Air Space R-Value

Educational Overview
Revised August 31, 2018




Applied Building Technology Group (ABTG) is committed to using sound science
and generally accepted engineering practice to develop research supporting the
reliable design and installation of foam sheathing. ABTG’s educational program
work with respect to foam sheathing is supported by the Foam Sheathing
Committee (FSC) of the American Chemistry Council.

ABTG is a professional engineering firm, an approved source as defined in Chapter 2
and independent as defined in Chapter 17 of the IBC.

DISCLAIMER: While reasonable effort has been made to ensure the accuracy of the information presented,
the actual design, suitability and use of this information for any particular application is the responsibility of
the user. Where used in the design of buildings, the design, suitability and use of this information for any
particular building is the responsibility of the Owner or the Owner’s authorized agent.

Foam Plastic Applications

documents, educational programs and best practices
for Better Building

Foam sheathing research reports, code compliance .
can be found at www.continuousinsulation.org.

Copyright © 2018 Applied Building Technology Group



https://www.appliedbuildingtech.com/content/technical-resources
http://www.continuousinsulation.org/about
https://fsc.americanchemistry.com/
https://www.appliedbuildingtech.com/content/technical-resources
https://up.codes/viewer/wyoming/ibc-2015/chapter/2/definitions#approved_source
https://up.codes/viewer/wyoming/ibc-2015/chapter/2/definitions#2
https://up.codes/viewer/wyoming/ibc-2015/chapter/17/special-inspections-and-tests#1703.1.1
https://up.codes/viewer/wyoming/ibc-2015/chapter/17/special-inspections-and-tests#17
http://www.continuousinsulation.org/

Introduction

= Airspaces contained within building envelope assemblies are
known to contribute to thermal performance.

= But, the actual R-value for an airspace can vary by a factor of 3
or more depending on conditions of use.

= This presentation provides:

« a means to properly characterize an airspace according to its use
conditions

e a method to specify or confirm an appropriate airspace R-value for
energy code and FTC R-value Rule compliance.




Scope

= This presentation applies to both reflective and non-reflective
airspaces.

« Note that reflective airspaces have greater potential R-values as
well as a stronger dependency on airspace conditions.

= While the focus here is on airspaces in wall assemblies, the same
principles apply elsewhere, such as in ceiling, roof, and floor
applications.




Technical Basis

» This presentation is based on a
Research Report which:

« Documents current scientific knowledge

e Reviews current energy code and Federal
Trade Commission’s “R-value Rule”
requirements

« Provides detailed guidance for appropriate
airspace R-value characterization and
limitations of use.
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Significance

= Mischaracterized airspace R-values can result in:
e energy code and FTC R-value Rule non-compliances
« poor performing assemblies (less energy savings than claimed or expected)
« diminished reputation
» False R-value claims for home insulation products are costly
« Fines accrue by $11,000 per occurrence under the Federal Trade Commission’s (FTC) “R-value

Rule”
FTC Action Leads to Court Order: Home Insulation

Marketer to Pay $350,000

Energy- and Cost-Saving Claims Were Deceptive and Unsubstantiated

4 FEDERAL TRADE COMMISSION
January 31' L E ; / PROTECTING AMERICA'S CONSUMERS

-
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Factors Affecting Airspace R-value

= Airspace R-value is affected by a
variety of factors

e |tems 1-6 can affect the R-value by a
factor of four or more.

« [tem 7 can reduce the R-value by a factor
of as much as six
= |tems 4 and 7 are often ignored when
making R-value claims.

N —

Size and orientation of the airspace
Shape of surfaces forming the airspace

Reflectivity (or emissivity) of the surfaces facing

the airspace

For reflective airspaces, the durability and

gegree of fouling of the reflective surface over
ime.

Direction of heat flow relative to airspace
orientation (i.e., seasonal change in heat flow
direction)

Natural convection (movement of air within the
airspace due to thermal gradients)

Mass air exchange with the airspace due to air
leakage or venting of the airspace (caused by

wind- and buoyancy-driven pressure

differentials).
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Factors Affecting Airspace R-value

= ltem 4: Aging and durability

e Sources estimate that the R-Value of
reflective foils can decrease anywhere
from 10-50%

« R-Value degrades due to staining, dust, or
other fouling issues

e Degree of impact depends on conditions

of use such as exposure to dust and
condensation.




Factors Affecting Airspace R-value

» [tem 7: Mass air exchange = “b---Values apply for ideal conditions
«  This is particularly important for airspaces (i.e., air spaces of uniform thickness
that are not fully enclosed and sealed to bounded by plane, smooth, parallel
prevent air leakage as required by the surfaces with no air leakage to or

ASHRAE Handbook of Fundamentals
(HOF) for use of “ideal” airspace R-
values.

from the space) ---" [p26.14 ASHRAE
HOF]

« Using “ideal” airspace values for non-ideal
airspaces results in inflated R-values, and
does not comply with energy code and
FTC R-value Rule requirements.




Factors Affecting Airspace R-value

» Air-leakage is particularly problematic

=\

for airspaces located behind cladding =l
» Studies on actual cladding

installations have benchmarked Interior Exterior

cladding airspace ventilation rates in N

the field

e The results show air exchange rates
approaching 400 air-changes-per-hour Airspace
(ACH) or greater. 1 @ behind
cladding

o




Factors Affecting Airspace R-value

= ACH depends on a number of factors,

including: >]]

=\

e Depth and height of air-cavity behind cladding
e Size and location of vent openings in cladding _ .
S . . Interior Exterior
«  Continuity of the vent openings (continuous or I
intermittent) A
*  Presence of bug screens or obstructions in vent
openings
«  Wind speed conditions and orientation to the Airspace
building, A behind
+  Temperature differentials (seasonally varying, cladding
also solar-driven)

o

-
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Factors Affecting Airspace R-value

» Typical cladding ACH values: /J‘
« Ventilated stucco cladding with a %" air >
cavity: 100 to 150 ACH

« 1.5" air cavity behind brick veneer
— With bug screens: 2 to 3 ACH
— Without bug screens: 20 to 30 ACH 4

Interior Exterior

«—Airspace
'y behind

cladding




Factors Affecting Airspace R-value

The ACH impacts both the moisture
control performance of cladding
(ventilation) as well as the thermal
resistance of the airspace (R-value)

Unfortunately, improving moisture
performance by increasing
ventilation/ACH serves to reduce the
R-value of the airspace.




Factors Affecting Airspace R-value

= On the other hand, keeping bugs out
of walls helps maximize airspace R-
values

Adding bug screens obstructs air flow
behind cladding, improving the R-value of
a ventilated airspace




Regulatory Requirements

The International Energy
Conservation Code (IECC) and
International Residential Code (Ch.
11) reference the FTC R-value Rule
as the basis for insulation R-value
ratings used in commercial and
residential building construction.

C33.1.4 Insulation produect rating. The thermal resis-
tance (R-value) of insulation shall be determined in accor-
dance with the U5, Federal Trade Commission f-value
rule {CFR Title 16, Part 4607 in units of b« ft* « “F/Btu at a
mean temperature of 7T5°F (247C).

-
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Regulatory Requirements

§460.5 R-value tests (FTC R-value Rule).

(b) Single sheet systems of aluminum foil...To get the R-value for a specific emissivity

u T h e FTC R -vVa | ue R u | e a | | OWwWS tWO level, air space, anq direction of heat row,_use ’Fhe tables in_the mqs_t rgoent edi_tion of

. .. the American Society of Heating, Refrigerating, and Air-Conditioning Engineers’

0 p‘t| ons fo r d ete rminin g R -va | ue Of an (ASHRAE) Fundamentals Handbook, if the product is intended for applications that meet
. . ) L the conditions specified in the tables.

alrs pace aSSOCIated Wlth as peCIfIC (c) Aluminum foil systems with more than one sheet, and single sheet systems of

. aluminum foil that are intended for applications that do not meet the conditions specifie

ro UCt luminum foil th intended f lications that d h diti ified

p - in the tables in the most recent edition of the ASHRAE Fundamentals Handbook, must

be tested with ASTM C 1363-97, “Standard Test Method for the Thermal Performance

¢ U Se Of the ASH RAE H O F ta bU |ated or of Building Assemblies by Means of a Hot Box Apparatus,” in a test panel constructed

_ “ " i according to ASTM C 1224-03, “Standard Specification for Reflective Insulation for

C_a |CU |ated R Va“l ues TOl’ ld eal reﬂ ective Building Applications,” and under the test conditions specified in ASTM C 1224-03. To

alrspaces <|.e., no air leaka ge to or from get the R-value from the results of those tests, use the formula specified in ASTM C

. ” 1224-03.
the airspace”) e

(d) For insulation materials with foil facings, you must test the R-value of the material

. If the airspace does not meet the ASHRAE alone (excluding any air spaces) under the methods listed in paragraph (a) of this
L . . section. You can also determine the R-value of the material in conjunction with an air
H O F Cco ﬂd ItIOﬂS, then |t m USJ[ be teSted n space. You can use one of two methods to do this:
accordance with ASTM C 1363 (h ot-box (1) You can test the system, with its air space, under ASTM C1363-97....
(2) You can add up the test R-value of the material and the R-value of the air
teXD and ASTM C 1224 space. To get the R-value of the air space, you must follow the rules in

paragraph (b) of this section.

-
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Regulatory Requirements

= However, some cladding airspace R-

=\

values may still not be evaluated —=ll,
properly:
« The airspace may not comply with Interior Exterior
conditions specified in the tables of the
HOF. 1
e ASTM C 1224 only addresses the use of
reflective insulation products in the cavity Airspace
of a wood frame wall. A behind
« ASTM C 1363 does not include a means cladding
to address air-flows in vented or
ventilated airspaces behind cladding ==

materials. U




Regulatory Requirements

= For commercial building energy efficiency, the 2018 IECC now offers guidance on
the use of airspaces to comply with Section C401.2, and addresses the limitation of
the ASTM C1363 test with regard to airspaces behind cladding materials by
modifying the test to incorporate an airflow of 70 mm/second through the airspace:

C402.2.7 Airspaces.

Where the thermal properties of airspaces are used to comply with this code in
accordance with Section C401.2, such airspaces shall be enclosed in an unventilated
cavity constructed to minimize airflow into and out of the enclosed airspace. Airflow
shall be deemed minimized where the enclosed airspace is located on the interior
side of the continuous air barrier and is bounded on all sides by building components.

Exception: The thermal resistance of airspaces located on the exterior side of
the continuous air barrier and adjacent to and behind the exterior wall-covering
material shall be determined in accordance with ASTM C1363 modified with an
airflow entering the bottom and exiting the top of the airspace at an air movement

rate of not less than 70 mm/second. ’.
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Regulatory Requirements

= Previous versions of the IECC also
reference ASHRAE 90.1 as an
optional energy code compliance path
for commercial buildings:

C401.2 Application. Commercial boildings shall comply
with one of the followino:

< |. The requirements of ANSVASHRAFE/AESNA 901>

2. The requirements of Sections C402 through C405. In
acddition, commercial buildings shall comply with Sec-
ton CA06 and tenant spaces shall comply with Section
C4ana. 1.1,

3. The requirements of Sections C402.5, C403.2, C404,
CA05.2, C405.3, CA05.4, CA05.6 and C407, The build-
ing enargy cost shall be equal to or less than 85 percent
of the standard reference design building.

-
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Regulatory Requirements

= |n addition to the FTC R-value Rule,
buildings designed in accordance
with ASHRAE 90.1-2016, must comply
with its airspace requirements.

» These requirements are new in the
2016 edition of ASHRAE 90.1 (based
on Addendum ac to the 2013 edition).

= Similar provisions are being
considered for the 2018 edition of the
|[ECC.

Addendum ac to Standard 90.1-2013 &

Modify Appendix A as follows, renumbering subsequent
sections where applicable (I-P and S1).
A9.4 Calculation Pr and A The fol-

lowing procedures and assumptions shall be “used for all cal-

culations. R-values for air films, airspaces, insulation, and
building matenials shall be taken from Sections A9.4.1
through A9.434, respectively. In addition, the appropriate
assumptions listed in Sections A2 through A8, including
framing factors, shall be used.

[---1
A9.4.1.3 Interior surfaces arc surfaces within enclosed

spaces.

Fable-AS 4B No-credit-shall be ;wm for T
¥

following critenia are 'sa(hﬁcd

A94I4M~d¢a—fe&wmmwp&hdmm :

dcslgncd to minimize :urﬂnw into and out of the enclosed
air gacc Alrﬂo\\ shall be dgmt:d rmmrm@ »\mn lm

n the interior
ous air hamcr and boundod on all sides by bulldmg com-

Reflective insulation as defined in ASTM C1224, where
used, shall be fitted closely around all non-heat producing

components and taped or otherwise scaled to eliminate
gaps or voids through which air, dust, or water vapor has
the potential to pass.

¢. Nonparallel spaces shall use the average distance to deter-
mine the thickness of the airspace.

that air-
n the sur-

for airs C'\Oflhlllhl.k S8 Of rcalr oV

S| not_ex: 12 in. (300 mm

faces at any point.
For material emissivity properties not listed in Table

- A9.4.2-2 Equation A9.4.2 shall be permitted to calculate the

effective emissivity for the airspace.

_‘;‘s‘.-g‘“'l’l"i" =] (A942)
where
&g =  effective emittance for the airspace
¢ surface | emittance

1
o

surface 2 emittance

=)

-
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Regulatory Requirements

= To use tabulated ideal R-values in Section A9.4.2 of ASHRAE 90.1,
airspaces must be, among other things, “enclosed in an unventilated
cavity designed to minimize airflow”

« Enclosed airspaces located to the interior of a building assembly’s
continuous air barrier layer and bounded on all sides are “deemed” to
minimize airflow.

= Thus, airspaces behind cladding (or other leaky or vented airspaces)
%rleggécluded and R-values must be determined by testing per ASTM

« Similar to requirements of the FTC R-value Rule in regard to use of
ideal R-values from ASHRAE HOF.




ASTM C1363 Testing (Example 1)

= ASTM C1363 benchmark testing = Testassembly
evaluated the R-value of a reflective includes:
airspace behind vinyl siding, as e 2x4 studs
required for “non-ideal” airspaces per . Cavity insulation
IECC, ASHRAE 90.1, and the FTC R- «  Wood structural
value Rule panel sheathing
=  Wall assemblies were tested in a *  Reflective

insulation house
wrap

* Vinyl siding

sequential “build-up” fashion to allow
the air-space R-value to be isolated.




ASTM C1363 Testing (Example 1)

= The difference between test #1 and
test #3 shows that the R-value
contribution of the reflective
insulation wrap, airspace, and vinyl
siding is approximately R-1.3.

» This suggests that the reflective
airspace and vinyl siding contributed
not more than about R-0.3 given that
the reflective insulation wrap itself
had a nominal R-value of about R-1.0
based on the difference between test
#1 and test #2.

Uniform
Exterior Air
Velocity (ft/s

Wall R-value
) (°F-ft2-hr/Btu)

Wall Assembly Description

0SB, R15 Batt, 2x4 studs at
16"oc, %" GWB @
Same as Test 1,
except reflective insulation wrap
included over OSB

Same as Test 2,
except vinyl siding included over
reflective wrap

Same as Test 1,
except vinyl siding directly over
0SB (no reflective wrap)

Note: Test data is reported to have a +/- 0.2R error band.

-
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ASTM C1363 Testing (Example 1)

» |n tests #3 through #5, variation in

. . . . . if

exterior side uniform air-flow in the Wall Assembly Description i A el R valee
: " °F-ft>-hr/Bt

hot-box chamber has little effect on Velocity (ft/s) | 17BN

the measured thermal performance of
16"oc, %" GWB

the overall wall assembly (and thus e,

th e a | rs pa ce R -va | u e) except reflective insulation wrap
) included over OSB
= This finding demonstrates the true Same as Test 2,

purpose of the airflow in the ASTM e ey
C1363 test - (next slide)

Same as Test 1,
except vinyl siding directly over
0SB (no reflective wrap)

Note: Test data is reported to have a +/- 0.2R error band.

-
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ASTM C1363 Testing (Example 1)

= The airflow creates a mixing effect,
intended to standardize the outdoor
air-film condition on the surface of
the test assembly.

= |t does NOT induce pressure
differences or air exchange as would
occur on an actual building exposed
to wind.

/ Large Specimen
with Side Joints

Guard
Chamber

Meter
Chamber

100°

@

Climatic
Chamber

®

o
o

Heat
Measuring
Device

=B

/‘ 5

/

Mixing fan airflow; not
equivalent to wind effect on
air changes through cladding




ASTM C1363 Testing (Example 1)

= Based on the difference between test

Uniform

#1 and #6’ the R_Value Of a non- Wall Assembly Description Exterior Air (¥?fltllﬁ;‘rl7|l;tllej)
reflective air-space and vinyl siding Velocity (ft/s)
provides an R-value of about R-0.64. 0SB, R1S Batt, 2xd studs at [y
oc, %"
= |t appears that a reflective surface in Same as Test 1,
. . . except reflective insulation wrap 2 9.0 12.78
a very leaky air space provides little  luded over OSB
to no thermal benefit in comparison Same as Test 2, 3 9.0 13.12
. . inyl siding included 4 1.64 13.15
to an air-space formed with non- D eriective wran - - = B

reflective surfaces .
ame as Test 1,
except vinyl siding directly over .

0SB (no reflective wrap)

JAN=R L E]
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ASTM C1363 Testing (Example 1)

= The ASHRAE HOF (Table 1 below) reports an R-value of R-0.62 for hollow-backed
vinyl siding over sheathing which is consistent with the ASTM C1363 benchmark

test data.
Table 1 Building and Insulating Materials: Design Values® (Continued)
Density, Conductivity? k, Resistance R, Specific Heat,
Description Ib/ft*  Btu-in/h-ft*>-°F h-ft>-°F/Btu  Btu/Ib-°F Reference!
Hardboard siding........c.ccoooiiiiiiiiciiciis 7/16 in. — — 0.15 0.35
Wood, drop, 8 In.....cociocc 1 in. — — 0.79 0.28
Wood, bevel
8 in., lapped.....oooiii 1/2 in. — — 0.81 0.28
10 in., lapped......oooiii s 3/4 in. — — 1.05 0.28
Wood, plywood, 3/8 in., lapped ..o — — 0.59 0.29
Aluminum, steel, or vinyl,™ ! over sheathing ................. —
BOHOW-DACKE. ..o — — 0.29
insulating-board-backed.........ccoooeiiiiininnns 3/8 in. — — 1,82 0.32
fOIl-BACKEd ..o 3/Rin. — — (2.96) —
Architectural (soda-lime float) glass.......c.coeoeoiinncee 158 69 — 0.21




ASTM C1363 Testing (Example 1)

= However, HOF Table 1 also reports an R-value of R-2.96 for “foil-backed” vinyl
siding, inconsistent with the test data.

« This R-value for reflective airspaces behind vinyl siding appears to based on an inappropriate and
non-compliant assumption of an “ideal” (no air leakage) airspace
» It should be corrected and not be used for code compliance.

Table 1 Building and Insulating Materials: Design Values? (Continued)
Density, Conductivity? k, Resistance R, Specific Heat,

Description Ib/ft*  Btu-in/h-ft*>-°F h-ft>-°F/Btu  Btu/Ib-°F Reference!
Hardboard Siding...........cov.eeereeeionreceiereeeeeeneens 7/16 in. — — 0.15 0.35
Wood, drop, 8 in......ewceereveeeereeeeceeee e 1in. — — 0.79 0.28
Wood, bevel
8, [APPEd e 1/2 in. — — 0.81 0.28
1040, 18PPEM..c. oo 3/4 in. — — 1.05 0.28
Wood, plywood, 3/8 in., lapped ..o — — 0.59 0.29

Aluminum, steel, or vinyl,™ ! over sheathing ................. —

BOHOW-DACKE. ..o — 0.29
insulating-board-backed.........ccoooeiiiiininnns 3/8 in. — 1,82 0.32
foil-backed ... 3/8in.

Architectural (soda-lime float) glass.......c.coeoeoiinncee 158 69 — 0.21 l I
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ASTM C1363 Testing (Example 2)

= Since ASTM C1363 does not currently o g Speoimen
account for airflow in airspaces
. . Guard
behind cladding, test results may Chamber Heat
[ H ” - . M i
overstate R-value of “non-ideal Simatic. | ooy
airspaces. weter i
= However, one test project 0
appropriately modified the setup to 5
include a means of inducing a .
ventilation air-flow (7 cm/s) in the 1” =
airspace behind a typical brick veneer — o
. . . . . — an inauced air-flow behina cladding
installed over semi-reflective building withentry and exit temperatures
. monitored to account for heat
Wrap mateﬂal transfer through ventilation air

-
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ASTM C1363 Testing (Example 2)

= Though the heat flow through the it o
ventilation air-flow was not
accounted for in the analysis of the . -
test data, the data and results can be Climatic | Measuring
evaluated to properly account for the Voter Chamber | 7"
effect of air-flow on the actual R- Chamber :i:
value of this common type of “non- 100°
ideal” airspace 5

= An ASHRAE research project is
underway to investigate appropriate - -
air-flow rates and advance this —_
potential modification to the ASTM e ey g e
C1363 test method. montored fo account or heat

transfer through ventilation air




Airspace Types

= Different airspace types require
different approaches to qualify code-
compliant R-values: { |

Air barrier
Enclosed Enclosed \ / &

and sealed but not Interior Exterior
[-\ sealed m
U/—’Airspace

=W

1 Airspace

Exterior Airspace
behind

cladding
Interior \ Exterior

\U -0,

Interior

Ideal Airspace Enclosed Airspace Vented Airspace
(no air leakage) Case 1: minimized Case 2: uncontrolled
air leakage air leakage

-
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Airspace Types — |deal

= |deal airspaces must be sealed (no air
leakage to or from the airspace) ’

= Must comply with ASHRAE HOF ——4
limitations in Chapter 26, Table 3, and sealed
footnote ‘b’:

e “~--having a uniform thickness bounded by
plane, smooth, parallel surfaces with no
air leakage to or from the space” Interior

1

— Airspace

Exterior

4
J




Airspace Types — Enclosed Case 1

= Enclosed (Non-ideal) Case 1 4
airspaces have minimized air leakage, 7
which means they are: Enclosed/ \/{Airbarrier
« Enclosed in an unventilated cavity on the but not
interior side of the continuous air barrier sealed
« Bounded on all six sides by building |
components <[ Arepace
e Based on ASHRAE 90.1-2016 Section
A9.4.7
— For non-uniform thickness, use the Interior Exterior
average thickness to determine an
average R-value.
N2




Airspace Types — Enclosed Case 2

= Enclosed (Non-ideal) Case 2

=\

airspaces have uncontrolled air >]J.
leakage, which means:
« They do not qualify as an ideal or Case 1 Interior Exterior
airspace
. . A
* Anexample would be an airspace behind k
cladding
Airspace
A behind
cladding

_M_U




Determining R-value — Ideal Airspaces

= Different methods are used to
determine R-value for an ideal _
airspace greater Or |eSS than ]/2" thiCk Table 3  Effective Thermal Resistance of Plane Air Spaces,»< h-ft2-°F/Btu

Position of  Direction of .\[e:lir SP’:M 3 0.5 in. Air Space® e e g 0.75 in. Air Space®
° For an |de al airsp ace = 1/2” th| Ck use AirSpace  Heat Flow  Temp.d, °F niﬂ..“p"r 0.03 005 02 05 0.82 003 005 02 05 082
ASHRAE HOF (Ch. 26), Tables 2 and 3. S i v 1 b 34 5 % i o
50 10 266 2.54 1.88 1.24 091 3.70 346 235 1.43 1.01
e Unless use conditions dictate otherwise, e BE=E T 6 s N L i  a e
=50 20 290 2.82 235 1.76 139 290 283 236 177 139
R-values should be based on a mean —50 0 320 310 254 187 146 372 360 287 204 156
temperatu re Of 5OOF and a tem peratu re Air Space L5 in. Air Space® 3.5 in. Air Space®
difference of 300F, to most closely match N % m 4 M 1m M 4 i% i® 15 o
) . 50 10 3.7 358 239 145 1.02 3.63 340 232 142 1.01
ASTM C1224 e == [ B B R 2 H & AR 2
=50 20 264 2.58 218 1.66 133 282 275 230 1.73 1.37
-50 10 331 321 262 191 148 340 3.30 267 1.94 1.50

-
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Determining R-value — Ideal Airspaces

For an ldeal airspace < %" thick:

Testing — ASTM C1363, plus ASTM
C1224 (if reflective).

— For horizontal or sloped airspaces,
testing shall include both upward and
downward heat flow for separate R-
values.

Calculation — In accordance with ASHRAE
HOF Ch. 4 equations for combined
radiation and convective heat flow,
including applicable directions of heat
flow.

/ Large Specimen
with Side Joints

Guard
Chamber

Climatic

50°

Chamber ¢

at
entiin,

teat transfer from a sur-
is then

L
rt R

1 either °R or °F; the difference
wever, absolute temperatures
Ite temperatures are °R = °F +

s positive, and that the direc-

tion of g is determi

L

by the sign of (1, — 1).

-
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Determining R-value — Case 1

= Enclosed Airspace R-value Case 1 (minimized air leakage), use
one of the following:
« Prescriptive — Determine R-value per ASHRAE 90.1-2016 Section
A9.4.2. Airspaces less than %" thick shall have no R-value. The R-
value for airspaces between 3.5" and 12" thick shall use 3.5”
thickness as basis.
e Testing — Determine R-value per ASTM C1363 (including ASTM
C1224 for reflective airspaces) for applicable directions of heat
flow.




Determining R-value — Case 2

= Enclosed Airspace R-value Case 2 (uncontrolled air leakage), use
one of the following:

* Prescriptive — The R-value of the airspace and any material to the
exterior side (e.g. cladding) shall be taken as zero. An exterior air
film R-value may be applied.

e Testing — Determine R-value per ASTM C1363 with modification to

induce ventilation air-flow (min. 7 cm/s). Analysis of the assembly
or air-space R-value must account for heat flow through the

ventilation air.




Flow Chart for Airspace Type & R-value Determination

Airspace Type

Enclosed

Airspace (non-
ideal)

Ideal Airspace
%" or greater
thickness

Casel
(minimized air
leakage)

Case 2
{uncontrolled
air leakage)

Testing (ASTM
C1363,
meodified)

Prescriptive
(ASHRAE}

Prescriptive
{ASHRAE)

Testing (ASTM
€1363)

Prescriptive
(ASHRAE)

Testing (ASTM
C1363)

Calculation




Conclusion

= Many variables and conditions affect the R-value of airspaces.

= Actual airspace R-values can vary substantially from published
values based on idealized conditions.

= Research has shown that non-ideal airspace conditions can have
significant impacts on thermal performance, particularly for
airspaces behind cladding materials.

= Many applications of non-ideal airspaces still errantly rely on ideal
airspace assumptions to derive R-values for energy code compliance.

= The evaluation recommendations provided herein will help ensure
code-compliance and more accurate assessment of airspace R-
values.




Suggested Resources

= (Continuous Insulation - Air Space R-Value
= Continuous Insulation - Thermal Insulation



https://www.continuousinsulation.org/air-space-r-value
https://www.continuousinsulation.org/topical-library/thermal-insulation
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