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ABSTRACT 

A combinalion of ASTM E1424 and ASTM C976 was IIsed 
10 sllldy Ihe effecI of airflow all Iherlllal performallce of var
iOlls residelllial wall cOllslYl/cliolls. Typical residelllial 
5.1-cm by 1O.2-clI/ (2 by 4 1I0minal) alld 5.1-clII by 15.4-c/1/ 
(2 by 6 nom ilia I) walls illeluding a sillifloor were covered 
with five Iypes of exlerior sheal/rillg alld differelll calilked 
joilll arfllllgell/ellls either with or witholll a IlOlisewfllp 
made froll/ high-dellsily flash Spullbollded polyelhylene. III 
Ihe 34 differelll wall cOllfigllraliolls, ASTM C976 lesls were 
COlldllcled al differelllial pressllres of 0, 10, alld 25 Pa per 
ASTM E1424. Airflows flllIged from IIl1deleclable al 0 Pa 
"'P 101.63 L/s·m2 (0.32 Cfll/lfl2) al 20 Pa. Therll/al leslillg 

INTRODUCTION 

111e codes related to energy performance of residen
tial walls in the United States, in their current state, have 
emphasized increased levels of mass insulation to affect 
overall energy-savings improvements. 111is is logical 
because it is relatively simple to calculate the energy-sav
ing impact of adding additional R-value to a wall, and this 
can be backed up by measurements made in a lab tmder 
static conditions. 111e key word is sIalic, or no air move
ment through or within the mass insulation. While testing 
under static conditions to establish an R-value levels the 
playing field for all forms of mass insulation, the results 
do not necessarily depict installed performance on a 
home. 

Recent work done by Brown et al. (1993) illustrated 
the in1pact that slight defects in the installation of mineral 
fiber insulation would have on the overall system 
R-value of a wall. Earlier work done by Schuyler and 
Solvason (1983), Wolf et al. (1966), Berlad et al. (1979, 
1982), and Lecompte (1987) all relates to loss in thermal 
performance due to convection within the wall cavity. 
Work by Henning (1983) illustrated the in1pact of air 
movement induced into the wall cavity on thermal per
formance using ASTM C-976, Slalldard Tesl Melhod for 

results p/'Odllced C-values from 0.49 10 0.30 W//1/2. K 
(R-vailies of 3.2910 2.05 K'1II2/W) for a lIolldeleclable air
flow level 10 all effective C-vaille of 2.04 W/1I/2. K (effeclive 
R-vaille of 0.49 KII/2/W) for all airflow ofl.63 L/s·1II2. Tesls 
011 all "airligllt drywall" (ADA) cOllfigllralioll were COII
dllcled 10 show Ihe effecI of "willd wasllillg" 011 Iherlllal per
forll/allce, revenlillg Ihal effective R-vailies decreased by 9% 
10 21 % whell exposed 10 willd pressures of 8 alld 27 Pa vs. 
Ihe willd press lire cOllfigllralioll of 0 Pa. These sall/e ADA 
lesls IIsillg a flaslr splillbollded polyelhylelle llOlIsewfllp vir
Ilially elill/illaled Ihe effeclive R-value loss dlle 10 "willd 
washillg. " 

Thermal Perjorll/allce of Blli/dillg Assell/blies by Menlls of a 
Calibmled HoI Box (ASTM 1989). More recent work done 
by Ober and Goodrow (1994) and Jones et al. (1995) dem
onstrated that there was a significant impact on the ther
mal performance of a wall system from ail' infiltration 
with either mineral or cellulose insulation, and estab
lished a relationship for airflow rate through a wall and 
the associated impact on thermal performance at a fixed 
"'T. This paper highlights the need to place a higher 
degree of emphasis on convective heat transfer in the 
overall thermal performance of a wall. Having adequate 
R-values for a wall is important; however, builders often 
fall short of understanding the need to go beyond achiev
ing a particular R-value number and fail to introduce 
lueasures to reduce air infiltration. 

EXPERIMENTAL DESIGN 

To gain a further understanding of the impact of air 
leakage through a wall, 34 tests were conducted on 12 dif
ferent wall configurations comparing the impact of using 
a housewrap vs. not. A flash spunbonded polyethylene 
housewrap was used on the wall configurations and 
exposed to a "'T and varying exterior wind pressures. The 
12 wall configurations consisted of six base wall assem-
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blies with and without the housetrap. Five of the wall 
assemblies were tested with a tJ. pressure that induced 
full-penetration airflow through the wall, and one of the 
wall assemblies was tested with deadheaded wind pres
sure that did not fully penetrate through the wall. The 
apparatus used for these tests was a modified calibrated 
hot box that otherwise conforms to the requirements in 
ASTM C976 (the hot box ineluded a guard chamber sur
rOlmding U,e metering chamber that afforded the ability 
to control the ambient temperature and pressure). Modi
fications are described in detail in the "Test Apparatus 
Description" section of this paper. 

For each of six base wall assemblies, the first test con
figuration always tested a condition in which little or no 
airflow was permitted in or through the wall (static con
dition) by installing a 6-mil polyethylene film sheet over 
the entire exterior surface. Thermal testing was done at 
this static condition for eam test configuration to ensure 
that no conditions had manged in the base wall assembly 
or operating equipment, because it would be expected 
that each of these test configwations would yield similar 
thermal performance under static conditions. After this 
first test, the polyeU1ylene fihn was removed and, with 
the exception of tests 7 through 12, an air pressure differ
ential was induced across the wall by pulling a vacuum 
inside the meter chamber. The suction side of a blower fan 
was cormected to the meter chamber via flexible duct 
with a flowmeter in line to measure the airflow. The 
exhaust side of the blower fan was routed into the elinlate 
chamber (cold side of the hot box) to minimize the intro
duction of moist outside ail' into the system. A second 
blower fan was used to equalize the pressure between the 
guard chamber and the meter chamber to minimize any 
air exchanges that might occur at the meter chamber seal 
to the dividing wall. Pressure Ineasurements were visu
ally monitored using gauges and consistently maintained 
throughout each test. 

After the last thermal test for eam configuration 
grouping, but while there was still a temperatwe gradient 
across the wall, a pressure vs. air leakage test was per
formed conforming to ASTM E1424. The wall was then 
allowed to reach thermal equilibrium, where tempera
tures throughout the wall were the same and the air leak
age test was repeated per ASTM E283. 

Twenty-eight tests were performed on 10 different 
wall configurations with different static pressure differ
ences across the sample with no measurable wind pres
sure on the cold side of the sample. The static pressure 
difference across the sample caused cold air to move 
through the wall assemblies, requiring additional heat 
input that was proportional to the infiltration rate. For 
eam configmation, steady-state measurements of total 
heat flow, air infiltration rate, sample surface and internal 
temperatures, and localized heat flow (as measured by 
heat flux transducers) were made at test pressures of 0,10, 
and 25 Pa or 0,14.6, and 23.2 kph wind pressure. For tests 
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at zero pressure difference, the sample was covered with 
plastic on the exterior to prevent air infiltration from 
influencing the results. For subsequent tests at 10- and 
25-Pa pressure difference, the plastic was removed to 
allow air to move Uuough the sample. In addition to ther
mal measurements, air infiltration measurements at dif
ferent wind pressures were made on each wall per ASTM 
Standard Test Method for Rate of Air Leakage Through 
Exterior Wmdows, Curtain Walls and Doors Under Spec
ified Pressure and Temperatme Differences Across the 
Specin1en (E1424) (with a 21 "C [70°F] temperature differ
ence) and ASTM Standard Test Method for Rate of Air 
Leakage TIuough Exterior Windows, Curtain Walls and 
Doors (E283) (with no temperature difference at ambient 
conditions). 

Tests 7 through 12 were designed to el,aracterize U,e 
effect that "wind washing" might have on an "airtight 
drywall" installation. For these tests, the leakage loca
tions on the warm side of the sample were sealed to Sin1-
ulate the "airtight drywall approach" (ADA). Using this 
approach, air was not allowed to flow through the wall, 
but it was possible for air to enter and exit the cold side of 
the sample through the seams in the exterior sheaU1ing. 
TI1is phenomenon, termed "wind washing," has been 
shown to affect the thermal performance of walls (Hen
ning 1983; Jones et al. 1995). Wind pressure against a fixed 
wall will distribute pressure lmevenly across the surface, 
causing areas of high and low pressure. Air infiltrates into 
the wall cavities at the higher pressure areas and exfil
trates through the same plane through the lower pressure 
areas. This air exchange carried heat away from the sam
ple and increased the heat required to sustain a constant 
temperature on the warm side of the wall. The higher the 
wind pressure, the more air is forced into and out of the 
wall's interior and the higher the heat load becomes. To 
conduct these tests, a wind pressure was induced from 
the climate chamber's air circulation fans. TI,e perpendic
ular airflow against the surface of the oriented strand 
board (OSB) sheathing was sufficient to produce areas of 
higher and lower pressure across the cold surface of the 
base wall assembly. Wind pressures equivalent to 12.9 
and 24.1 kph (8 and 15 mph) or approximately 8 and 27 
were measmed at the surface of the aSB sheathing during 
the test by nmning a O.64-cm (0.25-in.) plastic tube from 
that point to a gauge on the exterior of the chamber. 
Again, tests 7 and 10 were set up with the exterior poly
ethylene film to ensure static conditions and to provide a 
link to all of the other test configuration groupings. The 
exterior polyethylene film was removed for tests 8, 9, 11, 
and 12 and the wall was exposed to the potential for air 
exchange in and out from the same side. Airflow was 
monitored from the meter chamber throughout the test to 
ensure that no air penetration through the wall occurred. 
Tests 11 and 12 were designed to show the additive effect 
in thermal performance a housewrap might have on an 
"airtight drywall" installation. Air infiltration through 
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TABLE 1 Test Sample Configurations 

Wind 
Test Description Pa Pressure kph 

1 Nominal2x4 Basewall Assy .. foil faced pressure laminated cellulose sealed with plastic film 0 0 
2 Test 1 without plastic film 10 14.6 

3 Test 1 without plastic film 25 23.2 

4 Test 1 with flash spunbonded PE Housewrap Installed sealed with plastic film 0 0 

5 Test 4 without plastic film 10 14.6 

6 Test 4 without plastic film 25 23.2 

7 Nomlnal2x6 Basewall Assy. with OSB Sheathing and ADA sealed with plastic film 0 0 
8 Test 7 without plastic film 8 12.9 

9 Test 7 without plastic film 27 24.1 

10 Test 7 with flash spun bonded PE Housewrap Installed sealed with plastic film 0 0 

11 Test 10 without plastic film 8 12.9 
12 Test 10 without plastic film 27 24.1 

13 Nominal2x6 Basewall Assy. with hardboard siding under XPS Fanfold, vinyl and plastic film 0 0 
14 Test 13 without plastic film 10 14.6 
15 Test 13 without plastic film 25 23.2 

16 Test 13 with flash spunbonded PE Housewrap between the XPS Fanfold and vinyl ~ding with film 0 0 
17 Test 16 without plastic film 10 14,6 

18 Test 16 without plastic film 25 23.2 

19 Nominal2x6 Basewall Assy. with 2 ftx8 ftx3/4In. T&G XPS sealed with plasftc film 0 0 
20 Test 19 without plastic film 10 14,6 

21 Test 19 without plastic film 20 20.8 

22 Test 19 with flash spunbonded PE Housewrap over tongue and groove XPS sealed with plastic film 0 0 

23 Test 22 without plastic film 10 14.6 

24 Test 22 without plastic film 25 23.2 

25 Nomlnal2x6 Basewall Assy. with 4x8xl/2In, foil faced polylsocyanurate foam sealed wilh plasftc film 0 0 
26 Test 25 without plastic film 10 14.6 

27 Test 25 without plastic film 25 23.2 

28 Test 25 with flash spunbonded PE Housewrap over foil faced polyisocyanurate foam without plastic film 10 14.6 

29 Test 28 without plastic film 25 23,2 

30 Test 25 with caulked sole plate/sub-floor Interface sealed with plastic film 0 0 

31 Test 30 without plastic film 10 14.6 

32 Test 30 without plastic film 25 23.2 

33 Test 30 with flash spunbonded PE Housewrap without plastic film 10 14.6 

34 Test 30 with flash spunbonded PE Housewrap without plasftc film 25 23.2 

tile sample was confirmed to be small, and tile associated 
heat loss due to any infiltration was acc01.mted for when 
calculating the sample heat flow, This is the case in normal 
C976 testing when air infiltration effects are minimized 
and factored out. Table 1 provides a brief description of all 
test configurations, 

level of air resistance, This paper expands on this point as 
it begins to explore the effects of using this housewrap 
with additional sheathing configurations, 

Previous testing Gones et aL 1995) has shown that the 
exterior sheathing jOints, coupled with interior seams and 
electrical penetrations in the drywall, are tile prinlary 
flow paths of leakage, It also is apparent from this previ
ous testing that the flash spunbonded polyetilylene 
housewrap reduced air leakage to a somewhat predict
able level regardless of the air leakage rate of the base wall 
witilout the housewrap, This is because the flash spun
bonded polyethylene housewrap creates a consistent 

Thermal Envelope. VI/ Heat Transfer in Walls II--Princlples 

leST APPARATUS DESCRIPTION 

Standard hot box testing per ASTM C976 does not 
include the effects of air infiltration, and samples are nor
mally sealed to prevent air leakage from influencing the 
results, Because it was desired to incorpOl'ate air infiltra
tion into this type of test, a calibrated hot box conforming 
to ASTM C976 was modified to introduce a pressure dif
ferential across the sample and a means of measuring air 
infiltration through the sample, These modifications pro
vided a means of performing air infiltration tests on tile 
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entire wall sample per ASTM E1424 and E283 in conjwlc
tion with the thermal tests. An additional modification 
(for tests with a static pressure difference only) to reduce 
the 24.1-kph (IS-mph) equivalent wind pressure in the cli
matic chamber was done to mininlize any air Wiltration 
due to the associated dynamic pressure exerted on the 
sample. The air was circulated in Ule c1inlatic chamber 
only enough to produce a lUliform air temperature distri
bution, and the static pressure difference across the sam
ple was achieved solely by blower fans in an external 
duct. For tests in which the wind was desired, air pressure 
measurements made near the sample surface with a pitot 
tube confirmed the wind pressure values desired, and air
flow measurements confirmed that air infiltration during 
these tests was small. 

To mininlize the potential for ail' and/ or thelmalleaks 
between the metering chamber and guard chambers, the 
two c11ambers were maintained at equal temperatures 
and pressures for all tests. Any small differences in tem
perature, and associated heat flows, were accounted for 
using methods described in ASTM C976. 

BASE WALL DESCRIPTION 

Except for different exterior sheathings, two base 
walls were tested. For the first six tests, a 2.44-m by 2.44-m 
(8-ft by 8-ft) base wall consisting of nominal S.l-cm by 
1O.2-cm (2-in. by 4-in.) wood studs measuring 40.6 cm o.C. 
(16 in. o.c.) with a single bottom plate and double top 
plates was covered on the warm side with 1.3-cm (O.5-in.) 
gypsum board and was insulated Witil R-13 inset-stapled, 
kraft-faced fiberglass batts. A light switch on one side of 
the wall was wired to an outlet receptacle at the other end 
with a 14-gauge electrical service wire, thus connecting all 
of tlle stud cavities. Each stud had a l.3-cm (O.5-in.) hole 
drilled Ulfough it to facilitate running the wire through the 
wall's interior. Extra care was taken to fit the insulation 
arowld the wire so as not to decrease the insulation thick
ness. Exterior sheathing for these first six tests was a 0.29 
cm (0.113 in.) thick foil-faced, pressure-laminated cellu
lose. This base wall was placed on top of a 0.31-m by 2.44-
m (l-ft by 8-ft) sub-floor with a band joist, floor joists mea
suring 40.6 cm (16 in.) o.c., l.9-cm (0.7S-in.) plywood sub
flooring, and R-13 insulation joist cavities. 

For the next 28 tests, a second base wall was con
structed that was similar to the first base wall except that 
it was framed with nominal S.l-cm by lS.2-cm (2-in. by 
6-in.) wood studs and insulated with R-19 inset-stapled, 
kraft-faced fiberglass batts. Also, each test series was con
ducted with a different exterior sheathing. The same sub
floor assembly was used throughout the entire testing 
program, with the exception that in tests 7 through 34, the 
R-13 insulation was replaced with an R-19 kraft-faced 
fiberglass batt. 

Exterior siding was omitted in all but one test series 
(0.6-cm [0.2S-in.] extruded polystyrene fan-folded level
ing board) due to the difficulty in keeping this variable 
constant from test to test and also the wide variety of dif
ferent sidings that are available. In the extruded polysty
rene (XPS) fan-folded leveling board test series, siding 
was used because the siding is an integral part of that 
product's installation scheme. The usual installation of 
this product is for siding retrofit applications and 
involves installing it over" old" siding (usually wood) to 
provide a level surface for installing "new" siding (usu
ally vinyl or alwninum) over it. Because the siding is not 
regarded as an air retarder, the perinleter of the siding was 
not sealed. However, the perimeter of the extruded poly
styrene fan-folded leveling board, which is the intended 
air retarder in this system, was sealed to prevent air leak
age between the leveling board and the sample frame. 

The exterior sheathings used are described in Table 2. 
All the sheathings used in this testing program were 
installed following the manufacturer's suggested fasten
ing schedule and installation instructions. 

DETAILED TEST WALL DESCRIPTIONS 

Tests 1 Through 6 

TIle wall system for tests 1 through 6, illustrated in 
Figure 1, was a nominaIS.1-cm by 10.2-cm (2-in. by 4-in.) 
wood stud wall filled with R-2.27 m2·K/W (R-13 °F.f!2·h/ 
Btu) inset-stapled kraft-faced fiberglass batts. The interior 
was sheathed with 1.27-cm (O.5-in.) gypsum drywall 
sealed arOlUld the perinleter and at the joint located hor
izontally approximately 1.22 m (4 ft) up from the subfloor 
assembly. A light switch and duplex receptacle were 

TABLE 2 Test Wall and Sheathing Description 

Test # Framing Sheathing 

1 - 6 nominal 5.1 em x 10.2 em (2 In. x 4 In.) Fall-faced pressure laminated cellulose (structural grade) 0.29 em (0.1 13 In.) 
thick 1.22 m x 2.44 m (4 tt by 8 ff) sheets Installed with 2.44 m dim. vertical) 

7 - 12 nominal 5.1 em x 15.2 em (2 In. x 6 in.) Oriented strand board 1.3 em (l/2In.)fhiek 1.22 m x 2.44 m (4 tt by 8 ff) sheets 
installed wlih 2.44 m dim. vertical) 

13 - 18 nominal 5.1 em x 15.2 em (2 In. x 6 in.) XPS fan-folded leveling board 0.6 em (0.25 in.) thick 1.22 m x 2.44 m 
(4 tt by 8 tt) sheets installed with 2.44 m dim. vertical) 

19 - 24 nominal 5.1 em x 15.2 em (2 In. x 6In.) XPS sheathing with tongue-and-groove joints 1.9 em (3/4 In.) 0.61 m x 2.44 m 
(2 tt by 8 tt) sheets installed with 2.44 m dim. horizontal) 

25 - 34 nominal 5.1 em x 15.2 em (2 in. x 6 In.) Foil faced polyisoeyanurate foam board 1.3 em (l/2 in.) thick 1.22 m x 2.44 m 
(4 tt by 8 tt) sheets Installed with 2.44 m dim. vertical) 
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Base Wall 

Light Switch . 

Sub-Floor 
Assembly 

: ..... -- ------. --, 
19 cm (7.5 In.) 

Foil Faced Pressure 
Laminated Cellulose 

Figure 1 Tests 1 through 6 wall section. 

installed as typical of residential construction with 
1.27-C111 (O.5-in.) holes drilled through each stud to run a 
standard 14-gauge wire between. TIle sub floor assembly 
was insulated with R-2.27 m2·K/W (R-13 °F·ft2·h/Btu) 
kraft-faced fiberglass. Exterior sheathing was 1.22-m by 
2.44-m (4-ft by 8-ft) foil-faced pressure-laminated cellu
lose (structural grade) approximately 0.29 cm (0.113 in.) 
thick installed with two 1.9-cm (0.75-in.) overlapping ver
tical joints across the 2.44-m (8-ft) wall width. (The man
ufacturer's instructions call for vertical joints to be 
overlapped but not horizontal joints.) 11,e sheets were 
positioned at installation so that "manufactured edges" 
were present at all sean)s bet14Neen joints. TIle sheathing 
was fastened with 3.2-cm (1.25-in.) roofing nails at 7.6-cm 
(3-in.) intervals arotmd the perimeter and 15.2 cm (6 in.) 
along the intermediate studs. Air leakage points were 
identified at the sheathing joints on the exterior and at the 
baseboard area and electrical outlets on the interior. 

Tests 7 Through 12 

The wall system for tests 7 through 12, illustrated in 
Figure 2, was nominaI5.1-cm by 15.2-cm (2-in. by 6-in.) 
wood stud wall filled with R-3.33 m2'K/W (R-19 
OF· ft2'h/Btu) inset-stapled kraft-faced fiberglass batts. 
The interior was sheathed with 1->-in. gypsum drywall 
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Base Wall f:~:S=:J 

Light Switch 
Sealed With 
Plastic 

Typical Sheathing 
Joint "OSB 

Sub-Floor 
Assembly 
Sealed with 
Plastic 

:---- ----J 
19 cm (7.5 in.) . 

Figure 2 Tests 7 through 12 wall section. 

sealed around the periIneter and at the joint located hor
izontally approximately 1.22 m (4 ft) up from the sub
floor assembly. A light switch and duplex receptacle 'were 
installed as typical of residential construction, with 
1.27-cm (O.5-in.) holes drilled through each stud to run a 
standard 14-gauge wire between. The subfloor assembly 
was insulated with R-3.33 m2'K/W (R-19 °F·ft2 ·h/Btu) 
kraft-faced fiberglass. Exterior sheathing was 1.22-m by 
2.44-m by 1.3-cm (4-ft by 8-ft by O.5-in.) oriented strand 
board installed with two vertical joints 'with 0.16-cl11 
(0.0625-in.) gaps across the 2,44-m (8-ft) wall width. 11,e 
sheathing was fastened with drywall screws at 30.5-cl11 
(12-in.) intervals around the perimeter and 30.5cm (12 in.) 
along the intermediate studs. The drywall side air leakage 
points at the baseboard area and through the electrical 
outlets were sealed with plastic and taped to simulate an 
airtight drywall installation. TIlis wall was designed to 
allow no full-penetration air leakage; howevel~ the joints 
in the exterior sheathing were not sealed, 'ivhich could 
allow air to flow into the wall cavity and out along the 
same plane. 

Tests 13 Through 18 

11,e wall system for tests 13 t1uough 18, illustrated in 
Figure 3, was identical to that used in tests 7 through 12 with 
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Base Wall l=:2=~' 
Light Switch 

Sub-Floor 
Assembly 

-_ ... -..1 
19 cm (7.5 in.) . 

1\ 

Figure 3 Tests 13 through 18 wall section. 

the following changes: the plastic film was removed, whidl 
covered the interior electrical outlets and the sub floor 
assembly; and the 1.3-em (O.5-in.) OSB sheathing was 
removed frOln the exterior. The exterior of the insulationcav
ity was covered with 3O.5-em (12-in.) hardboard siding fol
lowed by 0.6 em (0.25 in.) thick fan-folded extl11ded 
polystyrene leveling board, and eitl,er a flash spunbonded 
polyethylene housewrap ,md type 04.5-22.9-em (9-in.) vinyl 
siding 01' just type 04.5-22.9-em (9-in.) vinyl siding without 
the flash splUlbonded polyethylene housewrap. Both the 
0.6-cm (0.2-in.) leveling board and the flash splUlbonded 
polyethylene housewrap, if used, were sealed around ti,e 
perimeter of the test wall. TI,e 0.6-cm (0.25-in.) leveling 
board is supplied in 1.22-m (4-ft) widths, which rendered 
two horizontal seams along ti,e 2.74-m (9-ft) height of the 
test walL lhese seanls ,,,,ere not sealed, which is typical of 
field installations. Ail' leakage points were identified at ti,e 
seams in the leveling board on the exterior and at the base
board area and. electtical outlets on the inteli01: 

Tests 19 Through 24 
TIle wall system for tests 19 through 24, illustrated in 

Figure 4, was identical to that used in tests 7 through 12 
with the following changes. 

• The plastic fi~n that covered the interior electrical out
lets and. the subfloor a~<;embly was removed. 
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Base Wall 

Light Switch /""----.<:: 

Typical Sheathing 
Joint 1.9 cm (0.75 in) 

T&G f __ £-__ ~ 

Sub-Floor 
Assembly 

I ... _____ ------~ 

, 19cm (7.5 in.) . 

1.9 cm (0.75 in) 
Tongue & Groove 
XPS Sheathing 

Figure 4 Tests 19 through 24 wall section. 

• TI,e 1.3-cm (O.5-in.) sheathing was removed from ti,e 
exterior and replaced Witll 0.61-m by 2.44-m (2-ft by S
ft) tongue-and-groove edged XPS sheathing because 
1.22-m by 2.44-m (4-ft by 8-ft) sheets were not available 
in the vicuuty of ti,e testing facility. TI,e tongue-and
groove XPS was installed horizontally per the manu
facturer's installation schedule with 3.8 em (1.5 in.) 
long drywall screws with 3.2-cm (1.25-in.) o.d. plastic 
washers. TIus ulstallation created four 2.44-m (8-ft) 
horizontal seams and two 0.61-m (2-ft) vertical seams 
along a vertical stud. Pieces were fit together tightly 
using care to make sure all tongues and grooves were 
ultedocked. The sheathulg was fastened at 3O.5-cnl 
(12-Ul.) ulteivals along the vertical studs and 40.6 cm 
(16 Ul.) horizontally at each stud. 

Air leakage POUltS were identified at the sheathulgjoults 
on the exterior and at the baseboard area and electrical 
outlets on the interior. 

Tests 25 Through 29 

The wall system for tests 25 through 29, illustrated Ul 
Figlll'e 5, was identical to that used Ul tests 7 through 12 
with the follOWing changes. 
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Base Wall 

light Switch 

Typicat Sheathing 
Joint 1/2" Polyisocyanurate 

• 

• 

Sub-Floor 
Assembly 

[-0--- - ---~ 
19 cm (7.5 in.) . 

Figure 5 Tests 25 through 29 wall section. 

11,e plastic film that covered the interior electrical 
outlets and the subfloor assembly was rellloved. 
The 1.3-cm (O.5-in.) aSB sheathing was removed 
from the exterior and replaced with 1.22-m by 2.44-m 
by 1.3-cm (4-ft by 8-ft by O.5-in.) square-edged foil
faced polyisocyanurate sheathing installed with two 
vertical joints across the 2.44-m (8-ft) wall width. The 
sheathing was fastened with drywall scre\vs with 
washers at 30.5-cm (12-in.) intervals along the verti
cal studs and 40.6 cm (16 in.) horizontally at each 
stud. 

Air leakage points were identified at the sheathing joints 
on the exterior and at the baseboard area and electrical 
outlets on the interior. 

Tests 30 Through 34 

The wall system for tests 30 through 34, illustrated in 
Figure 6, was identical to the wall configuration in tests 25 
through 29 with the exception of added caulked joints at 
three locations. The purpose of these tests was to isolate 
the air leakage paths associated with the subfloor assem
bly. 11,e interface between the subfloor and the bottom 
(sale) plate of the wall is a well-known leakage pathway. 
By applying caulk to this area to seal the path, which 
often is done just prior to tilting a wall in place, it is 
assumed that a major air leakage path is sealed. This test 
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Figure 6 Tests 30 through 34 wall section. 

was designed to gain a better understanding of the air 
leakage rates through the 'ivall cavity when other air leak
age pathways along the fraining joints have been sealed. 
Air leakage points were identified at the sheathing joints 
on the exterior and at the electrical outlets and the base
board area on the interior. 

INSTRUMENTATION 

Thermocouples used tOlneasure temperatures during 
the tests were 24-gauge lype-Twith special limits of error. 
On each of the interior and exterior surfaces of the base 
waH, 16 thennocouples were installed as suggested in 
ASTM C976. These 32 thermocouples were placed at loca
tions that were representative of the different conduction 
paths through the wall. Some were placed over studs, 
some were placed over insulation cavities, and others 
were placed at different locations on the subfloor area. 
The steady-state ternperatures lllCasured by these ther
mocouples were area-weighted in the final data analysis 
to provide an average smnple surface teinperature for 
both the wafm and cold sides of the smnple. 111ese aver
age surface telnperatures defined the telnperature gradi
ents used in the effective conductance measurements for 
each test. 11,e locations of these thermocouples did not 
change from sample to sample. An additional 48 thermo-
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couples were located at various locations inside the wall 
and subfloor areas. 

Thermocouples and heat flow transducer outputs 
were fed to a data-acquisition unit equipped with a 
5'h-digit voltmeter and an extension chassis with suffi
cient input cards to handle 220 channels. The voltmeter 
was calibrated using a National Institute of Standards 
and Technology (NIST)-traceable voltage source and 
has a manufacturer's stated accuracy of ±0.02% of read
ing +611 V for temperature measurements and ±0.016% 
of reading +36011 V for power measurements. Actual cal
ibration at the facility using a NIST-traceable voltage 
source showed that the accuracy was ±211 V total for 
temperature measurements and ±lOOI1V total for power 
measurements. The data-acquisition unit was linked to 
a computer running software that monitored the test 
conditions. 1he software was set up to take data at five
minute intervals throughout the test and output to a text 
file that could later be analyzed and reduced using soft
ware for final output. Temperature control for each of 
the three chambers was accomplished by using conh'ol
lers located within a hot box control console. 

The heat flow into the metering chamber was com
puted as the sum of the power input to the heaters and the 
air-circulating fans. TI,e heat (power) inputs were calcu
lated using Equation 1: 

p; V·1 (1) 

where 

P ; power, 
V ; volts, and 
I ; amperage. 

Voltage was measured by the voltmeter and current 
by measuring the voltage drop across a O.Ol-ohm preci
sion resistor that had been calibrated using a NIST-trace
able resistor network. TI,e heat input measurement 
provided the total heat flmv, which, when corrected for 
other losses in. the test apparatus, gave the heat flow 
through the sample. 

Airflow was measured using one of three mass flow
meters providing the capability to measure airflows in 
three ranges: 0 to 0.5 Lis, 0 to 2.4 Lis, and 0 to 14.2 L/s 
(0 to 1 scfm, 0 to 5 scfm, and 0 to 30 scfm). Before each 
test, the appropriate flowmeter was selected so that 
leakage would fall as close as possible to the midrange 
of the measurement capability of the device. Each flow
meter had been calibrated with a NIST-traceable mass 
flowmeter and was accurate to ±3% of reading +0.5% of 
full scale. 

Pressure was measured in the metering chamber 
using an indicating transmitter capable of sending a sig
nal to the data-acquisition unit or being read visually by 
a dial indica to!, Pressures in the clinlate chamber and 
guard chamber were measured by a pressure gauge that 
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was read visually. All of the pressure gauges were accu
rate to ±2% of full scale, which was 0 to 125 Pa (0 to 0.5 in. 
H20), and were readable in divisions of 2.5 Pa or 0.01 in. 
Hp. 

FACILITY CALIBRATION 

Prior to the start of this testing program and again at 
its conclusion, a homogeneous walI of known R-value 
was run in the test facility. This wall was constructed of 
10.2 cm (4 in.) thick expanded polystyrene foam faced 
with 0.32 cm (1/8 in.) thick plywood on both sides. Con
ductance measurements obtained per ASTM C518 in a 
NIST-traceable heat flowmeter apparatus were compared 
with the conductance measurements obtained in the hot 
box. TIle before and after R-value verification tests dif
fered by 0.3%, and the average of the hot box runs differed 
from the ASTM C518 measured R-value by 0.1%. 

SEALING TECHNIQUES AND VISUAL 
LEAKAGE CONFIRMATION 

AlI sealing was done with the premise that air infiltra
tion through the sample (through leakage pathways 
inherent in the construction teclmiques) was to be iso
lated and that air infiltration pathways created by the 
installation of the sample in the frame were to be eliIni
nated. 

To eliminate the air leakage between the sample and 
the sample frame in these tests, the base walI was sealed 
at the framiIlg level all around the perimeter on both sides 
(warm and cold). On the warm side, the sample was again 
sealed all around the perimeter after the gypsum board 
was installed (the joint at the bottom plate of the wall and 
subfIoor interface was not sealed in either instance). On 
the cold side, the sample was sealed again all arotmd the 
perimeter after the exterior sheathing was installed. 

For each wall configuration, the sample was checked 
for air leakage sites, using a smoke pencil, prior to the ini
tia tion of each test series. All perimeter sites were elimi
nated by sealing with tape and/or caulk. Leakage sites 
were confirmed for each sample to be at the electrical 
boxes and along the wall subfIoor interface on the warm 
side, and along sheathing seams on the cold side. As was 
fOlmd iIl previous testiIlg, leakage sites on the cold side of 
the sample along sheathing seams were much more pro
nounced between fasteners. Visual inspection confirmed 
a slight bowing of the sheathings, which explained this 
leakage. The bowiIlg was characterized as tile sheathing 
simply not being in contact with the stud frame (only in 
some locations), caused by tile local deformation near the 
fasteners. The deformation was slight, and the only evi
dence of the sheatlllilg not being in contact with the shld 
frame was felt when the sheathing was pushed on lightly. 
This phenomenon was more visually apparent with the 
foam sheathings, but smoke pencil checks confirmed 
leakage sites. 
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The OSB sheathing, the stiffest of the sheathings 
tested, did display some slight bowing away from the fas
tener locations, but the effect this had on the air leakage 
was not discernible because this sample was sealed on the 
wann side to simulate the "airtight drywall approach." 

CALCULATED BASE WALL R-VALUES 

Because each base wall configuration was tested with 
different sheathings, each test configuration had its own 
unique baseline R-value. This baseline establishes the 
"expected" wall thermal performance when there is no 
pressure difference across the wall. This thermal perfor
mance can then be compared to the thermal performance 
at different pressures to quantify the reduction in thermal 
performance due to air infiltration. 11,is R-value was cal
culated for each wall using the parallel-path method 
based on verified conductance measurements for all wall 
components (per ASTM C518). The R-value for each wall 
also was measured (twice during each test series) in the 
hot box to confirm the validity of this cakulation. Table 3 
contains the calculated R- and C-values for the five wall 
assemblies. For all walls, this deviation (behveen "calcu
lated" and "measured") was less than 5%. 

TABLE 3 Calculated R- and C-Values for 
Test Wall Assemblies 

Tests Brief Description 

Calculated 

R-value C-value 
m2·K/W W/m2 ·K 

I - 6 2 x 4 Foil faced pressure laminaled R-l. 96 C-O.51 
cellulose (structural grade) 

7 - 12 2 x 6 Orienled strand board R-2.56 C-O.39 

13-18 2x6 XPSfan folded leveling board R-3.23 C-O.31 

19 - 24 2 x 6 XPS shealhlng wilh longue R-3.33 C-O.3D 
and groove joints 

25 - 34 2 x 6 Foil faced polyisocyanurale R-3.23 C-O.31 
foam board 

RESULTS 
The results for the 34 tests are summarized in Tables 

4 and 5. The relationship between air leakage through the 
wall and apparent thermal conductivity correlated well 
with previous testing Oanes et aJ. 1995). Figure 7 shows 
data from tests 13 through 34 from this current test and 
tests 1 through 28 from the work presented in Jones et aJ. 
(1995). Tests 13 through 34 were selected because the base 
walls all had similar calculated R-values at zero airflow 
(R-3.09 to R-3.29 m2·K/W or C-0.30 to C-O.32 W /m2·K). 
In tests 1 through 28 Oanes), the same basewall was used, 
which had a calculated R-value of R-2.5 m2• K/W or 
C-O.40 W/m2.K. In theory, these two plots should have 
produced parallel sloping lines, with the base walls with 
the higher R-values generating the lower of the hvo plots. 
Most of the data from tests 13 through 34 are positioned 
parallel and below tile data from Jones et aJ. (1995) tests 1 
through 2, with the exception of the data generated in test 
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Figure 7 Comparison of airflow rote vs. effective 
thermal conductance for tests 13 through 34 and 
tests I through 28 from Jones et 01. (1995). 

21 (XPS tongue-groove), which had a greater loss in ther
mal performance than would be expected at the mea
sured air leakage rate. 

DISCUSSION 

The presentation of these data presents an issue 
related to the dynamic nature from which it was gener
ated. Because there was air movement at a steady state 
during the majority of the tests, the results cannot be 
presented as an R-value by its pure definition. How
ever, the ASHRAE Halldbook of Flllldamelltais (ASHRAE 
1993a) does have a term--apparellt or effective tilermal 
cOlldllctallce (C-factor or value)-that does allow for 
more than one mode of heat transfer through a sample. 
The units for C-value are W/m2 .K. For static airflow 
conditions, ASH RAE provides definitions for R-value 
and V-factor that have units of K'm2/W and W 1m2 . K, 
respectively. V-factor and effective C-value share the 
same units, W /m2 . K, separated only by the presence 
of an additional mode of heat transfer for effective 
C-value. There is, however, no corresponding term 
having the same units as R-value to express data that 
are generated with more than one mode of heat trans
fer. Because R-value is a widely used term in the indus
try, there should be a corresponding term, "effective ?
value/' that would share the same units as R-value 
(K'm2/W) but cover the expression of data generated 
having more than one mode of heat transfer. For the 
purposes of presenting data in this paper, the author 
has decided to make the leap and express the data in 
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Test 
# Description 

FoU-faced pressure-laminated cellulose 
and plastic 

2 FoiHaced pressure'lamlnated cellulose 

3 FOil-faced pressure·lamlnated cellulose 

4 Foil-faced pressure·lamlnated cellulose 
housewrap and plastic 

5 Foil-faced pressure-laminated cellulose 
housewrap 

6 Foll-faced pressure-laminated cellulose 
housewrop 

7 2x60SBADA 

8 2x60SBADA 

9 2x60SSADA 

10 2x6 OSS ADA. housewrap, plastic 

11 2x6 OSS ADA. housewrap 

12 2x6 OSS ADA. housewrap 

13 XPS Fan fold leveling board and plastic 

14 XPS Fan fold leveling board 

15 XPS Fan fold leveling board 

16 XPS Fan fold leveling board, housewrap, 
plastic 

17 XPS Fan fold leveling board and 
housewrap 

18 XPS Fan fold leveling board and 
housewrop 

19 3/4 in. XPS T&G and plastic 

20 3/4 in. XPS T&G 
21 3/4 in. XPS T&G 

22 3/4 in, XPS T&G, housewrap, and plastic 

23 3/4 in, XPS T&G and housewrap 

24 3/4 In, XPS T&G and housewrap 

25 Foil-faced isocyanurate and plastic 

26 Foil-faced isocyanurate 

27 FOil-faced isocyanurate 

28 Foil-faced isocyanurate and housewrap 

29 FOil-faced isocyanurate and housewrap 

30 Foil-faced isocyonurote caulked 

31 Foil-faced isocyonurote cQulked 

32 Foil-faced Isocyanurate caulked 

33 FOil-faced Isocyonurafe, housewrap 
andcQulked 

34 FOil-faced isocyanurate, housewfop 
and caulked 

TABLE 4 Test Results 

Wind Speed Heot Flow Rate 
(kph) (IN) (Btu/h) 

o 

14.6 

23.2 

o 

14.6 

23,2 

o 
12.9 

24,1 

o 
12.9 

24.1 

o 
14.6 

23,2 

o 

14.6 

23.2 

o 
14.6 

20.8" 
o 

14.6 

23,2 

o 
14,6 

23.2 

14.6 

23.2 

o 
14.6 

23.2 

14.6 

23,2 

109.16 372.57 

309.29 1055,62 

407,43 1390.57 

109,01 372.05 

126,45 431.57 

131.57 449.05 

94.34 321. 97 

110.64 377.60 

128.56 438.77 

92.38 315.30 

93.16 317.95 

91.69 312.95 

77.35 263.99 

152.17 519.36 

226.41 772.73 

77.72 265.26 

92.71 316.41 

108,12 369,03 

76.88 262.38 

327.12 1116.46 

474.84 1620.62 

74.77 255.19 

87.36 298.17 

98.38 335.77 

77.22 263,56 

189.09 645.38 

317.64 1084.12 

87.03 297.02 

93.77 320.03 

76.84 262.27 

163.03 556.41 

240,18 819.73 

87.45 298.46 

96,94 330.86 

Effective C-Value Effective R-Value 

(VV/nn2'K) (Btu/h·H2·'F) (K·nn2/VV) ('F·h·H2/Btu) 

0.49 

1.29 

1.71 

0.49 

0,53 

0.55 

0,41 

0.44 

0,52 

0.39 

0,38 

0.38 

0.32 

0,61 

0.92 

0.31 

0,37 

0.43 

0.31 

1.38 

2.04 

0,30 

0.35 

0.40 

0.32 

0.77 

1.32 

0.35 

0.38 

0.32 

0.66 

0,99 

0.36 

0,39 

0,09 

0,23 

0.30 

0.09 

0.09 

0.10 

0.07 
0,08 

0.09 

0.07 
0.07 
0.07 
0.06 

0.11 

0.16 

0,05 

0.07 

0.08 

0,06 

0.24 

0.36 

0.05 

0.06 

0.07 
0.06 

0.14 

0.23 

0.06 

0.07 
0.06 

0,12 

0.18 

0.06 

0.07 

2.05 

0.77 

0,58 

2.06 

1,87 

1.81 

2.47 

2.26 

1.94 

2.54 

2,55 

2.65 

3.14 

1.63 

1.08 

3.24 

2.71 

2.32 

3,20 

0.73 

0.49 

3.29 

2.85 

2.52 

3,11 

1.30 

0.76 

2.83 

2.63 

3,09 

1.51 

1.01 

2.81 

2.54 

11.63 

4.39 

3,32 

11.68 

10,64 

10.29 

14.01 

12,83 

11.00 

14.43 

14.77 

15.05 

17,85 

9.27 

6,15 

18.42 

15.38 

13.17 

18.18 

4.12 

2.78 

18.69 

16.17 

14.34 

17.65 

7.36 

4.29 

16.05 

14,93 

17.54 

8.55 

5.71 

15,95 

14.41 

'The samples leakage rote exceeded the capacity of the blower and did not permit fhis fesf to be conducted ot the desired 23,2 kph wind pressure. 

terms of effective C-value and effective R-value, fully 
acknowledging that there is no current referenceable 
definition for effective R-value, For this paper, effective 
R-value will use the units of K 'm2 /W and be the recip
rocal of effective C-value. 

TI,e test design does not incorporate any exterior sid
ing, which would be an additional variable that might 
contribute to the thermal perfOImance of a wall, Because 
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there are a multitude of different exterior sidings, it would 
be impossible to characterize them all with U,is type of 
test protocol. Furthermore, residential exterior sidings are 
not typically considered to function as an air retarder, 
although in some cases there may be some contribution, 
The level of sealing detail that would be required to make 
a bevel-lapped siding airtight, for instance, would be cost 
prohibitive and the longevity of the seal, if achieved, 
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TABLE 5 Air Leakage Roles 

Wind Air Leakage Air Leakage 

Tesl Speed ASTM E1424 ASTM E283 

# Descrlpllon (kph) (cfm/ft2) (L/s·m2) (cfm/ft2) (L/s·m2) 

Foll faced pressure laminated cellulose and Plastic 0 0 0 0 0 

2 Foil faced pressure laminated cellulose 14.6 0.15 0.76 0.11 0.56 

3 Foil faced pressure laminated cellulose 23.2 0.23 1.18 0.19 0.97 

4 Foil faced pressure laminated cellulose Housewfop and Plastic 0 0 0 0 0 

5 Foil faced pressure laminated cenulose Housewrap 14.6 0.01 0.04 0.01 0.04 

6 Foil faced pressure laminated cellulose Housewrap 23.2 0.02 0.08 0.01 0.06 

7 2x60SBADA 0 0 0 0 0 

8 2x60SSADA 12.9 0 0 0 0 

9 2x60SBADA 24.1 0 0 0 0 

10 2x6 OSB ADA. Housewrap. Plastic 0 0 0 0 0 

11 2x6 OSS ADA. Housewrap 12.9 0 0 0 0 

12 2x6 OSS ADA. Housewrap 24.1 0 0 0 0 

13 XPS Fan fold leveling board and Plastic 0 0 0 0 0 

14 XPS Fan fold leveling board 14.6 0.09 0.45 0.06 0.30 

15 XPS Fan fold leveling board 23.2 0.15 0.76 0.13 0.56 

16 XPS Fan fold leveling boord. Housewrap, Plastic 0 0 0 0 0 

17 XPS Fan fold leveling boord, and Housewrop 14.6 0.02 0.10 0.01 0.05 

18 XPS Fan fold leveling board I and Housewrap 23.2 0.Q3 0.17 0.02 0.10 

19 3/4 in. XPS T&G and Plastic 0 0 0 0 0 

20 3/4 in. XPS T&G 14.6 0.23 1.16 0.13 0.56 

21 3/4 in. XPS T&G 20.8" 0.32 1.63 0.23 1.17 

22 3/4 in. XPS T&G. Housewrap. and Plastic 0 0 0 0 0 

23 3/4 in. XPS T&G and Housewrap 9.1 0.02 0.08 0,01 0.05 

24 3/4 in. XPS T&G and Housewrap 23.2 0.Q3 0.14 0,01 0.05 

25 Foil Faced Isocyanurate and Plastic 0 0 0 0 0 

26 Foil Faced Isocyanurate 14.6 0.10 0.52 0.05 0.25 

27 Foil Faced Isocyonurate 23.2 0.21 1.05 0.11 0.56 

28 Foil Faced Isocyanurate and Housewrop 14.6 0.01 0.05 0.01 0.05 

29 Foil Faced Isocyanurate and Housewrap 23.2 0.02 0.09 0,01 0.05 

30 Foil Faced Isocyanurate Caulked 0 0 0 0 0 

31 Foil Faced Isocyanurate Caulked 14.6 0.09 0.46 0.05 0.25 

32 Foil Faced Isocyanurate Caulked 23.2 0.15 0.76 0.10 0.51 

33 Foil Faced Isocyanurate, Housewrap and Caulked 14.6 0,01 0.05 0,01 0.05 

34 Foil Faced Isocyanurate, Housewrap and Caulked 23.2 0.D2 0.11 0.01 0.05 

'The samples leakage rate exceeded the capacity of the blower and did not permit this test to be conducted at the desired 23,2 kph wind pressure, 

would be questionable with continual contraction and 
expansion of the siding as moisture content varies. 

The selection of 10- and 25-Pa pressure difference used 
throughout the tests is slightly higher tl,an average U.s. 
wind conditions, which range from roughly 8 to 16 kph (5 
to 10 mph) (GRI 1992). These wind conditions vary season
ally and with geographic region and, obviously, as U,e 
wind speed decreases, the inlpact of pressure-induced con
vective heat losses decreases. Buildings also can be inad
vertently pressurized and depressurized by imbalances in 
heating, ventilating, and aiHonditioning (HVAC) systems 
that can induce infiltration or exfiltration tlu'Dllgh exterior 
walls if sufficient resistance to airflow is nat built in. It is not 
suggested, however, that use of a housewrap or oU,er air 
retarder in an exterior wall would be a good substitute for 
correcting imbalances in an HVAC system. 

Thermal Envelopes VI/Heat Transfer In Wal~ /I-Principles 

The ability to compute actual energy savings for a 
given building based on results from this testing is not 
possible due to the many variables that impact thermal 
perfonnance under actual conditions. Howevel~ it is 
these same variables that also introduce inaccuracies in 
energy modeling based on static thermal performances 
of materials and systems. The testing has been con
ducted to illustrate the vulnerability of some insulating 
materials to air movement and to make the point that a 
statically measured R-value is only as good as the ability 
to maintain that static condition in actual use. The test 
results conSistently illustrate the value of installing a 
flash spunbonded housewrap for reducing air move
ment in walls whose insulation performance is sensitive 
to air movement. 
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The foil-faced, pressure-laminated, cellulose
sheathed walls (tests 1 through 3) had a significant 
decrease in effective R-value (increase in effective 
C-value) as the ~ pressure was increased due to increased 
airflow thwugh the wall assembly. A large amount of this 
air leakage occurred thwugh the subfloor / sole plate 
interface and through the electrical boxes. When a flash 
spunbonded polyethylene housewrap was applied in 
tests 4 through 6, the rate of heat loss was significantly 
reduced for the same ~ pressures due to reduced airflow 
through the wall assembly. For a 14.6-kph (9.1-mph) wind 
pressure, the foil-faced, pressure-laminated, cellulose
sheathed wall wrapped with a flash spunbonded poly
ethylene housewrap only allowed the effective R-value to 
drop about 9% vs. 62% for just the sheathing without 
housewrap. At 23.5 kph (14.4 mph), the effective R-value 
with a flash sptmbonded polyethylene housewrap 
dropped about 12% vs. about 71% for just the sheathing 
without housewrap. 

Data for the OSB configuration (using the "airtight 
drywall approach") showed that the effective R-value of 
the sample is adversely affected by the effects of "wind 
washing." At a wind pressure of 12.9 kph (8 mph) blow
ing against the exterior of the wall, the effective R-value 
decreased by about 9% even though no air actually 
penetrated completely through the wall. At 24.1-kph 
(IS-mph) wind pressure, the effective R-value decreased 
by about 21 %. Consequently, when a flash spunbonded 
polyethylene housewrap was wrapped over the exterior 
of these walls, no decrease in effective R-value for both 
the 12.9- and 24.1-kph (8- and IS-mph) wind speeds was 
noted. A slight increase in effective R-value was mea
sured as wind pressure was increased when the flash 
spunbonded polyethylene housewrap was used, which 
cannot be explained. It should not be concluded from 
these data that the wall's thermal performance would 
impwve beyond that measured at static conditions if 
wind pressure is induced. The installation of a flash 
spunbonded polyethylene housewrap did, howevel~ 
effectively eliminated the negative effects of "wind 
washing." 

Data for the XPS fan-folded leveling board and 
tongue-and-gwove configurations showed that these 
products are not very effective in reducing air infiltration. 
The air infiltration rate of these products also exhibited a 
sensitivity to temperature. That is, the air infiltration rate 
at a given pressure was higher when a temperature dif
ference existed acwss the sample (see Table 5). The XPS 
fan-folded leveling board also has many tiny holes poked 
through its surface and these holes may expand and con
tract with changing temperatures. For the XPS fan-folded 
leveling board wall assembly, the equivalent wind pres
sures of 14.6 and 23.5 kph (9.1 and 14.4 mph) decreased 
the effective R-value by about 48% and 66%, respectively. 
When a flash sptmbonded polyethylene housewrap was 
wrapped over these test walls, the effective R-value 
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decreased about 16% and 28% for the same wind pressure 
conditions. For the XPS tongue-and-groove wall assem
bly, the increased air infiltration rate at lower tempera
tures is presumably due to the interlocking nature of the 
product. These products both rely on interlocking seams 
as barriers to air infiltration, and, as they cool, the coeffi
cient of thermal expansion may cause sufficient move
ment to reduce the sealing nature of the interlocking 
seams. At 9.1- and 12.9-mph equivalent wind pressure, 
the XPS tongue-and-groove sheathing allowed sufficient 
air leakage to decrease the effective R-value by about 77% 
and 85%, respectively. When a flash spunbonded poly
ethylene housewrap was wrapped over these test walls, 
the effective R-value only decreased 13% and 23% for the 
same wind pressure conditions. 

Data for the foil-faced polyisocyanurate sheathing 
configuration showed that caulking the leakage sites in 
the subfloor area was successful in reducing air infiltra
tion, but only by a small percentage vs. no caulking. Com
paring tests 25 and 26 with tests 30 and 31 shows that at 
14.6-kph (9.1-mph) equivalent wind pressure the effec
tive R-value was only increased 7% by caulking the inter
face between the subfloor and the sole plate. The overall 
loss in effective R-value was about 58% without caulking 
and 51% with caulking at 14.6-kph (9.1-mph) equivalent 
wind pressure. With or without caulking, wrapping with 
a flash spunbonded polyethylene housewrap at a 14.6-
kph (9.1-mph) equivalent wind pressure only allowed a 
9% loss in effective R-value. It was speculated, prior to 
this testing, that the interface between the subfloor and 
the sole plate was the main source of air leakage in the 
wall assembly. While this interface does constitute a 
major leakage site, sealing it only changes the path ofleast 
resistance through the wall assembly. The results fwm 
tests 25 through 34 clearly show that significant amounts 
of air can penetrate into the wall cavity at the bottom hor
izontal interface between the exterior sheathing and the 
sole plate (Figure 8) even though the interface behveen 
the sole plate and the sub-floor is sealed. For this config
uration, the air exits the wall on the interior side through 
the electrical boxes and at the horizontal joint behveen the 
drywall and the sub-floor. Previous testing documented 
in Ober and Goodrow (1994) of work conducted for a 
manufacturers' association indicates that little air pene
trates into the wall cavity and out through electrical box 
penetrations in the interior drywall. Although there were 
some similarities between the organization's test config
urations and the work presented in this paper, there are a 
couple of important differences. 
• The organization's wall did not include the sub

floor section and was sealed around the perimeter, 
allowing air to flow into the wall only at the hvo 
vertical seams in the exterior sheathing and out 
thwugh the electrical boxes on the interior side. 

• The organization's wall did include exterior siding 
(which is not considered to be an air barrier but may 
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Figure 8 Airflow paths through the foi/-faced polyiso
cyanurate wall assembly used for tests 25 through 
34. 

impact the air leakage characteristics of the wall 
assembly). 

It would be inappropriate to attempt to quantify air 
leakage associated with a particular pathway by inte
grating the data from Ober's tests with this testing due 
to dissimilarities in the test samples. 

The foil-faced polyisocyanurate wall, like the XPS fan
folded leveling board and tongue-and-groove walls, 
showed a sensitivity to temperature gradient across the 
wall. The air infiltration rates (Table 5) were significantly 
higher for walls with a temperature gradient than for 
walls without a temperature gradient. This may be due to 
a higher propensity for joint movement due to thermal 
expansion and possibly the differential in thermal expan
sion between the foil and the polyisocyanurate foam. 

CONCLUSIONS 

The flash spunbonded polyethylene housewrap was 
effective in significantly reducing the air infiltration rates 
for all configurations tested. It also was effective in reduc
ing the effects of "wind washing," based on data gathered 
in the "airtight drywall approach" tests. For tests with air 
infiltration, the flash spunbonded polyethylene house
wrap reduced the air infiltration rates in the same range as 
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was previously documented in Jones et al. (1995). TI,ese 
results show that this housewrap is effective in reducing 
air infiltration to predictable levels. TI,is level is in the 
range of 0.001 to 0.003 L/ s·m2 (0.015 to 0.03 cfm/ ft2) at 25-
Pa presslll'e and is somewhat independent of the air infil
tration rate of the wall without the housewrap. The air 
infiltration rate of walls with a flash spun bonded poly
ethylene housewrap is slightly affected by temperature 
gradient across the wall but only when the wall without 
the housewrap is significantly affected by the same tem
perature gradient. This would indicate that there is a syn
ergistic effect between all wall components in establishing 
the air-retarding performance of a wall system. The use of 
the term "effective R-value" was used in this paper, 
although no definition currently exists in the ASHRAf 
Handbook of Fllndamenta's (ASHRAE 1993a). TI,ere is a 
need for this type of term to be added to the definitions in 
chapter 20 since, intuitively, R-value expresses therrual 
performance in terms where bigger numbers mean better 
performance. Since there is an "effective C-value," there 
should also be a reciprocal. TI,e findings of this paper also 
suggest that there should be continued emphasis placed 
on reducing air exchanges through the building envelope 
by various practices such as using a housewrap in the lan
guage of ASHRAE Standard 90.2 (ASHRAE 1993b) and in 
the CABO Model Energy Code (CABO 1995). 
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