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Roof	assembly	configuraBons	
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Protected	membrane	
InsulaBon	above	membrane	

ConvenBonal	
InsulaBon	above	deck	

AFc	(or	“other”)	
InsulaBon	below	deck	
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Purpose(s)	for	insulaBon	
Low-slope	roof	systems	

•  Thermal	performance	
•  CondensaBon	control	
•  Smooth	substrate	
•  Deck	stability	

–  Reduce	temperature	variaBons	
–  Control	thermal	expansion	and	contracBon	

•  Fire	resistance	
•  Roof	slope	

– Above-deck	tapered	insulaBon	
3 

Principles	of	thermal	insulaBon	

BriBsh	thermal	unit	(Btu):	the	energy	required	to	
raise	the	temperature	of	1	pound	of	water	1	degree	
Fahrenheit	(F).	

4 
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Principles	of	thermal	insulaBon	

Thermal	conducBvity	(k):		the	amount	of	heat	is	
transmiUed	by	conducBon	through	1	square	foot	of	
1-inch-thick	homogenous	material	in	1	hour	where	
there	is	a	difference	of	1	degree	Fahrenheit	(F)	
across	the	two	surfaces	of	the	material.	

5	

	
		

k = Btu ! inch / ft2 ! hr ! F


Principles	of	thermal	insulaBon	

Thermal	conductance	(C):		the	amount	of	heat	is	
transmiUed	by	conducBon	through	1	square	foot	of	
a	specified	thickness	of	material	in	1	hour	where	
there	is	a	difference	of	1	degree	Fahrenheit	(F)	
across	the	two	surfaces	of	the	material.	

6	

	
		

C = Btu / ft2 ! hr ! F
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Principles	of	thermal	insulaBon	

Thermal	transmiMance	(U):		the	amount	of	heat	is	
transmiUed	by	conducBon	through	1	square	foot	of	
an	assembly	and	its	boundary	layers	in	1	hour	where	
there	is	a	difference	of	1	degree	Fahrenheit	(F)	
across	the	two	surfaces	of	the	assembly.	
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U = Btu / ft2 ! hr ! F


Principles	of	thermal	insulaBon	

Thermal	resistance:		a	relaBve	measure	of	a	
material’s	or	an	assembly’s	resistance	to	heat	
flow;	the	reciprocal	of	the	material’s	thermal	
conductance	(C)	or	an	assembly’s	thermal	
transmiUance	(U).	
	

R = 1 / C or R = 1 / U

	

R-values	are	readily	addi.ve	(unlike	k-values	
and	C-values).		Therefore	RT	=	R1	+	R2	+	R3	=	…	

8	
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R-values	of	boundary	layer	air	films	
Applicable	to	the	inside	and	outside	surfaces	of	assemblies	
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R-values	of	enclosed	spaces	

		

10 
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R-value	calculaBons	

11 

Desirable	properBes	for	roof	insulaBon	
•  AUachment	capability	
•  CompaBble	with	adhesives	
•  CompaBble	with	other	roof	assembly	components	
•  Compressive	strength	
•  Dimensionally	stable	
•  Fire	resistant	
•  Impact	resistance	
•  Moisture	resistant	
•  Thermal	resistant	(low	k-value	or	C-value/high	R-value)	
•  Thermal	resistance	stability	

	 12 
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So,	what	is	the	“ideal”	roof	insulaBon?	
There	is	no	“ideal”	roof	insulaBon…	

roof	insulaBon	selecBon	and	use	is	a	compromise	

13 

Roof	insulaBon	types	
Rigid	board	insulaBon	

•  Cellular	glass	
•  Expanded	polystyrene	(EPS)	
•  Extruded	polystyrene	(XPS)	
•  Faced	gypsum	
•  Fiber-reinforced	gypsum	
•  Mineral	fiber	(stone	wool)	
•  Perlite	
•  Polyisocyanurate	
•  High-density	polyisocyanurate	
•  Wood	fiberboard	

14 
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Cellular	glass	

•  Crushed	glass	and	
hydrogen	sulfide	gas	
heated	to	950	F	

•  ASTM	C552,	Type	IV	
•  12”	x	18”,	18”	x	24”	and	2’	
x	4’		

•  1½”	to	6”	and	tapered	
•  R	=	3.44	per	inch	

15 

Expanded	polystyrene	(EPS)	

•  Polystyrene	polymer,	
foaming	agent	and	heat	

•  ASTM	C578	(many	types)	
•  4’	x	4’	and	4’	and	8’	
•  ⅜”	to	24”and	tapered	
•  R	=	3.1	to	4.3	per	inch	
based	upon	density	

16 
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EPS	types	
ASTM	C578,	Type	__	

		

17	

EPS type Density, min. 
(pounds per cubic foot) 

Compressive 
strength, min. 

(psi) 

R-value 

Type I* 0.90 (1.0 nominal) 10.0 3.6 
Type II 1.35 (1.5 nominal) 15.0 4.0 

Type VIII 1.15 (1.25 nominal) 13.0 3.8 
Type IX 1.80 (2.0 nominal) 25.0 4.2 
Type XI* 0.70 (0.75 nominal) 5.0 3.1 
Type XIV 2.40 (2.5 nominal) 40.0 4.2 
Type XV 2.85 (3.0 nominal) 60.0 4.3 

*	Type	I	and	Type	XI	are	generally	not	intended	to	be	used	in	roofing	applicaBons	

Extruded	polystyrene	(XPS)	

•  Polystyrene	polymer	is	
heated	and	extruded	

•  ASTM	C578	(many	types)	
•  2’	x	4’	and	2’	x	8’	
•  1”,	1½”,	2”,	2½”,	3”	&	4”	
•  R	=	4.6	to	5.0	per	inch	

18 
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XPS	types	
ASTM	C578,	Type	__	

		

19	

XPS type Density, min. 
(pounds per cubic foot) 

Compressive 
strength, min. 

(psi) 

R-value 

Type IV 1.45 25.0 5.0 
Type V 3.00 100.0 5.0 
Type VI 1.80 40.0 5.0 
Type VII 2.20 60.0 5.0 
Type X 1.30 15.0 5.0 

Type XII* 1.20 15.0 4.6 
Type XIII* 1.60 20.0 3.9 

*	Type	XII	and	Type	XIII	are	generally	not	intended	to	be	used	in	roofing	applicaBons	

Faced	gypsum	

•  Gypsum	core	between	
paper	or	fiberglass-mat	
facers	

•  ASTM	C1396	(paper)	
•  ASTM	C1177	(glass-mat)	
•  4’	x	4’	and	4’	x	8’	
•  ¼”,	½”	and	⅝”	thick	
•  R	=	1.12	per	inch	

20 
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Fiber-reinforced	gypsum	

•  Cellulose-fiber	reinforced	
gypsum			

•  ASTM	C1278	
•  4’	x	4’	and	4’	x	8’	
•  ¼”,	⅜”,	½”	and	⅝”	thick	
•  R	=	1.0	per	inch	

21 

Mineral	fiber	(stone	wool)	

•  Rock,	slag	or	glass	heated	
and	spun	into	fibers	with	a	
binding	agent	

•  ASTM	C726	or	ASTM	C612	
•  4’	x	4’	
•  Up	to	6”	thick	
•  R	=	4	per	inch	(10	pcf	
density)	

22 
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Perlite	

•  Expanded	volcanic	
minerals,	organic	fibers	
and	binders	

•  ASTM	C728	(various	types)	
•  2’	x	4’	and	4’	x	4’	
•  ½”,	¾”,	1”,	1½”,	2”	and	
tapered	

•  R	=	2.78	per	inch		

23 

Perlite	types	
ASTM	C728,	Type	__	

•  Type	1:	Roof	insulaBon	board	
•  Type	2:	Recover	board	
•  Type	3:	Recover	board	(higher	physical	properBes)	

24	
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Polyisocyanurate	

•  Polyisocyanurate	foam	and	
facers	

•  ASTM	C1289	(mulBple	
types,	grades	and	classes)	

•  4’	x	4’	and	4’	x	8’	
•  Thicknesses	range	from	1”	
to	4”	

•  R	=	5.0-6.0	per	inch	
•  LTTR	=	5.6	to	5.9	per	inch	

25 

Polyiso.	type,	grades	and	classes	
ASTM	C1289,	Type	II,	Class	__,	Grade	__	

•  Type	II:	
–  Class	1:	organic/glass	facer:	

• Grade	1:	16	psi	(min.)	compressive	strength	
• Grade	2:	20	psi	(min.)	compressive	strength	
• Grade	3:	25	psi	(min.)	compressive	strength	

–  Class	2:	coated	glass	facer	
–  Class	3:	uncoated	glass	facer	

26	
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High	density	polyisocyanurate	

•  Polyisocyanurate	foam	and	
facers	

•  ASTM	C1289,	Type	II,	Class	4	
(mulBple	grades)	

•  4’	x	4’	and	4’	x	8’	
•  ¼”	and	½”	thick	
•  R	=	1.0	for	¼”	thick	
	 	R	=	2.0	for	½”	thick	

27 

HD	polyiso.	type,	class	and	grades	
ASTM	C1289,	Type	III,	Class	4,	Grade	__	

•  Type	II:	
–  Class	4:	coated	or	uncoated	glass	mats:	

• Grade	1:	80	psi	(min.)	compressive	strength	
• Grade	2:	110	psi	(min.)	compressive	strength	
• Grade	3:	140	psi	(min.)	compressive	strength	

28	
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Wood	fiberboard	

•  Wood	or	cane	fibers	and	
binders;	may	be	coated	

•  ASTM	C208,	Type	II	(two	
grades)	

•  2’	x	4’,	4’	x	4’	and	4’	x	8’		
•  ½”,	1”	and	2’	thick	
•  R	=	2.78	per	inch	

29 

Wood	fiberboard	grades	
ASTM	C208,	Type	II,	Grade	__	

•  ASTM	C208,	Type	II:	
– Grade	1:	For	BUR	and	MB	systems	
– Grade	2:	For	single-ply	systems	

30	
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Composite	boards	
•  EPS	and	plywood/OSB	
•  Polyiso.	and	perlite,	wood	fiberboard,	
plywood/OSB	or	glass-mat-faced	gypsum	

31	

Board	joints	
Heat	loss	through	gaps	at	the	joints	

between	insulaBon	boards	can	represent	
up	to	a	10%	reducBon	in	effecBve	R-value	

	
A	two-layer	applica.on	rigid	board	

insula.on	with	staggered	and	offset	board	
joints	is	recommended	

32	
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Mechanical	fasteners	

Mechanical	fasteners	through	the	cross-
secBon	of	rigid	board	insulaBon	can	represent	

3%	to	8%	losses	in	effecBve	R-values.	
	

Mechanically-aJach	the	boJommost	layer	
and	adhere	subsequent	layers	is	preferred.	

33	

Tapered	roof	insulaBon	

•  Common	materials:	
–  EPS	
–  XPS	
–  Perlite	
–  Polyisocyanurate	

•  Common	slopes:	
– ⅛”	per	foot	
– ¼”	per	foot	
– ½”	per	foot	

34	
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What	about	tapered	insulaBon…?	
IBC	2012,	Sec.	C402.2-Roof	Assembly	,	ExcepBon	1	

allows	a	1-inch	insulaBon	thickness	variaBon	
		

35	

Tapered	insulaBon	

Professional	Roofing,	
April	2011	

36	
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Code	compliance	for	roof	systems	

37	

Some	background	
•  The	I-Codes	are	“model	codes”	developed	by	the	
InternaBonal	Code	Council	(ICC)	

•  Model	codes	serve	as	the	technical	basis	for	state	or	
local	code	adopBon	

•  The	code	provides	the	minimum	legal	requirements	
for	building	construcBon…and	operaBon	

•  The	code	is	enforced	by	the	“authority	having	
jurisdicBon”	(AHJ)	

•  The	code	can	also	provide	a	basis	for	construcBon	
claims-related	liBgaBon	

38	
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Code	enforcement	
•  Code	official	
•  ConstrucBon	liBgaBon	

39	

Legal	consideraBons	

“In	most	states,	a	building	code	violaBon	is	
considered	to	be	evidence	of	negligence.		In	some	

situaBons,	a	building	code	violaBon	may	be	
considered	negligence	per	se…” 		

	 	 	 	 		 --Stephen M. Phillips 
  Hendrick, Phillips, Salzman & Flatt 

40	
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Who	is	responsible?	
•  The	building	owner	
•  And,	everyone	else	involved	

41	

AIA	General	CondiBons	
AIA	A201	–	General	CondiBons	of	The	Contract	for	ConstrucBon	

ArBcle	3		Contractor	
3.2.3	The	Contractor	is	not	required	to	ascertain	that	the	
Contract	Documents	are	in	accordance	with	applicable	laws,	
statues,	ordinances,	codes,	rules	and	regulaBons,	or	lawful	
orders	of	public	authoriBes,	but	the	Contractor	shall	promptly	
report	to	the	Architect	any	nonconformity	discovered	by	and	
made	known	to	the	Contractor	as	a	request	for	informaBon	in	
such	a	form	as	the	Architect	may	require.	
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AIA	General	CondiBons	
AIA	A201	–	General	CondiBons	of	The	Contract	for	ConstrucBon	

3.2.4	…If	the	Contractor	fails	to	perform	the	obligaBons	of	
SecBons	3.2.2	or	3.2.3,	the	Contractor	shall	pay	the	costs	and	
damages	to	the	Owner	as	would	have	been	avoided	if	the	
Contractor	had	performed	such	obligaBons.	If	the	Contractor	
performs	those	obligaBons,	the	Contractor	shall	not	be	liable	to	
the	Owner	or	Architect	for	damages	…for	nonconformiBes	of	the	
Contract	Documents	to…	codes…	

		

  

		

So,	it	pays	to	know...	

		

or,	it	can	cost	you	if	you	don’t	know.	
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Roof	requirements	
•  Wind	resistance	
•  Fire	classificaBon	
•  InstallaBon	requirements	
•  PrescripBve	requirements	
•  Reroofing	
	

		

Wind	resistance	
Interna.onal	Building	Code,	2015	Edi.on,	Sec.	1504-Performance	Requirements	

Built-up,	modified	bitumen,	fully-adhered	and	
mechanically	aUached	single	ply	and	metal	
panel	roof	systems	applied	over	a	deck:	
•  FM	4474:		Class	60,	Class	90,	Class	120,	etc.	
•  UL	580	or	UL	1897:	Class	30,	Class	60,	Class	90	

FM	classifica.ons	include	a	safety	factor	or	2.0,	
UL’s	classifica.ons	do	not.	

	
	

46	
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Wind	resistance	
Interna.onal	Building	Code,	2015	Edi.on,	Sec.	1504-Performance	Requirements	

Ballasted	single-ply	membrane	roof	systems:	
•  ANSI/SPRI	RP-4	and	Table	1504.8	(windborne	debris)	
	
Structural	metal	panel	roof	systems	applied	over	
open	framing:	
•  Concealed	clips:		FM	4474	or	ASTM	E1592	
•  Through-fastened:		FM	4474,	UL	580	or	ASTM	E1592	

	 47	

Wind	loads	
Interna.onal	Building	Code,	2015	Edi.on,	Chapter	16—Structural	Design	

Design	wind	loads:	
•  IBC	Chapter	16	
•  ASCE	7-10	

IBC	requires	design	wind	loads	to	be	shown	
in	the	Contract	Documents	(Sec.	1603)	

48	
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Design	wind	load	determinaBon	
www.roofwinddesigner.com	

		

49	

Fire	classificaBon	
InternaBonal	Building	Code,	2015	EdiBon,	Sec.	1505-Fire	ClassificaBon	

Roof	assemblies	shall	be	tested	and	listed:	
•  Class	A:		Severe	fire-exposure	

ExcepBons:	Brick,	masonry,	exposed	concrete	deck;	
metal	shingles	or	sheets,	Ble	or	slate	on	non-combusBble	
decks;	and	copper	or	slate	on	non-combusBble	decks	

•  Class	B:	Moderate	fire-test	exposure	
•  Class	C:	Light	fire-test	exposure	
	

50	

[Footnoted	omiUed	for	clarity]	
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InstallaBon	requirements	
InternaBonal	Building	Code,	2015	EdiBon,	Sec.	1506-Materials	

“…Roof	coverings	shall	be	applied	in	accordance		with	this	
chapter	and	the	manufacturer’s	installaBon	instrucBons....”	

51	

PrescripBve	requirements	
Interna.onal	Building	Code,	2015	Edi.on,	Sec.	1507-Requirements	for	Roof	Coverings	

•  Deck	
•  Slope:	¼”	per	}.,	⅛”	per	}.	for	coal	tar	BUR	
•  Material	standards:	Typically	ASTM	standards	
•  InstallaBon	

52	
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Reroofing	
Interna.onal	Building	Code,	2015	Edi.on,	Sec.	1511-Reroofing	

IBC’s	previous	ediBons:		Sec.	1510-Reroofing	
“…recovering	or	replacing	an	exisBng	roof	covering	
shall	comply	with	the	requirements	of	Chapter	15....”	
	
ExcepBons:	
•  Roof	slope:		“posiBve	drainage”	instead	of	¼”per	}.	
•  Secondary	roof	drains:		Not	required	

53	

		
	
Roof	requirements:	
•  R-value	
•  Roof	reflecBvity	
•  Air	retarder	
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		 IECC	2015:	
Commercial	buildings:	
•  All	except	“ResidenBal	
Buildings”	

ResidenBal	buildings:	
•  One-	and	two-family	
dwellings,	mulBple	single-
family	dwellings	and	
Group	R-2,	R-3	and	R-4	
buildings	three	stories	or	
less	

	
	

		

IECC	2015,	Fig.	C301.1-Climate	zones	
Fig.	R301.1	(residenBal	climate	zones)	is	similar	

		

56	
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Minimum	R-value	
IECC	2015:	Commercial	Buildings	(InsulaBon	component	R-value-based	method)	
Climate 

zone 
Assembly description 

Insulation 
entirely above deck 

Metal buildings Attic and other 

1 R-20ci (all other) 

R-19 + R-11 LS 

R-38 
R-25ci (Group R) 

2 
R-25ci 

3 
4 

R-30ci 

R-38  
(except Marine 4) 

5 R-38 (all other) 
R-49 (Group R, 

Marine 4) 

6 R-25 + R-11 LS 

R-49 7 
R-35ci R-30 + R-11 LS 

8 
57	

ci = Continuous insulation; LS = Liner system 

		
Climate Zone IECC 2006 IECC 2009 IECC 2012* IECC 2015* 

1 

R-15 ci 

R-15 ci 
R-20 ci 

R-20 ci 
2 

R-20ci 

R-25 ci 
3 
4 

R-25 ci R-30 ci 5 
R-20 ci 

6 
7 

R-25 ci R-25  ci R-30 ci R-35 ci 
8 

58	

*  Applies to roof replacement projects 
ci = continuous insulation 
 

Comparison	of	IECC’s	various	ediBons	
	Commercial	Buildings	(InsulaBon	component	R-value-based	method)	
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ReflecBvity	
Interna.onal	Energy	Conserva.on	Code,	2015	Edi.on	(Commercial)	

C402.3	Roof	solar	reflectance	and	thermal	emiMance.	Low-sloped	
roofs	directly	above	cooled	condiBoned	spaces	in	Climate	Zones	1,	
2	and	3	shall	comply	with	one	or	more	of	the	opBons	in	Table	
C402.3.	
ExcepBons:	[Refer	to	earlier	“Cool	and	Green	Roofs”	presentaBon]	

59	

TABLE	C402.3	
MINIMUM	ROOF	REFLECTANCE	AND	EMITTNCE	OPTIONS	

Three-year	solar	reflectance	of	0.55	and		
3-year	aged	thermal	emiUance	of	0.75	

Three-year-aged	solar	reflectance	index	of	64	
[Footnotes	omiUed	for	clarity]	

Air	barrier	
Interna.onal	Energy	Conserva.on	Code,	2015	Edi.on	(Commercial),	Sec.	C402.5	

“A	conBnuous	building	envelope	air	barrier	shall	be	
provided	throughout	the	building	envelope….”	(Except	2B)	
	

Test	methods:	
•  Whole	building:		Not	greater	than	0.40	cfm/}3	
•  Assembly:		Not	greater	than	0.04	cfm/}3		
•  Material:		Not	greater	than	0.004	cfm/}3	

–  Deemed	to	comply:		BUR,	MB,	adhered	single	ply	and	SPF	

Air	barrier	not	required	in	reroofing	projects	unless	also	
recladding	(IECC	2015	only:	Sec.	C502.4)	
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Code	compliance	is	becoming	increasingly	
challenging	and	presents	significant	liability	risks	
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NRCA	code	manuals	
	shop.nrca.net	or	(866)	ASK-NRCA	
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Consider	joining	ICC…	

Membership	categories:	
•  Corporate	member:	$400	(complete	collecBon)	
•  Building	safety	professional	member:	$150	(1	code)	

hUp://www.iccsafe.org	
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Mark	S.	Graham	
Vice	President,	Technical	Services	
NaBonal	Roofing	Contractors	AssociaBon	
10255	West	Higgins	Road,	600	
Rosemont,	Illinois		60018-5607	
	
(847)	299-9070	
mgraham@nrca.net	
www.nrca.net	
	
TwiUer: 	@MarkGrahamNRCA	
Personal	website:			www.MarkGrahamNRCA.com	
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