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PUM	enriched	methods	

Discon,nui,es	modeling	

• IGA:	link	to	CAD	and	
accurate	stress	fields	

•XFEM:	no	remeshing
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Mesh	conforming	methods	

• IGA:	link	to	CAD	and	
accurate	stress	fields	

•Apps:	delamina>on
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NURBS	basis	func>ons enrichment	func>ons



Delamina,on	analysis	with	cohesive	elements	(standard	approach)
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• No link to CAD
• Long preprocessing
• Refined meshes 



Isogeometric	cohesive	elements

1. C.	V.	Verhoosel,	M.	A.	Sco],	R.	de	Borst,	and	T.	J.	R.	Hughes.	An	isogeometric	
approach	to	cohesive	zone	modeling.	IJNME,	87(15):336–360,	2011.		

2. V.P.	Nguyen,	P.	Kerfriden,	S.	Bordas.	Isogeometric	cohesive	elements	for	two	
and	three	dimensional	composite	delamina>on	analysis,	2013,	Arxiv.

Knot	inser,on

quadratic basis



Isogeometric	cohesive	elements:	advantages

•	Direct	link	to	CAD	
•	Exact	geometry	
•	Fast/straighforward	genera>on	  
				of	interface	elements	
•	Accurate	stress	field	
•	Computa>onally	cheaper

•	2D	Mixed	mode	bending	test	(MMB)		
•	2	x	70	quar>c-linear	B-spline	elements	
•	Run	>me	on	a	laptop	4GBi7:	6	s	
•	Energy	arc-length	control	

V.	P.	Nguyen	and	H.	Nguyen-Xuan.	High-order	B-splines	based	finite	elements	for	delamina>on		
analysis	of	laminated	composites.		Composite	Structures,	102:261–275,	2013.	



Isogeometric	cohesive	elements:	2D	example

•Exact	geometry	by	NURBS	+	direct	link	to	CAD	
• It	is	straighforward	to	vary	
				(1)	the	number	of	plies	and	
				(2)	#	of	interface	elements:	
•	Suitable	for	parameter	studies/design		
•	Solver:	energy-based	arc-length	method	(Gu>errez,	2007)	
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Isogeometric	cohesive	elements:	2D	example
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Isogeometric	cohesive	elements:	3D	example	with	shells

•Rota>on	free	B-splines	shell	elements	(Kiendl	et	al.	CMAME)	
•	Two	shells,	one	for	each	lamina	
•	Bivariate	B-splines	cohesive	interface	elements	in	between	



Isogeometric	cohesive	elements:	3D	examples

•	cohesive	elements	for	3D	
meshes	the	same	as	2D	
•	large	deforma>ons	



Isogeometric	cohesive	elements

•	singly	curved	thick-wall	laminates	
•	geometry/displacements:	NURBS	
•	trivariate	NURBS	from	NURBS	surface(*)	
•	cohesive	surface	interface	elements

(*)V. P. Nguyen, P. Kerfriden, S.P.A. Bordas, and T. Rabczuk. An integrated design-analysis 
framework for three dimensional composite panels. Computer Aided Design, 2013. submitted.



Non-matching	interface	elements	for	delamina>on	and	contact

13



Non-matching	interface	elements	for	delamina>on	and	contact
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Non-matching	interface	elements	for	delamina>on	and	contact
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Weak	form
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The interface elements are of zero thickness.



2D	uniaxial	tension	test
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3D	uniaxial	tension
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2D	peeling	test
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2D	peeling	test
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2D	peeling	test
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2D	peeling	test	F(D)	curves
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2D	peeling	test	-	role	of	integra>on
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3D	peeling	test
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Fibre-reinforced	composite	-	debonding
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Non-matching	interfaces
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Fibre-debonding	
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Conclusions

‣ Incompa>ble/non-matching	elements	
‣ Small	strain	interfacial	fracture	
- No	need	for	conforming	meshes	along	the	interface	
- non-matching	interface	
- no	high-dummy	s>ffness	
- fewer	elements	(up	to	twice	as	fast)	
- Newton-Cotes	integra>on	leads	to	premature	failure
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Third	medium	contact	formula>on,	Wriggers

A	finite	element	method	for	contact	using	a	third	medium	P.	Wriggers	·	J.	Schröder	·	A.	Schwarz	
Comput	Mech	(2013)	52:837–847		
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Gap	func>on
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Contacts	as	interfaces
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•Nitsche	coupling	-	NURBS-NURBS

Future	work:	model	selec>on	(con>nuum,	plate,	beam,	shell?)
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Model	selec,on		
•	Model	with	shells	
•	Iden>fy	“hot	spots”	-	dual		
•	Couple	with	con>nuum		
•	Coarse-grain	
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XDMS	-	Umeå,	Sweden	-	2017	June	19-21		-	legato-team.eu	-	slides	download:	h]p://hdl.handle.net/10993/31487	

h]ps://publica>ons.uni.lu/bitstream/10993/10039/1/2013stressAnlaysisWithoutMeshingIGABEM3D_ICE.pdf	

h]ps://orbilu.uni.lu/bitstream/10993/14029/2/superGA_upd26_05_2014.pdf	

h]ps://arxiv.org/pdf/1210.8216	

h]ps://arxiv.org/pdf/1610.01694	

h]ps://orbilu.uni.lu/bitstream/10993/12915/1/2011implicitDomainFEM_CMAME.pdf	

h]p://orbilu.uni.lu/bitstream/10993/17993/2/mi130149_proof.pdf	

h]p://orbilu.uni.lu/bitstream/10993/17383/1/meshburdenreduc>on2010v6%20(2b)Enviado.pdf
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Related	publica,ons	

Fracture	of	homogeneous	materials	
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What makes Data Science 
different?  
http://hdl.handle.net/10993/30235 

Energy-minimal crack growth  
http://hdl.handle.net/10993/29414  

Uncertainty quantification for 
soft tissue biomechanics 
http://orbilu.uni.lu/handle/10993/28618 

http://orbilu.uni.lu/handle/10993/30946 

Real-time simulation and 
error control 
http://orbilu.uni.lu/handle/10993/29846 

http://orbilu.uni.lu/handle/10993/30937 

Bayesian parameter 
identification in mechanics 
http://orbilu.uni.lu/bitstream/10993/29561/3/
template.pdf 

http://orbilu.uni.lu/bitstream/
10993/28631/1/1606.02422v4.pdf 

http://orbilu.uni.lu/handle/10993/28631 

Recent open access publications 
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Shape optimisation directly from CAD
https://publications.uni.lu/bitstream/10993/17838/1/IGABEMopt3Dpaper.pdf
https://publications.uni.lu/bitstream/10993/18266/1/IGABEMopt2Dpaper.pdf
https://orbilu.uni.lu/bitstream/10993/17098/1/dual_igabem5-space.pdf
http://orbilu.uni.lu/bitstream/10993/22289/1/igabem3d_01doubleSpace.pdf
https://publications.uni.lu/bitstream/10993/17099/1/abstract_acomen.pdf

Stress analysis without meshing
https://publications.uni.lu/bitstream/10993/10039/1/2013stressAnlaysisWithoutMeshingIGABEM3D_ICE.pdf
https://orbilu.uni.lu/bitstream/10993/14029/2/superGA_upd26_05_2014.pdf
https://arxiv.org/pdf/1210.8216
https://arxiv.org/pdf/1610.01694
https://orbilu.uni.lu/bitstream/10993/12915/1/2011implicitDomainFEM_CMAME.pdf
http://orbilu.uni.lu/bitstream/10993/17993/2/mi130149_proof.pdf
http://orbilu.uni.lu/bitstream/10993/17383/1/meshburdenreduction2010v6%20(2b)Enviado.pdf
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Recent PhD theses
http://orca.cf.ac.uk/70928/1/2015LianHPhD.pdf
https://orca.cf.ac.uk/95561/1/2016SutulaDPhD.pdf
https://orca.cf.ac.uk/92543/1/2016PengXPhD.pdf
https://publications.uni.lu/bitstream/10993/16783/1/20140512_AachenGermany.pdf
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