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Standard Practice for
Determination of Thermal Resistance of Attic Insulation
Systems Under Simulated Winter Conditions *

This standard is issued under the fixed designation C 1373; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope 1.7 All values shall be reported in both Sl and inch-pound

1.1 This practice presents a laboratory procedure to deteknits unless specified otherwise by the client.
mine the thermal resistance of attic insulation systems under 1.8 This standard does not purport to address all of the
simulated steady-state winter conditions. The practice appliedfety concerns, if any, associated with its use. It is the
only to attic insulation systems that face an open attic air spac&eSponsibility of the user of this standard to establish appro-
1.2 The thermal resistance of the insulation is inferred fronPriate safety and health practices and determine the applica-
calculations based on measurements on a ceiling systeRflity of regulatory limitations prior to use.
consisting of components consistent with the system bein% Referenced Documents
studied. For example, such a system might consist of a gypsum
board or plywood ceiling, wood ceiling joists, and attic 2-1 ASTM Standards: , ,
insulation with its top exposed to an open air space. The C 167 Test Methods for_Thlckness and Density of Blanket
temperature applied to the gypsum board or plywood shall be _©r Bait Thermal Insulatiorts
in the range of 18 to 24°C (64 to 75°F). The air temperature C 168 Terminology Relating to Thermal Insulatfon
above the insulation shall correspond to winter conditions and € 177 Test Method for Steady-State Heat Flux Measure-
may range from —46°C to 10°C (51 to 50°F). The gypsum Ments and Thermal Transmission Properties by Means of
board or plywood ceiling shall be sealed to prevent direct _the Guarded Hot Plate Apparafus .
airflow between the warm and cold sides of the system. C518 Test Method for Steady-State Thermal Transmission
1.3 This practice applies to a wide variety of loose-fill or ~_Properties by Means of the Heat Flow Meter Apparatus
blanket thermal insulation products including fibrous glass, €520 Test Methods for Density of Granular Loose-Fill
rock/slag wool, or cellulosic fiber materials; granular types Insulat|on§._ _ . ,
including vermiculite and perlite; pelletized products; and any C 949 Specification for Perlite Loose Fill Insulatfon
other insulation material that may be installed pneumatically or € 665 Specification for Mineral-Fiber Blanket Thermal In-
poured in place. The practice considers the effects on heat sulat|_on for Light Frame Construction and Manufactured
transfer of structures, specifically the ceiling joists, substrate, Housing o _
for example, gypsum board, air films, and possible facings, C 687 Practice for Determination of Thermal Resistance of

films, or other materials that may be used in conjunction with _Loose-Fill Building InsulatioA

the insulation. C 739 Specification for Cellulosic Fiber (Wood Base)
1.4 This practice measures the thermal resistance of the L00se-Fill Thermal Insulatich _

attic/ceiling system in which the insulation material has been € 764 Specification for Mineral Fiber Loose-Fill Thermal

preconditioned according to the material Specifications C 549, _Insulatior? -

C 665, C 739, and C 764. C 976 Test Method for Thermal Performance of Building
1.5 The specimen preparation techniques outlined in this _Assemblies by Means of a Calibrated Hot Box
standard do not cover the characterization of loose-fill materi- C 1045 Practice for Calculating Thermal Transmission

als intended for enclosed applications. Properties from Steady-State Conditibns _
1.6 This practice may be used to characterize material C 1058 Practice for Selecting Temperatures for Evaluatmg
behavior under controlled steady-state laboratory conditions _and Reporting Thermal Properties of Thermal Insulgtion
intended to simulate actual temperature conditions of use. The C 1114 Test Method for Steady-State Thermal Transmission
practice does not simulate forced air flow conditions. Properties by Means of the Thin-Heater Apparatus
C 1363 Test Method for the Thermal Performance of Build-

_ - o _ ing Assemblies by Means of a Hot Box Apparatus
L This practice is under the jurisdiction of ASTM Committee C16 on Thermal

Insulation and is the direct responsibility of Subcommittee C16.30 on Thermal

Measurements.
Current edition approved Nov. 10, 2001. Published December 2001.Last previe——————
ous edition C 1373-98. 2 Annual Book of ASTM Standardgol 04.06.
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P thickness, the installation equipment used, the installation

-7 technique, and the geometry of the insulated space.
-7 4.5 The onset of natural convection under winter conditions
NO AIR SPACE PRESENT may be a function of specimen thickness. For purposes of this

practice, the tests shall be carried out at thicknesses at which
the product is used.

4.6 Since this practice simulates winter conditions, the heat
flow direction shall be vertically upwards.
AIR SPACE PRESENT 4.7 Specimens shall be prepared in a manner consistent with
the intended installation procedure. Products for pneumatic
installation shall be pneumatically-applied (blown), and prod-
ucts for pour-in-place installation shall be poured into place.
See 5.2.

Thermal Resistance

Temperature Difference (T,hot - T,cold) S. Equment

_ i 5.1 Thermal test apparatus used for this practice shall meet
Note 1—A constant hot-side temperatufg pot) is used for both tests E

and the temperature difference increases as the cold side tempefature he following requirements:
cold) is decreased. See 5.1.6 for requirements on size of air space. 5.1.1 Conformance to StandaresThe apparatus shall con-

FIG. 1 Schematic of Thermal Resistance for a Permeable Attic form to all reqUireme_ntS of the ASTM thermal test method
Insulation Under Simulated Winter Conditions (Heat Flow Up) used, except as required by 5.1.2-5.1.6.
5.1.2 Size—The apparatus shall be capable of testing speci-
mens at the thickness intended for product use. Length and

3. Terminology width of the metering area shall be at least twice the spacing of
3.1 Definitions— Unless otherwise stated, the definitions the wood joists or four times the specimen thickness, which-
listed in Terminology C 168 are applicable herein. ever is greater (see Fig. 2).
5.1.3 Temperature- The apparatus shall be capable of
4. Significance and Use testing with the hot side surface maintained between 18 and
4.1 The thermal resistance of a ceiling system is used t84°C (64 and 75°F), and with the cold side air temperature
characterize its steady-state thermal performance. maintained near the winter condition for the particular climate

4.2 The thermal resistance of insulation is related to théeing simulated, which may range from —46 to 10°C (-51 to
density and thickness of the insulation. Test data on thermdl0°F). In the absence of specified temperatures, the ambient
resistance are obtained at a thickness and density representatiggperatures listed in Table 2 of C 1058 on Temperatures for
of the end use applications. In addition, the thermal resistancéhermal Transmittance Evaluations may be used.
of the m,SUIat'qn system will be different from that of thF{ Note 1—Only those with a hot ambient of 24°C (75°F) are applicable.
thermal insulation alone because of the system construction - - .
and materials. 5.1.4 Humidity—The absolute humidity on both sides of the

4.3 This practice is needed because the in-service thermLffStdappaf_atUS 'St?'a” hbe maintained low enou%h to pre\;]eno'l[
resistance of some permeable attic insulations under wintéondensation within the specimen. See 6.9.6 of Test Metho
conditions may be different, lower or highd® than that C 1363 for humidity requirements for the hot box methods, 6.6

measured at or close to simulated room temperature conditior Tesg( Method Cr:] 577 for t?e grl:arﬁed ?lc’t plate method, and
utilizing small-scale tests in which the insulation is sandwiched’+10 © Te§t Me.t od C 51,8 ort ef eat OIW megerﬁppar?tus.
between two isothermal impermeable plates that have a tem- >-1-5 Orientation and Direction of Heat Flow-The therma

perature difference\(T) of 20 to 30°C (36 to 54°F). When such test specimen shall be orie_nted horizontally with heat flow up.
insulation is installed in an attic, on top of a ceiling composed_ 2-1-6 Thermal Test Specimen and HoleeThe test assem-

of normal building materials such as gypsum board or ply- ly shall be sized to match the test apparatus and shall be made
wood, with an open top surface exposed to the attic air space, - w -
the thermal resistance under winter conditions with heat flow /

up and large temperature differences may be significantly less L
because of additional heat transfer by natural convection. Fig. /

1 illustrates the difference between results from small scale
tests and tests under the conditions of this practice. See R?ﬁ
(1-12) for discussions of this phenomendn. ‘
4.4 In normal use, the thickness of insulation products may!
range from 75 mm (3 in.) to 500 mm (20 in.). Installeddi
densities will depend upon the product type, the installe

=

}4_._ s *H Gypsum board
or plywood
LW > max (4H,2S)
2The boldface numbers in parentheses refer to the list of references at the end oFIG. 2 Requirements on Dimensions of Test Specimen Metering
this standard. Area
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of construction materials representative of the intended appli- 5.2.1.1 A commercial blowing machine with a design ca-
cation. The substrate on which the insulation rests shall bpacity for delivering the subject material at a rate recom-
representative of the intended application, typically gypsummended by the insulation manufacturer shall be used. The
board. The substrate shall be sealed to prevent direct airflomachine should utilize 46 m (150 ft) of flexible, internally
between the warm and cold sides of the system. Wood joistsorrugated blowing hose with an appropriate sized diameter as
also shall be included. The test assembly shall be constructespecified by the machine manufacturer. At least 30 m (100 ft)
such that the top of the insulation is open to an air space havingf the hose should be elevated between @ @m (10 and 20
a minimum thickness of 150 mm (6 in.). Test Methods C 976 ft) above the blowing machine to simulate typical installation
and C 1363 are preferred because of their ability to accommaeonfiguration. The hose should have no more than eight 90°
date a large air space. Other apparatuses that can simuldiends and no bends may be less than 1.2 m (4 ft) radius. It is
in-service conditions also may be used, (for example, modifigood practice to clean the hose periodically by mechanically
cations of Test Methods C 177, C 518, or C 1114 with Practicegitating it with the blower operating. This practice should
C 1045). In all cases, the size requirements given in 5.1.2 shatlislodge any pieces of old insulation that might be caught in
be met. Fig. 3 shows a schematic of an attic test module thahe hose.
has been used for these types of tests. Other configurations ]
without the roof structure are acceptable as long as th€- Sampling
minimum 150 mm (6 in.) air space is maintained. 6.1 A sample of material shall be selected from a lot
5.2 Specimen Preparation Equipment according to sampling plans given in the material specifica-
5.2.1 Blowing Apparatus—A blowing apparatus is required tions, regulations, or other appropriate documents when appli-
when pneumatically-applied specimens are to be testeaable. In the absence of such directions, material from at least
Choose the combination of hopper, blower, hose size antivo randomly chosen packages shall be combined in equal
length that is representative of common use for the applicatioportions (mass) so as to combine materials as uniformly as
of the material to be tested. The following machine specificapracticable.
tions have been developed for use with mineral fiber and 6.2 The insulation material should be preconditioned to a
cellulosic materials. moisture content in equilibrium with the laboratory conditions

LARGE SCALE CLIMATE SIMULATOR

CLIMATE CHAMBER - -]
-—
r—{
FAN
ATIC TEST
ACCLSS DOOAS 10 512 PICH MOOULE EOGLING
M HAMBIR ROOF
CLIMATE C R —o ATTIC Con
INSULATION Heoi
H_/
#INISHI D ? LOOA OF - U UA ] .
”"oov nstcenten | ey N2}
a MEITEAING ‘
o s/ G n 0 ¢ tn 1 .
- SIMULATLD *L- e
J AUILDING | pas ze
] 1 CINTERION / . A%, 0
ole o] C CO! y
. et ) oy
K gl 3 1 / Lo | me N
INSULATED X AN )Y
PANEL TYP urtwa, | L ‘\Am RLCIACY
MECHANMISM -7 LATING SYSTEM
¢ | GQUARD CHAMBLR P = 5o / TYPICAL
20 mr ‘——-l ' A
‘ 3
G TP ) ERRseE Rl
. & %y (- 0%7~>] Y /¢ ALY ; 'qm: X Ve " R
PR PRI v R RS :of&h.m‘a&t. ST SA hr
DESIGN CONCEPT
FIG. 3 Schematic of Attic Test Module and Large Scale Climate Simulator Used for Tests on Attic Insulation Under Simulated Winter
Conditions
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prior to the specimen installation. Preconditioning of materialsresult in higher installed densities. The use of multiple densi-
not only ensures controlled installation conditions but mayties can be detected from the bag label by calculating the label
reduce the time required to condition the prepared specimetensity for several differerR-value levels. Label densities for
prior to thermal testing. For conditioning requirements, see tha given R-value can be calculated from the bag label by
applicable materials Specifications C 520, C 549, C 665dividing the minimum mass/unit area by the minimum thick-
C 739, and C 764. ness. If the calculated densities are significantly different, the
7. Specimen Preparation multiple density label has been used. When applicable speci-
. fications or codes do not specify the density to be used for
7.1 General Instructlons . comparison purposes, the recommended practice is to use the
7.1.1 All specimens shall be prepared to athlckness and Uk 3 |abel density R(SN)— 5.3 n? - K/W). If the density is not
area mass that are given for the labevalue specification of 5, 4ijaple from the bag label, a density for test purposes can be

interest for th? material under test, . . _._established by the procedures outlined in Test Method C 520 or
7.1.2 Specimens shall be prepared in a manner ConS'Stegbecification C 739.

with the intended installation procedure. All materials shall be

installed carefully using the manufacturer's recommende 7.2.3 Calculate the target mass of insulation required to fill
) . Y 9 . . qhe sample frame to the target thickness and density from the
installation practice. Batts shall be cut, as required, to fit the

i i o . ion:
available specimen holder. Products for pneumatic mstallatlor?quato

shall be pneumatically-applied (blown), and products for M= p [ (Lins X A) = Vioist ] @
pour-in-place installation shall be poured into the specimen,
holder. See 7.2.2 for the density of pneumatically-installed
insulation. Other materials should be installed at the densityp
suggested by the manufacturer. _ Lins target insulation thickness, m (ft),
7.1.3 The specimen holder shall represent typical attica area within sample frame, 7ft%), and
frame construction, wherever possible. This requires, as a/,,, = volume of joists within frame area, Hft®).
minimum, horizontal members representing the bottom chord 7.2 4 Assemble the blowing machine, hose and hose length
of a truss system or rafter framing and an air-tight gypsumcombination as appropriate for the material being prepared.
board or plywood bottom. The specimen holder shall be clean 7 5 5 get the blowing machine adjustments and select the
and free of insulation residue prior to installation of the samplgeeq rates in accordance with the insulation manufacturer's
insulation. recommendations. If the insulation manufacturer does not
Nore 2—For commonly available loose-fill insulation, state and federalProvide this information, consult the machine manufacturer for
energy codes, ASTM material specifications and the Federal Tradeecommended settings.
Commission have identified those materials that shall apply a correction 7 2.6 Place the required amount of insulation material
for settling when determining thermal performance. It is beyond the scopW 2.3) into the blowing machine hopper. If the hopper is too
of this practice to outline the procedures for this determination. sn.1a'll to hold the entire amount requiréd fill the hopper to

Note 3—Many factors can influence the characteristics of the loose-fill . ith th ixed i |ati dditi |
insulation. These include blowing rate, machine adjustments, the size arféapac'ty with the premixed insulation (see 6.1). Additiona

length of the hose, and the angle and dimensions of the hose outlet iaterial is added as required during the blowing process until

relation to the specimen holder. Trained operators are required to duplicatfe total amount of needed insulation is blown.

field-installed conditioning. _ 7.2.7 Turn on the blowing machine with the hose outlet
Note 4—For these tests, the specimen shall be blown close to thgjirected away from the center of the specimen metering area

labeled density. Some operators may wish to establish a target massaahd toward the far end of the specimen holder. The hose outlet

insulation required to fill the test frame to the desired thickness and . . - . .

density as a control during the specimen preparation process. Byweighir%”fama‘tIon may t?e varied, side to S'O!e' as needed to cover

the initial material and that remaining after blowing is complete, theUniformly the entire area of the specimen holder, but shall

operator can estimate the material in the test frame. Other operators m&g¢main approximately horizontal.
wish to eliminate these extra steps. The reported test density, however, is . . ) .
obtained from the metering area density measurement conducted after theNOTE 5—Since the insulation material has been premeasured, some
thermal test. means of limiting the loose-fill trajectory to within the sample frame is
. . . L required. A screen tent arrangement has been found effective in perform-

7.2 Specimen Preparatlon—_Pneyma.tlc—Apphcgtlc.m ing this operation.

7.2.1 The procedure described in this section is intended for _ o )
all products, which normally are installed pneumatically. For 7-2.8 Blow insulation into the specimen holder from the far
materials exhibiting post installation settling, a supplementafnd to approximately the middle line of the holder. Then move

instruction set is provided in 7.3 to correct the test specimef€ hose to the opposite end of the specimen holder and blow
blown density to accommodate for in-situ settling after instal-the remainder of the holder with insulation. The direction from

lation. which the insulation is blown may be alternated several times
7.2.2 Installed Density-The thermal resistances of loose- during the blowing period in order to provide as nearly uniform

fill insulations are specified using densities selected by manwcoverage of the specimen holder as possible while obtaining

facturers to represent the product settled densities. Generally,tie desired thickness and mass.

is necessary to know the product thermal resistance at apnqre 6—A new specimen shall be prepared if the intent is to test at

representative density. Some bag labels utilize multiple densjabel thickness and density, but the specimen exceeds the upper mass
ties to reflect the fact that greater thickness installations usuallyithout reaching the target thickness or exceeds the upper thickness limit

where:
target mass of insulation, kg (Ib),
target density, kg/m(Ib/ft>),
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without meeting the target mass. factors that affect the onset of natural convection.
Note 7—Care should be observed when handling or moving the filled g 5 3 EFqr some materials. the thermal resistance will vary
specimen holder so as not to disturb the test specimen any more than ? L . - P .
e . nificantly with changes in the temperature difference applied
absolutely necessary. Any vibration or impact can change the pacég th y . gB ftfﬁ)' tests shall b pg ted
structure of the blown specimen and change its thermal properties. g’fl:[(f)lfse Oer ?np(?r(grgie}fne.re:tc{aeurizeoratulrse, d?f?e?ei Caes _T_hC:Sne lr‘:?ai
7.2.9 Use.a rake or piece of stiff wire to level the top surfacene specified by the client, or they may be at even increments of
of the_ specimen taking care not to disturb the SUbsurfaC‘Femperature difference, or they may be selected from the
mz;t%ngl. tic Applicati Settled Density C . conditions listed in Table 2 of C 1058. A plot Bfvalue versus
-2 Fneumatic Application—oettied Density LOrection o jnaratyre difference shall be prepared to assist interested

m;{:r‘;;hehe%oﬁd:ric!ifqtgg ?gl(;v;/atiznrgﬁ;” %‘i rfr(1)c: d?PgS‘i%arties in determining the need for additional data.
1ais w peci preparati . 8.3 Prior to the start and after completion of the thermal

accommodate a correction for settling after installation. Se?esting series. measure the thickness of the insulation in the

Note 2 following 7.1.3. metered area to the nearest millimetre using a pin gage (see

7.3.2 Prepare the insulation specimen as directed in 7.2. I >
7.3.3 Using the mass of the insulation material in theTest Methods C 167 for a description of pin gages. A smaller

specimen holder, determine the required test thickness th%oar:mnifsrs?r:n ?Qg iﬁiﬁg:égs)eg'r?; r{éai/hzeté:?ug]id t;?céklngs
provides the final product settled density. P 9 X '

. . . . . shall be measured in at least five locations to allow estimation
7.3.4 Uniformly compress the insulation material using a f the average thickness and density prior to testing. At the

large flat board or paddle to establish the targeted test thickneS% . . . . i
determined in 7.3.3. completion of testing and prior to removal of the insulation, the

7.4 Pouring Applicatior—For products intended to be th!ckness shall be measured as required o get a true average
poured in place: thickness for th_e tested material. The number of |néj|V|duaI
7.4.1 Calculate the mass of insulation required to fill theg]zt)eaos%uil;qesmuE\rt]itgr:sa?ttege?jt;?ci;]i?sfk/fmv\?hr:;%rviﬁg .rglgt?r
frame to the label thickness and density. ' - 9 :
The measurements shall be made at locations of the full

7.4.2 Pour an amount of insulation calculated in 7.4.1 intothickness of the insulation, for example, they shall not be made
the sample holder following pouring instructions given in ' p'e, they

appropriate specifications or Test Method C 520 at joist locations. Any gaps, unusual settling or other observa-
p$4g Use ail)rake or piece of stiff wire to level thé to surfacetions of the insulation conditions shall be observed and
L P P ecorded. The times and dates of the thickness determinations

of the specimen taking care not to disturb the subsurfac
material. also shall be recorded.

7.5 Installation of Other Insulations-Install the insulation 8.4 _CUt’ remove, and yveigh to the nearest 0.5 %, _the
following the manufacturer's instructions as required to fill the!nNSulation within the metering area for the density determina-
specimen frame to the required unit area mass and thicknestion- Measurements of mass should be made as soon as

possible after removal and also after the material has been
8. Test Procedure conditioned to a moisture content in equilibrium with the
8.1 If the specimen holder is not already built into theIaboratory conditions. If the metering area is smaller than the
apparatus, transfer the specimen and holder in its horizontaelntlre test area, a thin wal[ed d.'e cutter, deep enoug_h to
osition to the thermal test apparatus, being careful not tglccommodate various _matenal th|ckne§sgs, or other_sunable
(Fj)isturb the specimen ' means shall be used to isolate the material in the metering area.
8.2 Conduct the test(s) in accordance with all requirementgOme means of alignment shall be available so that the

. . -~ _Pperimeter of the die cutter lines up with the perimeter of the
gictzgtigﬁsréperéa;elséhgrerggcl)r:e;t_ method, with the fOIIOngmetering area. The die cutter shall be designed to fit over joists

and other obstructions that might be present (see Practice

8.2.1 Certain methods require contact of both surfaces of th 687 for details for pneumatically applied or poured insula-
test specimen with isothermal plates; for this practice, a Iayegons) P y app P

of still or slowly moving air (0.25 m/s [50 ft/min] or less) is
required over the top surface of the insulation so that the tog Calculations

surface of the insulation is not in contact with an isothermal™

plate. Provision, however, shall be made to measure the 9.1 Density—Calculate the test density from the metering
temperature of the top surface of the insulation. For usefuérea, the mass of the insulation (from 8.4), and the test
techniques, see Rdfl2). The insulation shall not be com- thickness (from 8.3) according to the following formula:
pressed, unless compression is a usual part of the installation Moeer

procedure in the application of the product, in which case the Pmeter = (L% Ameter) Vit 1 @)
usual procedure for compression shall be followed.

8.2.2 The average atmospheric pressure during the test shaifhere:
be measured. The atmospheric pressure is necessary Sin€eneter
theory predicts that the temperature difference at which natura|'meter
convection commences is inversely proportional to the squareins
of the atmospheric pressure (through the dependence of thﬁrn
density of air on pressure). See Réj for a discussion of the eter

test density of insulation, kg/m(Ib/ft>),

mass of insulation within metering area, kg (Ib),
average insulation thickness within metering
area, m (ft),

metering area, A(ft%), and
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V joist = volume of joists within metering area,n(ft°). ceiling and the corresponding temperatures at the top of the
9.2 Thermal Resistance insulation system and the measured heat flow.
f10.1.9 The test thickness and the density of the specimen.

the test system, for example, the combination of insulation, 10.1.10 The thermal resistancg of the ceili_ng/insylation
gypsum board, and wood joists, following the proceduressyStem'the calculated thermal resistance of the insulation, and

recommended for the test method being used. See 5.1.6 fg?e method used for calculating the resistance of the insulation.
preferred and allowable test methods. ' o 10.1.11 An estimate of the precision and bias of the test

9.2.2 Using an average of series-parallel and parallel-pathesuns' Refer to the appropriate test method. .

: : . - 10.1.12 The average atmospheric pressure during the test.
calculations, calculate the thermal resistance of the insulation 10.1.13 Anv other pertinent observations or remarks
material, as specified in Annex Al. This calculation is neces- o y P '
sary since the system characteristics of each apparatus can varjlore 8—Unless otherwise specified, all values of dimensions, condi-

considerably. See Annex A1 for calculation example. tions, and properties given in 10.1.7 through 10.1.12 shall be reported in
both SI and inch-pound units.

9.2.1 Calculate the surface-to-surface thermal resistance o

10. Report 11. Precision and Bias

10.1 Report the following information and that required by  11.1 The precision and bias of the test results obtained using
the test method, including references to applicable specificahis practice include the effects of: adherence to the test

tions and test methods: procedures, performance characteristics of the test apparatus,
10.1.1 The name, address, and other identification of the tegariability of the material or product, and sampling and
laboratory and the date of the report. specimen preparation. The influence of the material or product
10.1.2 The name and other identification of the material owvariability and the test imprecision are interactive. The char-
product tested and the date of the test. acteristics of the specimen can affect the test accuracy while
10.1.3 The source of the material or product, the dateharacteristics of the test apparatus, for example, the test area
obtained, and the method of sampling. size, will affect the apparent variability of the material or

10.1.4 The method and details of the specimen preparatioroduct. Larger areas are expected to provide better accuracy
For example, the following would be included for loose-fill When specimens are thick and variable in character.
insulation: blowing machine, machine settings used, blow 11.2 Asa minimum requirement for this practice, estimates

time, and any preconditioning. shall be made of the precision and bias of the test apparatus
10.1.5 The method and conditions of specimen conditionysed. Guidance on estimates of these values is given in Test
ing. Methods C 177, C 518, C 976, C 1114 and C 1363.

10.1.6 The ASTM thermal test method used for the test 11-3 Estimates of the precision and bias of the results, as
resul.ts. reported. representative of the materials or product, must be based on

10.1.7 The details of the thermal apparatus and specimesrfffﬁment experiments o d_etermme the .Va”ab”'ty. and the
ect of sampling and specimen preparation upon it.

holder, ‘including the metering area and the number and 11.4 The precision of this practice is not known because

placement of thermocouples. Other details of the specimen . : .
holder should include the type, grade, dimensions, and densi{nterlaboratory data are not available. This practice may not be

of the materials of which it is constructed. and the method o uitable for use in specification or in case of disputed results as
. . ; 2 ong as these data are not available.
sealing to prevent direct air flow through it. If a roof structure
is included, it should be described similarly, and its slopel2. Keywords
should be given. 12.1 attic insulation; convection; thermal resistance; winter
10.1.8 The temperatures measured at the bottom of theonditions

ANNEX
(Mandatory Information)

Al. CALCULATIONS

Al1.1 This annex gives an example of the calculation of thesurfaceR-value of the assembly iR(SI}3.52 nf-K/W (R-20
thermal resistance of the insulation as required by 9.2.2. As ah-ft-°F/Btu).
example of the parallel-path and series-parallel calculations to
determine the thermal resistance of the insulation material, A1.2 From the ASHRAE Handbook—Fundamentéls),
assume that the ceiling consists of 12.7 mm (0.5 in.) gypsurthe estimatedR-value of the gypsum board R(SI}-0.079 nf-
board, wood joists 38.1 mm by 88.9 mm (1.5 in. by 3.5 in.) andk/W (R-0.45 h-ft-°F/Btu), that of the wood joists is
spaced 609.6 mm (24 in.) apart, and loose-fill insulation at &(SI)-0.771 n?-K/W (R-4.38 h-ff-°F/Btu), and that of the film
thickness of 323.8 mm (12.75 in.). Also, assume that at someesistance at either the bottom of the gypsum board or the top
particular temperature difference, the measured surface-t@f the insulation ifR(SI}-0.107 nf- K/W (R-0.61 h-ff-°F/Btu),
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~ Note Al.1—Actual teste-values for these components shall be used Ryypsum board R-value of the gypsum board or other
if they are available; otherwise, the values shall be obtained from the substrate
ASHRAE Handbook—Fundamenta($3). Roist R -value of the ceiling joists, and
: ion. ioi R-value of the part of the insulation
nsulation, joist p !
that covers the joists.
Using these relationships for the above example, the surface-
to-surfaceR-value and the insulatioR-value are related by:

Al1.3 Forthe parallel-path calculation, the air-to-air R-value
of the assembly, the surface-to-surf&@ealue of the assem-
bly, and theR-value of the insulation are related by:

Atotal — Atotal — Ainsulation path+ Ajoistpath 609.6 571.5
I:\)a\ir—air Rsurfacesurface+ Fefilms Rinsulation path Rjoist path 352+ 2x0.107 = Rinsulation+ 0.079+ 2 X 0.107
(ALL) 38.1
+
. 323.85-889
where: , Risuaion X —373g5— + 0.771+ 0.079+ 2 X 0.107
Ainsulation path = the area perpendicular : (ALS)
to the heat flow occu- :
pied by the space be- Eq AL5 may be solved (either by rearranging into a
tween the joists, _ quadratic form or by a trial and error or iterative procedure) to
Ajgist path = the area perpendicular gijye:
to the heat flow occu- R
pied by the joists, R (SDinsuiation, paratier = 3-45 T KIW (19.62 h-ft-°F/Btu) AL6
Atotal = 1S the ;um OfAinsulation '
pathan Ajoist path . -
Ruirair = the air-to-airR-value of Al.4 Using the series-parallel method, the surface-to-

the assembly, surface R-value of the assembly and thi-value of the

= the surface-to-surface insulation are related by:
R-value of the assem-

IR’surface—surface

Rsuﬁacesuﬁace: ngpsum board+ Rinsulation, joist

bly Atotal
— : + Al.7
Rfilms - the sum of the film _re' Ainsulation path + Ajoist path ( )
sistances on bOth SldeS Rinsulation_Rinsulation,joist Rjoist
_ of the assembly, and For the example under consideration, Eq A1.7 becomes:
Rinsula’(ion pathand I3oist path - quantltles given in Eqs 323.85_88.9 609.6
Al.2, A1.3 and Al.4: _ -89 — GG. :
3.52=0.079+ RusuaionX —32385  + 5715 3|1
Rinsulation path — Rinsulalion + ngpsum board T Rfilms (Al.Z) ~ 889 + 0.771
Rinsulationx 323.85
Rjoist path = Rinsulation,joist + Rjoisl + ngpsum board + Rﬁlms AL3 (A1-8)
(AL3) Eq A1.8 may be solved by trial and error to give:
thickness of insulation at joists R (SDinsuation, series paratiel = 3-46 MT-K/W (19.63 h-ft-°F/Btu
Rinsulation,joist = Rinsula’[ion : total thickness of insulation (A1.9)
(A1.4)
h Al.5 TheR-value of the insulation is found by averaging
where: i
_ . . the results of Eq A1.6 and Eq Al1.9 to give a valueR{BI)of
Rinsulation = total R-value of the insulation, 3.46 nt-KIW (19.6 h-f2-°F/Btu).
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