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The	QC	method	is	a	ROM	approach,	BUT	
	
	

	-	No	offline	snapshots	generaHon	
	

	-	Modes	are	local	and	follow	parHHon-of-unity:	
	 	 	-	displacement	BCs	are	easy	to	apply	
	 	 	-	online	adapHvity	of	modes	‘easy’	to	incorporate	(ROKOS)	
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Structural	differences	

Next-to-nearest	neighbours	etc.	
Non-local	interacHons	
ElasHc	interacHons	
InteracHons	are	springs	
ConnecHvity	may	change	
LATTICES	

Nearest	neighbours	only	
Local	interacHons	
DissipaHve	interacHons	
InteracHons	may	be	beams	
ConnecHvity	is	constant	
IRREGULAR	NETWORKS	
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-  planar	unit	cells	of	beams	

	

-  Previous	works	on	regular	la^ces	
-  summaHon	
-  plasHcity	in	interacHons	
-  fricHonal	sliding	in	nodes	
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The	QC	method	in	a	nutshell	

The	QC	method	is	
	1.	a	nested	mulHscale	method	
	2.	a	nested	concurrent	mulHscale	method	
	3.	a	reduced-order	modelling	approach		
	 	BUT		 	no	need	for	offline	snapshots	
	 	 	 	relaHvely	easy	to	include	adapHvity	(ROKOS)	
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Simple	planar	unit	cell:	Setup	

Blue	 Red	 Black	 Purple	

Area	 1	 3	 9	 27	 [m2]	(x10-9)	

Y.	Modulus	 1	 5	 25	 125	 [MPa]	

P.	raHo	 0.1	 0.2	 0.3	 0.4	 [-]	

Failure	str.	 10	 1	 2	 70	 (x10-5)	



Simple	planar	unit	cell:	Setup	

DNS:	
-  160k	beams	
-  722k	DOFs	

QC:	
-  42x	less	beams	
-  52x	less	DOFs	
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Simple	planar	unit	cell:	Results	

Failed	beams,	inc.	sequence	
DNS	 QC	
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Simple	planar	unit	cell:	New	setup	+	Result	

DNS	
QC	

QC:	
-  13x	less	beams	
-  25x	less	DOFs	



Fibrous	unit	cell:	Small	setup	

a	 b	

L	 0.6	 0.9	 [mm]	

A	 1	 2	 [m2]	(x10-9)	

E	 1	 2	 [MPa]	

ν	 0.2	 0.4	 [-]	

Failure	str.	 1	 2	 (x10-5)	

Periodic,	planar	unit	cell	of	fibres	(1x1mm2)		

Parameters	taken	from	U(a,b)	



Fibrous	unit	cell:	Small	setup	

Periodic,	planar	unit	cell	of	fibres	(1x1mm2)		 Beam	discreHsaHon	
(LE	EB	beams	with	brille	damage)	



Fibrous	unit	cell:	Small	setup	

DNS:	
-	700k	beams	
-	2M	DOFs	

QC:	
-	4	less	beams	
-	4	less	DOFs	



Amer	1	beam
	failure	

Amer	350	beam
	failures	

uz	 ϑx	 ϑy	



Failed	beams	



Force-displacement	response	

DNS	
QC	

Fibrous	unit	cell,	small	setup:	Results	



Fibrous	unit	cell:	Large	setup	

DNS:	
-	80M	beams	
-	233M	DOFs	

QC:	
-	29x	less	beams	
-	42x	less	DOFs	



Fibrous	unit	cell,	large	domain:	Results	

RotaHon	around	verHcal	axis	

RotaHon	around	horizontal	axis	

Out-of-plane	displacement	



Force-displacement	response	

DNS	
QC	

Fibrous	unit	cell:	Large	setup	
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Future	work	

Ongoing:	
	Apply	to	matrix	material	+	inclusions	(geom.	NL	+	mat.	NL)	

	
	
	
Future:	

	Apply	to	real	materials	
	

	(Goal-oriented)	adapHvity	
	

	Add	randomness	to	structure	in	the	fully	resolved	region	
	



Chair:	Do	I	have	3me	leO?	

If	NO	
		à	Thank	you	for	your	alenHon	

Else		
	à	Previous	work	on	regular	structures	



PART	2	

La^ces	instead	of	irregular	networks	



A	mesoscale	spring	laRce	for	tex3les	

480	μm	

Beex,	Verberne,	Peerlings,	2013	



Summa3on/sampling:	approach	1	

Beex,	Peerlings,	Geers,	2011	



Summa3on/sampling:	approach	1	

Beex,	Peerlings,	Geers,	2011	



Sampling	approach	1	applied	to	tex3le	laRce	

Beex,	Peerlings,	Van	Os,	Geers,	2013	



Summa3on/sampling:	approach	2	

Beex,	Peerlings,	Geers,	2014	



Summa3on/sampling:	approach	2	

PlasHc	strains	at	10%	horizontal	stretch	

Beex,	Peerlings,	Geers,	2014	



A	spring	laRce	with	fric3onal	fibre	sliding	

Wilbrink,	Beex,	Peerlings,	2013	
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A	spring	laRce	with	fric3onal	fibre	sliding	

Beex,	Peerlings,	Geers,	2014	



A	spring	laRce	with	fric3onal	fibre	sliding	

Beex,	Peerlings,	Geers,	2014	

Horizontal	displacement,	relaHve	to	uniform	horizontal	displacement	


