaged in the development of tools and methodologies to conduct 
probabilistic risk analyses (PRA) on ADF aircraft fleet. This paper summarises DST’s development of 
fatigue failure risk analysis capability which started in 2010. The activity started when DST replicated 
the PRA result of C-130H transport aircraft centre wing structure that was originally conducted by 
Lockheed Martin. This led to the development of a fatigue failure risk analysis software tool 
“FracRisk”. In developing this tool, research was conducted to model the equivalent initial flaw size 
distribution. The research led to the adoption of new models using bounded probability distributions 
such as the beta distribution. This work demonstrated that the commonly used lognormal distribution 
typically overestimates the predicted risk of failure. Recently, DST’s research has been expanded to 
include the risk of widespread fatigue damage on airframes which uses the Monte Carlos simulation to 
assess many multi-site damage scenarios to determine the overall risk. By 2020, the Defence Aviation 
Safety Authority (DASA) is planning to introduce an in-country PRA capability to support the 
operation of aircraft in the ADF, based on the DST developments.    
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Fault Detection in randomly vibrating systems: a simple model  
 

Neville D. Fowkes1,  Sam E. Begg1 ,  Thomas Stemler1,  Liang Cheng2  
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Offshore platforms are anchored to the ocean floor using moorings to prevent excessive drifting, and 
these moorings need to be monitored for damage, an expensive process.  Is it possible to detect a 
change in moorings stiffness by measuring the motion of the platform under random wave forcing?  
The platform's response is strongly dependent on the wave spectrum and direction of forcing, the 
forcing is random, and the measurements are indirect, so it seems unlikely. To examine the feasibility 
we examine a much simpler but analogous spring-plate-table system with table rotation mimicking 
wave action. We find that by using a modal analysis of the underlying system one can unscramble the 
plate's response and thus determine spring stiffness changes under random forcing, however, as one 
would expect, the forcing has to have components in an `active' frequency and direction range. In 
principle the same type of analysis can be used for real moorings.  
 
Whilst the model examined was developed with moorings in mind, such fault detection issues often 
arise under circumstances in which direct fault detection is impossible but the basic underlying system 
is `known'.  
 
 
 
 

Ultrasonic based crack imaging in concrete  
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As per Australia’s National State of the Assets report 2015, estimated gross value of local 
infrastructure replacement is $ 48 billion. Techniques for economical and non-invasive monitoring of 
civil infrastructure are imperative to alleviate the loss. Large sizes and access difficulties have 
prevented use of established monitoring techniques for these facilities. Ultrasonic wave based 
techniques provide a promising solution. It is possible to image structural components using 
ultrasonics and visualise the internal defects. However, the inherent heterogeneity of structural 
materials such as concrete and their susceptibility to cracking are challenges for ultrasonic imaging.  
 
This paper describes a numerical technique for visualising wave propagation through structural 
materials. Structural concrete has been modelled as a mixture of aggregates and binders. A finite 
difference in time domain technique has been developed to model propagation of ultrasonic waves 
through the material. The effect of heterogeneity in terms of wave scattering has been studied. Cracks 
have been introduced in the model to understand its effect on wave propagation. Images of the 
structure have been developed from the ultrasonic signals. The results highlight the reliability of the 
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technology for construction materials. They would serve as a guide for the field applications of the 
technology.   
 
 
 
 

The dynamic fracturing patterns of multiple types of rock with Brazilian tests 
investigated by high-speed 3D-DIC 
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Dynamic Brazilian Disc test was performed on Carrara marble, Hawksbury sandstone and shale with 
split Hopkinson pressure bar (SHPB). The full-field and real-time fracturing process was identified by 
the high-speed 3D-DIC technique with the resolution of 256 × 256 pixels2 and 200,000 frame per 
second (fps) in frame rate. The rock type effect on the initiation and evolution of the strain localisation 
and crack development under dynamic tensile loading were discussed and compared. The 3D surface 
deformation was revealed by the 3D-DIC to study the shear damage at the loading interface. The 
difference of mechanism in different rock dynamic fracturing properties were analysed by the scanning 
electron microscope (SEM). 
 
 
 

Influence of the shape of 3-D cracks on their growth in biaxial compression 
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When excavating tunnels or shafts in civil or mining engineering the rock at depth may be subjected to 
high stress resulting in fracture and rockburst. The cause of the fracturing has been the subject of many 
studies but few have identified the role of the intermediate principal stress in the fracture growth. An 
experimental study of 3-D crack growth in biaxial compression is presented. The biaxial compression 
tests with different biaxial load ratios (σ! σ!) were conducted on transparent casting resin samples 
each with a single internal crack of different shapes. Unlike 3-D crack growth in uniaxial compression, 
where there are intrinsic limits of growth of wing cracks imposed by wing wrapping, in biaxial 
compression the wing crack can grow extensively, parallel to the free face of the sample. The biaxial 
load ratio influences the morphology of the induced wing surface, whereas the effect of the shape of 
the initial crack is minor.  
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Stress distribution in osteomorphic blocks with holes 
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The use of topological interlocking based on osteomorphic blocks for mortarless construction requires 
a one-directional peripheral constraint which can be achieved by running pre-tensioned cables through 
the blocks. This requres producing holes which produce stress concentrations due to complex stress 
distribution induced by non-planar interfaces. With the use of a special meshes we conducted a finite 
element analysis and showed that the stress concentration depends upon the hole radius. Thus, a 
method is developed to analyse the structural integrity of mortarless structures based on osteomorphic 
blocks. 
 
 
 
 

Development of Numerical Rock Model Using Discrete Element Method  
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In petroleum-related geomechanics engineering applications, triaxial compression testing is widely 
used to characterize stress-strain relationships of underground rocks. However, the test requires 
multiple core plugs with similar mechanical properties. Also coring reservoir rocks requires the 
suspension of drilling operation and often becomes very expensive. Thus, the availability of real 
reservoir rock materials is often limited. In this study, a commercially available software, DEMPack is 
used to develop a DEM (Discrete Element Method) model predicting triaxial stress-strain curves at 
various confining pressures. The model is based on basic rock properties such as grain size 
distribution, porosity, grain-scale constitutive relationships. From these fundamental rock properties, 
the DEM model predicts a core-scale constitutive relationship. Numerical stress-strain curves 
predicted by the DEM model are compared with those measured from laboratory triaxial compression 
test data. Through extensive calibration of mechanical parameters, DEM-predicted stress-strain curves 
match those measured from laboratory test data. The example presented in this work shows good 
matches for linear elastic stress strain relationships, yield points, and maximum compressive stresses. 
In this study, we also present three empirical correlations for grain-scale Young’s modulus, internal 
friction angles, maximum compressive stresses as a function of confining pressures, which can be used 
for developing numerical rock models. 
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In this paper we demonstrate that transitional negative stiffness effect exists when spring breakage 
happens. This transitional negative stiffness effect can momentarily increase the effective Poisson’s 
ratio of the material. Subsequently, the transitional negative stiffness effect is capable of bringing the 
Poisson’s ratio of dilating materials to the critical value of 0.5. It can be readily seen from equilibrium 
equations that when Poisson’s ratio equals to 0.5 non-trivial solution exits which induces the loss of 
stability and finally shear failure. This new mechanism of instability is further verified through 
Distinct Element Method modelling. It is found that the critical Poisson’s value is reached in near peak 
stress region which confirms the proposed mechanism. 
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A Thermomechanical Breakage Model for Shock-Loaded Granular Media 
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A large-deformation thermomechanical breakage model is developed for high pressure applications. 
The ideas from critical state soil mechanics via a breakage model are combined with understanding of 
shock-loaded solids to investigate the compaction of unconsolidated brittle granular materials. The 
resulting constitutive equations provide a fully coupled model containing a natural transition between 
granular and solid states. The model can also be used to investigate the specific contribution of each 
dissipation energy term to quantify the importance of the coupling between bulking and compaction 
responses and the magnitude of each term relative to thermal heating of material, which may be 
important in applications modeling ablation. 
 
 
 
 

Multiscale modelling of selective laser melting process for residual stress and 
distortion assessment of a cantilever beam 
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For quality control and certification of additively manufactured products, it is critical to develop a 
capability to numerically model the manufacturing process for assessment of residual stresses and 
distortions. This paper reports preliminary results on the modelling of an AlSi10Mg cantilever beam 
produced by selective laser melting (SLM). The process was simulated using ABAQUS, by combining 
mesoscale and macroscale models, similar to the approach take by Li, C., et al. (2017. Additive 
Manufacturing 17: 157-168). The mesoscale model simulated the heat transfer at the scale of the melt 
pool, to develop an equivalent body heat flux which was then applied to the macroscale model. The 
macroscale model simulated the global heat transfer and structural responses by using a super layer 
modelling technique. 
 
The simulation results were compared to published test data by Buchbinder, D., et al. (2013. J Laser 
Applications 26-1: 012004) for cantilevers with five different thicknesses. As far as the authors are 
aware, there has been no publication of similar simulation results for all the five different thicknesses 
in open literature. The numerical results correlated well with the experimental data. Through the 
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studies, it has been noted that annealing through remelting and reheating plays an important role in the 
development of residual stresses and distortions. Further work is in progress to improve the numerical 
modelling of annealing.  
 
 
 

Numerical Study of Applied Continuum Mechanics for Damage Detection on a 
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Through the use of continuum mechanics, the static governing differential equation was used as an 
algorithm to detect delamination in composite plates. The algorithm outcome indicated whether or not 
the structure contained discontinuity through the presence of a residual term. The parameters of the 
algorithm were defined as the measured in-plane stain values, where a Savitzky-Golay (SG) filter was 
then used to process the governing differential equation. This paper presented a theoretical study into 
the use of this algorithm with an array of embedded fibre Bragg grating strain sensors. The measured 
in-plane strains were obtained using a finite element analysis (FEA) study for a cantilever plate 
modelled in ANSYS Mechanical 18. This study investigated various delamination sizes ranging from 
25 to 75 mm2 and the spaces between the fibre optic array consisting of 10, 20 and 40 mm. The 
measured strain values will be obtained from the FEA simulation through multiple ‘Construction 
Geometry Paths’ to illustrate the potential strain that the fibres could measure. 

 

 

Vibration fault detection of fracture in a wind turbine tower foundation 
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Support towers of large wind turbines undergo significant dynamic stresses and vibrations due to the 
effect of wind gusts and dynamic loads. The use of regular condition monitoring vibration 
measurements on the tower can facilitate detection of large changes to the stiffness of joints and 
connections to the structure, including the foundation. This paper reports on experimental work 
performed on a small scale instrumented wind turbine test rig in the lab that suffered a significant 
foundation fatigue crack failure after two years of operation.  

The experimental work investigates novel techniques of dynamic coupling detection, between the 
tower and rotor blades by utilizing a comprehensive array of experimental observations of the small 
wind turbine system. The coupling investigation includes the analysis of tower vibration in the three 
orthogonal X, Y, and Z directions and the rotating blade vibrations at different speeds. High-frequency 
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dynamic measurements have been obtained from a triaxial accelerometer located at the top of the 
tower positioned in a plane parallel to the blade rotation plane. Simultaneous tower and blade vibration 
condition monitoring measurements have been implemented for more than one year, including rotating 
and non-rotating, contact and non-contact sensors.  

The presence of a large fatigue crack around the base of the tower was detected by observation during 
transient testing of the wind turbine. Subsequent analysis of the vibration measurements confirmed 
that changes to the tower vibration response were apparent during previous tests. This paper will 
outline the analysis of the rotating and non-rotating vibration measurements taken in the months prior 
to the fatigue failure showing how the incipient failure has appreciably been detected. 
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Interactions of Hydraulic Fractures 
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The influence of the hydraulic fracture presence in the neighbouring boreholes on the fracture 
propagation was investigated in laboratory experiments. The experiments were conducted on the 
artificial porous saturated samples in accordance with the similarity criteria. The samples were made 
from gypsum/cement mixture and had a disc shape with a diameter of 430 mm and a height of 65 mm. 
In the samples, three boreholes were prepared. The samples were saturated by gypsum water solution 
and were loaded with vertical and horizontal stresses. The hydraulic fractures were produced by 
mineral oil injection through one or another borehole under constant fluid rate. The fluid pressure was 
measured in the boreholes as well as at several points in the sample bottom side. The fracture 
propagation rate was measured both directly and indirectly. 
 
A set of experiments was conducted, in which the main stress axis orientation was changed after the 
first hydraulic fracture creation, and the influence of the new stress state on the fracture orientation 
was examined. It was found that the deviation of the hydraulic fracture from the initial direction of the 
maximum compressive stress was related to the perturbation of the stress field by fractures created 
earlier. 
 
The obtained results can be used to verify the numerical simulation of the hydraulic fracture 
propagation and for adequate interpretations of the field data. 
 
 
 
 
 
Non-linear strain measurement via remote piezoelectric strain gauge on a compact 

tension specimen 
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The Defence Science and Technology (DST) Group continue to support the Australian Defence Force 
via research and advice relating to aspects of aircraft structural integrity. One important aim has been 
to safely manage and improve our understanding of the fatigue performance of structures, components 
and materials that make up an airframe.  An accurate understanding of fatigue is complicated by 
numerous influencing factors including: configuration, role and environment.  In relation to the role of 
the aircraft it is well known that the complexity of the load environment can significantly influence 
fatigue performance.  To quantify and predict fatigue behaviour numerous techniques have been 
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developed (such as the crack closure concept) to predict the influence of load history on the fatigue life 
of aerospace components.  To date, limited experiments have been conducted to assess crack closure in 
variable amplitude load sequences due to limitations in measurement techniques.  Crack closure 
produces a very small non-linear strain response (~1-2με) requiring a measurement device with high 
sensitivity and accuracy. Piezoelectric strain gauges offer new potential by providing superior signal to 
noise measurements.  These sensors provide the potential to monitor crack closure in variable 
amplitude load spectrums to an unprecedented level of fidelity.  This paper presents recent DST 
research that applies a remote piezoelectric strain gauge to measure the non-linear strain response in a 
compact tension specimen.    It is anticipated that this work will lead to an enhanced understanding of 
crack closure and provide a mechanism to improve existing predictive tools. 
 
 
 
 
 

On the coarse-scale residual opening of hydraulic fractures created using the 
Channel Fracturing technique 
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Hydraulic fracturing is a well-stimulation technology used in the oil and gas industry for enhancing 
hydrocarbon recovery from low permeability reservoirs. The fluid conductivity of hydraulic fractures 
can be significantly improved through discontinuous proppant placement, which results in the creation 
of a network of open channels or voids between the proppant-filled regions of the fracture. The method 
of achieving discontinuous proppant placement is referred to as the Channel Fracturing technique and 
from a practical viewpoint, it is desirable to optimise the proppant injection schedule, which governs 
the width of the open channels, i.e. the spacing between the proppant-filled regions or ‘columns’.  
 
The theoretical optimisation requires solution to the problem of deformation and fluid flow in a 
partially-filled fracture at two length scales: a coarse scale comparable to the length of the fracture 
~O(102) m and a fine scale comparable to the length of the proppant filled regions or ‘columns’ ~ O(1) 
m. In this paper, a homogenisation procedure is developed to obtain the residual opening profile and 
effective fracture conductivity at the coarse scale from the solution of a ‘unit-cell’ problem at the fine 
scale. The effective stress normal to the fracture and the initial aperture of the fracture are considered 
to vary spatially along the length of the fracture. The application of the model in a practical scenario is 
demonstrated by performing a mock numerical simulation.    
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We applied the Blue Shift method to analyse microseismic events generated from large scale rock 
damage processes, i.e. hydraulic fracturing of Marcellus Shale in Pennsylvania, USA and rock wall 
instability of Century mine in Queensland, Australia. It is shown that the Blue Shift method is able to 
detect the onset of localisation of rock damage from the non-zero value of the localisation exponent 
and can reveal the fractal nature of the geometry of the localised damage zone.  
 
 
 
 
 
 
  



   

 33 

KEYNOTE 
 
 

Fracture Mechanism of Non-straight Fissure in Brittle Material 
 

Guowei Ma 
 

Hebei University of Technology; UWA, guowei.ma@uwa.edu.au 
 
 
Extensive research has been conducted to investigate straight fissure failure characteristics of brittle 
materials, whereas still much is to be explicated for the crack initiation and coalescence with non-
straight fissures. In this study, 3D-printed photosensitive resin samples with an S-shaped fissure 
subject to uniaxial tension are physically tested, theoretically derived, and numerically simulated. In 
particular, the influence of effective curvature of the fissure on the cracking evolution is investigated. 
From the current study, a single pattern of coalescence is observed to be formed through exclusively 
tensile cracks, while two cracking categories of S-shaped fissures are identified as tip cracking and 
non-tip cracking based on the crack initiation position. The fissure effective curvature has considerable 
influence on the failure pattern of the specimens. When the effective curvature is A/c=0.5, cracks tends 
to appear around the tips of the fissure. When the effective curvature is large, e.g., A/c=1, 1.5, 2, 2.5, 
3, the damage initiates around the non-tips (inflection points) of the fissure. The S-shaped fissure can 
be treated as a kinked crack in view of its geometric pattern. The main fissure dominates cracking 
development to render non-tip cracking. On the other hand, the influence of fissure bifurcation can be 
ignored. The simulated results agree well with the experimental results. The findings from current 
study should be helpful in in rationalizing the stability and safety measures for underground 
engineering projects with non-straight fissures. 
 
 
 

Fatigue Scatter of the tests results related to error of applied stress 

Strzelecki Przemysław1, a * 
1Institute of Mechanical Engineering, University of Sciences and Technology, Al. prof. S. 

Kaliskiego 7, 85-796 Bydgoszcz, Poland 
ap.strzelecki@utp.edu.pl 
*corresponding author 

In fatigue test scatter of results is large and depends on accuracy of test machine, production, material 
defects, environment etc. The paper presents influence of precision of the applied stress on the scatter. 
Tests results of rotating bending of steel S355J2+C and 42CrMo4 were used to determine the S-N 
curves. This data was used to estimate a distribution of fatigue strength for 105 cycles. Additionally, 
the scatter of the applied stress and compare of the distribution were estimated. Verification showed 
that careful preparation of specimen and adequate accuracy of the testing machine gave 34% and 46% 
of standard deviation test results, which can be considered satisfactory. 
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Cyclic torsion and tension-compression behaviour of aluminium alloy and steels 
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The paper presents high-cycle fatigue tests for three selected structural materials: AW 6063 aluminium 
alloy, S355J2+C carbon steel and 1.4301 acid-resistant steel. All tests were performed under axial and 
torsion load conditions. A shear-to-normal stress ratio was analysed. A relationship between the 
direction of fatigue crack propagation and the load type and shear stress amplitude was observed. 
 
 
 
 
 

Advanced Multiscale Modelling and Simulation of Metal Fatigue and its 
Applications 
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The paper presents a multiscale materials modelling approach based on the application of different 
numerical techniques that are used to simulate the complete fatigue lifetime of metallic materials. The 
work contains several fatigue problems of metals where the modelling approach has been applied 
successfully, including its highlight the virtual determination of the S-N (Wöhler) curve. The approach 
is realized by coupling the analysis of microscopic (i.e. crack initiation) and macroscopic (i.e. crack 
growth) fatigue behavior, together with the molecular dynamics (MD) based input determination. This 
leads to another purpose of this paper, which is to present and discuss the derivation of different values 
of the critical resolved shear stress (CRSS) depending on the method of determination (micro-pillar 
tests and MD simulations) and their implementation in numerical analysis of fatigue crack initiation on 
the basis of the physically based Tanaka-Mura model. The paper concludes with the demonstration of 
the importance of the parameter CRSS to fatigue life in comparison to other influencing factors like 
grain size, R-ratio or residual stress and others. In the light of that, the introduced multiscale modelling 
procedure of metal fatigue takes an important role in the understanding of present days’ complex and 
advanced materials and in making progress in their further development.  
 
 
 
 
 
 

 



   

 35 

Shape memory moulding of polymer glass: A numerical simulation study 
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Most of the thermally-deformed polymer glasses can recover to their original shapes after reheating, 
but the underlying mechanisms and the potential applications have not been fully explored. With the 
aid of finite element simulation, this paper studies the shape memory mechanism of a polymer glass 
(PMMA) and proposes a new moulding technique: shape memory moulding. The simulation results 
showed that after thermal compression at high temperature and cooling down, the polymer sample can 
keep its deformed shape and store significant residual stress due to its large viscosity. In the reheating 
process, however, the residual stress could be released at around 90 ˚C and promote the shape of 
sample recover to its original shape. Based on this effect, we further established a numerical platform 
for exploring the feasibility of shape memory moulding. Particularly, the shape recovery ability of the 
polymer was evaluated at different pre-treatment temperatures and strains. It was found that the pre-
treatment strain can significantly affect the shape recovery ability of polymer, reflected by the contact 
pressure. The higher the pre-treatment strain, the higher the contact pressure, and thus the better the 
shape recovery ability one can get. 
 
 
 
 
 
Ultrasonic Based Detection of Steel-concrete Interfacial Debonding in Reinforced 
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Formation of steel-concrete (SC) interfacial debonding in reinforced concrete (RC) walls due to top-
bar effect is widely recognized. The presence of interfacial defects can lead to higher corrosion rate of 
steel reinforcement and reduce the time to the initiation of corrosion induced crack. Hence, detecting 
the corrosion rate before cracking initiation is critical for the accurate assessment of the residual 
service life of concrete structures. This paper presents a numerical investigation of propagation of 
ultrasonic waves in RC with pre-existing SC interfacial debonding due to the top bar effect. The 
effects of interfacial debonding on the propagation of ultrasonic waves and energy transfer between 
steel rebar and concrete have been studied. The results have shown that when the bar is used as a wave 
guide, there is a significant increment in the energy content of the received signals due to the presence 
of interfacial debonding. A noticeable delay in the time of arrival of the signals was also noticed at the 
transducer placed on the concrete surface. The results demonstrate the capability of guided wave 
ultrasonics in the detection of top bar effect.  
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This paper presents a new nondestructive approach for evaluating the residual longitudinal stresses in 
rails. The developed approach utilises the acoustoelastic effect to infer the longitudinal stress from the 
measured speed of Rayleigh waves propagating along the longitudinal direction. The measured 
Rayleigh wave speed along the longitudinal direction is shown to vary significantly across the height 
of the rail section, which can be directly correlated to the residual stress profile in the rail section. 
Unlike existing residual stress measurement techniques, such as hole-drilling or sectioning, the 
developed approach can be potentially applied for the in-situ residual stress measurement, without 
taking the rail out of service. 
 
 
  



   

 37 

Day 3, 6 December 2018 
 
KEYNOTE 
 

Can Earthquakes Trigger Delayed Snow Avalanches? 
 

Alexander M Puzrin1, Thierry Faug2, Itai Einav3 
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Strong earthquakes often trigger snow avalanches, sometimes with observable delays, which existing 
models cannot explain. Resolving this shortcoming is critical for improving safety, as emphasized by 
deadly delayed avalanches in Western Himalaya and, most recently, by the devastating Rigopiano 
avalanche in Italy’s Abruzzo region, which occurred more than 30 min after the last in a series of 
major quakes on 18 January 2017. This work establishes the basic mechanism of delays in earthquake-
induced avalanche release using a novel analytical model that yields failure scenarios consistent with 
the Western Himalaya and Rigopiano cases. The mechanism arises from the interplay between 
viscoelastic relaxation, strain softening and strain-rate sensitivity of snow, which drive the growth of a 
basal shear fracture. Our results imply that milder slopes are prone to longer delays, indicating that 
existing safety and evacuation concepts for such areas may have to be revised. 
 
 
 
 
 

Analytical solution for thermally induced axial stresses in end bearing heat 
exchanger piles embedded in homogeneous soils 
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Department of Civil Engineering, Kansas State University, Manhattan, KS, U.S.A.  peric@ksu.edu, 

acossel@ksu.edu, sarna@ksu.edu 
 	

Heat exchanger piles (HEP) also known as energy piles are deep foundations with dual role. In 
addition to transferring loads from a superstructure they also enable exchange of thermal energy 
between the subsurface and superstructure. The latter is accomplished by embedding the plastic pipes, 
which serve as a fluid conduit, into the piles.  The fluid, which is usually a mix of propylene glycol 
and water, enables the transfer of thermal energy. While installation of pipes incurs only small 
additional costs it facilitates harvesting of naturally available thermal energy in a shallow subsurface. 
The energy provides supplemental heating or cooling while decreasing the carbon emission to the 
atmosphere, thus making the HEP sustainable foundations.  
 
The surrounding soil imposes restraint to thermally induced deformations of HEP, thus inducing 
additional compressive or tensile axial stresses, the knowledge of which is required for design. 
Specifically, the generation of tensile stresses in concrete HEP is critical and especially in the case that 
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the operation starts with cooling. To this end, this paper presents analytical solutions for thermally 
induced axial tensile and compressive stresses in HEP. The solution is derived for end bearing HEP 
embedded in a homogeneous soil.  
 
 
 
 
 

Modelling Fault Instability Caused by Asymmetric Friction 
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In this study sliding over a geological fault with a section of anisotropic rocks that create asymmetric 
friction is considered. We analyse the simplest model of such a sliding – longitudinal oscillations of 
two blocks connected by a spring: one block with asymmetric friction and the other block with 
symmetric friction. These blocks are set in a constrained environment to which harmonic vibrations 
are applied. Results show that the presence of asymmetric friction can cause fault instability (sliding) 
at amplitudes of external excitation lower that in the case of standard symmetric friction. 
 
 
 
 
 
Wave Propagation in Materials with Closing Micro-Cracks Modelled by Discrete 

Chain of Bilinear Oscillators with Damping 
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This work focuses on wave propagation in materials with micro-cracks or fractures. The presence of 
micro-cracks makes the material behaviour dependent on the sign of the loading, i.e. materials exhibit 
what is called bimodularity – different moduli in compression and in tension. The simplest model of 
such a material is a chain of bilinear springs (bilinear oscillators) having different stiffnesses for 
compressive and tensile states and dampers. It is assumed that damping is the same for compression 
and tension. The discrete chain of bilinear oscillators is subjected to external harmonic excitation at 
one end and fixed at the other end. It was found that for the tension-compression harmonic excitation, 
only tensile deformations remain, while the compressive deformations get damped out over time. 
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Cutting of soft materials is a common daily life experience (e.g., slicing of meat and cheese) and an 
essential operation in many industries, healthcare (e.g., surgery) and manufacturing (e.g., paint 
removal) among others. By measuring the cutting forces of the tool and examining the deformation 
mechanisms of the workpiece, we can put the cutting process on a strong scientific and technological 
footing. For it provides an ingenious method to measure the fracture energy, i.e., the specific resistance 
to cracking, of soft materials like plastics, thin films on substrates and nanocomposites at different cut-
depths. The new knowledge gained improves tool design and optimizes cutting conditions to increase 
the cutting process efficiency with huge economic benefits. For example, cutting with sharp tools will 
enable the paint industry an effective solution to measure the adhesion energy and scrape paints from 
metal substrates. It will also provide a unique fracture energy index for food products for correlation 
with food quality and texture.  
 
Here, we present our recent work on the cutting behaviour of polyolefins with different molecular 
weights, epoxies with different degree of crosslinks and with polystyrene microspheres. We study the 
effects of rake angle, cut depth, and tool sharpness as well as chip bending on the fracture energy 
obtained from the cutting theory. Our results show that fracture has a critical role in the formation of 
the newly cut surface as the chip is separated from the workpiece by the cutting tool. The surface 
finish after cutting is dependent on the cutting depth and the ratio between fracture energy and yield 
strength. These new findings provide useful guidance for understanding the machining behaviour of 
soft materials like polymers and their nanocomposites. 
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Over the last decades, a range of forming processes, collectively known as severe plastic deformation 
(SPD) techniques, have come to the fore as a means of improving the mechanical properties of 
metallic materials by extreme grain refinement – down to submicron range – they produce [1]. The 
uptake of these manufacturing technologies by industry has been somewhat sluggish, however. The 
main reason for that lies in the difficulties of upscaling SPD processes for industry-level production. In 
a recent communication [2] we proposed to use downscaled versions of SPD processes and utilise 
them for microfabrication whereby the benefits of grain refinement would be two-fold: (i) 
improvement of the strength characteristics of the parts produced and (ii) increase in their resistance to 
failure. In the talk, potential applications of SPD processing in microfabrication will be presented. In 
particular, the possibilities of using SPD techniques for creating novel multi-phase materials with 
desirable inner architectures will be discussed. Special emphasis will be put on SPD-induced synthesis 
of new materials based on pattern formation during SPD at various length scales [3].  

 
[1] Estrin Y, Vinogradov A (2013) Extreme grain refinement by severe plastic deformation: A wealth 
of challenging science, Acta Mater 61:782–817 
[2] Estrin Y, Beygelzimer Y, Kulagin R (2018) Think big, manufacture small: microfabrication on a 
desktop by severe plastic deformation, Materials Today:  
https://www.materialstoday.com/surface-science/comment/think-big-manufacture-small/ 
[3] Beygelzimer Y, Estrin Y, Kulagin R (2015) Synthesis of Hybrid Materials by Severe Plastic 
Deformation: A New Paradigm of SPD Processing, Adv Eng Mater 17:1853–1861. 
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Many materials, including composites, laminates, toughened ceramics, polycrystalline and/or multi-
phase materials, and biological materials, rely on crack deflection to achieve improved toughness and 
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damage tolerance. In order to predict or model the behavior of such materials, we need a robust 
understanding the crack deflection process. Several approaches have been developed over the years to 
predict crack deflection at interfaces based on strength ratios, strain energy release rate ratios, or 
cohesive zone models; however, relatively little work has been done to quantitatively assess them. 
This presentation will first review some of the existing methods and their applications related to crack 
deflection, and will then use experimental results on the quasi-static penetration/deflection behavior of 
cracks incident to interfaces in polymethyl methacrylate with various incident angles to quantitatively 
assess their relative accuracy.  Results suggest that while the strain energy release rate based approach 
has been most popular in applications, the cohesive zone approach gives results that best match 
experimental results.   
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Cellulose nanocrystals (CNC) were derived from microcrystalline cellulose (MCC) by sulfuric acid 
hydrolysis. The mechanical properties and fracture morphology of CNC/epoxy (EP) composites with 
different CNC loadings were investigated. A thermoplastic polysulfone (PSF) was added to toughen 
the epoxy matrix. During the curing of PSF/epoxy composites, different phase separation process 
would occur owing to the variation of the amount of PSF in the PSF/EP blend. The synergic effects of 
CNC and PSF on the mechanical properties of the ternary CNC/PSF/EP composites were also 
investigated. An electrospinning process was successfully used to fabricate PSF/CNC nanofibrous 
membranes as an interleaf which was inserted into the mid-plane of the carbon fiber/epoxy (CF/EP) 
composites in order to improve the interlaminar fracture toughness. The results showed that after 
interleaving with the PSF/CNC nanofibrous membrane, both Mode I and Mode II interlaminar fracture 
toughness values were enhanced compared with the control CF/EP and CF/EP composites containing 
CNC nanofillers or pure PSF electrospun nanofibrous membrane alone. Besides, the flexural 
properties of the PSF/CNC interleaved composites were also increased. The toughening mechanisms 
derived from PSF/CNC nanofibrous membrane were analyzed based on the fracture surface 
morphologies of the composites. 
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Criteria of fracture propagation in Cosserat continua modelling granular and layered materials with 
microrotations depend on the relation between the Cosserat characteristic lengths and the fracture 
dimensions. In particular, when the Cosserat lengths that are of the order of the material micro-lengths 
the use of traditional criteria based on the stress intensity factors require setting the Cosserat 
characteristic lengths to zero. The obtained continuum is then called the Small scale Cosserat 
continuum. Cracks of Modes I, II, III have conventional stress singularity, as well as a stronger 
moment stress singularity. Moment stresses can cause bending failure of the bonds connecting the 
grains in the particulate material or layers in the layered material. In some cases the bending stress 
exceeds tensile stresses induced by the conventional stress singularity by an order of magnitude. Then 
the main mechanism of crack propagation is bending failure produced by the moment stress. This 
explains the often-observed in-plane propagation of cracks of the classical modes.  
 
When some Cosserat characteristic lengths are macroscopic with respect to the material 
microstructural lengths another useful asymptotics can be obtained called the Intermediate scale 
Cosserat continuum. An example is given by layered material with sliding layers that keep full contact 
during sliding. Cracks normal to the layering also propagate by bending failure due to bending stress 
induced by the moment stress singularity. 
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Traumatic brain injury (TBI) occurs frequently in Car-to-pedestrian impact accidents. Impact between 
the pedestrian head and the windscreen is a leading cause of the brain injury in such accidents. The 
purpose of this study is to numerically investigate the effect of windscreen inclination angle of a 
typical small passenger car on the pedestrian brain injury. An existing multi-body (MB) small 
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passenger car model and a commercial MB pedestrian model were employed to reconstruct the car-to-
pedestrian impact through computer simulation to determine the initial and boundary (including the 
location of the impact points between the pedestrian and the vehicle) conditions for detailed analysis of 
the brain injury responses. The analysis of the brain injury responses was conducted using previously 
validated THUMS (Total HUman Model for Safety, developed by Toyota Central R&D Labs) finite 
element (FE) model of the human head-neck complex and FE windscreen model coupled with the MB 
models of the pedestrian and the vehicle. The windscreen inclination angle was varied within a range 
of 24°-50° (measured from the horizontal direction) with an increment of 2°, and the impact velocity 
between the car and pedestrian was designated a value of 45 km/h. The predicted brain injury 
biomechanical responses (including the head kinematics-based and brain tissue deformations) due to 
the impacts with both the windscreen and road surface were investigated when varying the windscreen 
inclination angle. The results indicate that the windscreen inclination angle has significant effects on 
the brain injury risk. Specifically, an inclination angle within 30°-36° produces the lowest brain injury 
risk. These findings have important implications for the vehicle front design in terms of pedestrian 
brain injury prevention. 
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It is a great challenge to make elastomeric polymer foams antistatic, flame-retardant and mechanically 
robust. The challenge was addressed in my two studies below.  

My team developed elastomeric composite foams by in situ polymerizing polyvinyl alcohol, 
formaldehyde and graphene sheets. The sheets proved to react with formaldehyde building up a strong 
interface for the composites, and the reaction promoted the exfoliation and dispersion of graphene 
sheets in the matrix. These composites had a percolation threshold of electrical conductivity at 0.023 
vol%. The composites reached a limiting oxygen index of 59.4, implying an exceptional self-
extinguishing performance. 

In another study, we employed a low-cost graphite intercalation compound (GIC) as a multifunctional 
additive to improve the flame retardancy and mechanical strength of an elastomer by melt 
compounding.  The average peak heat release rate and mass loss rate were reduced by 55% and 54% 
and the fire performance index enhanced by 60% at 12.0 vol% GIC, which implies a lot more time for 
the people to escape and to be saved. Tensile strength, Young’s modulus, elongation at break and tear 
strength were respectively improved by 230%, 100%, 220% and 200%.  
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Mohamed Elchalakani, Ali Karrech, Minhao Dong 
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Concrete filled steel tubes (CFST) are increasingly used in engineering construction as columns and 
beam-columns. Recycled rubber can be used as aggregate supplement in concrete and rubberised 
concrete is known to be more ductile than conventional concrete however has a lower compressive 
strength. Rubberised concrete filled steel tubes (RuCFST) is considered to have improved load 
capacity, ductility and energy absorption, and reduces resource extraction and waste disposal at the 
same time. This study aims to investigate the flexural behaviours of RuCFST. Steel tubes with four 
different geometries were tested in four-point bending tests to determine the behaviours of RuCFST 
under pure bending. Each geometry was tested as a circular hollow section, filled with conventional 
concrete and two rubberised concrete mixes with different rubber replacement ratios, for a total of 16 
specimens. An analytical model of the ultimate moment for RuCFST was derived and compared with 
the experimental results along with existing models for CFST. It was found that as the rubber content 
increased, the ultimate moment capacity of RuCFST decreased. However, the ductility increased 
overall, resulting in greater energy absorption. The composite material had improved toughness than 
the sum of the two individual components.  
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