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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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 1.6 This practice may be used to characterize material

1.1 This practice presents a laboratory procedure to detepehavior uno_ler controlled steady-state Iabora_ltory conditions
mine the thermal resistance of attic insulation systems unddpténded to simulate actual temperature conditions of use. The
simulated steady-state winter conditions. The practice appliedractice does not simulate forced air flow conditions.
only to attic insulation systems that face an open attic air space. 1.7 All values shall be reported in both SI and inch-pound

1.2 The thermal resistance of the insulation is inferred froniNits unless specified otherwise by the client.
calculations based on measurements on a ceiling system1.8 This standard does not purport to address all of the
consisting of components consistent with the system bein§afety concerns, if any, associated with its use. It is the
studied. For example, such a system might consist of a gypsufﬁ§pon5|bll|ty of the user of th|s standard to e_stabllsh appro-
board or plywood ceiling, wood ceiling joists, and attic Priate safety and health practices and determine the applica-
insulation with its top exposed to an open air space. Thdility of regulatory limitations prior to use.
temperature applied to the gypsum board or plywood shall b
in the range of 18 to 24°C (64 to 75°F). The air temperature%' Referenced Documents
above the insulation shall correspond to winter conditions and 21 ASTM Standards: . .
may range from —46°C to 10°C (=51 to 50°F). The gypsum C 167 Test Methods for.Th|ckness and Density of Blanket
board or plywood ceiling shall be sealed to prevent direct _OF Batt Thermal Insulatiorts
airflow between the warm and cold sides of the system. C 168 Terminology Relating to Thermal Insulation

1.3 This practice applies to a wide variety of loose-fill or € 177 Test Method for Steady-State Heat Flux Measure-
blanket thermal insulation products including fibrous glass, Ments and Thermal Transmission Properties by Means of
rock/slag wool, or cellulosic fiber materials; granular types _the Guarded Hot Plate Apparafus o
including vermiculite and perlite; pelletized products; and any C 518 Test Method for Steady-State Thermal Transmission
other insulation material that may be installed pneumatically or _Properties by Means of the Heat Flow Meter Apparétus
poured in place. The practice considers the effects on heat C 520 Test Methods for Density of Granular Loose-Fill
transfer of structures, specifically the ceiling joists, substrate, Insulations . .
for example, gypsum board, air films, and possible facings, € 949 Specification for Perlite Loose Fill Insulatfon
films, or other materials that may be used in conjunction with € 665 Specification for Mineral-Fiber Blanket Thermal In-
the insulation. sulation for Light Frame Construction and Manufactured

1.4 This practice measures the thermal resistance of the _Housing o :
attic/ceiling system in which the insulation material has been C 687 Practice for Determination of Thermal Resistance of

preconditioned according to the material Specifications C 549, _L00se-Fill Building Insulatiod

C 665, C 739, and C 764. C 739 Sp_ecmcatlon for Cgllulosm Fiber (Wood Base)
1.5 The specimen preparation techniques outlined in this _L00se-Fill Thermal Insulatich _

standard do not cover the characterization of loose-fill materi- C 764 Specification for Mineral Fiber Loose-Fill Thermal

als intended for enclosed applications. Insulatior? , _ o
C 1045 Practice for Calculating Thermal Transmission

Properties from Steady-State Conditidns
C 1058 Practice for Selecting Temperatures for Evaluating

This practice is under the jurisdiction of ASTM Committee C16 on Thermal and Reportlng Thermal Propertles of Thermal Insul&tion

Insulation and is the direct responsibility of Subcommittee C16.30 on Thermal
Measurements.
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P tests and tests under the conditions of this practice. See Ref
-7 (1-12) for discussions of this phenomendn.
-7 4.4 In normal use, the thickness of insulation products may
NO AIR SPACE PRESENT range from 75 mm (3 in.) to 500 mm (20 in.). Installed

densities will depend upon the product type, the installed
thickness, the installation equipment used, the installation
technique, and the geometry of the insulated space.

4.5 The onset of natural convection under winter conditions
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.

4.7 Specimens shall be prepared in a manner consistent with
Temperature Difference (T,hot - T,cold) the intended installation procedure. Products for pneumatic

Note 1—A constant hot-side temperatuf® fot) is used for both tests installation shall be pneumatically-applied (blown), and prod-

and the temperature difference increases as the cold side tempefature KCts for pour-in-place installation shall be poured into place.
cold) is decreased. See 5.1.6 for requirements on size of air space. S€e 5.2.
FIG. 1 Schematic of Thermal Resistance for a Permeable Attic
Insulation Under Simulated Winter Conditions (Heat Flow Up) 5. Equipment

Thermal Resistance

5.1 Thermal test apparatus used for this practice shall meet

the following requirements:
C 1114 Test Method for Steady-State Thermal Transmission 5.1.1 Conformance to StandardsThe apparatus shall con-

Properties by Means of the Thin-Heater Apparatus form to all requirements of the ASTM thermal test method
C 1363 Test Method for the Thermal Performance of Build-used, except as required by 5.1.2-5.1.6.
ing Assemblies by Means of a Hot Box Apparétus 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

24°C (64 and 75°F), and with the cold side air temperature
fhaintained near the winter condition for the particular climate
being simulated, which may range from —46 to 10°C (-51 to
0°F). In the absence of specified temperatures, the ambient

4.1 The thermal resistance of a ceiling system is used t
characterize its steady-state thermal performance.

4.2 The thermal resistance of insulation is related to th
density and thickness of the insulation. Test data on therma
resistance are obtained at a thickness and density representative
of the end use applications. In addition, the thermal resistance
of the m.SUIathn system will be different from that of the. 3 The boldface numbers in parentheses refer to the list of references at the end of
thermal insulation alone because of the system constructiogis standard.
and materials.

4.3 This practice is needed because the in-service thermal
resistance of some permeable attic insulations under winter
conditions may be different, lower or high&, than that
measured at or close to simulated room temperature conditions
utilizing small-scale tests in which the insulation is sandwiched
between two isothermal impermeable plates that have a temr
perature difference)T) of 20 to 30°C (36 to 54°F). When such ~
insulation is installed in an attic, on top of a ceiling composed+
of normal building materials such as gypsum board or ply-
wood, with an open top surface exposed to the attic air space, E
the thermal resistance under winter conditions with heat flow Gypsum board

up and large temperature differences may be significantly less LW > max (4H,2S) erplywood
be_cause of addltlo_nal heat transfer by natural convection. FigG, 2 Requirements on Dimensions of Test Specimen Metering
1 illustrates the difference between results from small scale Area
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temperatures listed in Table 2 of C 1058 on Temperatures faions also may be used, (for example, modifications of Test
Thermal Transmittance Evaluations may be used. Methods C 177, C 518, or C 1114 with Practice C 1045). In all
cases, the size requirements given in 5.1.2 shall be met. Fig. 3
- o ) shows a schematic of an attic test module that has been used for
5.1.4 Humidity—The absolute humidity on both sides of the hese types of tests. Other configurations without the roof

test apparatus shall be maintained low enough to prevenyciyre are acceptable as long as the minimum 150 mm (6 in.)
condensation within the specimen. See 6.9.6 of Test Methog;, space is maintained.

C 1363 for humidity requirements for the hot box methods, 6.6 5 2 Speci P tion Equi ¢
of Test Method C 177 for the guarded hot plate method, and ~* pecmen reparation qumen _ )
7.10 of Test Method C 518 for the heat flow meter apparatus. °-2-1 Blowing Apparatus-A blowing apparatus is required
5.1.5 Orientation and Direction of Heat Flow-The thermal ~ When pneumatically-applied specimens are to be tested.
test specimen shall be oriented horizontally with heat flow upChoose the combination of hopper, blower, hose size and
5.1.6 Thermal Test Specimen and HoldeThe test assem- length that is representative of common use for the apphc_a}uon
bly shall be sized to match the test apparatus and shall be mag@éthe material to be tested. The following machine specifica-
of construction materials representative of the intended appliions have been developed for use with mineral fiber and
cation. The substrate on which the insulation rests shall bgellulosic materials.
representative of the intended application, typically gypsum 5.2.1.1 A commercial blowing machine with a design ca-
board. The substrate shall be sealed to prevent direct airflopacity for delivering the subject material at a rate recom-
between the warm and cold sides of the system. Wood joistsiended by the insulation manufacturer shall be used. The
also shall be included. The test assembly shall be constructedachine should utilize 46 m (150 ft) of flexible, internally
such that the top of the insulation is open to an air space havingprrugated blowing hose with an appropriate sized diameter as
a minimum thickness of 150 mm (6 in.). Test Methods C 1363specified by the machine manufacturer. At least 30 m (100 ft)
is preferred because of its ability to accommodate a large anf the hose should be elevated between @ @m (10 and 20
space. Other apparatuses that can simulate in-service condt} above the blowing machine to simulate typical installation

Note 1—Only those with a hot ambient of 24°C (75°F) are applicable.

LARGE SCALE CLIMATE SIMULATOR
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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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configuration. The hose should have no more than eight 90the initial material and that remaining after blowing is complete, the

bends and no bends may be less than 1.2 m (4 ft) radius. It @perator can estimate the material in the test frame. Other operators may
good practice to clean the hose periodically by mechanicall)‘fViSh,to eliminate these gxtra steps. The reported test density, however, is
agitating it with the blower operating. This practice Shouldobtamed from the metering area density measurement conducted after the

[ [ - i i - thermal test.
dislodge any pieces of old insulation that might be caught in ermaies

the hose. 7.2 Specimen Preparation—Pneumatic-Application
_ 7.2.1 The procedure described in this section is intended for
6. Sampling all products, which normally are installed pneumatically. For

6.1 A sample of material shall be selected from a lotmaterials exhibiting post installation settling, a supplemental
according to sampling plans given in the material specificainstruction set is provided in 7.3 to correct the test specimen
tions, regulations, or other appropriate documents when applPlown density to accommodate for in-situ settling after instal-
cable. In the absence of such directions, material from at leadation.
two randomly chosen packages shall be combined in equal 7.2.2 Installed Density-The thermal resistances of loose-
portions (mass) so as to combine materials as uniformly afill insulations are specified using densities selected by manu-
practicable. facturers to represent the product settled densities. Generally, it

6.2 The insulation material should be preconditioned to ds necessary to know the product thermal resistance at a
moisture content in equilibrium with the laboratory conditions representative density. Some bag labels utilize multiple densi-
prior to the specimen installation. Preconditioning of materialdies to reflect the fact that greater thickness installations usually
not only ensures controlled installation conditions but mayresult in higher installed densities. The use of multiple densi-
reduce the time required to condition the prepared specimeties can be detected from the bag label by calculating the label
prior to thermal testing. For conditioning requirements, see théensity for several differerR-value levels. Label densities for
applicable materials Specifications C 520, C 549, C 665a given R-value can be calculated from the bag label by

C 739, and C 764. dividing the minimum mass/unit area by the minimum thick-
ness. If the calculated densities are significantly different, the
7. Specimen Preparation multiple density label has been used. When applicable speci-
7.1 General Instructions fications or codes do not specify the density to be used for

7.1.1 All specimens shall be prepared to a thickness and un@omparison purposes, the recommended practice is to use the

area mass that are given for the laBeValue specification of ~R-30 label density R(SI)— 5.3 nf - K/W). If the density is not
interest for the material under test. available from the bag label, a density for test purposes can be

7.1.2 Specimens shall be prepared in a manner consiste@stablished by the procedures outlined in Test Method C 520 or

with the intended installation procedure. All materials shall beSpecification C 739.
installed carefully using the manufacturer's recommended 7.2.3 Calculate the target mass of insulation required to fill
installation practice. Batts shall be cut, as required, to fit théhe sample frame to the target thickness and density from the
available specimen holder. Products for pneumatic installatiogquation:
shall _be pneL_Jmatica!Iy-appIied (blown), z_ind products_ for M= p[ (L X A) = Vig: ] o)
pour-in-place installation shall be poured into the specimen
holder. See 7.2.2 for the density of pneumatically-installedwhere:
insulation. Other materials should be installed at the densitym
suggested by the manufacturer. p
7.1.3 The specimen holder shall represent typical atticLins e
frame construction, wherever possible. This requires, as area within sample frame, ‘nft), and

. . B . 3
minimum, horizontal members representing the bottom chord J'°i52‘ 4 A vqurEIe ?:]IOkI)SltS W'thm fr?]me ar:ea,3antd).h lenath
of a truss system or rafter framing and an air-tight gypsum ; Ssemble the blowing machiné, nose and Nose leng

board or plywood bottom. The specimen holder shall be cleaffoMPination as appropriate for the material being prepared.

and free of insulation residue prior to installation of the sample,_/-2-> Seét the blowing machine adjustments and select the
insulation. feed rates in accordance with the insulation manufacturer’s

recommendations. If the insulation manufacturer does not

Note 2—For commonly available loose-fill insulation, state and federal provide this information, consult the machine manufacturer for
energy codes, ASTM material specifications and the Federal Trad?ecommended settings

Commission have identified those materials that shall apply a correction . . . .
for settling when determining thermal performance. It is beyond the scope 7'2'6, Place the requwed ,amount of insulation m{?\terlal
of this practice to outline the procedures for this determination. (7.2.3) into the blowing machine hopper. If the hopper is too

Note 3—Many factors can influence the characteristics of the loose-filsmall to hold the entire amount required, fill the hopper to
insulation. These include blowing rate, machine adjustments, the size arghpacity with the premixed insulation (see 6.1). Additional
length of the hose, and the angle and dimensions of the hose outlet imaterial is added as required during the blowing process until
relation to the specimen holder. Trained operators are required to duplica{g,e total amount of needed insulation is blown.

field-installed conditioning. . . .
Note 4—For these tests, the specimen shall be blown close to the 7.2.7 Turn on the blowing machine with the hose outlet

labeled density. Some operators may wish to establish a target mass gffected away from the center of Fhe specimen metering area
insulation required to fill the test frame to the desired thickness and@nd toward the far end of the specimen holder. The hose outlet

density as a control during the specimen preparation process. By weighirgrientation may be varied, side to side, as needed to cover

target mass of insulation, kg (Ib),
target density, kg/m(lb/ft3),
target insulation thickness, m gft),
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uniformly the entire area of the specimen holder, but shall 8.2.1 Certain methods require contact of both surfaces of the
remain approximately horizontal. test specimen with isothermal plates; for this practice, a layer
Note 5—Since the insulation material has been premeasured, som(()af Stl.” or slowly moving air (0.25 mls. [50 ft./mm] or less) is
means of limiting the loose-fill trajectory to within the sample frame is required over the top_surface Of the msulatlc_Jn SO t.hat the top
required. A screen tent arrangement has been found effective in perforngurface of the insulation is not in contact with an isothermal
ing this operation. plate. Provision, however, shall be made to measure the
7.2.8 Blow insulation into the specimen holder from the fartémperature of the top surface of the insulation. For useful
end to approximately the middle line of the holder. Then moveechniques, see Refl2). The insulation shall not be com-
the hose to the opposite end of the specimen holder and blofressed, unless compression is a usual part of the installation
the remainder of the holder with insulation. The direction fromProcedure in the application of the product, in which case the
which the insulation is blown may be alternated several timegisual procedure for compression shall be followed.
during the blowing period in order to provide as nearly uniform 8.2.2 The average atmospheric pressure during the test shall
coverage of the specimen holder as possible while obtaininge measured. The atmospheric pressure is necessary since
the desired thickness and mass. theory predicts that the temperature difference at which natural
convection commences is inversely proportional to the square

Note 6—A new specimen shall be prepared if the intent is to test at .
label thickness and density, but the specimen exceeds the upper ma‘%g the atmospheric pressure (through the dependence of the

without reaching the target thickness or exceeds the upper thickness lim#€Nsity of air on pressure). See Réj for a discussion of the
without meeting the target mass. factors that affect the onset of natural convection.

No_TE 7—Care should be obse_rved when handling or moving the fiIIed_ 8.2.3 For some materials, the thermal resistance will vary
specimen holder so as not to disturb the test specimen any more thané?gnificantly with changes in the temperature difference applied
absolutely necessary. Any vibration or impact can change the PaCcross the specimen. Because of this, tests shall be conducted
structure of the blown specimen and change its thermal properties. at three or nﬁ)ore différent temperature’ differences. These may
%e specified by the client, or they may be at even increments of
C‘laemperature difference, or they may be selected from the

conditions listed in Table 2 of C 1058. A plot Bfvalue versus

;g 1PnTer|]Jmat|c A%pllcatll_o?gsbettlled I_Densuty _Codrrefctloph temperature difference shall be prepared to assist interested
e € procedure Isted below 1S required Tor thoS€,, iag jn determining the need for additional data.

materials where the specimen preparation shall be modified to . .
P prep 8.3 Prior to the start and after completion of the thermal

accommodate a correction for settling after installation. See °: . he thick f the insulation in th
Note 2 following 7.1.3. testing series, measure the thickness of the insulation in the

7.3.2 Prepare the insulation specimen as directed in 7.2. metered area to the nearest millimetre using a pin gage (see

7.3.3 Using the mass of the insulation material in theT_eSt Methods C 167 for a description of pin gages. A smaller

specimen holder, determine the required test thickness thg{ameter pn ar?d .carelfu! mselr:;uc_)n mayhbe reqm;}ed :? l'c(1v0|d
provides the final product settled density. compressing the insulation.) Prior to the test, the thickness

7.3.4 Uniformly compress the insulation material using sshall be measured in at least five locations to allow estimation

large flat board or paddle to establish the targeted test thicknegé the average th_ickness a_nd density prior to _testing_. At the
determined in 7.3.3. completion of testing and prior to removal of the insulation, the

: P : thickness shall be measured as required to get a true average
7.4 Pouring Applicatior—For products intended to be | . ; S
poured in plagce' PP P thickness for the tested material. The number of individual

7.4.1 Calculate the mass of insulation required to fill theMeasurements is at least one measurement for eaqh 6.67 m
frame to the label thickness and density. ft?) of insulation area or a total of five, whichever is greater.

7.4.2 Pour an amount of insulation calculated in 7.4.1 into] '€ Measurements shall be made at locations of the full

the sample holder following pouring instructions given inthlckness of the insulation, for example, they shall not be made

appropriate specifications or Test Method C 520 at joist locations. Any gaps, unusual settling or other observa-
7.4.3 Use arake or piece of stiff wire to level the top surface!ons of the msulauon conditions Sh"%” be observeq and
of the specimen taking care not to disturb the subsurfacéecorded' The times and dates of the thickness determinations
material also shall be recorded.

7.5 Installation of Other Insulations-Install the insulation 8.4 Cut, remove, and weigh to the nearest 0.5%, the
following the manufacturer’s instructions as required to fill theinsulation within the metering area for the density determina-

specimen frame to the required unit area mass and thicknes#on. 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 thelaboratory conditions. If the metering area is smaller than the
apparatus, transfer the specimen and holder in its horizontantire test area, a thin walled die cutter, deep enough to
position to the thermal test apparatus, being careful not taccommodate various material thicknesses, or other suitable
disturb the specimen. means shall be used to isolate the material in the metering area.
8.2 Conduct the test(s) in accordance with all requirementSome means of alignment shall be available so that the
of the appropriate thermal test method, with the followingperimeter of the die cutter lines up with the perimeter of the
exceptions (see also Section 5): metering area. The die cutter shall be designed to fit over joists

of the specimen taking care not to disturb the subsurfa
material.
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and other obstructions that might be present (see Practiggacement of thermocouples. Other details of the specimen
C 687 for details for pneumatically applied or poured insula-holder should include the type, grade, dimensions, and density
tions.) of the materials of which it is constructed, and the method of
. sealing to prevent direct air flow through it. If a roof structure
9. Calculations is included, it should be described similarly, and its slope
9.1 Density—Calculate the test density from the metering should be given.
area, the mass of the insulation (from 8.4), and the test 10.1.8 The temperatures measured at the bottom of the
thickness (from 8.3) according to the following formula: ceiling and the corresponding temperatures at the top of the
insulation system and the measured heat flow.
10.1.9 The test thickness and the density of the specimen.
10.1.10 The thermal resistance of the ceiling/insulation

o _ Meter 2
meter [ ( I-ins X Ameter ) _Vjoist ]

where: ~ , _ , a 5 system, the calculated thermal resistance of the insulation, and
Pmeter = testdensity of insulation, kg/m(lb/ft™), the method used for calculating the resistance of the insulation.
Mmeter = MAass of insulation within metering area, kg (Ib), 10.1.11 An estimate of the precision and bias of the test
Lins = average insulation thickness within metering results. Refer to the appropriate test method.
A, _ Erarg?e,rirxg(g)r’ea A(ft?), and 10.1.12 The average atmospheric pressure during the test.
eter - ’ ’ . .

V joist = volume of joists within metering area, n(ft). 10.1.13 Any other pertinent observations or remarks.

9.2 Thermal Resistance Note 8—Unless otherwise specified, all values of dimensions, condi-

9.2.1 Calculate the surface-to-surface thermal resistance ¢éns, and properties given in 10.1.7 through 10.1.12 shall be reported in
the test system, for example, the combination of insulationPoth St and inch-pound units.
gypsum board, and wood joists, following the procedures_Ll_ Precision and Bias

recommended for the test method being used. See 5.1.6 for . ) , .
preferred and allowable test methods. 11.1 The precision and bias of the test results obtained using

9.2.2 Using an average of series-parallel and parallel-patf{!iS Practice include the effects of: adherence to the test
calculations, calculate the thermal resistance of the insulatioRrocedures, performance characteristics of the test apparatus,
material, as specified in Annex Al. This calculation is necesY@rability of the material or product, and sampling and
sary since the system characteristics of each apparatus can vaRecImen preparation. The influence of the material or product

considerably. See Annex Al for calculation example. variability and the test imprecision are interactive. The char-
acteristics of the specimen can affect the test accuracy while
10. Report characteristics of the test apparatus, for example, the test area

10.1 Report the following information and that required by Size, will affect the apparent variability of the material or
the test method, including references to applicable specific2roduct. Larger areas are expected to provide better accuracy

tions and test methods: when specimens are thick and variable in character.

10.1.1 The name, address, and other identification of the test 11.2 As a minimum requirement for this practice, estimates
laboratory and the date of the report. shall be made of the precision and bias of the test apparatus

10.1.2 The name and other identification of the material otised. Guidance on estimates of these values is given in Test
product tested and the date of the test. Methods C 177, C 518, C 1114 and C 1363.

10.1.3 The source of the material or product, the date 11.3 Estimates of the precision and bias of the results, as
obtained, and the method of sampling. representative of the materials or product, must be based on

10.1.4 The method and details of the specimen preparatiogufficient experiments to determine the variability and the
For example, the following would be included for loose-fill effect of sampling and specimen preparation upon it.
insulation: blowing machine, machine settings used, blow 11.4 The precision of this practice is not known because
time, and any preconditioning. interlaboratory data are not available. This practice may not be

10.1.5 The method and conditions of specimen conditionsuitable for use in specification or in case of disputed results as
ing. long as these data are not available.

10.1.6 The ASTM thermal test method used for the test
results reported. 12. Keywords

10.1.7 The details of the thermal apparatus and specimen 12.1 attic insulation; convection; thermal resistance; winter
holder, including the metering area and the number andonditions



Al.1 This annex gives an example of the calculation of the
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ANNEX

(Mandatory Information)

Al. CALCULATIONS

Rinsulation path — Rinsulation + ngpsum board+ Rﬁlms (A1.2)

thermal resistance of the insulation as required by 9.2.2. As an

example of the parallel-path and series-parallel calculations to

Rjoist path = Rinsula’[ion,joist + Rjoist + ngpsum board + Rfilms

determine the thermal resistance of the insulation material, (A1.3)
assume that the ceiling consists of 12.7 mm (0.5 in.) gypsum

board, wood joists 38.1 mm by 88.9 mm (1.5 in. by 3.5in.) and
spaced 609.6 mm (24 in.) apart, and loose-fill insulation at a
thickness of 323.8 mm (12.75 in.). Also, assume that at some

B thickness of insulation at joists
Rinsutation, joist = Rinsutation * total thickness of insulation
(A1.4)

particular temperature difference, the measured surface-tognere:
surfaceR-value of the assembly iR(SI}3.52 nf-K/W (R-20

h-f.°F/Btu).

Al.2 From the ASHRAE Handbook—Fundamentéls),
the estimated®-value of the gypsum board R(SI}-0.079 nf-
K/W (R-0.45 h-ft-°F/Btu), that of the wood joists is
R(SI}-0.771 n?-K/W (R-4.38 h-ff-°F/Btu), and that of the film  Using these relationships for the above example, the surface-
resistance at either the bottom of the gypsum board or the tofe-surfaceR-value and the insulatioR-value are related by:
of the insulation isR(S1}-0.107 n¥- K/W (R-0.61 h-f£-°F/Btu),

Note Al.1—Actual testedr—values for these components shall be used
if they are available; otherwise, the values shall be obtained from the +
ASHRAE Handbook—Fundamenta($3).

Al1.3 For the parallel-path calculation, the air-to-air R-value

of the assembly, the surface-to-surfa&ealue of the assem-
bly, and theR-value of the insulation are related by:

A total A total

_ Ainsulation path+ Ajoist path

Rair—air Rsurfacesurface+ Fefilms Rinsulation path Rjoist path

where:
Ainsulation path

Ajoist path

Atotal
Rair—air

I:‘)surface—surface

Rfilms

Rinsulation pathand I3oist path

(A1.1)

the area perpendicular
to the heat flow occu-
pied by the space be-
tween the joists,

the area perpendicular
to the heat flow occu-
pied by the joists,

is the sum OfAinsulation
path andA joist path

the air-to-airR-value of
the assembly,

the surface-to-surface
R-value of the assem-
bly

the sum of the film re-
sistances on both sides
of the assembly, and
quantities given in Eqgs
Al1.2, A1.3 and Al.4:

total R-value of the insulation,

R-value of the gypsum board or other
substrate,

R -value of the ceiling joists, and
R-value of the part of the insulation
that covers the joists.

I:einsulation

ypsum board

Rjoist

Rinsulation, joist

609.6 571.5
352+ 2% 0.107 R eumion T 0.079+ 2 X 0.107
38.1

323.85-88.9

+ 0.771+ 0.079+ 2 X 0.107
(A1.5)

Eq Al1.5 may be solved (either by rearranging into a
guadratic form or by a trial and error or iterative procedure) to
give:

Rinsulation X W

R (SDinsulation, paraller = 3-45 N -KIW (19.62 h-ft-°F/Btu)
(A1.6)

Al.4 Using the series-parallel method, the surface-to-
surface R-value of the assembly and the-value of the
insulation are related by:

Rsurfacesurface: ngpsum board+ Rirlsulation,jcvist
+ Aol (AL.7)

Ainsulation path + Ajoist path
Rinsulatiun - Rinsulation, joist Rjoist
For the example under consideration, Eq A1.7 becomes:
323.85-88.9 609.6
3:52=0.079+ RisuaionX —323.85 5715 381
889 to0771
Rinsulation X 353,85

(AL1.8)
Eq A1.8 may be solved by trial and error to give:

R(Sl)insulation, seriesparallel =3.46 M'K/W(19-63 h'ﬁ'°F/Btw
(A1.9)

Al1.5 TheR-value of the insulation is found by averaging
the results of Eq A1.6 and Eq A1.9 to give a valueR{BI)of
3.46 nt-K/W (19.6 h-ft-°F/Btu).
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