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Roof assembly configurations
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Protected membrane
Insulation above membrane

Conventional
Insulation above deck

Attic (or “other”)
Insulation below deck
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Purpose(s) for insulation
Low-slope roof systems

• Thermal performance

• Condensation control

• Smooth substrate

• Deck stability

– Reduce temperature variations

– Control thermal expansion and contraction

• Fire resistance

• Roof slope

– Above-deck tapered insulation

3

Principles of thermal insulation

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

Thermal conductivity (k):  the amount of heat is 
transmitted by conduction 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.
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k  Btu  inch / ft2  hr  F

Principles of thermal insulation

Thermal conductance (C):  the amount of heat is 
transmitted by conduction 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.
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C  Btu / ft2  hr  F
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Principles of thermal insulation

Thermal transmittance (U):  the amount of heat is 
transmitted by conduction 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

R-values of boundary layer air films
Applicable to the inside and outside surfaces of assemblies
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Principles of thermal insulation

Thermal resistance:  a relative 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 
transmittance (U).

R  1 / C or R  1 / U

R-values are readily additive (unlike k-values 
and C-values).  Therefore RT = R1 + R2 + R3 = …
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R-value calculations
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R-values of enclosed spaces (“dead air”)
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Desirable properties for roof insulation

• Attachment capability

• Compatible with adhesives

• Compatible 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
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So, what is the “ideal” roof insulation?

There is no “ideal” roof insulation…

roof insulation selection and use is a compromise

13

Roof insulation types
Rigid board insulation

• Cellular glass

• Expanded polystyrene (EPS)

• Extruded polystyrene (XPS)

• Faced gypsum

• Fiber-reinforced gypsum

• Mineral fiber (stone wool)

• Perlite

• Polyisocyanurate

• High-density polyisocyanurate

• Wood fiberboard

• Vacuum insulated panels
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

R-valueCompressive 
strength, min.

(psi)

Density, min.
(pounds per cubic foot)

EPS type

3.610.00.90 (1.0 nominal)Type I*

4.015.01.35 (1.5 nominal)Type II

3.813.01.15 (1.25 nominal)Type VIII

4.225.01.80 (2.0 nominal)Type IX

3.15.00.70 (0.75 nominal)Type XI*

4.240.02.40 (2.5 nominal)Type XIV

4.360.02.85 (3.0 nominal)Type XV
* Type I and Type XI are generally not intended to be used in roofing applications

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
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XPS types
ASTM C578, Type __

19

R-valueCompressive 
strength, min.

(psi)

Density, min.
(pounds per cubic foot)

XPS type

5.025.01.45Type IV

5.0100.03.00Type V

5.040.01.80Type VI

5.060.02.20Type VII

5.015.01.30Type X

4.615.01.20Type XII*

3.920.01.60Type XIII*

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

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 insulation board

• Type 2: Recover board

• Type 3: Recover board (higher physical properties)

24
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Polyisocyanurate

• Polyisocyanurate foam and 
facers

• ASTM C1289 (multiple 
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 
(multiple 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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Vacuum insulated panels

• Microporous core, which is 
evacuated, encased and 
sealed in a thin, gas–tight, 
foil envelope

• ASTM C1484

• 2’ x 2’ and 2’ x 4’

• ¾- to about 2-inch thick

• R=28 per inch

• Cannot be cut or penetrated

In-fill insulation
Vacuum insulated panels

Link to installation video

31
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Composite boards

• EPS and plywood/OSB

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

33

Board joints

Heat loss through gaps at the joints 
between insulation boards can represent 
up to a 10% reduction in effective R-value

A two-layer application rigid board 
insulation with staggered and offset 

board joints is recommended

34
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Mechanical fasteners

Mechanical fasteners through the cross-
section of rigid board insulation can represent 

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

Mechanically-attach the bottommost layer 
and adhere subsequent layers is preferred.

35

Tapered roof insulation

• Common materials:

– EPS

– XPS

– Perlite

– Polyisocyanurate

• Common slopes:

– ⅛” per foot

– ¼” per foot

– ½” per foot

36
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What is the R-value of tapered insulation…?
IBC 2018 and previous editions, Sec. C402.2-Roof Assembly , Exception 1

allows a 1-inch insulation thickness variation

37

Tapered insulation R-value
Professional Roofing, July/August 2022

Link
Link to article applicable IECC 2018 and previous editions
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How much/what thickness of insulation is needed?

• Roof assembly’s fire classification (Building Code)

• Energy Code’s requirements

Roof requirements:

• Thermal efficiency

– Multiple compliance paths

• Roof reflectivity (Commercial only)

• Air leakage

– Multiple compliance paths

Separate requirements for 
Commercial (C) and Residential (R) 

buildings
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Climate zone map

Climate Zone 6A

Climate Zone 5A
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Definitions

Solar reflectance:  The fraction of solar flux 
reflected by a surface expressed within the range 
of 0.00 and 1.00.

Thermal emittance:  The ratio of radiant heat flux
emitted by a surface to that emitted by a black 
body radiator at the same temperature expressed 
within a range of 0.00 to 1.00. 

Definitions – cont.

Solar reflectance index (SRI): The relative steady-
state surface temperature of a surface with 
respect to the standard white (SRI = 100) and 
standard black (SRI = 0) under standard solar and 
ambient conditions.

--ASTM E 1980
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Courtesy of the Cool Roofs Rating Council
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The Energy Code seems to be getting incrementally 
more stringent with each edition
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IECC 
2021*

IECC 
2018*

IECC 2015*IECC 
2012*

IECC 
2009

IECC 
2006

IECC 2003Climate 
Zone

R-20 ciR-20 ciR-20 ci

R-20 ci

R-15 ci

R-15 ci

R-12 ci1

R-25 ciR-25 ciR-25 ci

R-20 ci

R-14 ci2

R-10 ci3

R-30 ciR-30 ciR-30 ciR-25 ci

R-12 ci4

R-20 ci
R-15 ci5

R-11 ci6

R-35 ciR-35 ciR-35 ciR-30 ciR-25 ciR-25 ciR-15 ci
7

8
*  Applies to roof replacement projects
ci = continuous insulation

R-value comparison of IECC’s various editions
Commercial Buildings (Above-deck insulation)

Questions
Roof insulation
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Mark S. Graham
Vice President, Technical Services
National Roofing Contractors Association
Two Pierce Place, Suite 1200
Itasca, Illinois 60143

(847) 299-9070
mgraham@nrca.net
www.nrca.net

Personal website:  www.MarkGrahamNRCA.com
LinkedIn:  linkedin.com/in/MarkGrahamNRCA
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