
The recently published 2004 Supplement to the 2003
International Residential Code requires (in Table 703.4,
Chapter 7), for the first time, the use of a water-resis-
tive barrier — that is, asphalt felt or an approved
equivalent like plastic housewrap — behind all types 
of siding.  For years, rigid foam sheathing manufactur-
ers, aware that this code requirement was on the hori-
zon, have been working to obtain approval for the 
use of rigid foam sheathings as water-resistive 
barriers (WRBs).

Recently several foam manufacturers (including Dow,
Owens Corning, and Pactiv) announced that some of
their extruded polystyrene and polyisocyanurate prod-
ucts can be used as WRBs.  In spite of these announce-
ments, builders are still pondering at least two impor-
tant questions concerning the use of rigid foam as a
WRB:

• Does adequate documentation exist to convince a
local building official that rigid foam sheathing can
be substituted for housewrap?

• Do foam manufacturers provide adequate installa-
tion instructions for the use of their products as
WRBs?

For the time being, it appears that the answers are yes
and probably not.

Establishing Test Requirements
About three years ago, the Extruded Polystyrene Foam
Association requested that the ICBO Evaluation Service
develop Acceptance Criteria for the use of extruded
polystyrene as WRBs.  An Acceptance Criteria docu-
ment specifies the tests necessary to show that a prod-
uct is an acceptable equivalent to a widely used prod-
uct for a particular application — in this case, that foam
sheathing is an acceptable equivalent to asphalt felt
used as a WRB.  Code officials usually approve the use
of an alternate to a code-required material, as long as
the alternate passes Acceptance Criteria testing.

When the International Conference of Building
Officials (ICBO) was subsumed into the International
Code Council, the development of the Acceptance
Criteria was taken over by the International Code
Council Evaluation Service (ICC-ES) in Whittier,
California.  In February 2003 the ICC-ES approved
Acceptance Criteria 71 (AC71), “Interim Criteria for
Foam Plastic Sheathing Panels Used As Weather-
Resistive Barriers.”
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At this point foam manufacturers provide builders
with few installation details for the use of their prod-
ucts as WRBs.  According to the recommendations
released by Pactiv, “Prior to installation of a window,
a self-adhering window flashing material must be
installed in water-shedding fashion (shingle fashion)
in accordance with ASTM E2112.”  Similarly, the Dow
installation instructions recommend, “A 3-inch-wide
butyl flashing can be used to seal the sill of the win-
dow and a 2-inch-wide butyl flashing can be used to
seal jambs and heads in accordance with ASTM
E2112.”

However, these references to ASTM E2112 prove to be
red herrings.  ASTM E2112 — formally known as
Standard Practice for Installation of Exterior Windows,
Doors and Skylights — does not include any details for
installing windows in a wall with foam sheathing used
as a WRB, a fact confirmed by Barry Hardman, the
chair of the ASTM E2112 committee.

When told that foam sheathing manufacturers were
referencing ASTM E2112 in their installation instruc-
tions, Larry Livermore, the installation program man-
ager at the American Architectural Manufacturers
Association (AAMA), responded with a chuckle.
“There is no defined method,” said Livermore.  “I
don’t believe that ASTM E2112 even discusses how to
integrate window flashing with polystyrene.  The
assumption is that a weather barrier will be applied
over it.”  

Doing It Right
In spite of confusing recommendations from foam
manufacturers, progressive builders have successfully
used foam sheathing as a WRB for several years.
Instead of installing their windows with face-sealed
details, as recommended by foam manufacturers, many
builders have been installing their windows with
water-managed details spelled out in the EEBA Water
Management Guide (see EDU, December 2002).

With the likelihood that local code officials will soon be
looking for a WRB on all residential jobs, builders may
be faced with the task of convincing local inspectors
that their use of foam sheathing satisfies the code.
Fortunately, documents from foam manufacturers
asserting that their products have passed AC71 tests
will probably satisfy most code officials.  

Yet many builders will wonder why foam manufacturers
fail to provide adequate details for installing windows or
flashing roof-wall intersections (for example, where the
roof of a single-story attached garage abuts the wall of a
two-story house).  Moreover, builders would probably
feel more confident using foam sheathing as a WRB if
ASTM E2112 provided details for installing windows in
such walls.  Until these changes occur, builders must
make their way through poorly charted waters.

“Interim Criteria for Foam Plastic Sheathing Panels Used
As Weather-Resistive Barriers,” also known as AC71, is
posted online at www.icces.org/Criteria/pdf/ac71.pdf.
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RESEARCH AND IDEAS

“Whole-Duct-System” R-Values
Just as the whole-wall R-value of a wall assembly is
lower than the R-value of the insulation stuffed
between the wall’s studs, the “whole-duct-system” R-
value of a serpentine length of flex duct is lower than
the R-value of the insulation around the ductwork.
Moreover, not all R-8 flex ducts perform equally.  Recent
tests at Oak Ridge National Laboratory (ORNL) show
that a duct system using R-8 fiberglass-insulated flex
duct does not perform as well as a duct system using 
R-8 cotton-insulated flex duct (see Table 1, page 5).

According to the ORNL tests, the “whole-duct-system”
R-value of R-8 flex duct ranges from R-4.63 (the perfor-
mance of a fiberglass-insulated “R-8” flex duct system
in winter) to R-5.99 (the performance of a cotton-insu-
lated “R-8” flex duct system in summer).

The R-ratings printed on flex duct jackets are calcu-
lated according to a standard test procedure (ASTM
C518, “Standard Test Method for Steady-State Thermal
Transmission Properties by Means of the Heat Flow
Meter Apparatus”).  That procedure does not take into
account reductions in the thermal performance of a
duct system due to crimping of insulation at bends, at
hangers, or at clamped connections to fittings.  
Because of these and other factors, “whole-duct-sys-
tem” R-values are lower than the R-values shown 
on flex-duct jackets.

ORNL Testing
The recent ORNL tests compared the performance of
three types of flex duct:  R-4 fiberglass insulated flex
duct, R-8 fiberglass-insulated flex duct, and R-8 cotton-
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insulated flex duct.  The cotton-insulated flex duct used
in the tests was manufactured by Payless Insulation,
which commissioned the tests.

Research engineer Tom Petrie conducted the testing in
ORNL’s large-scale climate simulator.  The test com-
pared the performance of three 10-inch-diameter duct
systems, each about 34 feet long, installed in a test box
simulating an unventilated attic with an insulated floor.
The flex duct was hung from truss-like framing and
arranged in a serpentine configuration (see Figure 2).

The performance of the three duct systems was evalu-
ated at both winter and summer conditions.  To simu-
late winter conditions, the attic temperature was held
at 0ºF, and the duct air inlet temperature was held at
92ºF.  To simulate summer conditions, the attic temper-
ature was held at 140ºF, and the duct air inlet tempera-
ture was held at 47.5ºF.

When R-8 Is Less Than R-8

It is logical to assume that R-8 flex duct has half the

heat loss of R-4 flex duct.  In fact, the ORNL testing
showed that the performance of R-8 flex duct was sig-
nificantly worse than might be imagined from reading
the duct labels.  As Tom Petrie noted in his report, “If
both systems were true R-8 systems compared to an 
R-4 system at installed conditions and there was no 
difference between summer and winter performance,
the R8CF [R-8 cotton-insulated flex duct] and R8FG 
[R-8 fiberglass-insulated flex duct] systems would
show 100% improvements [compared to the R-4 duct]
both summer and winter.”  This was not the case.
Rather than showing a 100% improvement in perfor-
mance, the R-8 systems performed between 26% and
67% better than the R-4 system.

The R-8 cotton-insulated flex duct performed better
than the R-8 fiberglass-insulated flex duct in both
“summer” and “winter.”  The reasons for the perfor-
mance difference between the two products is
unknown, and ORNL researchers are reluctant to spec-
ulate on the matter.  For the record, Jeff Christian, the
director of ORNL Buildings Technology Center, merely
commented, “As far as the side-by-comparison is con-
cerned, Tom’s numbers are Tom’s numbers.” 

One possible explanation for the measured difference
in performance:  because cotton insulation is denser
than fiberglass insulation, it compresses less when 
the duct is bent.  Moreover, tight bends in fiberglass-
insulated ducts create more turbulent airflow patterns
than the gentler bends typical of the stiffer cotton-
insulated ducts.

These phenomena — if indeed they account for the
measured difference in performance — may have been
aggravated by the twisty duct layout used in the ORNL
test.  Notes Petrie, “The real question is, how well did
the serpentine layout in the test section approximate
the features of duct systems in real attics?”
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Figure 2. ORNL’s testing lab includes a “simulated attic” installed in
a large-scale climate simulator (see the “News Briefs” section of
EDU, July 2004). The  apparatus was recently used to test the
performance of three types of flex duct.

“Whole-duct-system” “Whole-duct-system” 
R-value, summer R-value,winter

R-8 cotton-insulated duct 5.99 5.33

R-8 fiberglass-insulated duct 4.91 4.63

R-4 fiberglass-insulated duct 3.91 3.19

Table 1 — “Whole Duct System” R-values

Table 1. Testing at Oak Ridge National Laboratory showed that the “whole-duct-system” R-values for flex duct are lower than the 
R-values printed on their jackets.
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Cotton-Insulated Flex Duct
Marketing materials from Payless Insulation describes
R-8 Superior Air Ducts as “semi-flex” ducts.  The ducts
incorporate insulation made from 100% cotton
wrapped with a reflective Mylar jacket (see Figure 3).
Superior Air Ducts are available in diameters ranging
from 2 inches to 20 inches, in three different lengths 
(10, 15, or 25 feet).  The list price is $2.82 per linear foot
for the 6-inch-diameter duct and $4.04 per linear foot
for 10-inch-diameter duct — about two or three times
the price of fiberglass-insulated flex duct. 

“The reason why we invented the Superior Air Ducts is
our experience in attics,” says Nana Wyngarden, the
marketing director for Payless Insulation.  “We do not
see many fiberglass ducts in good condition;  the holes,
leakage and U-shapes can contribute to a huge energy
loss.  No one else in the industry seemed to target this
problem, so we did.  We chose cotton because it is an
excellent insulator.”

For more information, contact Payless Insulation, 1331
Seamist Drive, Houston, TX  77008.  Tel:  (713) 868-
1021;  Fax:  (713) 868-7014;  Web site:  www.paylessinsu-
lation.com.
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NEWS BRIEFS
ASHRAE Will Develop a 62.2 Users’ Manual

ATLANTA, GA — The American Society of Heating,
Refrigeration, and Air-Conditioning Engineers
(ASHRAE) plans to produce a users’ manual to assist
designers and builders in meeting the requirements of
the residential ventilation standard, ASHRAE 
Standard 62.2.  Since ASHRAE has not yet identified 
an author for the manual, the organization has put out
a call for bids from prospective authors.  “The manual
will assist users in understanding the principles upon
which the standard is based, the requirements of the
standard, and how those requirements may be met,”
said David Grimsrud, chair of the Standard 62.2 com-
mittee.  “It will provide explanations of the standard’s
requirements and examples of its application.”  
For more information, contact ASHRAE;  Tel:  (404)
636-8400 or (800) 527-4723;  Web site:  www.ashrae.org.

CMHC Data Validates EDU Reporting
OTTAWA, ONTARIO — A study by the Canada
Mortgage and Housing Corporation (CMHC) compar-
ing the performance of foil-faced bubble pack and
extruded polystyrene when used as insulation under
concrete slabs shows, in the words of senior researcher

Don Fugler, that “the foil bubble pack tested was next
to useless as subslab insulation.”  Reporting the results
of the testing in the November/December 2004 issue of
Home Energy magazine, Fugler cited EDU’s 
September 2003 report on foil-faced bubble pack as the
impetus for the research.  The CMHC data fully sup-
port EDU’s conclusion that foil-faced bubble pack is
not an appropriate product for subslab insulation.

Using a HERS Report to Prove 
Code Compliance
WASHINGTON, DC — The American Council for an
Energy Efficient Economy (ACEEE) has submitted a
proposed change to the International Energy
Conservation Code (IECC) that would create a new
code compliance option.  The proposal would recog-
nize a HERS (Home Energy Rating System) report pro-
duced by a rater accredited by the Residential Energy
Services Network (RESNET) as evidence of code compli-
ance, as long as the HERS report includes “a verification
that the design complies with this code,” i.e., the IECC.
The proposal’s author, ACEEE deputy director William
Prindle, said that the proposal “serves to reduce the bur-

Figure 3. Superior Air Duct is a “semi-flex” duct insulated with
100% cotton insulation.
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