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ABTG reserves the right to supplement or revise this research report, based on new scientific, testing, or analytical information that becomes 
available to ABTG. Updates may also be made based on any peer review or critique of any ABTG report. 

The most recent version of any ABTG research report will be found at appliedbuildingtech.com. 
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Introduction:  
The presence of an airspace enclosed within a building envelope assembly is known to contribute to the overall thermal 
performance of the assembly. But, the actual R-value of an airspace can vary significantly depending on various 
conditions of use, such as the air-tightness of the assembly of materials enclosing an airspace. While conventional “mass” 
insulation materials (e.g., fiberglass batts, cellulose, spray foam, or rigid foam boards) also have variable thermal 
performance depending on conditions of use, the degree of variability is generally much smaller and more tolerable from a 
design and code compliance standpoint. 
 
The concern with variability and reliability of thermal performance applies to all types of airspaces, including those that 
use reflective materials adjacent to the airspace to achieve a higher R-value. Unfortunately, the important criteria or 
conditions of use are often overlooked or misunderstood, resulting in non-compliant applications of airspaces and 
potentially mischaracterized airspace R-values. This problem is particularly relevant to the use of reflective and non-
reflective airspaces located behind typical exterior wall coverings which exhibit varying degrees of air-permeability and are 
often intentionally vented to promote air exchange for drying and water management purposes.1 Consequently, such 
airspaces behind cladding are far from airtight and the rate of air-exchange in actual use can significantly erode claimed 
R-values which are based on conditions of an idealized (airtight) airspace. Where considered to be a “home insulation” 
product, false claims regarding R-values can result in civil penalties to manufacturers and contractors of as much as 
$11,000 per occurrence under the Federal Trade Commission’s (FTC) “R-value Rule” (FTC, 2005). Refer to Appendix A 
for an example of the FTC’s commitment to prosecute non-compliances and also letters of concern from EPA Energy Star 
regarding applications of reflective airspaces.  
 
To help resolve the concerns described above, this research report reviews current technical knowledge and regulatory 
requirements in order to provide guidance for appropriate R-value characterization and limitations of use for airspaces 
within building assemblies for code compliance. It is based on a prior review of literature and deliberations regarding this 
matter which occurred under the purview of the Envelope Subcommittee of the ASHRAE 90.1 consensus standard 
committee (ASHRAE, 2013a). Many of the findings reported herein have contributed to improvements in the treatment 
and characterization of airspaces, including determination of R-values and limitations of use, now specified in the 2016 
edition of the ASHRAE 90.1 standard. 
 

Background: 
ASHRAE Handbook of Fundamentals and Related Research 
The magnitude of thermal resistance (R-value) provided by an airspace located within a building assembly depends on a 
number of factors including: 

1. Size and orientation of the airspace 

2. Shape of surfaces forming the airspace 

3. Reflectivity (or emissivity) of the surfaces facing the airspace 

4. For reflective airspaces, the durability and degree of fouling of the reflective surface over time. 

5. Direction of heat flow relative to airspace orientation (i.e., seasonally changing heat flow direction up or down 
through a horizontal airspace) 

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

7. Mass air exchange with the airspace due to air leakage or venting of the airspace (caused by wind- and buoyancy-
driven pressure differentials causing air to move into and out of the airspace). 

 
The first six items in the list above can alter the R-value assigned to an air cavity by a factor of 4 or more based on the 
range of conditions represented in Figure 1. More significantly, the seventh item in the list relating to air exchange or air-
tightness of the airspace can contribute to the loss of thermal performance such that the R-value of a typical airspace 
behind vinyl siding can be reduced by a factor of as much as 6, resulting in a tested (actual) R-value of only 15% of that 
reported in Figure 1 (Exova, 2011). Consequently, it is very important to properly characterize the R-value of an airspace 
and to construct it in a manner consistent with the conditions used to determine an R-value for energy code and 
regulatory compliance purposes. In most cases, the R-values reported for airspaces are based on and rely upon the 
construction of airspaces that permit essentially no air leakage to or from the airspace (e.g., airtight). 

                                                 
1 Typical exterior wall coverings include brick veneer, vinyl siding, and various types of lap siding (fiber cement, wood, etc.).  
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Figure 1. Vertical airspace R-values excerpted from Table 3 in Chapter 26 of the ASHRAE Handbook of Fundamentals (ASHRAE, 2013b). 

The ASHRAE Handbook of Fundamentals (HOF) elaborates on the concerns mentioned above with the following 
statements regarding reflective insulation systems which rely on the presence of an airspace to control the portion of heat 
transfer associated with radiation: 

“…air movement in and out of the enclosed space must be inhibited or the reduction in radiative heat transfer will be 
overshadowed by airflow through the space.” [p26.5] 
 
“…This includes reflective surfaces behind siding, which should not be considered reflective insulation (in most cases, heat 
transfer is dominated by wind-driven convection, rather than radiant exchange).” [p26.12] 
 
“…surface oxidation, dust accumulation, condensation, and other factors that change the condition of the low-emittance 
surface can reduce the thermal effectiveness (Hooper and Moroz, 1952).” [p26.5] 

 
[bolded text for added emphasis] 

 
More importantly, Table 3 in Chapter 26 of the HOF (see Figure 1) provides tabulated R-values for reflective and non-
reflective airspaces with the following qualifying footnote: 

“b Values based on data presented by Robinson et al. (1954) …Values apply for ideal conditions (i.e., air spaces of uniform 
thickness bounded by plane, smooth, parallel surfaces with no air leakage to or from the space) …” [p26.14] 

 
[bolded text for added emphasis] 

 
Thus, airspaces with R-values determined in accordance with the HOF or ASHRAE 90.1 provisions should be contained 
within an essentially airtight enclosure or assembly. Furthermore, it is made clear that airspaces behind typical cladding 
materials and installations are not considered airtight. R-values for such airspaces must be determined by an appropriate 
test methodology representative of the conditions of use (more on this topic later). 
 
As further confirmation to the guidance and cautions provided in the HOF, the primary source cited for the reflective and 
non-reflective airspace R-values reported in Figure 1 provides the following insights (Robinson and Powlitch, 1954): 

Regarding the limitations on applicability of the data, the report indicates “no leakage of air into or out of the space” [p14] and 
that “…airspaces…may depart significantly from characteristics for which these data are pertinent…may not be 
completely sealed…heat transfer would be significantly greater…” [p16]. 
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Regarding the test data and specimens used to develop the R-values for airspaces, “The faces of panels were made of 19-gage 
galvanized sheet steel…To seal the airspaces, several sheets were screwed to the frames over 1/16” felt strips glued to the 
wood.” [p31] 

 
[bolded text for added emphasis] 

 
Thus, it is clear that airspaces using the R-values provided in Table 3 (Chapter 26) of the HOF are intended to be 
essentially airtight (i.e., contained within a sealed enclosure made from air-impermeable materials). 
 
As also referenced in the HOF, the study by Goss and Miller (1989) provides additional relevant observations: 

“The airspaces are supposed to have no air leakage to other airspaces and to the air located on either side of the building 
assembly.” [p.651] 
 
“…the inappropriate use of these tables can result in significant errors in predicting the thermal performance of reflective 
insulation systems…” [p.657] 
 
“The conditions of application of the ASHRAE airspace R-values are the ideal conditions obtained under laboratory care, which 
may not be practical to reproduce in the field during normal building construction with actual reflective insulation building 
products." [p.657] 
 
“Use of the ASHRAE one-dimensional calculation methods along with the thermal resistance values for reflective airspaces were 
found to over predict the measured thermal performance of the reflective insulation products by about 90% to 300%.” 
[p.659] 
 
“…under many common conditions of use, the aging of reflective insulation will be accompanied by a reduction in its 
insulating value.” [p.660] 

 
[bolded text for added emphasis] 

 
The over-prediction of measured thermal performance as mentioned above is corroborated by others (CCHRC, 2011): 

“…the calculation method presented in ASHRAE (2009) is known to exaggerate the actual performance…” 
 

[bolded text for added emphasis] 
 
While only briefly mentioned above, aging or durability effects on the performance of reflective insulation systems is 
addressed in a study by the Oak Ridge National Laboratory (ORNL, 1983) which reports “…decreases in R-value of 10-
30% for reflective foils that were found to have stains attributed to the presence of a film of water” [p.17]. For a more 
severe condition of exposure to an open attic space, a 20-fold increase in emissivity over a 3-year period was attributed to 
dust accumulation [p.20]. According to Saber (2012), a small increase in emissivity due to fouling of the reflective surface 
can have a disproportionately large effect on R-value of a reflective airspace. For example, a 20-fold increase in emissivity 
of the reflective material (from 0.03 to 0.6) can reduce the original (ideal) R-value of the reflective airspace to less than 
50% of its original value. This effect is not linearly proportional. For example, a 10-fold increase in emissivity (from 0.03 to 
0.3) reduces the R-value to 60% of its original (ideal) value. 
 
To better understand the magnitude of air-leakage of airspaces behind cladding installations, a number of studies 
characterized the air-flow or air-exchange rate occurring behind actual cladding installations on buildings in the field. The 
primary interest in these studies was related to understanding the effect of ventilation rates behind cladding on the ability 
to control moisture and promote drying. A review of data from various studies on ventilation air flows in airspaces behind 
several types of claddings and installation methods indicates significant but highly variable air exchange rates (Straube 
and Finch, 2009, pp.6-7). Reported air-exchange rates for airspaces behind cladding varied from 0 to more than 400 ACH 
depending on a number of factors such as size of vent openings, depth of air-cavity, location of vent openings (top and 
bottom ventilation or vented only at the bottom), continuity of the vent openings (continuous or intermittent), wind speed 
conditions and orientation to the building, height of the airspace, temperature differentials, and solar radiation.  

For claddings with continuous top and bottom vents with a bug screen, greater airspace ventilation rates occurred than 
observed for claddings with intermittent vent slots. Actual air exchange rates were also found to be reasonably 
predictable. For example, a ventilated stucco cladding with a ¾” air cavity demonstrated a typical average air change rate 
of 100 to 150 ACH (9 to 13 cm/s airflow velocity or 1.6 to 2.5 L/s-m volumetric airflow rate per meter of wall length, 
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measured horizontally) with a minimum 0 ACH and a maximum of slightly more than 500 ACH (which occur infrequently). 
Conversely, a larger 1.5-in-thick air-cavity behind brick veneer with only intermittent vent slot openings with plastic bug 
screen inserts at every other brick head joint (top and bottom of the wall), demonstrated a typical average air change rate 
of 2 to 3 ACH (0.13 to 0.2 cm/s airflow velocity or 0.05 to 0.08 L/s-m volumetric flow rate per meter of wall length, 
measured horizontally). The presence of bug screens (vent opening obstructions) was noted as having potential to 
significantly reduce ventilation rates, by an order of magnitude. It was also reported that air-exchange rates for airspaces 
behind vinyl siding can be expected to experience volumetric air exchange rates in the range of 0.6 to 2.7 L/s-m2 of vinyl 
siding surface area (which corresponds to a very large air change rate for typical vinyl siding profile depths). 

The report by Straube and Finch (2009) also cites a study which measured ventilation air-flow rates in airspaces behind 
large cladding panels on a three story building. The hourly air-flow rates were measured between 5 cm/s and 15 cm/s 
when the building was exposed to wind speeds between 1 and 3 m/s (2.2 to 6.7 mph). These results also appear to be 
consistent with those reported above. Also, the authors promote increasing vent opening sizes and the airspace thickness 
to increase the ventilation airflow rate as a means of improving the drying and moisture management of walls constructed 
of moisture sensitive materials. 
 
Straube and Burnett (1998) make the following assessment of literature on air-flow behind cladding: 

“A review of the literature, simple calculations, and field measurements of ventilation pressures (Straube and Burnett, 1995) show 
that the flow generated by typical driving pressures (1 to 2 Pascals) can be expected to be in the order of 0.2 – 2 m3/h per m2 of 
cladding depending on the vent area and the depth and degree of blockage of the air space. Field measurements of well-ventilated 
wall systems (vent areas of more than 1% of wall area) typically experience flow velocities of 0.05 to 0.2 m/s (Jung 1985, Popp et 
al 1980, Kuenzel et al 1983) although Schwarz (1973) and Uvslokk (1988) both found higher average velocities.” 

 
Based on the above reviewed data, it appears that a typical (annual average) airflow velocity within or air change rate for 
an airspace behind cladding might differ by more than an order of magnitude depending on a number of factors relating to 
the restriction of air-flow (e.g., obstructions and vent opening conditions) and driving forces (e.g., wind pressure and 
buoyancy). This wide range of air change rates will effect significant differences in the ability of sidings and walls to dry 
after wetting episodes as well as the ability of the air-space to provide some level of thermal resistance for energy code 
compliance purposes. Thus, moisture control goals for venting exterior walls and the use of airspaces behind cladding for 
thermal control (R-value) present somewhat conflicting objectives. Improving the one necessarily reduces the other 
(except perhaps for conditions where siding is solar-heated in cooling-dominated climates). Interestingly, keeping bugs 
out of walls and maximizing air-space R-values seem to work hand in hand – obstructing inlet and outlet vents with bug 
screens (or inserts) appears to significantly reduce ventilation flow rates behind cladding which would improve the R-value 
of a ventilated airspace (but reduce drying ventilation effectiveness). Perhaps there is an optimal balance in these inter-
related and competing objectives. 
 
In accordance with the FTC R-value Rule requirements (addressed later), the ASTM C1363-11 (ASTM, 2011) test method 
has been used to benchmark the R-value of a reflective airspace behind vinyl siding on a typical wall assembly including 
2x4 studs, fiberglass batt insulation, wood structural panel sheathing, a reflective insulation house wrap, and vinyl siding 
(Exova, 2011). The overall wall R-value test data is shown in the Table 1 for a sequence of conditions allowing the 
airspace R-value to be isolated. 

Wall Assembly Description Test No. 
Uniform Exterior Air 

Velocity (ft/s) 
Wall R-value 
(oF-ft2-hr/Btu) 

OSB, R15 Batt, 2x4 studs at 16"oc, ½" GWB 1 9.0 11.82 

Same as Test 1,  
except reflective insulation wrap included over OSB 

2 9.0 12.78 

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

3 9.0 13.12 

4 1.64 13.15 

5 18.0 13.18 

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

6 9.0 12.46 

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

Table 1: Overall Wall R-Value of a Sequence of Wall Assembly Conditions 
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The following findings are derived from the incremental wall assembly test data shown in Table 1: 

1. The difference between test #1 and test #3 demonstrates that the R-value contribution of the reflective insulation 
wrap, airspace and vinyl siding is approximately R-1.3. This R-value 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 
mass R-value of about R-1.0 based on the difference between test #1 and test #2. 

2. In tests #3 through #5, variation in exterior side uniform air-flow in the hot-box chamber has little effect on the 
measured thermal performance of the overall wall assembly (and thus the airspace R-value). This finding 
addresses a commonly misunderstood purpose for the airflow in the chamber of the ASTM C1363 test apparatus. 
This airflow is not an aerodynamic wind flow that induces pressure differences and air-exchange into and out of 
the assembly or through the cladding as would occur on an actual building exposed to wind. It merely creates a 
mixing effect and a standardized outdoor air-film condition on the surface of the tested assembly. 

3. Based on the difference between test #1 and #6, the R-value of a non-reflective air-space and vinyl siding 
provides an R-value of about R-0.64. Evidently, the presence of a reflective surface in a very leaky air space 
provides little to no thermal benefit (see Item 1) relative to an air-space formed with non-reflective surfaces. 

In comparison, the HOF reports an R-value of R-0.62 for hollow-backed vinyl siding over sheathing (see Figure 2 below) 
which is consistent with the ASTM C1363 test data reported above. However, the HOF also provides an R-value of R-2.96 
for “foil-backed” vinyl siding (see Figure 2 below) which is inconsistent with the above test data. Evidently, it must be 
based on an idealized (airtight) airspace assumption that is not valid for a reflective airspace behind vinyl siding. Vinyl 
siding is known to be an air-permeable cladding by (1) its declaration as a “vented cladding” in Section R702.7 of the 
International Residential Code (IRC) (ICC, 2018a), (2) its use of pressure-equalized wind loads for design wind pressure 
ratings in accordance with ASTM D3679-13 (ASTM, 2013), and (3) general recognition of this same pressure-equalization 
effect for air-permeable claddings in the ASCE 7-10 (ASCE, 2010) wind load provisions (Section 30.1.5 and related 
commentary). Consequently, the R-value of R-2.96 for foil-backed vinyl siding appears to be an error and is likely based 
on calculations per the ASHRAE HOF with the unrealistic assumption of no air-leakage through the vinyl siding. Thus, use 
of this value should not be considered as consistent the technical intent of the FTC R-value Rule (FTC, 2005) and current 
U.S. model energy codes (ICC 2018a; ICC 2018b) which are addressed later. 

 

Figure 2. Siding R-values excerpted from Table 1 in Chapter 26 of the ASHRAE Handbook of Fundamentals (ASHRAE, 2013b). 

The ASTM C1363 test data presented in Table 1 also can be considered non-conservative (overstating the airspace R-
value) because the test method does not include a means to address or induce ventilation airflow behind or through the 
siding layer. To address this shortcoming of the ASTM C1363 test method, one test project modified the ASTM C1363 
test method to include a means of inducing a ventilation air-flow (i.e., 7 cm/s) in the 1-inch-thick airspace behind a typical 
brick veneer installation over an insulating building wrap material with a semi-reflective surface (ATI, 2009). Unfortunately, 
the analysis of the test data did not take into account the added heat flow path created by the enthalpy change of the 
induced ventilation air-flow entering and exiting the airspace behind the brick veneer. Even so, the test apparatus 
modification to induce ventilation air-flow behind the cladding appears workable as an appropriate means to qualify 
airspace R-values. But, the 7 cm/s airflow rate may be non-conservative or conservative for different variations of cladding 
materials and installation (venting) methods as reviewed earlier in this research report.  
 
An ASHRAE research project is currently under development to address an appropriate means of using the ASTM C1363 
test method (or similar test method) to assess the R-value of ventilated airspaces behind cladding. However, as currently 
written, the ASTM C1363 test method does not include appropriate means to address typical airspaces behind claddings 
that, necessarily and for practical reasons, do not provide an airtight enclosure of the airspace. Thus, it may be advisable 
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for the time being to assign an R-value of zero (0) to such airspaces as also recommended by the HOF for similar non-
ideal airspace conditions. Alternatively, an indoor air-film value of approximately 0.6 R could be assigned as a “default” R-
value for vented and ventilated airspaces behind cladding with the cladding material R-value and exterior air-film R-value 
ignored (since a ventilated airspace will tend to thermally disconnect the cladding from the remainder of the wall 
assembly). 
 
Review of Regulatory Requirements 
 

 
 

The International Energy Conservation Code (IECC) and the International Residential Code (IRC) similarly address 
requirements for insulation materials as follows (ICC 2018a; ICC 2018b): 
 
While only the Federal Trade Commission can enforce the civil penalties associated with the FTC “R-value Rule” for home 
insulation products, the IECC and IRC reference the FTC R-value Rule as the basis for insulation R-value requirements 
for use in commercial and residential building construction. Prior to 2018, the IECC and IRC do not have any additional 
requirements specifically related to the treatment of airspaces when used to contribute to the thermal resistance of a 
building assembly. Therefore, it is important to understand the requirements of the FTC R-value Rule as relevant to 
qualification of airspace R-values: 

I. Introduction 
The R-value Rule specifies substantiation and disclosure requirements for thermal insulation products used in the 
residential market, and prohibits certain claims unless they are true… 

II. Overview of the Rule 
A. Products Covered 
The R-value Rule covers all “home insulation products.”…Reflective insulations (primarily aluminum foil) reduce heat 
transfer when installed facing an airspace… 

B. Parties Covered 
The Rule applies to home insulation manufacturers, professional installers, retailers who sell insulation to consumers 
for do-it-yourself installation, and new home sellers (including sellers of manufactured housing). It also applies to 
testing laboratories that conduct R-value tests for home insulation manufacturers or other sellers who use the test 
results as the basis for making R-value claims about home insulation products. 

C. Basis for the Rule 
The Commission issued the R-value Rule to prohibit, on an industry-wide basis, specific unfair or deceptive acts or 
practices… 

§ 460.1 What this regulation does. 
This regulation deals with home insulation labels, fact sheets, ads, and other promotional materials in or affecting 
commerce, as ‘‘commerce’’ is defined in the Federal Trade Commission Act. If you are covered by this regulation, 
breaking any of its rules is an unfair and deceptive act or practice or an unfair method of competition under section 5 
of that Act. You can be fined heavily (up to $11,000 plus an adjustment for inflation, under § 1.98 of this chapter) each 
time you break a rule. 

§460.5 R-value tests. 
(a) All types of insulation except aluminum foil must be tested with ASTM C177-04…ASTM C518-04…ASTM C1363-
97…or ASTM C1114-00…The tests must be done at a mean temperature of 75 [degrees] Fahrenheit and with a 
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temperature differential of 50 [degrees] Fahrenheit plus or minus 10 degrees Fahrenheit. The tests must be done on 
the insulation material alone (excluding any airspace) … 

(b) Single sheet systems of aluminum foil…To get the R-value for a specific emissivity level, air space, and direction 
of heat flow, use the tables in the most recent edition of the American Society of Heating, Refrigerating, and Air-
Conditioning Engineers’ (ASHRAE) Fundamentals Handbook, if the product is intended for applications that meet the 
conditions specified in the tables. 

(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 specified 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 
of Building Assemblies by Means of a Hot Box Apparatus,’’ in a test panel constructed according to ASTM C 1224–
03, ‘‘Standard Specification for Reflective Insulation for Building Applications,’’ and under the test conditions specified 
in ASTM C 1224–03. To get the R-value from the results of those tests, use the formula specified in ASTM C 1224–
03. 

(d) For insulation materials with foil facings, you must test the R-value of the material alone (excluding any air spaces) 
under the methods listed in paragraph (a) of this section. You can also determine the R-value of the material in 
conjunction with an air space. You can use one of two methods to do this: 

(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 space. To get the R-value of 
the air space, you must follow the rules in paragraph (b) of this section. 

 
[underlining added for emphasis] 

 
Based on the above excerpts from the FTC R-value Rule, the R-value of a reflective airspace can use the tabulated R-
value in the HOF only if the air-space meets the conditions specified in the HOF tables (see previous review of conditions 
associated with the HOF tables including “uniform thickness bounded by plane, smooth, parallel surfaces with no air leakage to or 

from the space”). If the airspace does not meet these conditions, then it must be tested in accordance with ASTM C 1363 
under test conditions specified in ASTM C 1224 and the R-value determined using the formula specified in ASTM C 1224. 
Based on data previously reviewed in this research report, it is clear that airspaces behind many typical cladding types do 
not comply with conditions specified in the tables of the HOF. Also, the ASTM C 1224 standard only addresses the use of 
reflective insulation products in the cavity of a wood frame wall. As mentioned previously, the ASTM C 1363 test method 
does not include a means to address air-flows in vented or ventilated airspaces behind cladding materials. Therefore, the 
R-value of reflective airspaces behind cladding cannot be appropriately assessed within the current scope of application 
of the HOF tables, ASTM C 1363, and ASTM C 1224. The same concern also applies to non-ideal and non-reflective 
airspaces (although these airspaces inherently have lower R- value). But, the FTC R-value Rule does not address this 
condition because the R-value of a non-reflective airspace is not associated with an insulation material per se. 
 
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:  
 

 
 
 
 

https://www.astm.org/Standards/C1224.htm
https://www.astm.org/Standards/C1224.htm
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Previous versions of the IECC also reference the ASHRAE 90.1 standard as an optional compliance path in Chapter 4 as 
follows: 

 

Thus, in addition to the FTC R-value Rule requirements (referenced in Chapter 3 of the IECC and not relegated to 
compliance with ASHRAE 90.1), buildings designed in accordance with ASHRAE 90.1-2013 also must comply with the 
following specific requirements for airspaces in Appendix A of ASHRAE 90.1 (as modified by Addendum ac for the 2016 
edition): 
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It is interesting to note that ASHRAE 90.1 provides R-values for airspaces that are not entirely consistent with the HOF 
tables for roof and floor applications (horizontal airspaces). This inconsistency is due to a blending of heat flow directions 
and associated R-values by weighting them based on cooling and heating degree day values associated with the climate 
zones as shown in the ASHRAE 90.1 table above. Thus, it could be viewed as conflicting with the FTC R-value Rule 
which is referenced in Chapter 3 of the IECC whereas ASHRAE 90.1 is referenced only as an alternative to Chapter 4 of 
the IECC. Consequently, the FTC R-value Rule’s requirements may override the above ASHRAE 90.1 tables requiring 
use of the HOF tables instead. This concern seems to apply only in cases where the use of ASHRAE 90.1 is invoked 
through the IECC as an alternative path of compliance for commercial building energy efficiency (it would not apply where 
ASHRAE 90.1 is adopted as a stand-alone regulation for commercial building energy efficiency). This is a matter of local 
energy code administration and enforcement. The FTC has no jurisdiction over insulation materials when used in 
commercial building applications.  
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For wall applications (vertical airspaces), the values in the ASHRAE 90.1 table above do not vary by climate zone 
because the inward and outward heat flow directions in different seasons of the year do not change the convective 
conditions within the airspace. Except for rounding, they are consistent with the 50oF mean temperature and 30oF 
temperature differential condition in the HOF tables (see Figure 1). This is the condition that most closely (not exactly) 
agrees with the 75oF mean temperature and 30oF temperature difference required by the FTC R-value Rules’ reference to 
the ASTM C 1224 standard for reflective airspace R-value test conditions.  
 
Setting aside the potential regulatory conflicts described above, the ASHRAE 90.1 standard does provide relevant 
limitations on the use of the tabulated R-values for airspaces provided in Table A9.4.2-1. These limitations or conditions 
are listed in Section A9.4.2 above. While condition ‘a.’ in Section A9.4.2 is not as stringent as the HOF’s limitation of “no 
air leakage”, it does require the airspace to be fully enclosed in such a manner as to “minimize” air-leakage. It also gives a 
deemed-to-comply solution whereby the airspace must be enclosed on all six sides with building components and located 
on the interior side of the continuous air-barrier. Thus, similar to the HOF, airspaces located behind cladding materials 
(and outbound of the continuous air barrier layer within the wall assembly) are not permitted to use the R-values in Table 
A9.4.2-1. Again, appropriate testing must be conducted to determine and R-value for such airspaces as also required by 
the FTC R-value Rule. 

Analysis: 

The review of technical literature and regulatory requirements reveals a tangled and somewhat incomplete web of 
requirements regarding the treatment of reflective and non-reflective airspaces for energy code and FTC R-value Rule 
compliance. In one sense, the evidence indicates that under ideal conditions, airspaces are able to contribute to the 
thermal performance of building assemblies, even though the contribution is dynamic (e.g., can vary significantly 
depending on a number of physical and temporal factors). This has been known for many decades. However, it has 
become more evident in recent studies that departures from an “ideal” airspace condition can have significant impacts on 
thermal performance, particularly for airspaces behind cladding materials (or in other similar conditions subject to 
significant air exchange). Yet, many applications of non-ideal airspaces still errantly rely on ideal airspace assumptions to 
derive R-values for energy code compliance. 
 
This analysis section attempts to clarify and tabulate regulatory requirements, including recommendations for conditions 
where requirements may be vague, conflicted, or absent in current regulatory instruments. Any recommendation included 
herein is intended to be consistent with the review of the relevant technical literature and regulatory requirements provided 
in the previous section of this research report. The reader is encouraged and cautioned to make their own independent 
assessment and seek qualified counsel, particularly in regard to technical information and legal implications regarding 
compliance with the FTC R-value Rule and locally applicable energy code requirements for determination of R-values for 
airspaces.  
 
Based on the findings of this research report, the following step-by-step guidance is provided as an aid to properly 
characterizing airspace R-values in a manner that may be considered to be consistent with the technical data and 
regulatory instruments reviewed in this research report.  
 
STEP 1) Determine the Type of Airspace: 

A) Ideal Airspace: An airspace as describe in the ASHRAE Handbook of Fundamentals, Chapter 26 (and Table 
3, footnote ‘b’) having a uniform thickness bounded by plane, smooth, parallel surfaces with no air leakage to 
or from the space (e.g., a sealed airspace). 

B) Enclosed Airspace (non-ideal): 

a. Case 1 (minimized air leakage): An airspace enclosed in an unventilated cavity located on the 
interior side of the continuous air barrier and bounded on all six sides by building components to 
minimize airflow into and out of the enclosed airspace (based on ASHRAE 90.1-2013 with Addendum 
ac or ASHRAE 90.1-2016 Section A9.4.2). Airspaces with non-parallel surfaces (non-uniform 
thickness) shall use the average distance between bounding surfaces to determine the thickness of 
the airspace. 

b. Case 2 (uncontrolled air leakage): An airspace which does not qualify as an ideal airspace or which 
does not minimize air leakage (Case 1). Examples include airspaces in cavities that are located 
behind or underneath cladding materials and which are subject to intentional or uncontrolled airflow 
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caused by wind and buoyancy effects acting on vented, ventilated, or air-permeable claddings, and 
other similar conditions. 

 
STEP 2) Determine the R-value for the Type of Airspace: 

A) Ideal Airspace R-value: 

a. For ideal airspaces of 1/2-inch thickness or greater, 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. Unless use conditions dictate 
otherwise, the R-values shall be based on a mean temperature of 50oF and temperature difference of 
30oF.2  

b. For ideal airspaces of less than ½-inch thickness or otherwise not complying with ideal airspace 
conditions, one of the following two methods shall be used: 

i. Testing – The ideal airspace R-value shall be derived from testing in accordance with ASTM 
C 1363. For reflective ideal airspaces, the application of the ASTM C 1363 test method shall 
comply with conditions and formula specified in ASTM C 1224 (e.g., 75oF mean temperature 
and 30oF temperature difference). For horizontal airspaces, testing shall include upward and 
downward heat flow directions to determine R-values accordingly. 

ii. Calculation – The ideal airspace R-value shall be calculated in accordance with equations in 
Chapter 4 of the ASHRAE Handbook of Fundamentals for combined radiation and convection 
for heat flow directions and temperature conditions applicable to the end use conditions. 
 

B) Enclosed Airspace R-value:  

a. Case 1 (minimized air leakage) – One of the following two methods shall be used: 

i. Prescriptive – Determine the R-value in accordance with ASHRAE Standard 90.1-2013 (with 
Addendum ac) or ASHRAE 90.1-2016 Section A9.4.2. Airspaces less than ½-inch thick shall 
have no R-value. The R-value for 3.5-inch thick airspaces shall be used for airspaces of 
greater thickness provided the airspace thickness does not exceed 12 inches. 

ii. Testing – The airspace R-value shall be derived from testing in accordance with ASTM C 
1363. For reflective airspaces, the application of the ASTM C 1363 test method shall comply 
with conditions and formula specified in ASTM C 1224 (e.g., 75oF mean temperature and 
30oF temperature difference). For horizontal or sloped airspaces (reflective or non-reflective), 
testing shall include upward and downward heat flow directions to determine R-values 
accordingly. A single “effective” R-value for energy code compliance purposes shall be 
permitted to be derived based on weighting of the R-values for different heat flow directions 
by the relative magnitude of heating and cooling degree days within each climate zone of 
ASHRAE 90.1 (refer to Table A9.4.2-1 for benchmark example of this weighting procedure 
resulting in different airspace R-values for horizontal airspaces in different climate zones). 

b. Case 2 (uncontrolled air leakage) – 

i. Prescriptive – The airspace R-value and the R-value of any material such as cladding 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. 

ii. Testing – The airspace R-value shall be determined in accordance with ASTM C 1363 
modified with an air-flow entering the bottom and exiting the top of the airspace. The 
minimum air-movement rate 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; and 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). 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. Where the airspace R-value is to be 

                                                 
2 The 50oF mean temperature is stated here for use with Tables in ASHRAE Handbook of Fundamentals which do not include air-space R-values associated with a 75oF mean 
temperature as required in ASTM C1224 and referenced by the FTC R-value rule. 
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reported separately, an additional test shall be conducted without the airspace in such a 
manner that the difference in results is associated with the thermal contribution of only the 
airspace or the airspace in combination with a specific cladding material.3 

Conclusion: 
As shown in this research report, 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. However, recent 
advancements in the ASHRAE 90.1 standard have begun to recognize these limitations or use conditions and their effect 
on the applicability of idealized airspace R-values. This research report has reviewed various sources of technical data 
and regulatory requirements to better document the implications and recommend appropriate considerations and methods 
for determining airspace R-values. Toward that end, a step-by-step procedure for identifying the type of airspace has 
been coupled with appropriate means of determining R-values for various types of airspaces, particularly in relation to air 
leakage conditions. This information is provided with the intent of fostering appropriate qualification and use of airspaces 
for energy code and FTC R-value Rule compliance purposes. 

  

                                                 
3 An ASHRAE research project is under development to provide a recommended testing approach and criteria for enclosed airspaces described as Case 2 (uncontrolled air leakage) as 
described herein 



Copyright © 2018 

ABTG Research Report 

ABTGRR No. 1601-01 
Evaluation of Reflective and Non-Reflective Airspaces  
for Energy Code and FTC R-value Rule Compliance  Page 15 of 19 

References: 
ASCE (2010). Minimum Design Loads for Buildings and Other Structures, ASCE Standard 7, American Society of Civil 

Engineers, Reston, VA, 2010. 

ASHRAE (2013a). Energy Standard for Buildings Except Low-Rise Residential Buildings, Standard 90.1, American Society 
of Heating, Refrigerating and Air-Conditioning Engineers, Atlanta, GA, 2013. 

ASHRAE (2013b). Handbook of Fundamentals, American Society of Heating, Refrigerating and Air-Conditioning Engineers, 
Atlanta, GA, 2013. 

ASTM (2011). ASTM C 1363-11, Standard Test Method for Thermal Performance of Building Materials and Envelope 
Assemblies by Means of a Hot Box Apparatus, American Society of Testing and Materials, West Conshohocken, PA, 
2011. 

ASTM (2013). ASTM D 3679-13, Standard Specification for Rigid Poly (Vinyl Chloride) (PVC) Siding, American Society of 
Testing and Materials, West Conshohocken, PA, 2013. 

ASTM (2015). ASTM C 1224-15, Standard Specification for Reflective Insulation for Building Applications, American Society 
of Testing and Materials, West Conshohocken, PA, 2015. 

ATI (2009). ASTM C 1363-05 Thermal Performance Test Report, Validation of Thermal Performance Computer Modeling 
Technique for ThermawrapTM, Architectural Testing, York, PA. (Information provided by DuPont Building Innovations 
for ASHRAE 90.1 Committee Review Only) 

CCHRC (2011). Reflective Insulation in Cold Climates, Technical Report Number TR 2011-01, Cold Climate Housing 
Research Center, Fairbanks, AK, www.cchrc.org 

Exova (2011). Thermal Performance Study of Various Wall System Configurations in Order to Determine The Thermal 
Resistance Contribution of a Reflective Housewrap in Accordance with ASTM C1363.05, Exova Labs, Ontario, CAN, 
January 27, 2011. 

FTC (2005). Federal Trade Commission, 16 CFR Part 460, Labeling and Advertising of Home Insulation: Trade Regulation 
Rule; Final Rule (“FTC R-value Rule”), Federal Register, May 31, 2005.  

Goss, W.P., and Miller, R.G. (1989). Literature review of measurement and prediction of reflective building insulation 
system performance: 1900-1989. ASHRAE Transactions 96(2). 

Hooper, F. C., & Moroz, W. J. (1953). The Influence of Aging Factors on the Emissivity of Reflective Insulations. School of 
Engineering Research, Faculty of Applied Science and Engineering, University of Toronto. 

ICC (2018a). International Residential Code (IRC). International Code Council, Inc., www.iccsafe.org 

ICC (2018b). International Energy Conservation Code (IECC). International Code Council, Inc., www.iccsafe.org 

ORNL (1983). Assessment of Reflective Insulations for Residential and Commercial Applications, ORNL/TM-8891, Oak 
Ridge National Laboratory, U.S. Department of Energy, Washington, DC. 

Robinson, H.E. and Powlitch, F.J. (1954). The Thermal Insulating Value of Airspaces, Housing Research Paper No. 32, 
Division of Housing Research, Housing and Home Finance Agency, Washington, DC. 

Saber, H.H. (2012). Thermal performance of wall assemblies with lo emissivity, Journal of Building Physics, DOI: 
1177/1744259112450419, http://www.sagepublications.com 

Straube, J.F. and Burnett, E.F.P. (1998). “Vents, Ventilation and Masonry Veneer Wall Systems”, Proc of the Eighth 
Canadian Masonry Symposium, Jasper, Alta., Canada, May 31-June 3, 1998, pp.194-207 

Straube, J. and Finch G. 2009. Ventilated Wall Claddings: Review, Field Performance, and Hygrothermal Modeling, 
Research Report – 0906, pp. 6-7, www.buildingscience.com 

  

http://www.cchrc.org/
http://www.iccsafe.org/
http://www.iccsafe.org/
http://www.sagepublications.com/
http://www.buildingscience.com/


Copyright © 2018 

ABTG Research Report 

ABTGRR No. 1601-01 
Evaluation of Reflective and Non-Reflective Airspaces  
for Energy Code and FTC R-value Rule Compliance  Page 16 of 19 

Appendix A: 
FTC R-value Rule Enforcement Example & EPA Notices 
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