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Introduction	

For	a	linear	elastic	material	the	plane‐strain	energy	release	rate	ܩ	can	be	evaluated	from	the	
applied	 stress	 intensity	 factor	 ܭ 	and	 the	 material	 Young’s	 modulus ܧ	 	and	 Poisson’s	 ratio	 	ߥ
according	to:		

	

	 ܩ ൌ
ଶሺ1ܭ െ ଶሻߥ

ܧ
	 (1)	

	

Introducing	the	time‐dependent	properties	ܭሺݐሻ,	ߥሺݐሻ	and	ܧሺݐሻ,	Eq.1	has	been	adapted	to	the	
case	of	 linear	viscoelastic	materials,	 as	 in	 [1,2].	Even	 if	 this	approach	 is	 commonly	used	also	 for	
highly	nonlinear	polymers,	its	accuracy	in	this	case	is	still	an	open	question.		

During	this	work	the	validity	of	this	approach	was	verified	for	a	high	density	polyethylene	
(HDPE)	tested	both	in	air	and	in	solutions	known	to	promote	Environmental	Stress	Cracking	(ESC).	
	
Objectives	and	Methodology	

The	 fracture	behavior	at	60°C	of	a	blow	molding	HDPE	grade	(HDPE	MONO	in	[3,4])	was	
characterized	 applying,	 thanks	 to	 custom‐built	 testing	machines,	 a	 constant	 load	 to	 Single	 Edge	
Notched	Bending	specimens	in	four	point	bending	configuration.	Tests	were	conducted	both	in	air	
and	 in	 the	 presence	 of	 an	 aqueous	 solution	 containing	 sodium	 hydroxide,	 sodium	 carbonate,	
perfumes	and	surfactants.		

To	 verify	 if	 the	 expected	 correlation	 between	ܭ ܩ	, 	and	ܧ 	holds	 in	 the	 present	 case,	 the	
energy	release	rate	was	evaluated	for	the	initiation	and	propagation	phases	of	 fracture	using	the	
formula:	

	

	 ܩ ൌ
ܷ

ܤ ∙ ܹ ∙ ߶ ቀ ܹܽቁ
	 (2)

	

in	which	ܷ	is	the	external	energy	absorbed	by	the	specimen	during	the	fracture	process,	ܤ	and	ܹ	

are	 the	specimen	 thickness	and	width	respectively,	ܽ	is	 the	crack	 length	and	߶ ቀ
௔

ௐ
ቁ	is	 the	energy	

calibration	factor	for	the	considered	test	configuration.	Knowing	the	values	of	ܭ	(from	[3,4])	and	ܩ,	
it	was	hence	possible	to	back‐calculate	an	effective	ܧ	at	any	time	during	the	fracture	test.	

From	the	measured	specimen	deflection	ݑ	the	strain	level	during	the	various	tests	could	be	
determined	as:	

	

	 ߝ ൌ 4.36 ∙ ݑ ∙
ܪ
ଶܮ
	 (3)	

	

in	which	ܪ	was	taken	as	the	ligament	length	(ܹ െ ܽ),	and	ܮ	is	the	span	length.		
The	minimum	and	the	maximum	strain	levels	reached	during	all	the	tests	were	considered	

as	lower	and	upper	bounds	and	the	relaxation	modulus	in	these	two	conditions	was	evaluated	from	
the	stress‐strain	curves	obtained	from	tensile	tests	on	the	same	material.	These	results	were	finally	
compared	with	those	obtained	from	the	fracture	tests	to	verify	the	validity	of	equation	(1).	
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Results	and	analysis	
The	initiation	(log log	vs.	ܩ (log	propagation	and	௜)ݐ log	vs.	ܩ ሶܽ )	behavior	of	the	considered	

material	is	reported	in	Fig.	1.	As	expected,	above	a	certain	critical	interaction	time	ݐ௜
∗	and	below	a	

critical	crack	speed	 ሶܽ ∗	fracture	occurs	faster	in	presence	of	the	active	environment	while	a	unique	
	for	[4]	in	reported	those	with	agreement	in	are	results	These	parameter.	ESC	as	defined	be	can	∗ܩ
the	same	material	in	terms	of	stress	intensity	factor.		

	
Fig.	1:	Fracture	behavior	at	60°C.	(a)	initiation	;	(b)	propagation.	

	
The	modulus	determined	 from	Eq.	 (1)	 is	 reported	 in	Fig.	 2.	 It	 is	possible	 to	observe	 that	

values	lie	between	the	two	straight	lines	corresponding	to	the	relaxation	modulus,	from	tensile	tests,	
at	the	minimum	and	maximum	tensile	strain	achieved	during	fracture	tests.	Therefore	Eq.	(1)	seems	
to	be	still	valid	 in	 this	case	and	 it	could	be	used	 to	evaluate	ܩ	from	ܭ,	provided	that	 the	average	
strain	during	the	fracture	test	is	known.	

	
Fig.	2:	Comparison	between	the	relaxation	modulus	from	tensile	and	fracture	tests.	
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