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Introduction

= Airspaces in building envelope assemblies are known to affect
thermal performance.

= The exact R-value of an airspace can vary significantly depending
on factors such as air-tightness or the type of surrounding
materials.

= While conventional “mass” insulation materials also have variable
thermal performance depending on conditions of use, the degree
of variability is generally much smaller.




Introduction

» This guide will detail the two main
steps to evaluating the air space R-

value:
« How to determine the type of airspace in
the wall assembly
« How to determine the R-value for each
type of airspace




Step 1: Determine Airspace Type

= First, determine whether the airspace
is ldeal or Enclosed.

Airspace
Type?

Enclosed
Airspace (non-
ideal)




Step 1: Determine Airspace Type

» Per ASHRAE Handbook of Fundamentals (HOF) Chapter 26 Table 3, footnote ‘b’,
an ldeal airspace has:
« Uniform thickness
« Bounded by plane, smooth, parallel surfaces
« No air leakage to or from the space (‘sealed’)

Table 3 Thermal Resistances of Plane Air Spaces, < h-ft2-°F/Btu

Values based on data presented by Robinson et al. (1954). (Also see Chapter 4,
Tables 5 and 6, and Chapter 33). Values apply for ideal conditions (i.e., air spaces
of uniform thickness bounded by plane, smooth, parallel surfaces with no air leak-
age to or from the space). For greater accuracy, use overall U-factors determined
through calibrated hot box (ASTM Standard C976) or guarded hot box (ASTM Standard
C236) testing. Thermal resistance values for multiple air spaces must be based on careful
estimates of mean temperature differences for each air space.




Step 1: Determine Airspace Type

» |deal airspace examples:
Enclosed and sealed airspace inside a

stud cavity oced /
Enclose
and sealed

1

— Airspace

Interior Exterior

[
J




Step 1: Determine Airspace Type

» The space is considered enclosed
(non-ideal) if it does not meet the
criteria for an ideal airspace.

= Determine whether the enclosed
airspace is Case 1 or Case 2

Airspace Type?

Enclosed

Ideal airspace airspace (non-
ideal)

Case 1 Case 2
(minimized air (uncontrolled
leakage) air leakage)




Step 1: Determine Airspace Type

= A Enclosed Case 1 (minimized air
leakage) airspace is, per ASHRAE
90.1-2013 with Addendum ac or

ASHRAE 90.1-2016 Section A9.4.2: fioen Table A94.2.1 based on the effective emittance of the
. . . . surfaces facing the airspace from Table A9.4.2-2 provided the
Enclosed in an unventilated cavity e e
* Located on the interior side of the a. The airspace shall be an enclosed and unventilated cavity
continuous air barrier dcsmncd to minimize airflow into and out of the enclosed
o o ir_space. ~\lrﬂow shall be dex,med mmlmm?d “hcn the
« Bounded on all six sides by building :

components to minimize airflow into and °“5f‘"b"""°”"d"°“""ed°“ ol sdes by b“—g"d'“ com-

out of the space




Step 1: Determine Airspace Type

» Enclosed Case 1 example:

An enclosed but not sealed airspace 7
o . At barr
Il’jSlde a stud c.awty | Enclosed/ \/‘/ ir barrier
= For airspaces with non-uniform but not
thickness, use the average distance sealed [\
between bounding surfaces as the L Airspace

thickness. U

Interior / \ Exterior
b '




Step 1: Determine Airspace Type

» Airspaces which do not qualify as
ideal airspaces or which do not

minimize air leakage (Case 1) are
Case 2 airspaces.

Airspace Type?

Enclosed
Ideal airspace airspace (non-
ideal)

Case 1 Case 2
(minimized air (uncontrolled
leakage) air leakage)




Step 1: Determine Airspace Type

» Enclosed Case 2 example:

An airspace located behind or underneath >
cladding materials, which is subject to
airflow

=\

Interior Exterior

Airspace
behind
cladding

_M_U




Step 2: Determine Airspace R-Value

= Once the airspace type is determined,
the airspace R-value can be
evaluated.

= Different evaluation methods are
permitted for each airspace type per
the ASHRAE HOF.




Step 2: Determine Airspace R-Value

» For ldeal airspaces %" thick or
greater:

e Determine the R-value for the airspace
(including R-values for different directions
of heat flow as applicable to horizontal
airspaces) in accordance with ASHRAE
Handbook of Fundamentals (Chapter 26),
Tables 2 and 3.

Airspace Type

Ideal Airspace

%" or greater
thickness

Prescriptive
(ASHRAE
HOF)




Step 2: Determine Airspace R-Value

» Use Chapter 26 Table 2 to determine
the emittance of the airspace
surfaces

e Forexample, a 0.75" airspace bounded on
all sides by building materials has an
emittance of 0.82

= Then use Chapter 26 Table 3 to
determine the R-value

Table 2  Emittance Values of Various Surfaces and Effective
Emittances of Air Spaces®

Effective Emittance
£gy of Air Space

Average OneSurface  Both
Emittance Emittancez; Surfaces

Surface 3 Other, 0.9 Emittance £
Aluminum foil, bright 0.05 0.05 0.03
Aluminum foil, with condensate

just visible (=0.7 g/ft?) 0.30b 029 —
Aluminum foil, with condensate

clearly visible(=2.9 g/ft?) 0.70b 0.65 —
Aluminum sheet 0.12 0.12 0.06
Aluminum coated paper, polished 0.20 020 0.11
Steel, galvanized, bright 0.25 0.24 0.15
Aluminum paint 0.50 047 035

Building materials: wood, paper,
masonry, nonmetallic paints 0.90 0.82

Regular plass 0.84 0.77 0.72

Values apply in 4 to 40 jm range of electromagnetic spectrum.
5Values based on data in Bassett and Trethowen (1984).

-~
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Step 2: Determine Airspace R-Value

= Unless use conditions dictate otherwise, the R-values shall be based on:
 Mean temperature of b0oF
e Temperature difference of 300F.

Table 3 Effective Thermal Resistance of Plane Air Spaces,»"< h-ft>-°F/Btu

Air Space Effective Emittance E,ﬂ"-'
Position of  Direction of Mean Temp. 0.5 in. Air Space® 0.75 in. Air Space®
Air Space  Heat Flow  Temp.d, °F Diff., 4 °F 0.03 0.05 0.2 0.5 0.82 0.03 0.05 0.2 0.5 0.82
90 10 247 234 1.67 1.06 0.77 3.50 3.24 2.08 122 0.84
257 246 184 123 090 291 277 201 130 094
50 10 2.66 254 1.88 1.24 0.91 3.70 346 235 143 1.01
Vertical HOMZ. i 0 20 282 2.72 2.14 1.50 113 314 3.02 232 1.58 1.18
] 10 293 2.82 2.20 1.53 1.15 3.77 3.59 2.64 1.73 1.26
-50 20 2.90 2382 235 1.76 139 2.90 2.83 236 1.77 1.39
=50 10 3.20 310 2.54 1.87 1.46 in 3.60 287 2.04 1.56
Air Space 1.5 in. Air Space® 3.5 in. Air Space®
90 10 399 3.66 225 1.27 0.87 3.69 340 215 1.24 0.85
50 30 258 2.46 1.84 1.23 0.90 2.67 2.55 1.89 1.25 0.91
50 10 379 3.55 239 1.45 1.02 3.63 3.40 232 1.42 1.01
Vertical HOFIZ. i 0 20 276 2.66 2.10 148 112 288 278 217 1.51 1.14
1] 10 351 335 2.51 1.67 1.23 349 333 2.50 1.67 1.23
=50 20 2.64 2.58 218 1.66 133 282 275 230 1.73 1.37

-50 10 331 321 2.62 1.91 1.48 340 3.30 2.67 1.94 1.50




Step 2: Determine Airspace R-Value

= |n our example, the %" airspace bounded on all sides by building
materials has an R-value of 0.90.

Table 3 Effective Thermal Resistance of Plane Air Spaces,»"< h-ft>-°F/Btu

Air Space Effective Emittance E,ﬂ"-'
Position of  Direction of Mean Temp. 0.5 in. Air Space* p— 0.75 in. Air Space®
Air Space  Heat Flow  Temp.d, °F Diff. 4 °F 003 0.05 0.2 05 Qo.s2) 0.03 005 0.2 0.5 082
90 10 247 234 167 106 Q7 350 324 208 122 084
257 246 184 123 Cos0) 291 277 2001 130 094
50 10 2.66 2.54 1.88 1.24 0.91 3.70 346 235 143 1.01
Vertical HOMZ. i 0 20 2.82 2.72 2.14 1.50 113 314 3.02 232 1.58 1.18
] 10 293 2.82 2.20 1.53 1.15 377 3.59 2.64 1.73 1.26
-50 20 2.90 2382 235 1.76 139 2.90 2.83 236 1.77 1.39
-50 10 3200 310 254 187 146 372 360 287 204 156
Air Space 1.5 in. Air Space® 3.5 in. Air Space®
90 10 399 3.66 225 1.27 0.87 3.69 340 215 1.24 0.85
50 30 258 2.46 1.84 1.23 0.90 2.67 2.55 1.89 1.25 0.91
50 10 379 3.55 239 1.45 1.02 3.63 3.40 232 1.42 1.01
Vertical || P — 0 20 276 266 210 148 112 288 278 217 151 114
1] 10 351 335 2.51 1.67 1.23 349 333 2.50 1.67 1.23
-50 20 264 258 218 166 133 282 275 230 173 137

-50 10 331 321 2.62 1.91 1.48 340 3.30 2.67 1.94 1.50




Step 2: Determine Airspace R-Value

» Forideal airspaces of less than Y-
inch thickness, or otherwise not
complying with ideal airspace
conditions, there are two options to
determine airspace R-value.

Airspace Type

Ideal Airspace

Less than 5"
thickness

l(As'—rr:/ftciq%&)I l Calculation |
ABTG




Step 2: Determine Airspace R-Value

= |deal airspace <% testing ASTM C o~ -arge Spesimen
1363:
Guard

e Forreflective ideal airspaces, the Chamber Hoat
application of the ASTM C 1363 test Measuring
method shall comply with conditions and Device
formula specified in ASTM C 1224 (e.g., weer Climatic
75°F mean temperature and 30°F i Chamber i
temperature difference). 100°

e For horizontal airspaces, testing shall
include upward and downward heat flow
directions to determine R-values 50°
accordingly.

L —_—



http://www.astm.org/Standards/C1363.htm

Step 2: Determine Airspace R-Value

» |deal airspace <¥%" calculation:

e The ideal airspace R-value shall be
calculated in accordance with equations in . L o
Chapter 4 of the ASHRAE Handbook of Combined Radiation and Convection
. . When ¢, =i, in Equation (4), the total heat transfer from a sur-
Fundamentals for combined radiation and face by convection and radiation combined is then
convection for heat flow directions and

temperature conditions applicable to the 9= Graa+ Geom = (Is = L)y by + )

end use conditions. The temperature difference 7, —_ is in either °R or °F; the difference
is the same. Either can be used; however, absolute temperatures
must be used to calculate &,. (Absolute temperatures are °R = °F +
459.67.) Note that h_, and h, are always positive, and that the direc-
tion of g is determined by the sign of (7, — 1,,).

-~
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Step 2: Determine Airspace R-Value

= For an Enclosed airspace R-value,
Case 1 (minimized air leakage) two Airspace Type
methods are permitted.

Enclosed
Airspace

(non-ideal)

Case 1
(minimized
air leakage)

Prescriptive Testing
(ASHRAE
HOF) (ASTM C1363)




Step 2: Determine Airspace R-Value

» Enclosed airspace, Case 1
prescriptive:
e Determine the R-value in accordance with

ASHRAE Standard 90.1-2013 (Wlth fron‘:':”ablc A9.4.2-1 baﬁcd.;nlthc 2ffeict;\'c ;n:ttalrl)cc o.ftl‘\cn
Addendum ac) or ASHRAE 90.1-2016 surfaces facing the airspace from Table A9.4.2-2 provided the
Section A9.4.2. following critenia are satisfied:

o Airspaces less than %" thick shall have no A L) S S e
R-value. ¢. The R-value for 3.5 in. (89 mm) airs shall be us

) ) ) for airspaces of lﬁl thi;:kncsc or grca.lcr pr‘()\"idcd that air-
« The R-value for 3.5-inch thick airspaces space does not exceed 12 in. (300 mm) between the sur-

shall be used for airspaces of greater Bl
thickness provided the airspace thickness
does not exceed 12",




Step 2: Determine Airspace R-Value

» Enclosed airspace, Case 1 testing o Lae Specimen
(ASTM C 1363):
Guard

e Forreflective airspaces, the application of Chamber Heat
the ASTM C 1363 test method shall Measuring
comply with conditions and formula Device

specified in ASTM C 1224 (e.g., 750F neer it
mean temperature and 300F temperature L Chamber .

difference). 100°

e For horizontal or sloped airspaces
(reflective or non-reflective), testing shall
include upward and downward heat flow 50°
directions to determine R-values
accordingly. —

B —_— |



http://www.astm.org/Standards/C1363.htm

Step 2: Determine Airspace R-Value

= Asingle “effective” R-value for energy
code compliance purposes shall be

permitted to be derived based on L T N -
weighting of the R-values for different T
heat flow directions by the relative 2 L 12w
magnitude of heating and cooling == = =
degree days within each climate zone 2 20 13 W@
of ASHRAE 90.1 T
« Referto Table A9.4.2-1 for benchmark 1.._1 i i ﬁ
example of this weighting procedure 2 27 15 L
resulting in different airspace R-values for 66 33 11 LI

horizontal airspaces in different climate
zones




Step 2: Determine Airspace R-Value

= For an Enclosed airspace R-value,
Case 2 (uncontrolled air leakage),
both prescriptive and testing methods
are also permitted. ——

Airspace

Airspace Type

(non-ideal)

Case 2
(uncontrolled
air leakage)

Prescriptive Testing
(ASHRAE
HOF) (ASTM C1363)




Step 2: Determine Airspace R-Value

» Enclosed airspace, Case 2
prescriptive:
e The airspace R-value and R-value of any

material to the exterior side of the
airspace shall be taken as zero (0).

« An exterior air-film R-value shall be
permitted to be applied. (Table 1)

Table 1 Surface Conductances and Resistances for Air

Surface Emittance, €

Direction Nonreflective Re b
Position of of £=0.90 £=0.20 £=0.05
Surface Heat Flow  &; k h R i R
Still Air
Horizontal Upward .63 061 091 LI0 076 132
Sloping at 45°  Upward 1.60 062 088 L14 073 137
Vertical Horizontal 146 068 074 135 059 170
Sloping at 45° Downward 132 076 060 167 045 222
Horizontal Downward 1.08 092 037 2.70 022 455
Moving Air (any position) h, R
15 mph wind Any 600 017 — — - —
(for winter)
7.5 mph wind Any 400 025 — — — —
(for summer)
MNotes:

1. Surface conductance h, and h, measured in Btu'h-fi2-°F; resistance & in

h-fi2-“F/Btu.

2. No surface has both an air space resistance value and a surface resistance value.

3. Conductances are for surfaces of the stated emittance facing virtual black-body sur-
roundings at same temperature ss ambient air Values based on surface/air
temperature difference of 10°F and surface temperatures of 70°F.

4. Bee Chapter 4 for more detailed information.

3. Condensate can have significant effect on surface emittance (see Table 2).

-~

JAN=JE



Step 2: Determine Airspace R-Value

» Enclosed airspace, Case 2 testing — S tonts
ASTM C 1363 (modified): - \
« The airspace R-value shall be determined Chamber et

in accordance with ASTM C 1363 Simatic. | ooy
modified with an air-flow entering the '\C/';:T:ber

bottom and exiting the top of the airspace. I I

100°
50°
=
L — Fan induced air-flow behind cladding

with entry and exit temperatures

monitored to account for heat
transfer through ventilation air

-~
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http://www.astm.org/Standards/C1363.htm

Step 2: Determine Airspace R-Value

=  The minimum air-movement rate for
testing shall be:

« 3 cm/s for claddings installed in end use with
bottom vents only including bug screens or
other obstructions in the vent openings;

« 7.cm/s for claddings with intermittent top and
bottom vents including bug screens or other
similar obstructions in the vent openings or in
the airspace;

« 15 cm/s for all claddings having continuous top
and bottom vents or claddings that are air-
permeable (e.g., distributed ventilation through
ports or unsealed seams).




Step 2: Determine Airspace R-Value

= The air flow rate and temperature shall be monitored during
testing and the enthalpy change of the ventilation air shall be
incorporated in the analysis of the R-value of the overall
assembly.

= To determine the R-value of the airspace alone, an additional test
shall be conducted on an assembly without the airspace, and the
difference between the two may be taken as the R-value of the
airspace (by itself or in combination with a specific cladding)




Step 2: Determine Airspace R-Value

= An ASHRAE research project is under ®

development to provide a

recommended testing approach and
ABTG

criteria for airspaces with
uncontrolled air leakage.




Conclusion

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

= Airspace R-values can vary substantially from those published in
ASHRAE Handbook of Fundamentals, which are based on
idealized conditions of uniform air space thickness, smooth
surfaces, and no air leakage to or from the airspace.

= Using technical data and regulatory requirements, one can
categorize airspace types and determine appropriate R-values for
each type of airspace, particularly in relation to air leakage




Flowchart

Airspace Type

Enclosed
Ideal Airspace Airspace
(non-ideal)
| ] 1
” a4 Case 1 Case 2
% or greater Less_ L (minimized (uncontrolled
A GIEES ! G | airleakage) | air leakage)
| | | |

Testing
(ASTM C1363,
modified)

Prescriptive
(ASHRAE)

Testing
(ASTM C1363)

Prescriptive
(ASHRAE)

Prescriptive
(ASHRAE)

Testing

Calculation (ASTM C1363)




Suggested Resources

= Air Space R-Value - ContinuouslInsulation.org
= Thermal Insulation - Continuouslnsulation.org



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

