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1. Scope

1.1 This test method establishes the criteria for the labo-
ratory measurement of the steady-state heat flux through flat,
homogeneous specimen(s) when their surfaces are in contact
with solid, parallel boundaries held at constant temperatures
using the guarded-hot-plate apparatus,

1.2 The test apparatus designed for this purpose is known
as a guarded-hot-plate apparatus and is a primary (or
absolute) method. This test method is comparable, but not
identical, to ISO 8302,

1.3 This test method sets forth the general design require-
ments necessary to construct and operate a satisfactory
guarded-hot-plate apparatus. It covers a wide variety of
apparatus constructions, test conditions, and operating con-
ditions. Detailed designs conforming to this test method are
not given but must be developed within the constraints of the
general requirements. Examples of analysis tools, concepts
and procedures used in the design, construction, calibration
and operation of a guarded-hot-plate apparatus are given in
Refs (1-41).7

1.4 This test method encompasses both the single-sided
and the double-sided modes of measurement, Both distrib-
uted and line source guarded heating plate designs are
permitted. The user should consult the standard practices on
the single-sided mode of operation, Practice C 1044, and on
the line source apparatus, Practice C 1043, for further details
on these heater designs,

1.5 The guarded-hot-plate apparatus can be operated with
either vertical or horizontal heat flow. The user is cautioned
however, since the test results from the two orientations may
be different if convective heat flow occurs within the
specimens,

1.6 Although no definitive upper limit can be given for
the magnitude of specimen conductance that is measurable
on a guarded-hot-plate, for practical reasons the specimen
conductance should be less than 16 W/(m3K).

1.7 This test method is applicable to the measurement of
a wide variety of specimens, ranging from opaque solids to
porous or transparent materials, and a wide range of
environmental conditions including measurements con-

1 This test method is under the jurisdiction of ASTM Committee C-16 on
Thermal Insulation and is the direct responsibility of Subcommittee C16.30 on
Thermal Measurement.

Current edition approved Feb, 10, 1997. Published June 1997. Originally
published as C 177 - 42, Last previous edition C 177 - 85 (1993).

2 The boldface numbers given in parentheses refer to the list of references at the
end of this standard.
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" ducted at extremes of ““té’hlpéfétlifé‘ﬁhd with various gases

and pressures.

1.8 Inhomogeneities normal to the heat flux direction,
such as layered structures, can be successfully evaluated
using this test method. However, testing specimens with
inhomogeneities in the heat flux direction, such as an
insulation system with thermal bridges, can yield results that
are location specific and shall not be attempted with this type
of apparatus. See Test Methods C 976 or C 236 for guidance
in testing these systems.

1.9 Calculations of thermal transmission properties based
upon measurements using this method shall be performed in
conformance with Practice C 10435,

1.10 In order to ensure the level of precision and accuracy
expected, persons applying this standard must possess a
knowledge of the requirements of thermal measurements
and testing practice and of the practical application of heat
transfer theory relating to thermal insulation materials and
systems. Detailed operating procedures, including design
schematics and electrical drawings, should be available for
each apparatus to ensure that tests are in accordance with
this test method. In addition, automated data collecting and
handling systems connected to the apparatus must be
verified as to their accuracy. This can be done by calibration
and inputting data sets, which have known results associated
with them, into computer programs.

1.11 It is not practical for a test method of this type to
establish details of design and construction and the proce-
dures to cover all contingencies that might offer difficulties
to a person without technical knowledge concerning theory
of heat flow, temperature measurements and general testing
practices. The user may also find it necessary, when repairing
or modifying the apparatus, to become a designer or builder,
or both, on whom the demands for fundamental under-
standing and careful experimental technique are even
greater. Standardization of this test method is not intended
to restrict in any way the future development of new or
improved apparatus or procedures.

1.12 This test method does not specify all details neces-
sary for the operation of the apparatus. Decisions on
sampling, specimen selection, preconditioning, specimen
mounting and positioning, the choice of test conditions, and
the evaluation of test data shall follow applicable ASTM Test
Methods, Guides, Practices or Product Specifications or
governmental regulations. If no applicable standard exists,
sound engineering judgment that reflects accepted heat
transfer principles must be used and documented.

1.13 This test method allows a wide range of apparatus
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design and design accuracy to be used in order to satisfy the

requirements of specific measurement problems. Compli-
ance with this test method requires a statement of the
uncertainty of each reported variable in the report. A
discussion of the significant error factors involved is in-
cluded.

1.14 The values stated in ST'units are to be regarded as the -

standard. The values given in parentheses are for informa-
tion only. Either SI or Imperial units may bé used in the
report, unless otherwise specified,

1.15 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the -

responsibility of the user of this standard to establish appro-

priate safety and health practices and determine the applica-

bility of regulatory limitations ] priof to use. Specific precau-
tionary statements are given in Note 22.

1.16 Major sections within this test method are arranged
as follows: : :

Section

" Section

Scope 1
Referenced Documents 2
Terminology 3
Summary of Test Method 4
Significance and Use 5
Apparatus - ,, 6.r,
Specimen Preparatwn and Condmomng 7
Procedure e 8
Calculation of Results 9
Report I T e T L
Precision and Bias . o
Keywords ‘ VI

Fxgures : o
General Arrangement of the Méchamical Compcmems of the Guarded- F1g l

Hot-Plate Apparatus - - - - I

Tustration of Heat Flow in the Gua.rded Hot Plate Appa:atus - F1g 2
Example Report Form ' ) o Flg 3

‘Annexes .
Importance of Thickness '~ '+ ** B AL
Measuring Thickness . i PR OAL2
Limitations Due to Apparatus - . . ., AL3 L
Limitations Due to Temperature T CAL4”
Limitations Due to Specitnien ) a ©UALSH
Random and Systematic Error Components Lo ALG.,
Error Components for Variables . . ! ALT .
Thermal Conductance or. Thermal Res:stance Ertor Analysxs LT ALY
Thermal Conductivity or Thermal Res:stmty Error Analysxs Lo ALY
Uncertainty Venﬂcanon o R

ALl

2. Referenced Documents

2.1 ' ASTM Szandards ‘ ' .
. C 167 Test Methods for Thlckness and Den31ty of Blanket
or Batt Thermal Insulations® .
C 168 Terminology . Relatmg to Thermal Insulatmg
~ Materials*
C 236 Test Method for Steady-State Thermal Performance
of Bulldmg Assembhes by Means of a, Guarded Hot
... Box?®.
. C518 Test Method for Steady—State“Hea Flux Measure—
. ments and Thermal Transmission Propertles by Means
... of the Heat Flow Meter Apparatus-" k
'C 687 Practice for Determination of Thermal Res1stance
of Loose-Fill Building Insulation® e
C 976 Test Method for Thermal Performance of Buﬂdmg
v Assembhes by Means of a Cahbrated Hot ‘Box

3 Annual Book bf ASTM Standards,‘VoI 0406, rel i

2 "4 Anntial Book of ASTM Standards, Vol 14.03,

“C 1043 Practlce for 'Guarded-Hot-Plate Design Usmg
- Circular Liné-Heat Sources® . ‘
C 1044 Practice for Using the Guarded-Hot-Plate Appa-

ratus in the One-Sided Mode to Measure Steady-State
"Heat Flux.and Thermal Transmission Properties®
C 1045 Practice for Calculating Thermal Transmission
Properties from Steady-State Heat Flux Measurements?
- C:1058 Practice for Selecting Temperatures for Evaluating
and Reportmg Thermal Propertles of Thennal Insula-
tion?
E 230 Speclﬁcatlon for Temperature-Electromotlve Force
(EMF) Tables for Standardized Thermocouples*
. E 691 Practice for Conducting an Interlaboratory Study to-
Determine the Precision of a Test Me‘chodfi S

2.2 ISO Standard: . ‘

ISO 8302 Thermal Insulatlon—Determmatlon of Steady-
State ‘Areal Thermal Resistance and Related Proper-
" ties—Guarded-Hot-Plate Apparatus6

2.3 ASTM Adjuncts;

Table of Theoretical Maximum Thlckness of Specunens
and. Associated Errors’ ,

" Descriptions of Three Guarded—Hot—Plate De51gns7
Line-Heat-Source Guarded Hot-Plate Apparatus®

3. Terminology - . .

- 3.1 Definitions: ,

3.1.1 For definitions of terms and symbols used in thlS
test method, refer to Terminology C 168 and the followmg
subsections.

3.2 Definitions of Terms Specific to This Standard

3.2.1 auxiliary cold surface assembly, n—the plate that
provides an isothermal boundary at the outside surface of the
auxiliary insulation.

3.2.2 auxiliary msulatzon, #—insulation placed on the
back side of the hot-surface assembly, in place of a secord
test specimen, when the single sided mode of operatmn is
used. (Sj)nonym—backﬂow specimen.)
¢ 3.2.3 -cold surface assembly, n—the plates that prov1de an
isothermal boundary at the cold surfaces of the test spec~
imen. vy
3.2.4 controlled envzronment
which an apparatus operates ‘

3.2.5 guard, n—promates ( one—d1mens1onal heat flow. Pn-
mary guards are planar, addmonal ‘coplanar guards can be
used and secondary or edge guards are axial, o ‘

3.2.6 guarded-hot-plate apparatus, n—an assembly, con-
sisting of" a. hot surface assembly and two isothermal cold
surface assemblies.

3.2.7 guarded-hot-plate, n—the inner (rectangular or cir-
cular) plate of the hot surface assembly, that provides the
heat input to the metered section. of the specimen(s).

3.2.8 hot .s'urface/assembly, n—the complete center as-
sembly providing heat to the specnnen(s) and guardmg for

n—the envu'onment in

the meter sectlon

M P

i3 Annual Book of ASTM Standards, Vol 14.02.
.6 Available from American. Natlona.l Standards Instltute, 11 W 42nd St. I3th
Ploor, New York, NY 10036, "
" 7-Available from ASTM Headquarters, Request PCN No. 12 301770~00

" 8 Available from ASTM ‘Headquarters, Request PCN No, 12-310430-61..;
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3.2.9 metered section, n—the portion of the test specimen
(or auxiliary insulation) through which thé heat input-to: the
guardéd-hot-plate flows under ideal guarding conditions;

3.2.10 mode, double-sided; n~—operatiofi: of the guarded-
hot-plate.apparatus for testing two.speciimens;.each specimen
placed on-either side of the kot surface assemibly. -

3.2:.11 mode, single:sidéd, n—operation: of the guarded-
hot:plate apparatus for testing one s‘pecimen, placed on one
side of the hot-surface assembly. - o b

3.2.12 thermal transmission properties, #— those proper-
ties of a-material or system that define the ability of a mate-
rial or system to transfer heat such. as thermal fesistance,
thermal conductance, .thermal: conduetivity .and thermal
resistivity, as defined by Termmology C168.

3.3 Symbols—The symbols used in this test method have
the following mgmﬁcance

3.3.1. pm—spectmen metered section. densny, kg/rn3

3.3.2 p,~-specimen density; kg/m3,

3.3.3 A—thermal conductivity, W/(mnK).

3.3.4 o—Stefan-Boltzmann; constant; W/m? K4,

3.3.5 A—metered section area normal ‘to*heat flow, m2.

3.3.6 Aj—area of the gap between the lmetered section
and the pnmary guard, m? !

3.3.7 A,,—area of the actual metered sect:ton, m?,

3.3.8 A—area of the total specimen, m?2,

3.3.9 C—thermal conductance, W/(m? K).

3.3.10 C;—the specific heat of the ith component of the
metered section, J/(kg K).

3.3.11 dT/dt—potential or actual drift rate of the metered
section, K/s.

3.3.12 A—thermal conductivity "of the rnatenal in the
pnmary guard region, W/(m K).- b ;

3.3.13 L-<uin-situ specimen thlckﬁess,

3.3.14 m—mass of the specrmen 1n the metered sectron
kg

33,15 m,-—-—the mass of the ith component, kg

3.3.16 mi,—-mass of the specrmen kg. ,

3.3.17 Q-—heat flow'rate in the metered section, W

3.3.18 g—hedt flux (heat ﬂow rate per unit area), 0o,
through area, A, W/m?.

3.3.19 Qg;—«lateral edge heat ﬂow rate between pnmary
Guard and Controlled Environment;, W, - .«

3.3.20 Q,,—lateral heat flow rdte across'the gap, W.v

3.3.21 Q, d—guard heat flow thigtgh! Specinién, W. .

3.3.22 Qs,_, &dge heat flow between Speclmen and Con-
trolled Environment, W. ° w s

'3.3.23  R=~thermal resistance, m? K/W.

3.3.24 AT—temperature differenée across the spemmen,
Th - T

3.3. 25 T,—dcold surface temperature, K. V

3.3.26 T,—hot surface temperature, K. R

3.3.27 T,—medn temperatu.re, K ¢ T,, + Tc)/2

4, Summary of Test 'Method

4,1 Figure 1 illustrates the main components of the
idealized system: two isothermal cold surface assemblies and
a guarded-hot-plate. The guarded-hot«plate is composed of a
metered section thermially ‘isolated from a concentric pri-
maiy guard by a definite separation of, gap. Some apparatus
may  have more than one guard, The test spemmen is
sandwiched between these three unitsias shown in Fig. 1. In

22

, Gontrolled Environmental Chamber

o / / / INSULA‘é)N / // )

4" ) COLD SURFACE ASSEMBLY

SPECIMEN

PRIMARY

sV & WU PRIRY |
= = GUARD HOTRNE . GUARD
>V B ——
- SPECIMEN

COLD SURFACE ASSEMBLY

ﬂ

|

S BE

"FIG. 1 General Arrangement of the Mechanical Components of
the Guarded-Hot-Plate Apparailis -

the double-sided mode of measurement, the specimen is
actually composed of two pieces. The measurement in’ this
case produces a result that is the average of the two pieces
and therefore it is important that the two pieces be closely
identical. For gmdance in the use of the one-sided mode of
measurement, ‘the ser is directed 't Practlce C 1044. For
guidance in the use of a guarded-hot-plate incorporiting the
use of a ling source heater, refer to Practice.C 1043, .
4.1.1 The guarded-hot-plate provides the power (heat flow
per unit time) for the measurement and definés the actial
test -volume, that is, that portion of the spec1men that is
actually being measured. The function of the primary guard,
and additional coplanar guard where applicable, of the
guarded-hot-plate apparatus s to, prov1de the proper thermal
conditions within the test volume to reduce lateral heat flow
within the apparatus. The proper (idealized) conditions are
illustrated in Fig. 1 by the configuration of the isothermal
surfaces and lines of constant heat flix within the specimen.
“419' Deviations from 'the idealized- conﬁguratron are
oaused by: specimen mhomogenem'es temperature differ-
érices’ Between ‘the meétered section ‘and ‘the guard (gap
imbalance), and temperature differences between the outer
6 undmg controlled envi-
rotimiefit (edge 1mba1ance) Thesé experitiental realities lead
to, heat flow. measurements that. are too small or too large
‘ supphed to' the. metered section is not
exactly equal to that-which flows through the gpecimen in the
metered . section, The resultmg quahtattve heat flows are
deplcted in Fig. 2. , o
4.2. The three heatmg/coohng assemblles ‘are de51gned to
ereate isothermal surfaces on the facés of the specimens
within the metered section. The two surfaces designated as
the cold surface assemblies are adjusted to the same temper-
ature for the double-sided, mode, of operation. In practice,
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64 COLD SURFACE ASSEMBLY 158

Qga SPEQCIMEN Que

T i)

- < FRIMARY GUARDED HOT PLATE ‘ GUARD
2 i
; § - — e fp—

<Qse Qgp Qgp se

oo Q gt

il A 54

EDGE grd ~ SPECIMEN gd | EDGE

INSUL __{INSUL

, \,' COLD SURFACE ASSEMBLY f
RIS 99555
FIG. 2 lllustration of Idealized Heat Flow in a Guarded-Hot-Plate
Apparatus

because the plates and specimens are of finite dimensions,
and because the external controlled environment is often at a
temperature different from the edge of the metered section,
some lateral heat flow occurs. The primary guard for the
guarded hot plate limits the magnitude of the lateral heat
flow in the metered section. The effectiveness of the primary
guard is determined, in part, by the ratio of its lateral
dimension to that of the metered section and to the specimen
thickness (6,7,8,20,31).

4.3 Comphance with this test method requires: the estab-
lishment of steady-state conditions, and the measurement of
the unidirectional heat flow Q in the metered section, the
metered section area A, the temperature gradient across the
specimen, in terms of the temperature T, of the hot surface
and the temperature T, of the cold surface, (or equivalently,
the temperature T between the two surfaces), the thickness’

L, and L, of each specimen, and gnard balance between the

metered section and primary guard. -

5. Slgmficance and Use

5.1 This test method covers the measurement of heat flux
and associated test conditions for flat specimens. The
guarded-hot-plate apparatus is generally used to measure
steady-state heat flux. through materials having a “low”
thermal conductivity and commonly denoted as “thermal
insulators.” Acceptable measurement accuracy requires a
specimen geometry with a large ratio of area to thickness.

5.2 Two specimens are selected with their thickness, areas,
and densities as identical as possible, and one specimen is
placed on each side of the guarded-hot-plate. The faces of the
specimens opposite the guarded-hot-plate and primary guard
are placed in contact with the surfaces of the cold surface
assemblies.

5.3 Steady-state heat transmission through thermal insu-

lators is not easily measured, even at room temperature, This -

is because heat may be transmitted through a specimen by
any or all of three separate modes of heat transfer (radiation,
conduction, . and convection); any inhomogeneity -or
anisotropy in the specimen may require special experimental
precautions to measure that flow of heat; hours or even days

may be required to achieve the thermal steady-state; no

23

guarding system can be constructed to force the metered heat.

to pass only through the test area of insulation specimen
being measured; moisture content within the material may
cause transient behaviour; and physical or chemical change
in the material with time or environmental condition may
permanently alter the specimen.

5.4 Application of this test method on different test
insulations requires that the designer make choices in the
design selection of materials of construction and measure-
ment and control systems. Thus there may be different
designs for the guarded-hot-plate apparatus when used at
ambient versus cryogenic or high temperatures, Test thick-
ness, temperature range, temperature difference range, am-
bient conditions and other system parameters must also be
selected during the design phase. Annex Al is referenced to
the user, which addresses such issues as limitations of the
apparatus, thickness measurement considerations and mea-
surement uncertainties, all of which must be considered in
the design and operation of the apparatus.

5.5 Apparatus constructed and operated in accordance
with this test method should be capable of accurate measure-

ments for its design range of application. Since this test

method is applicable to a wide range of specimen character-
istics, test conditions, and apparatus design, it is impractical
to give an all-inclusive statement of precision and bias for the
test method. Analysis of the specific apparatus used is
required to specify a precision and bias for the reported
results, For this reason, conformance with the test method
requires that the user must estimate and report the uncer-
tainty of the results under the reported test conditions. -
5.6 Qualification™v.-a new apparatus. When a new or
modified design is developed, tests shall be conducted on at
least two materials of known thermal stability and having
verified or calibrated properties traceable to a national
standards laboratory. Tests shall be conducted for at least
two sets of temperature conditions that cover the operating
range for the apparatus. If the differences between the test
results and the national standards laboratory characteriza-
tion are determined to be significant, then the source of the
error shall, if possible, be identified. Only after successful
comparison with the certified samples, can the apparatus
claim conformance with this test method. It is recommended
that checks be continued on a periodic basis to conﬁlm
continued conformance of the apparatus. .

5.7 The thermal transmission properties of 4 specimen of
material: may vary due to the composition of the material;
may be affected by moisture or other environmental condi-
tions; may change with time or temperature exposure; may
change with thickness; may change with temperature differ-

‘ence across the specimen; or may change with mean temper-
.ature. It must be recognized, therefore, that the selection of a

representative value of thermal transmission properties for a
material must be based upon a consideration of these factors
and an adequate amount of test information.

5.8 Since both heat flux and its uncertainty may be
dependent upon environmental and apparatus test condi-
tions, as well as intrinsic characteristics of the specimen, the
report for this test method shall include a thorough descnp-
tion of the specimen and of the test conditions.

5.9 The results of comparative test methods such as Test
Method C 518 depend on the quality of the heat flux
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reference standards The ‘apparatus in this'test method is one
of the absoliite methods used for generation of the referénce
standatds: The décuracy of any coriparative method can’ be
no betier thati thit of the Teferéncéd procedure Whiile thg
precisior of "4 doriparative “method sudh-as Test-Methiod
C 518 may be comparable with that of this tést method; Test
Method C 518 cannot e mote acdurate. It cases'of dlspute,
this test method is the recommended procedure. e
6. Apparatus .

6.1 A genetal arrangement of the inechanical components
of such a guarded-hot-plate apparatus is-illustrated-in Fig: 17
This consists of a hot' siirface: assembly ‘eomprised of A
metereéd séction and & primiary guard, two’celd surfice
assemblies, and secondary - guarditig‘in the form’ of edge
insulation, a temperature-controlle‘ secondary gliard(s), aiid
often an environmental chamber. Some of: ithe coraponeiits
illustrated in Fig. 1 are omitted in "systems” desigried for
ambient condmons, although a controlled laboratory envi-
ronment is still required; edge insuldtion and the secondary
guard atre typically used only at températiires that are more
than *=10°C (20°F) from ambient. At ambient conditions, the
env:ronmental ¢harber i§ recomimiended o help ‘eliminate
the effects of air movemerit'withii the laboratory and to help
ensure that a dry environivient is maintained::

6.1:1 The purposs of the ‘hot surface assemblya iswto
produce a steady-state, One:dimensional heat flux through
the spéciriens. The purpose of the edge insulation; secondary
guard, and énvironrnental chamber is to restrict: heat Josses
from the otiter edge of the primary: guard. The cold suiface
assethblies are isothermal heat sinks for removing the'energy
generated by the heating units; the cold surface’ assembhes
are 4djusted s they are at-the same temperature.

6.2 Design 'Criteria-—Establish’ specifications for the: fol-
lowmg specifications prior to:the design. Viarious parametets
influence thé design of the apparatus:and shall be ‘considered
throughout the design process, maximum:specimery thick-
ness; range of specimen thermal conductances; range of hot
surface and cold surface terfiperatures; characteristics of the
specimens (that is, rigidity;:dersity, hardness); orientation of
the apparatus (vertical or horizontal heat ﬂow), and- requlred
accuracy: '

6.3 Hot Smface Assembly—The hot surface assembly
consists of a central metered séctionand a primary guard.
The metered. section consistsiof a ymetéred-sectioti leater
sandwiched “betweén meteredsection surface..plates. The
primary guard-is.comprised of .one or more, gudrd:heaters
sandwiched between: primary guard surface-plates.. The
metéred section, and primaty guard - shall, ‘be--thermally
isolated from each other by means of a,physical:space or gap
located between the'sections. The hot: surface assembly using
4 line-heat:source is ¢overed in Practice G1043: . -

Note 1-=The plithary guard ifi some casés, is ‘fiirther dmded into

two concentric sections (douhle guard) w1th a gap»separatot to 1mprove
the guard effectiveness. . . A I

6.3.1 Requzrements—The hot surface " aSser ly ‘shall be
designeéd and construicted 16 satlsfy the* follovwng rmmmum
requirements d\mng operatlon : . 2

6.3.1.1 The maximdim depaxture from*a ‘“"lane for*any
surface plate shall not éxceed 0.025 % of the lingar’ dimen-
sion of the metéred section during opetation. : R

24

Notre 2—Planeness, of, the, surface can be checked with a metal

straightedge held agdifist thié ‘stirface and Viewed 4t grazing incidence

with a lighit source behind the straightedge. Departures as small as 2.5
pm are readily visible, and large departures can be measured usmg
shim-stock, thickness gages or thin paper

6.3.1.2 The average temperature dlfference between the
metered section sirface plate and the primary guard surface
plate;shall not exceed 0.2 K. In addition, the temperature
difference 4cf6ss any surfa¢é ‘plate in the lateral direction
shall be less than 2 % of the temperature dlﬁ‘erence imposed
aCcross the specimen,

NOTE 3—When qualifying the apparatus, additional temperature
sensors shall be applied to the surface plates of the metered section and
pmnary guaxds that verify that the Fequifements of 6.3.1.2 are satlsﬁed

6.3.1.3 The surfaces .of -the metered .and pnmary guard
surface plates that are in contact with the test specimen shall
be treated to maintain a total hemispherical emittance
greater tHan"0'8 ‘ovér the ent1re range' of operating condi-
tions.

NoTe 4—At high temperatures, the 1mportanoe of high emittance of
the surfaces adjac t to the spec1mens cannot be stressed too strongly
smce racllatlve heat"transfer predonnnates m many matenals as the
temperature mereases ‘

6.3, 1 4 The metered sectxon and pnmary guard surface
plates shail remain planar during the . operatlon of the
apparatus See 63.1.1. .

., 6.3, 2 Materzals—The matenals used 1 m the constructlon

the heaters and surface plates that are, dlmensmnally and
chemmally stable and. sultably strong to w1thstand warpage
and dlstortlon when a clamping force is apphed For modest
temperatur

el ctric Tesistance, heaters embedded in sﬂ1—
0 ecessfully employed at hlgher tempera—
tures, heatmg elements sandwxched between mica sheets or
inserted into a ceramic core have been used. Surface plates
for hot surface assemblies used at modest temperatures have
been fabricated from copper and aluminum. High punty
nickel alloys have been used for l'ugher temperature apphca-
tlons ot i u : A

‘thermal‘ ductmty versus temperatur
haterials'selécted: - w0
6.3.2.3 Emzttance—To obtain a umform and durable

I TN

'h1gh strface enittance:in' thé ‘désired tange; select a surface
‘plate idtetial -or ‘suitable: sutface *treatinent; ot bothi. For

miodest temperatuire: apphdatlons, high: emittaiice paitits may
b éinployed. - Alummum it be dhddized to ‘provide the
‘necessary/hlgh ermttance For hightémperatute applications,
thost cerainics will inhetently: gatisfy this requirement while

‘Hickel:surface plites can be'tréated with an oxide coating,
T 61:_%3_

4 {Temperature - Uniforimity—Seleét' a- heating  sle-
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ment design that will supply the necessary heat flux density

for the range of specimen thermal conductances to be
investigated. The design of the heating element shall also
consider the heat flux distribution of the surface of the
heating element. Most apparatus incorporate the use of a
distributed electric resistance heating element dispersed uni-
formly across the metered section and the primary guard,
The surface plates and heating elements shall be clamped or

bolted together in a uniform manner such that the tempera-:
ture difference requirements specified in-6.3.1.2 are satisfied..

Bolting the composite constructions together has been found

satisfactory.
6.3.2.5 The insertion of insulating sheets between the

heating elements and surface plates (that is, to mount a gap

temperature imbalance detector) is a]lowed; To satisfy the.

requirements of 6.3.1.2, similar sheets shall be mounted
between the heating element and the opposing surface plate.

6.3.2.6 Hot Surface Assembly Size—Design criteria estab-
lished in 6.2 will determine the size of the apparatus. The size
of the metered section shall be large enough so that the
amount of specimen material in contact with the metered

section (and therefore being measured) can be cons1dered’

representative of the material being tested.

6.3.2.7 After determining the maximum specimen thick-

ness that will be tested by this design, refer to Adjunct, Table
of Theoretical Maximum Thickness of Specimens and Asso-
ciated Errors, regarding associated errors attributable 'to
combinations of metered $ection size, primary guard width,

and specimen thickness. :
« Note 5— Typically the width of the primary guard equal 1o
approximately one-half of the linear dimension of the metered section
has been found to reduce edge heat loss to acceptable levels.

6. 3 2.8 Heat Capacitance—The heat capacity of the hot
surface assembly will impact the time required to achieve
thermal equilibrium. Selecting materials with a low specific
heat will increase the responsiveness of the apparatus. The
thickness of the surface plates needs to be carefully consid-
ered; thick plates assist in reducing lateral temperature
distributions but reduce responsiveness. A balance between
these requirements is needed.

6.4 The Gap—The metered section and the primary
guard shall be physically separated by a gap. The gap
provides a lateral thermal resistance between these sections
of the hot surface assembly. The area of the gap in the plane
of the surface plates shall not be more than 5% of the
metered section area.

6.4.1 The heater windings from the metered section and
primary guard heating elements shall be designed to create a
uniform temperature along the gap perimeter..

6.4.2 The metered section area shall be determined by
measurements to the center of the gap that surrounds this
area, unless detailed calculations ot tests are-used to deﬁne
this area more precisely.

6.4.3 Any connections between the metered section and
the primary guard shall be designed to minimize heat flow
across the gap. If a mechanical means is used to satisfy the
requirements of 6.3.1.4, these connections shall be fabricated
with materials having a high thermal resistance. Instrumen-
tation or heater leads that cross the gap should be fabricated
with fine-gage wire and traverse the gap at an oblique angle.

6.4.4 The gap may be filled with a fibrous insulation.

25

Packing the gap with this insulation has been found to
maintain the metered section and primary guard surface
plates planar. An additional benefit of this practice for high
temperature applications is that the densely packed insula-
tion reduces the amount of heat conducted across the gap
spacing.

6.5 Cold Surface Assembly—The cold surface assembly
consists of -a single temperature controlled section and is
comprised of a cold surface heater sandwiched between cold
surface plates and a heat sink. It is recommended that the
size of the cold surface assembly be identical to the hot
surface assembly, including the primary guard, Cold surface
assemblies may be constructed with a gap where operation of
the apparatus is susceptible to edge loss effects. This design is
the ideal design, however, this assembly has traditionally
been constructed without a gap with great success.

NoTe 7—The temperature of the cold surface assembly may be
maintained through the use of a temperature-controlled bath; in this
instance, there is no need to install a cold surface heater, Care must be
taken in this instance; the flow rate of the bath must be sufficient to
satisfy the temperature uniformity requirements specified in 6.3.1.2 and;
6.5.1.

16.5.1 Requzrements—The cold surface assemblies shall be
designed and constructed to satisfy all of the requirements of
6.3.1 except that, since only one surface plate of each cold
surface assembly is in contact with the test specimens, the
requirement that specifies the temperature difference be-
tween the surface plates shall not apply.

6.5.2 Materials—The criteria to select materials that w111
be used in the construction of the cold surface assemblies are,
identical to the hot surface assembly and are listed in 6.3.2..

6.5.3 High Temperature Operation—When the cold sur-
face assemblies will be operated at high temperatures, several
thin sheets of insulation may be inserted between the heat
sink and cold surface heater. The addition of these insulation
sheets will reduce the, energy requirements to the cold surface
heater and extend service life.

6.6 Additional Edge Loss Protection—Deviation from
one-dimensional heat flow in the test specimen is due to
non-adiabatic conditions: at the edges of the hot surface
assembly and the specimens, This deviation is greatly in-
creased when the apparatus is used at temperatures other
than ambient. When. the guarded-hot-plate apparatus. is
operated at temperatures that deviate from ambient by more
than 10°C (20°F), the apparatus shall be outfitted with
additional components to reduce edge losses. These compo-
nents are described in the following sections and shall be
used if edge losses cannot be minimized.

Nore 8—Another means of assessing whether edge insulation i
required is to attach a temperature sensor to the mid-height of. the

exterior edge of the specimen. Sufficient edge insulation is present if the

edge temperature, T, satisfies the following requirement, ,
(T, — T,)/AT <005 )
6.6.1 Secondary Guard—To reduce heat exchange be-

tween the edges of the guarded-hot-plate and the environ-

ment, the guarded-hot-plate shall be outfitted with a co-axial
temperature-controlled container referred to as the sec-

-ondary guard.- The secondary guard will be employed to

adjust the, ambient temperature to approx1mate the mean -
temperature of the test specimen. "
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6.6.1.1 Size—The secondary: gusird should have an inner’
dimerision that is 4t least twice' the dimension of thérhot:
surfice heater and the height shiould bs equal to the thickness,

of the hot-sutfacé heater plus twice the thlclmess of the:

thickest spacimen that will be tested.

6.6.1.2 Materials—The materials used in the construction
of thié secondary guard are not as critical as those selected for
the hot and cold surface assembli¢s; However, the materials.
used in the design of the secoridary guard shall be selected so
that they are thermally stable over the intended temperature
range, the heatirig element shall be capable of producing the
necessary heat flux dénsity-to adjust the: ambient tempéra-
ture, and a means of ¢ooling the secondaty. guard is required
if the apparatus is intended for use at temiperatures below: the-
laboratoty -ambiént. The use-of high thermal conductivity
metals is recommiénded for the construction since the
secondary guard should be isothermal.

NOTE 9—-Sucoessful secondary guard designs conisist of a sheathiéd
haater Wire or cable wrapped around an adequately-sizéd metal tiibe and
pressed ‘against the metal tube with another sheet of metal’ Foi
low-temperature operatior; a édoling coil hias been wrapped around the
exterior surface of the secondary guard.

6.6:1.3" Location—The secondary guard shall be pdsi-
troned around the hot surface assembly §uch that a uniform
spacmg i§ created betweet the cotniponents. The height of the
secondary guard shall be adjiisted such that thé mid-height of
the secondary guard is aligned with: the center of the hot
surface assembly thickness,

%.6.6.2 Edge Insulation—The 1nterSpace between the' hot
and ¢old surface: assembhes, spieéiméiis and the secondary
guard shall be filled with an. msulatmg ‘mnaterial: Du¢ to the
comtiplex shdpes-'of this 1nterspace “as powder or fibrous
insulation is recommended.

6.6.2.1 The selection of an edge insulation matenal wﬂl
dépend on the test conditions. Vermiculite is ¢asy-to use but
should hot' be - Employed at temperatures dbove 540°C
(1000°F) because it’s thermal conductrvrty increases dramat—
1ca1]y with temperature

_ Note 10—Avo1d the use of vermrcuhte when the guarded- hot-plate
is used to evaluate specimens in different gaseous envrronments,
vermidulite is extremely hygrascopic and ‘the system is difficult to
évacuate when it is uséd.

Nork 112-Care shall be taken to ensire that there aré no vords,
pockets, or other extraneous; sources of radiative heat transfer occumng
at or-neéar the guarded-hot-plate.

6.6.3' Enclosuré—The guarded-hot-plate shall be placed
ihside an enclosure when the apparatus is used’ in “to
maintain a gaseous environment that is different than “the
laboratory ambient..

-16.6.3.1. For.low-temperature operation, a dry gas environ-
ment shall be used to prevent condensation. from occumng
on the cold suifice assemblies and specimens.

6.6.3.2 For high temperature operation, it may be desir-
able to protect the apparatus from severe degrada‘uon by
usmg a’non-oxidizing.gas,: °

6:6:3.3 The ‘enclosure can also be used for substrtutlng
différent gdseous: envrronments and control of the amblent
pressure

6.7 Clampmg Force—A. means shall be prowded for
imposing a reproducible donstant clamping force on "the
guarded-hot-plate to promoté good thermal contact between
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the hot and cold surface assemblies and the specimens and to.

maintain accurate spacing.between the:-hot and eold surface:

assemblies, It is-unlikely thdt a force gréater than 2.5 kPa (50
Ib/ft?) will be required for the majority of insulating mate-

rials. In the case.of. compressible materials, a constant.

pressure arrangement is not needed and spacers between the
plates may be necessary to-maintain constant thickness.

6.7.1- A+ steady force, that will thrust the.cold ‘surface .

assemblies toward -each. other can :be: imposed by using
constant-force springs or i eqmvalent method.. _

+6.7.2 For compressible specimens,.spacers are, requtred ifs
the test thickness can not be measured by other means. The
spacers-shall be smiall .in cross-section and.:located near the
exterior perimeter of ;the - primary : guard. Avoid ;placing
spaceis on suifaces where underlymg sensors are: bemg used
to teasure: plate condrtrons :

' NOTE 12—~ ecause of the changes of s; spec1men th.lekness possibleasa’
result of* rature exposuré, ,or eompressron by the plates, it is
fecommendéd-iat, when possiblé, specimen thickness be measured in
the apparatis at: the” existing .test témperature:and compression condi-
tions. Gaging points, or measuring studs along the outer perimeter of the
cold suiface- assembhes, will serve for these measurements, The effective
combined specimen tmclmess Is. determmed by the’ average drﬁ‘erence in
the distance between the gagmg pgmts when the specimen is in place in
thie apparatus and ‘when it is not i place

6.8 Temperature Measurements .

- 6.8.1 Imbalance Detectors—A suitable means shall be
prov1ded 10 detect, the average temperature imbalance be-
tween surface plates of the metering section and the, primary
guard,

6.8.1.1 Sensors——The gap reg10n shall be 1nstrumented
with temperature: sensors to monitor: and control the .average
temperature imbalance across the gap. Fine-gage thermocou-
ples connected 4 ds thermoprles are often i for this purpose,
although “other’ temperature conttol'  senddis, “such *-as
themnstors, have beéri used. H1ghly alloyed thermocouples,
rather ‘than pure metals should be used 16 maximize the
thermal resistance’ across’ the ‘gap.-Because of nonuniform
heat ﬂux w1th1n the surface plates, temperature imbalance is
not always constant along the' gap perimeter. It hds been
found that with proper design the thermal conductance of
the wires crossing the’ gap can be made relatlvely small and,
therefore, a large number ‘of thermocouples can be' used to
increase the gap 1mba1ance sensitivity. 1t is not uncommon
to lise ten'or more sénsing elements, -

6.8.1.2 Sensitivity-—The detection’ system shall be suffi-
ciently sensitive to ensure that variation in measured proper-
ties dus'to gap temperature imbalarice shall-be Testricted to
not more than 0.5 % of*“the meétered’ ‘sectlon" power as
determmed expenmentally or analytlcally

+ NOTE, 137-7The sensrtwrty ot‘ many temperature sensors is reduced
drastlcally at temperatures below the laboratory ambient, Particular care
must be used in designing thermoplle measurement systems to operate
under these condmons

ERN [HEEND IR T

6 8 1 3 Locatzon—When using only a minimum number
of sensing elements along the: gap, the: most representative
positions to detect the average balance fof a square plate are
those.at a distance from. the corners. equal to.one-fourth of
the side of the metering area. The cornérs:and the axes
should be avoided. For a round plate; the: sensors.should, be
spaced.equally around the gap: & ¢ . oo
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6.8.1.4 Electrically isolated gap imbalance sensors should
be placed on both surface plates of the guarded heating unit
to average the imbalance on both faces of the heating unit.

6.8.1.5 Thermal junctions or other sensitive elements
should each be located in similar areas of the hot surface
assembly, It is suggested that all junctions should be located
at points directly adjacent to the centers of the areas between

heater windings. Any leads crossing the gap should be.

thermally anchored to the primary guard to provide a heat
sink from external thermal variations, In some instances it
may be desirable to provide a heat sink for these leads
outside the primary guard to minimize any radial heat flow,

6.8.2 Temperature Sensors—Methods possessing ade-
quate accuracy, such as thermistors, thermocouples, diodes
and precision resistance thermometers may be used for the
measurement of temperatures in the apparatus. Thermocou-
ples are the most widely used detector due to their wide range
of applicability and accuracy. The goal is to measure the
temperature gradient within the specimen, and the method
chosen (sensors mounted on the specimen surface, in

grooves, or between interior layers) should be that which.

yields the highest accuracy in the measurement of the

temperature gradient, A discussion of these alternatives is.

provided in 6.8.2.3 and 6.8.2.4.

6.8.2.1 Use of Thermocouples—Precautions should be
used to minimize spurious voltages in temperature control
and measuring circuits, Spurious voltages, due to wire

inhomogeneities, generally increase as the temperature gradi="

ents within the measuring leads increase. For the same
reason, junctions between dissimilar metal leads should not
be made in the regions of appreciable temperature gradients.
Low thermal emf switches should be used in the temperature
measurement circuits. An insulated, isothermal box of heavy
sheet metal can be used when joining leads of dissimilar
metals in the thermocouple circuit, It is recommended that’
all connections of thermocouple wire to copper wire be:
accomplished within the isothermal box in order that the
junctions are at the same temperature; then the copper, not
the thermocouple, leads are connected to the needed
switching devices and/or voltmeters.

6.8.2.2 Accuracy-~Thermocouples whose outputs are
used to calculate thermal transmission properties. shall be
fabricated from either calibrated thermocouple wire or wire
that has been certified by the supplier, and shall have a
standard limit of error equal to or less than the specifications
of Tables E 230. The resulting error in temperature differ-
ences due to distortion of the heat flow around the sensor, to
sensor drift, and other sensor characteristics shall be less than
1%.

6.8.2.3 Methods of Attachment—The surface tempera-
tures of the specimens are most often measured by means of
permanently mounted thermocouples placed in grooves cut
into the surface plates. Precautions shall be taken to ensure
that the thermocouple is thermally anchored to the surface
being measured. This method of instrumentation is eém-
ployed when the contact resistance between the specimen
and the surface plates is a small fraction of the specimen
- thermal resistance. The hot- and cold-surface assembly plate
sensors on each side are sometimes connected differentially.
Thermocouples mounted in this manner shall. be made of
wire not larger than 0.6 mm in diameter for large apparatus

and preferably not larger than 0.2 mm for small apparatus.

Note 14—This method of deploying thermocouples is traditionally
used for compressible specimens and for rigid specimens possessing flat
surfaces that have a thermal resistance of greater than 0.2 m? K/W (1 h
ft* F/Btu) at ambient conditions.

Note |5—For rigid specimens not satisfying the requirements of
6.8.2.2, two techniques for attaching temperature sensors are recom-
mended. Small grooves may be cut into the surfaces of the specimens
and thermocouples can be affixed into these grooves. As an alternative,
thermocouples may be installed onto the surfaces of the specimen and
thin sheets of a compressible homogeneous material interposed between
the specimen and surface plates. In this latter case, an applied force
should be used as indicated in 6.7 to ensure sufficient surface contact.
For either of these applications, thermocouples shall be made of wire not
larger than 0.2 mm in diameter.

6.8.2.4 Electrical Isolation—Temperature sensors can be

either completely insulated electrically from the surface.

plates or grounded to the surface plate at one location.
Consequently, thermocouples connected differentially can
only have a single junction ground. Computations or exper-
imental verifications, or both, shall be performed to confirm

that other circuits do not affect the accuracy of the temper- ,

ature measurernents. ‘
6.8.2.5 Number of Sensors—The number of tempera-

ture sensors on each side of the specimen in the metering

area shall not be less than 10 X A, or 2, whichever is
greater.

NoTE 16--It is recommended that one temperature sensor be placed -

in the center of the metered section and that additional semsor be
uniformly distributed radiaily.

6.9 Thickness Measurements——A means shall be prowded
for measuring the thickness of the specunen preferably in'

the apparatus, to within 0.5 %.
6.10 Metered Section Power Measurement—Dc power is
highly recommended for the metered section. Ac power may

be used but the user should note that ac power determina- -
tions are more prone to error than dc measurements. The.

power to the metered section is determined with a wattmeter

or from voltage and current measurements across the heater-

in the metered section. The voltage taps for this measure-
ment should be placed to measure the voltage from the

mid-point of the gap. The current can be determined from.
the voltage drop ‘across a precision resistor placed in series

with the metered section heater.

6:11 Electrical Measurement System—A measunng
system having a sensitivity and accuracy of at least 0.1 K
shall be used for measurement of the output of all tempera-
ture and temperature difference detectors. The system shall
have sufficient sensitivity.to measure the gap imbalance to a

level equal to 1 % of the imbalance detector output that
satisfies the requirement of 6.8.1.2. Measurement of the.

power to the metered section shall be made to w1th1n 0.2 %
over the entire operating range.

6.12 Performance Checks—When a new apparatus is
commissioned or an apparatus has undergone significant
refurbishment, a series of careful checks shall be performed
before initiating routine testing,

6.12.1 Planeness—The planeness of each surface plate
shall be measured. See 6.3.1.1. ‘

6.12.2 Temperature Measurements—With specimens in-
stalled in the apparatus, the coolant supply to the cold
surface assembly shut off, and no electrical power being
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supplied to any -of the heaters, mount the apparatus:inside
the enclosure. Allow. the system sufficient time:to come to

thermal equilibrium. With no energy. being supplied to the..

apparatiis, note the output of all of the temperature sensors.
The temperature sensors shall have an output-that agrees to
within the uncertainty prescnbed in 6.8.2.2, The output of
the unbalance detection cifcuit shall be within the no1se level ‘
of the electrical measurement system.

6.12.3 Imbalance Detection—Determine the . mammum.

imbalance that can be allowed that satisfies the requirements
in 6.8.2.2. With the apparatus energized and:operating
normally, note the thermidl tesistance of a specimen and ‘the
imbalance detector output at equlhbrtum Repeat the test at
various levels of imbalance. Linearly fit' the thermal resis-
tance data as a furiction of bias. The slope of ‘tis relationship
will'define the maximum imbalance detector output that can
be allOwed dunng routine opcratlon o

NOTE 17-The number of bias lévels that need to be analyzed w111
depend on the quality of the curve fit; the scatter within the data set, as
defined by twice thie standard deviation, shall be-less-than the roise level
of the electrical nieasuieineiit system as defined in 6.11.

6. 12 4 Edge Heat Losses—Edge heat losses g1ve ‘rise to the
greatest measurement errors wheti the speciméns approach
the maximuim spec1ﬁed thickness and thermial résistarce,’
This seriés of experiments will determine which edge loss
strategies must be employed to maintain edge losses to levels:
ptescribed by this method.

6.12.4.1 Install specimens in the apparatus that approach!
the apparatus limits described above and instrument these
specimens with the- edge temperature sensors described in
6.6. Do not install any components described in 6.6 to
reduce edge heat loss. While performing a test, verify that the
difference between. the specimen mean temperature and.edge
temperature satisfy:the requirements. of 6.6. Add additional
edge loss apparatus components (edge insulation,secondary:
guard, enclosure) until. the requirements of 6.6 are satisfied.:
These experiments will define the required levels of edge loss:
that shall be.incorporated into the routine testing. In extreme
cases, the secondary guard may-hiave to be biased to. satisfy
these requirements; iriclude these biases as part of the routine
test procedure.

6.12.5 Emittance of Surface Plates—The emlttance of the
surfaces can be experimentally verified by testing:an air gap,
where the thickness of the air gap is limit€d to prevent the
onsét’of convection. The heat flow rate per unit temperature
difference is the sum of the thermal conductance of air and;
4¢ T,,*(2/e1). A best fit of the plot of the heat flow rate per
unit temperature difference and the inverse of the dir space
thickness supplies-both the thermal conductivity of the air
and 4,, % (2/e1):From this plot, the plate emlttance cin be
verlﬁed (42) o

6.12.6 Overall Design Verification—When all of the other
checks have been successfully completed, tests. shall . be
performed on :specimens that are traceable to a national
standards orgafiization. These test§ shall cover the range ‘of
temperatures for which the apparatus has been  désigned.
Verification of the apparatus may be limited by the temper—
ature range of avallable standards. See 5.7.

7. Speclmen Preparatmn and Condmomng ;
7.1 Specirnen Selection—Only those specimen selectlon
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factors important to the performance of the apparatus ‘are
considered- here. Factors related to-thé specimens’ therinal
properties are typically desciibedyin matérial specifications..
When two specimens are required, the specimens ‘should be
selected to.be a¥ similar.in thickness dnd: thérmal ‘character-
istics as possible. The use ofTest. Method C 518 can be used
to check the smnlanty of the specunens thermal character-
istics. . y

7.1.1 Thzckness—-——The maximum spectmen thlckness that
can be measured to a given accuracy: depends on: several
parameters, including the size *of. the -apparatus, .thermal
resistance ‘of ithe 'specimen, and. the accuracy -desited.. To
maintain edge heat-losses below approximately 0:5'%, fora
guard ‘width that: is-about one-half the linear dimension of
the metered section, the recommended maximum thickness
of the specimen is one-third the maximum linear dimension
of -the metered section. For more Sspecific. quantitative
information-on this limitation see Refs (1,5,7,8)and adjunct
material given in this test method.

~7.1.2 Size-~The specimen shall be sized to cover the
entire ‘metered section and guard area when possible. It is
desirable to cover the gap between the guarded-hot-plate and
the primary guard when sample size is limited. The guard
portion of the volume between the heating and cooling plates
should be filled with material having similar thermal conduc-
tance characteristics as the:specimen.: When the specimen
has a high lateral conductance such as a dense solid, a gap
between the metered section and the primary guard shall be
provided within the spemmen Refer-to 7.2. 3 for specml
precautions.

7:1.3: Homagenelty—Spemmens exhibiting apprectable
inhomogeneities in the heat flux direction shall riot be tested
with this method. Thére -are two potential problems. in
attempting to- determine the ‘heat. flux: through highly
inhbmogeneous specimens. One i$ related.to the interpreta-
tion* and application: of the resulting: data, sece Practice
C 1045. The other is the degradation in- the performance of
the apparatus. If the specimen is highly inhomogeneous, that
is;'the heat flux varies appreciably over the metered section,
several errors can be significantly increased. The plate
temperature distribution can deviate appreciably from iso-
thermal:conditions which, in turn, can cause large uncertain-
ties in the average temperature difference across the spec-
imen. The increased.plate ternperature variations can also
lead to increased gap and-edge heat losses. The importance of
measuring the plate or. specimen: surface temperatires at
numerous points is greatly increased under such conditions.

7.2 Specimen . Preparation—Prepare and condition the
specimens in accordance with the appropriate material
specification, Use the following guidelines when the material
speciﬂcatioﬁ is unavailable. In general, the surfaces of the
specimen should be'prepared to ensire that they are parallel
with and havé-uniform thcrmal contact with the heating and
cooling plates, ;' .. '

7.2.1 Compresszble Speczmens—The surfaces of the
uncompressed specimens may be comparatively uneven so
long as:surface undulations are removed,under test compres-
sion; It ay be necessary to smooth the specimen surfaces to
achieve better plate-to-specimen contact, If the apparent
thermal conductivity of the contact void is greater than that
of the ,specimen, compressible or otherwise, the imeasured
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heat flux will be greater than the heat flux that would be.
obtained if the voids were absent. This may often be the case ;

at higher temperatures where radiant heat transfer predomi--

nates in the void. For the measurement of compressible.

specimens, the temperature sensors are often mounted

directly in the plate surfaces. Also, plate spacers may be:

required for the measurement of compressible specimens.
7.2.2 Rigid and High Conductance Specimens—The mea-
surement of rigid specimens or high conductance specimens
requires careful surface preparation. First, the surfaces
should. be made flat and parallel to the same degree as the

guarded-hot-plate. If the specimen has a thermal resistance’

that is sufficiently high compared to the specimen-to-plate
interface resistance, temperature sensors-mounted in the
plates may be adequate. However, for materials such as

plastics or ceramics, when the thermal conductivity of the.

material exceeds 0.1 W/m-K, the following techniques shall
be used to ensure accurate surface temperature measure-
ment,

- 7.2.2,1 In'some cases it is necessary to mount the temper-
ature sensors directly on the specimen surfaces or in grooves
in the specirnens. Under vacuum conditions, the slightest
space between ‘plate and specimen is essentially an infinite;
thermal resistance (except for radiative heat transfer). Under.
these conditions extreme heat flux nonuniformities: will
occur, In any event the user should always try to minimize.
the ratio.of contact resistance to specimen resistance and. to
strive for a constant ratio over the entire surface. .

7 2.2.2 Another potential solution (that must be used w1th
éaution) is to mount a compressible thin sheet (for example,
a soft rubber or thin fibrous pad) between the plates and
specimen to improve the uniformity of the thermal contact.:
When this procedure is used, temperature sensors shall be
instrumented in or on the surface of the specimens to ensure
accurate temperature measurement of the specimen surface.
An applied force should be used s m 6. 7 10 ensure sutﬁcwnt
surface contact. o

7.2.3 Anisotropic Speczmens~Spe01mens that have a hlgh
lateral to axial conductance ratio require that a low conduc-
tance gap be created in the specimen directly in line with the
gap between the metered section and the primary guard.

7.2.4 Loose-Fill Speczmens—-—The measutement of loose-
fill specimens requires special handlmg, condmomng, and
measurement techmques The user 1s dJrected to Pracnce
C 687 for details.” =~

7.3 Speczmen Condztzonmg~Cond1tlon ‘thie spemmens ei-
ther as stated in. the material ‘specification or where no
guideline is given, at 22+ 5°C (72 + 3°F)'and 50 + 10 %
relative hum1d1ty for a period of tlme untll less than a 1 %
mass change in 24 his observed

Norte 18—Spe01mens can be cond1'uoned at dlfferent condltlons 111
order: to determine the effect on the thermal properties of the specimens.
Cond.momng enwronments shall be reported w1th the test results

8. Procedure o , S L
‘ 8.1 For a double slded test select a pan' of test spemmens
as outlined in Section 7. ) .

8.2 Measure and reoord the spemmen mass and dnnen-
sions: Also see-8:12: :

8.3 Install the spemmen 1nto the apparatus at the des1red
testithickness:: == - o A

29

84 Install the appropriate secondary guarding -and an:
envu"onmental chamber (as required).
8.5 If the test is to be conducted with gases other than air

in the specimen-plate assembly, purge the environmental

chamber and ‘backfill with the desired gas. Care should be
taken to limit the pressure of the fillgas to below its

condensation point at the lowest temperature expected .

within the chamber. Since the measured heat flux is depen-
derit on both the type of fill gas and pressure, record both of
these parameters,

8.6 Adjust the heating and cooling systems to establish the »

desired test conditions. For guidance in establishing test
temperatures, refer to Practice C 1058. The ambient temper-
ature should be'the same as or slightly above the mean
temperature of the test. This may require the use of a
temperature controlled - surrounding. This can be accom-

plished utilizing a controlled perimeter heater and insulation

materials to aid in the control of the surrounding tempera-
ture,

8.7 Record the start tlme and date of the test. Begin data
acquisition, The recorded data shall include: the date and
time of data acquisition; power to the guarded-hot-plate; hot
side’ guarded:hot-plate’ surface temperature; hot side guard;
temperatures; cold surface assembly temperatures; controlled.
environment ambient temperature and relative humidity;,
temperature difference or thermopile output across the gap
between thé guard and metered section; and calculated heat
flux and estimated thermal property of interest. C

NoTe '19-—Thermal steady-state is the time required for the test

apparatus  to stabilize.- This varies ‘considerably with the apparatus. ‘

desigti, ‘specimien to be measured, and test ‘conditions. Generally,
however, the stabilization time is on the order of hours. Stabilization
times generally' increase with thick specimens, specimens with low
thermal diffusivity and is dependent on the mass of the metered section
areq, Measurements in a vacuum and on microporous materials create
small monotonic changes over a long period of tlme and may take
longer to stabilize.

8.8 Thermal steady state must be achieved for this test
method to be valid. To determine if steady state is-achieved,
the operator muast document steady state by time averaging
the: data, computing the variation and performing the
following tests:on the data taken in Section 8. :

.:8.8.1-Thermal tsteady state for the purpose of. thls test
method is defined analytically as:

8.8.1.1 The temperatures of the hot and cold surfaces are
stable within the .capability of the equipment at.the test
conditiohs. : Ideally an error analysis will determine the
magnitude of the allowable differences, however the differ-
ence is usually less than 0.1 % of the temperature difference,
+:8.8.1:.2" The power to the metering area is stable within the
capability of the equipment. Ideally an error analysis will
determine the magnitude of the allowable differences, how-
ever the difference is usually less than 0.2 % of the average
result expected.

'8.8.1.3 The requlred condmons above exist during at least
four intervals 30  min in' duration or four systern time
constants, whlchever is longer \

NOTE 20-—The 'thérmal’ mne ‘constant of the system is the time
required-to come to within 1/e. (37 %) of the fixed value after a step
thermal disturbance of the system, The thermal time constant in the
constant power maode is the time required to come to within 37 % of the
final temperature. The thermal time constant in the constant tempera-

i
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ture mode is the time required.to come-to within 37 % of the fisial

power. The thermal time constant of a system can be approxrmated;

from the thermal diffusivities of the system components, but is generally
determtned expenmentally

8.9 After achievement of the desired steady-state as de~.

fined in 8.8.1, thiree successive repeat data acquisition runs
shall be. completed. These runs shall be conducted :at
intérvals of at:least 30 min dand should not be less than the
thermal time constant of the systeir (see Note 20). This
combination of three runs shall be considered a valid test.if
edch datum obtalned for each measured variable meets the
followmg criteria. )

- 8.9.1 The data do not differ from the méan by no: more
than thé uncertdinty of that variable, seeA1.5.

8.9.2 The data obtained does not: change monoton,tcally
with time. This is deterinined by comiparing the average
résult -of the final three test periods to the avérages of the
previous four pefiods. Graphing of the test parameters versus.
time or monitoring the slope of the data are techniques for
determining monotonic coiditions, i

8.9.3-If the data -continues: to -drift; the test-shall be
considered incomplete arid further data-aequisition. sets shall
be conducted-until therinal steady state-is achieved. Drift,
even at low levels, may indicate that either the specimen
characteristics ar¢ changing or the system is not-at steady-
state. For further detdils see Refs (3;12,13).

8.10 Prior to terminating the test, measure and record the
pressure of the'chamber,.: -

+.8.11 Upon completton of the thermal test outlined above,
remove the specimen and examine the system components,
such-as temperature sensor mounting, for proper placement
aid- operation.

8.12% De’termme the specimen thlckness and welght after
the test 10 ensuré that they have not changed fromh the initial
condition; Record any changes'i 1n the physical chardcteristics
of the specimen. ‘

1,
't

9, . Calculation

9.1-The priméry data required for this test rnethod
include’ electrical power, surface temperatures, area, and
thickness. Of these, only thickness is.generally a directly
rheasured ‘quantity, The others are ejther ‘caiculated from
other more fundamental measuremenits ot are convérted by
an electrical device. The manner in which these variables can
be obtained is discussed in 8.9 ard below.

9.2 ‘Heat Flow-—The heat flow to be reported i3 that
which passes through each specimen. Thisis equal .to the
power ‘generated by the ‘iretered ‘section-heater. For..the
double-sided mode of operation, only one-half: the power
generated by the heater flows through each specimen.
Determine the power, Q, from emf, E, and current Iiand
calculate as follows: ‘

Q=ExI @

9 3 Metered Sectzon Area—Determ.me the metered '$eC=
tion area, 4, from the area, A,y of the guarded—hot-plate and
the gap area, 4,. If there is no. discontinuity. in specrmen
characteristics i m the gap regton,r the metered area is calcu-
lated as follows

.
N

A=Am+‘—€ ‘ Lo

5 «(3)

30

For high precision measurements, this, assumption that the
gap contributes half of ifs area to the effective metered
section area, A, may need to be verified for the particular
apparatus: used. If, there is a discontinuity between . the
specimen in the metered section and the guard region, this

equation is modified slightly, as in ISO 8302, to include the

effect of heat flux distortion in the gap region:
' A

A=4, +-== "A £ 4)

Where signiﬁcant expansion, or contraction, of the guarded-

hot-plate is known during a test, appropnate corrections to
the area shall be made.

9.4 Hear Flux~The heat flux is obtarned from the ratio

of'the heat flow, Q; and the total metered sectton area, A, and
is calculated as follows:

Y

v ®)

q=

9.5 Temperature—Electrical readings from the tempera-
ture sensors are normally converted to temperature using a
mathematical equation based on either the sensor’s calibra-
tion curve or an appropriate referénce -su¢h as a thermo-
couple voltage table.

9.6 Density+- The metered sect1on area specimen densrty,
O OF the sample density, o, where metered section area
density canniot be obtained, are to be reported as the average
of the two pieces. The equation for density, is the following:

m
= TXL ©)
ot
m

S

A, X L

9,7 Thermal Transmzsszon Properties-—These properties
shall be reported only in accordance with the requirements
and restrictions of Practice C 1045, -

T

ps=

10. Report

10.1- To be in conformance wrth this test method, report
the following;

10.1.1 The report shall be 1dent1ﬁed w1th a unique num-
bering system to allow traceability to the mdmdual measure-
ments taken durmg each test performed, '
) 10.1.2 The average valueuﬁ as tamed from the test.
Standard dev1at10n about. that average. The results may be
reported in a form similar fo that shown in Fig. 3,

10.1.2.1 Identification of the test orgamzati respon-
sible person in charge, test operator (optmnal) énd the test
$ponsot,

10.1.2.2 The generic name, or other 1dent1ﬁcatlon Te-
quired ‘t6 provide a ¢otplete and detailed dssciiption of the
tested material. For hygroscopic materials, such as concrete
and wood, the mo1sture content should also be given,

NOTE 21-~A genenc descnptton 1n addmon to the brand name
shou]d be reported where poss1ble

tlomng, .
10.1.2.4 Vanables that effect thermal transmtssron prop-
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Test Report

Date;

Operator:

Test Report Number:

Duration of Test:

Specimen Identification:
Specimen Characteristics:

Product, name, manufacturers description.
Unique characteristics such as degree of homogeneity or anisotropy,

density (optional).

Specimen Conditioning:
Specimen Dimensions and Mass:

Temperature, time, humidity. ‘
Before and after conditioning and after measurement,

Apparatus Description:

Size, shape and orientation of plates. Single or double-sided operation,

description of secondary guarding, unique procedures.

Experimental Results

Uncertainty

Variable Measured Value

Systematic Random

Q, W

Th, K

Tc, K

Tm, K

AT, K

A, m?

L.m

Fill gas pressure, Pa

Othcp

Lo

Derived thermal transmission properties including the applicable range of conditions shall be in conformance
with Practice C 1045, ‘
FIG. 3 Example Test Report Form

erties, such as fill-gas and pressure, shall be spec1ﬁed when
applicible,

10.1.2,5 The dimensions of the metered section and
guard(s) and their relationship to the overall specimen
‘dimensions (m). The plate emittance,

10.1.2.6 Specimen orientation and the direction of heat
transfer during the test;

10.1.2,7 The total area of the specimen (m?),

10.1.2.8 The specimen density of the metered section area
or sample density where metered section area density cannot
be obtained (kg/m3),

10.1.2.9 The thickness of the specimen(s) within the
metered section (m),

10.1.2.10 The area averaged temperatures of both hot and
cold specimen surfaces (K),.

10.1.2.11 Net steady-state average heat ﬂux through the
specimen (W/m?2),

10.1.2.12 Any thermal transtission propertles calculated

31

and reported and their estimated error, and

10.1.2:13 The test date and time, the time required for
steady temperature conditions, the time to reach steady-
state, the data acquisition time period, frequency of data
collection and the end date and time,

10.2 The following is optional 1nformat10n that may be
included i in the report:

10.2.1 Values for guard loss, back side energy loss and
other losses included in the net energy calculatlon (W/mz),
and

1022 A full description (or references) of test procedures
and data analysis techniques used.

10.3 When certification of the test results is " required,
include the date of the latest apparatus verification and a
description of the procedures wused, References . for the
verification report(s) shall also be included. Where appli-
cable, include a statement of laboratory accreditation of the
test facility used, including date of latest inspection.
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10.3.1 Where agreed upon between the customer and the; v ., 11.4.2 Gap Imbalance Error—These have been found to
test laboratory, less maybe reported but the remainder of the  depend on several parameters including the temperature
results shall be made avaﬂable ) dlfference, the gap geometry, the structural support system,

NoTE 22: Caution—Where this test method mlght be speclﬁcally “the wires cfossiiig the gap (niiniber; sizé, and type), the gap
referenced in published test reports and published: data; €laims, and fill material (gas or }nsulatlon),.the cmlttfﬁ}‘%‘? of the gap
where deviations from the specifics of the test method existed in the tests ~ surfaces, and the specimen material in the vicinity of the gap
used to obtain said data, the following statement shall,be required o (5,6,8,18,22,36). The resulting heat flow due to a tempera-
accompany such published information: “This test did not fully comply  tyre 1mba1ance can be obtained either by calculation based

with following. the provisions of Test Methed €177.2-This statement -
shall be followed by a listing of specific deviations from thxs test method "on the above pararieters or‘émpirical data. A empirical

and any special test condmons that were apphed RERP AR . - relationship for the gap heat ﬂq.vy‘c “bq determined by

o LT purposely introducing a temperature 1;11“ lance across the

11. Precision and Blas ... gap and measuring the resultmg change in the spemmen heat
flow (seey,Al 4.3).

11.1 This section on prec1smn and bias for the guag ed
hot plate apparatus includes ‘a"diséission of; ‘genéral &4
tical terms; statistical control; factors af’fectmg test results;
ruggedness tests; interlaboratory comparisons conducted by
ASTM Committee 'Cil16; proficiericy testing conducted
under the auspices of the National “VoluntaryiLaboratory: »
Accred1tat1on Program (NVLAP), aud error propagatlon
formulae.

11.2 General Statistical Terms—The accuracy of,a. -test,
result refers to the closeness of agreement between the
observed value and an accepted. . jeférence valie. When
applied to a set of observed: values, the accuracy mcludes a
random component (iMprécision) and a systeraatic’ compo-
nent (bias). The variability associated with the set of ob-
served values is an indication of the uncertainty of the test .
result. Additional -information on statlstlcal terminology- is Nore 23--As tioted in'Section 8, the valtie of the dnbient tempera-
available in Terminology E 456, .. ture is set to either the same value as the mean tempefature of the test or

11.3 Statistical Control—The user’ of the guarded-hot— a value slightly above the mean temperature. The user$hould determine
plate apparatis shdll demonstrate ‘thai the apparatus™is the optimum value for their apparatus and test conditions by using the
capable of performing in a consistent manner over time (35): = - ity analysis described in A4.2, This dependebice may change

- p ppreciably for different specimens or appaxatus cdonditions and, there-
The use of conirol charts (see Manual 7 (34)) to monitor.the. g should be-done under typical test conditions. - -
operation of the guarded hot plate is one recommended way I
to monitor the control stability of the apparatus. Whén ~ 11.6" Inferldbordtor) Tesis—The résults of‘ghree published
possible, it isirecommended that a-reference material trace= - interlaboratory -tests for- guardedshot-plat ".apparatus are
able to a national stand.ard s laboratory be used.as.the . discussed below. The. résults, where appropnate, state an
control specimen. Ideally, the long-term variation should be index of precision (between laboratory) of two-standard
no greater than the short-term wariability: Lenen . deviation limiits(2s). Certain: aspects-of the interlaboratory

11.4 Factors Affecting Test Results—Experlments and tests'were not conducted completely in accordance with the
theoretical analyses have identified two prindipal «(8ys- ¢ requiremients of Practice E 691, for example, the number of
tematic) errors that affect the operation of an idealized  test laboratories was less than six in one study and none of
guarded hot plate apparatys. These errors arg.edgeheatflows  the studigs. required:;zeplicates. Fugthermiore; astudy:.in=
at the penphery of. the speclmens, and,, heat, ﬂow acrass | the  volving a variety of materials is needed. Consequently; -a

Ot ge,ueraJ statement. for: the- iudex, of xp;reoision and: bias that

] esults of o,ne ruggedness
study for a 200 mm? guarded hot plate and two materials
- ‘having different:thermal-conductivity’s have been reported
(&) atched pairs, 85 mm thi f polyurethane foam and
smc rubber were measured at 4 inean te perature of 297

K ‘and'a temperature difference of 23 K. For each specimen,
.-the width of edge insulation was.set at- one of-five levels (0,
12.7, 25.4, 50.8, and 76.2 mm) while the ambient tempera-
" tiire' was vaned at one of three levels. The results indicate
that the edge losses are reduced with edge insulation but only
become zero when the ambient temperature is at one specific
value The: opthum ambient temperature-appears to be a
~ futiction "of specimen thickness and’ thermal conductivity,
and edge insulation thickness..

to,tt terlaboratory tests if
qurmatlon o1, precusmn and eeded (see Prac‘uce
C 687 for loose-fill materials).

11.6.1 In 951 results of,,an in
B 8) L i 3

others arg QJscussed in detaﬂ 3.
11.4.1 Edge Loss Errors— hese

thermal conduct1v1ty and thlckneus, ‘and an ‘ s
ture (7,18,20;21,31,33). By using a sufficieitly wide guard
(see Section 6), appropnate levels of edge msulatlon, and ) p ]
propet 'seléction of ‘the ambmnFt temperatux‘e (see Sec’uon 8), mm . thlck) were measured by each laboratory at a'mean

tempeératiire front 266 to 322 K. The datd‘from‘ L5 of the 20
f\

(
hmlted experienéé (at TOORT temperatufe)(imth measurement dotetmined by the’ National Bureau of Stafidards (now the
of apparent ‘conductivity at latge thickness™ (dbove’ 30 cm), Natlonal Institute of Standards ahd Technology). The max-
but' &rrois may- be expeéted to be above 2'%, especlally ifthe  imuitiideviations were +13 and <16 %.
usér does not reduce the problems associated:with long time 11.6.2 In 1985, results of a third round. of mterlaboratory

constants and-large lateral:heat flows (31). . 't =i - ¢ comparisonsiiwere: reported (41) for five large’ gharded-

32
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TABLE 1 NVLAP Proficiency Tests for Guarded-Hot-Plate

Apparatus Ref (39)
Thermal
Nominal Conduc- Coefficient
Material Thickness, G'r‘gf}'p ';f'fab;: v aﬁ‘;:i on, RoUnd
mm Mean, %

. W/m K)
Expanded polystyrene board 25 0.037 6 1.80 10
Foarm Board, rigid 25 0.040 9 2.52 4
Glass-fiber batt 25 0.040 10 2185 5
Glass-fiber batt 25 0.0404 64 2264 74
Glass-fiber batt - ' 25 0.0394 7A 2824 3BA
Glass-fiber batt 25 0.040 9 3.28 3A
Glass-fiber batt ) 25 0.040 7 3.43 7
Glass-fiber batt C 25 0.040 9 4.66 3B
QGlass-fiber batt, foil faced 25 0.032 9 0.98 6
Glass-fiber batt, foil-faced 50 0.033 7 1.45 9

{stacked) :

Glass-fiber batt, foil faced 25 0.032 8 1.95 ]

A Recalculation with one or more laboratories excluded from the graup
statistics because their test results deviated from the pre-characterized value by
more than 8 %.

hot-plate apparatus ranging from 610 to 1219 mm? and 1016;
mm diameter (the last apparatus mentioned being a circular
line-heat-source guarded-hot-plate). The same specimens of
fibrous-glass blanket (16 kg/m?®) were circulated to each
laboratory. Matched pairs were tested at 297 K and thick-
nesses of 25.4, 50.8, 76.2, and 101.6 mm. Imprecision of the
data versus a semi-empirical model for a density range of 11
to 20 kg/m? were 1.9, 2.3, 2.6, 2.9 % (2s level) at thicknesses
of 25.4, 50.8, 76.2, 101.6 mm, respectively.

11.6.3 In 1988, results of a interlaboratory comparison
were reported (30) for seven high-temperature guarded-
hot-plate apparatus. The plates ranged in size from 203 to
406 mm in diameter and 300 to 610 mm? Different
matched pairs of fibrous alumina-silica and calcium silicate
were measured by each laboratory over a mean temperature
range from 330 to 701 K. Reference equations based on
NIST-Boulder corrections were fit to the data. Imprecision in
the deviations from the model were 15 and 16 % (2s level)
for fibrous alumina-silica and calcium silicate, respectively,
It was established that a significant percentage of the
standard deviation in this comparison was due to material
variability and not apparatus error.

11.7 Proficiency Tests—In 1985, the results of a series of
proficiency tests conducted for NVLAP over a four-year
period were reported (39) for guarded-hot-plate apparatus
(plate size not reported). Different specimens of four thermal
insulation materials were distributed to each laboratory for
testing. The materials were expanded polystyrene; foam
board; low-density glass-fiber batt (8 to 16 kg/m?3); and,
high-density glass-fiber batt, foil-faced (64 kg/m3). Each
laboratory reported a single test result, that is, no replicates
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were conducted. Results of the proficiency tests are summa-
rized in Table 1. The index of precision (between laboratory)
is expressed as a percentage for the one-standard deviation
limit(s) divided by the mean of the test result, or one-
coefficient of variation (CV %).

11.8 Error Propagation—Several formulae are available
(40) for determining the apparatus uncertainty by error
propagation. For guidelines on using a standard procedure,
the user is referred to ISO Guide to the Expression of
Uncertainty in Measurement (32). Strictly speaking, deter-

mining a statement of uncertainty for a test result requires.

treating random and systematic errors separately. A descrip-

tion of random and systematic errors and possible sources of -

error are discussed below.
11.8.1 Random Error, 5,—In a measurement, random

errors (imprecision) are considered to be the sum total of all

the small (negligible) independent errors that are uncon-
trolled, for example small fluctuations in environmental

conditions or plate temperatures, Random errors are as-.

sumed normally distributed, uncorrelated, and preferably
small, In general, random errors are a function of the
capabilities of the control system and, to a lesser extent, the
measurement system.

11.8.2 Systematic Error, —A systematic error (blas) isa
fixed deviation that is 1nhere11t in each and every measure-
ment, If the magnitude and direction of the systematic error,

are known, the user can make appropriate correction(s) to

the measured value, Under such circumstances a justifica-
tion for the correction should be provided. In general, the
magnitude of the error, |3/, is estimated by experience or
judgment,

11.8.3 Statement of Uncertainty—The statement of un-
certainty requires an expression having credible limits for its
inaccuracy. Different traditions and usage have resulted in
different expressions of uncertainty that may be summarized
as follows: both imprecision and bias negligible; imprecision
negligible, bias not negligible; neither imprecision nor bias
negligible; and, imprecision not negligible, bias negligible.

11.8.4 Sources of Errors—The uncertainty of the appa-
ratus as determined by propagation of errors should consider
the error in each of the separate measurements used to
determine the test result. For a guarded-hot-plate apparatus,
these errors in measurements are the uncertainty in: heat
flow 6@, teraperature difference, AT, metered section area, §
A; and specimen thickness, 3L. These errors and an example
are discussed in AL.3.

12. Keywords :

12.1 error analysis; guarded-hot-plate; heat flow; heat
flux; steady-state; thermal conductivity; thermal resistance;
thermal transmission; thermal conductance; thermal testing
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e : : ANNEX

(Mandatory Information) - -

Al THICKNESS MEASUREMENT, LIMITATIONS AND MEASUREMENT UNCERTAJNTY

Al ImportanCe of the Thzckness of the Insulation: Speci-
mens in Guarded Hot-Plate Measurements—The thickness
of the specirien as installed in the apparatus determines both
the “density of ‘th&’ material and the temperature gradient
applied to it during the frieasurément of the thermal prop-

erty. If the thickness of a specimen i$' changed from' its:

room-temperature value by thermial effeécts (thermally révers-
ible expansion or contracnon, o thermally induced i irrevers-
ible shrinkage or expansion ofthé specimen), of by compreés-
sion, theh use of the room-temperature thickness outside the
apparatus will lead to error in the determination of the
apparent conductivity (ot resistivity) of the specimeiii-A
given relative (percentage) error in the thickness leads to an
equal relative error it the determination of the conductmty
For measurements of thermal properties at mean specimen
teniperatures near room temperature the error in neglecting
any ¢hanges in thickness tay bé negligible, but this can be
asceitained only by observation in the specific case at hand.

Al.2 Suggested Wdys to Measure Thickhess of Incom-
presSzble Specimens—In determmmg the thickness of a
specimen, one assumes that it is propetly shaped, so that the
measured thickness is* valid. Howevér, two different situa-
tions may sometimes occur to affect the thickness meastre:
ment The shape of the specmien may be distorted by
Warping or bowing at the time it is first installed in the
apparatus. In this cdsé; either the (flexible) specimen should
be compressed enough to remove the distortion when
installed, (or, preferably, a specimen of better quality should
be selected). Independent of, the specimen may undergo a
change of shape as it is subjected cither to high mean
temperatures or to large temperature gradients, due to
chemical changes occumng in the spec1men at high temper-
atures. In this case. it 18 difficult to défine what the thickness
of ‘the specimen actually i$ during the méasurément, ‘The
thickness of the specimen’ should be méasured both before
and after the thérmal transmission property is measured, to
show whether such dimersionial changes are occuriing. Any
warping or bowing of the specimen, before or during
measurement of thermal properties, adds to the uncertainty
in the value of thickness. Some materials such' as polymers
have large coefficients of expansion and the material tends to
bow unless a smiall. thickness and temperature dlfference
across the specimen is used. x

A1.2.1 The recommended procedure for measuring spec-
imen thickness is to measure the thickness while installed in
the apparatus. This is necessary if the correct temperature
gradient actually applied to the specimen during the mea-
surement of the thermal property is to be obtained. Rigid
rods may be securely installed extending laterally from the
outer edges of the metered area/primary guard assembly, at
two or three equally spaced locations along the circumfer-
ence of the plate, The portion of the rod extending from the
plate should be smooth and parallel to the plane of the plate
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surface. Alternatively, the plates may be machmed with, ﬂat,

horizontal plates éxtending from the circumference, Srm]lar”

rods (or plates) are likewise located on each auxiliary heatep
plate, at the same circumferential positions, vertically (within

5° of arc) above or below the rods on the metered area/ ‘

primary guard assembly.

Al.2.1.] 'With no specimens mstalled ~w1th the heater
plates contacting each other in their usual order, and taking
car¢ not to, change the plate separatton, measure the separa-
tion between each vertical’ pair of rods on two adjacent plates
with a vernier calliper, Compuie the arithmetic mean of the
plate separation for each pair of adjacent plates. Then, with
specimens installed between the platesin the-apparatus, and
with the usual mechanical loading applied, measure the
separation between the pairs of rods on .adjacent plates,
takihg care hot to change thie plate séparation. Compute ‘thie
arithmetic mean. Subtract the mean separation obtained
with no- specimen . fiom the mean separation with the
specimen present, for corresponding pairs of plates, to obtain
the as-installed thickness of each Specimen: The standard
deviation about the average of values from repeated mea-
stirements of the plate separation, starting ftom 'total disas-
sembly; gives a statistical medsire of the reproducibility. If
contact cannot be made between the plates, standard spacers
can be inserted between the plates. Bringirig the plates in
contact with"the spacers can determine the adJustment in
specimen measured thickness requrred

Al 2.1:2 The accuracy of this procedure is equal to the
imprecision ‘with which the vernier can be read. The accu-
racy of this test method depends on the precision with which
the rods are mounted in a true horizontal orientation, and on
not changing the plate separatlon during the measurement.
The standard deviation about the average of values from

repeated measurements of the plate’ separatlon starting from

total disassembly, gives a statrstrcal measure of the reproduc-
1b111ty :

surface and measure the thlckness at vanous pomts across
the specrmen with a thlckness gage moutted dbove the
specimen. The zero is first established by restmg the foot of
the gage oni the flat surface. The specimer i$ then measured.

‘This procedure has the advantage that specimen flathess and

warp can be measured. Thickness is measured typrcally in at
least five different locations across the full specimen and
within the metered section to establish the metered thickness
within the apparatus. The thickness, when applicable, should
be measured after the test to monitor any significant changes
that may have effected the results.

A1.2.2.1 The accuracy of this test method is equal to the
imprecision with which the gage can be read. The accuracy
and reproducibility of this test method depends on the ability
of the operator to reproduce the amount of force exerted on
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the specimen especially in the case of compressible speci~.

mens.
Al.2.3 Another alternatlve is to use a mlcrometer or

vernier calliper, This assumes that the specimen is not bowed
or warped, that should of course be ascertained. During 2
measurement of thickness with a calliper, prevent the narrow

jaws of the measuring tool from penetrating into the surface -

of the specimen. Cut two small pieces of flat, rigid rectan-
gular metal sheet, about 20 by 40 mm and 0.5 to 1.0 i
thick, Measure the combined thickness of the two metal
rectangles; then measure the thickness of the specimen while
holding one metal piece under each jaw, between the surface
of the specimen and the jaws of the micrometer or calliper.
Be sure to subtract the combined thickness of the two metal
plates from the total thickness of specimen plus metal pieces,
to obtain the net specimen thickness. By this method
measure the thickness at eight different, equally spaced
locations around the outer margin of the specimen.

Al.2.3.1 The accuracy of this procedure is equal to the
precision with which the vernier (or micrometer) can be
read. The accuracy and reproducibility of this test method is
lower than that described above in A1.2.1 and A1.2.2, due to
the variable pressure used by different people in measuring
the specimen between the jaws of the micrometer or calliper.

Al.3 Limitations Due to Apparatus.:

Al.3.1 Limitations Due to Contact Resistances—When
testing 4 rigid specimen of high thermal conductance (that is,
" specimens of a material too hard and unyielding to be
appreciably altered in shape by the pressure of the heating
and cooling units), even small, non-uniformities of the
surface of both the specimen and the apparatus (surfaces not
perfectly flat) will allow contact resistances not uniformly
distributed between the specimens and the plates of the
heating and cooling units.

AL3.1.1 These will cause nonuniform heat flow-rate

distribution and thermal field distortions within the speci-
mens; moreover, accurate surface temperature measure-
ments will be difficult. For specimens having thermal resis-
tances less than 0.1 m2? K/W, special techmiques for
meaguring surface temperatures will be required. Metal
surfaces should be machined or cut flat and parallel and
stress-relieved. ‘

A1.3.2 Upper Limits for the Thermal Resistance;

~A1.3,2.1 The upper limit of thermal resistance that can be

measured is limited by the stability of the power supplied to
the metered section, the ability of the instrumentation to
measure power level and the extent of the heat losses or gains
due to temperature imbalance errors between the central and
guard sections of the spécimens and of the metered sectxon

Al.4 Limits to Temperature Difference;

Al.4.1 Providing uniformity and stability of the tempera-
ture of the hot and cold surfaces of the plates, the noise,
resolution and temperature measurements can. be main-

tained within the limits outlined in Section 6, temperature .

differences as low as 5 K, when measured differentially, can
be used. Lower temperature differences shall be reported as
not complying with this standard, See Practice C 1058.
Al1.4.2 If temperature measurements of each plate are
made by means of thermocouples with independent refer-
ence-. junctions, the accuracy of the calibration of each
thermocouple may be the limiting factor in the accuracy of
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measured temperature differences. In this case, it is recom-
mended that temperature differences of at least 10 K to 20 K
are used in order to minimize temperature-difference mea-
surement errors.

Al.4.3 Higher temperature differences are limited only by
the capability of the apparatus to deliver enough power while
maintaining required temperature uniformity.

Al.4.4 Maximum Specimen Thickness:

Al.4.4.1. The boundary conditions at the edges of the
specimens due to the effects of edge insulation, of auxiliary
guard heaters and of the surrounding ambient temperature
will limit the maximum thickness of specimen for any one
configuration, as described in Section 6. For composite or
layered specimens, the mean measurable thermal conduc-
tivity of each layer should be less than twice that of any other
layer.

Al1.4.4.2 This is an approximation and the results do not
necessarily imply the measurement of conductivity of each
layer. The accuracy will remain close to that predictable for
tests on homogeneous specimens, No guidelines can be
supplied to assess measurement accuracy when the require-
ment of Al.4.4.1 is not met. ‘

A1.4.5 Minimum Specimen Thickness:

Al1.4.5.1 The minimum specimen thickness is limited by
contact resistances given in Al.3.1. Where thermal conduc-
tivity or thermal resistivity is required, the minimum thick-
ness is also limited by the accuracy of the 1nstrumentat1on
for measuring the specimen thickness.

Al.4.5.2 The metered area, that is, the area of the

specimen traversed by the heat flow-rate fed by the metered
section, is related to the specimen thickness and to the gap
width. As the thickness tends to zero, the metered area tends
to the area of the metered section, while for thick specimens
the metered area is bounded by the line defining the centre of
the primary guard gap. To avoid complex corrections, this
definition can be retained, provided the thickness of the
specimen is at least ten times the width of the gap.
Al.4.6 Maximum Operatmg Temperature:

Al.4.6.1 The maximum operating temperature of the.

heating and cooling units may be limited by oxidation,
thermal stress or other factors that degrade the flatness and
uniformity of the surface plate and by changes of electrical
resistivity of electrical insulations which may affect accuracy
of all electrical measurements. ‘

Al1.4.7 Vacuum Conditions:

A14.7.1 Care must be taken if a guarded hot plate is used
for measurements under vacuum conditions. If a high
vacuum is desired, the materials used in the design of the
apparatus must be carefully selected to avoid excessive out-
gassing under such conditions. Under vacuum conditions,
especially at lower temperatures, serious errors can arise if
care is not taken when installing heater and temperature
sensor leads so as to minimize extraneous heat flow-rates and
temperature measurement errors.

Al.4.8 Apparatus Size:

A1.4.8.1 The overall size of a guarded hot plate wﬂl be
governed by the specimen dimensions that typically range
from 0.2 to | m diameter or square. Samples smaller than
0.3 m may not be représentative of the bulk material, while
specimens larger than 0.5 m may create considerable prob-
lems in maintaining the flatness of the specimens and plates,
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EARARY)

temperature uniformity, equﬂrbnum tlme and total: cost;
within acééptable limits.- oy Lo

wAL5 .Limitations Due to Speczmen ' g

Al1.5.1 Thermal Resistance or Thermal Conductance PRI

~A1.5:1.1 \Specimen - Homogeneity<=In: sinhomogéneous
specimens; the thermal flux density both!within the spec-
imen and over the faces of the metered section area:may be
neither unidirectional nor uniform. Thermal field distortions
will be preésent within the specimen and. can give rise to
serious errors. The region in the specimeh contiguous to.the
metered section area and especially ‘heéar:the «edges of this
area is most critical. It is hard to give reliable guidelinés on
the applicability of the method in such cases. The:major risk
is that the imbalance errors, edge heat loss: errors, etc.; now
unpredictablé;fcan: ‘vary in an ‘unpredictable way when
mhomogenemes take dlfferent relative posmons w1th1n the
specimen.’ ;

Al5.1.2- One way to try to esﬁmate the error is to com~
pare the results for two specimens from the same sample,
selected so that theyhave as widely different a structure near
theredges or the metered section: area. I the: two-extremes
cannot be identified, a number of specimens may have to be
tested. .

Al.5.1.3 In some samples, the variation-in; $tructure may
occur over small distances. This is true for many thermal
insulations. In such.cases, it may be possible to use a single
specitnen’ cut larger: than 'the apparatus. This over-size
specimen is tested twice, in each case with the specimen
catefully positioned so -that the edges of the test area are
exposed to-the two extremes in structure. The two-results.are
then compared and the difference credited to distortion. The
portion of the specimen(s) protruding from: the appardtus
should be well insulated in the two tests to. reduce: the
possibility:of the exposed section increasing edge losses. The
size and:thickness-of the :specimén «affects the 'size of this
variations in structure that can be accommodated. The larger
the test area; the smaller the effect on the-results. The effect
of distortion may either. increase or decrease with specimen
thickness.

Al.5.14 Direct thermal short circuits may exist between
the surfaces of the specimens in contact with the platés of the
heating:and coolifig units. The largest effect occurs when
'sections: of ‘material which conduct heat readily, . with -ex-
tended surface area on each'side of the ‘specimen;;are
connected by a path of low thermal resistancé rélative to
other path’s; The effect.can best be identified by bredking the
thermal paths, especially when the collecting surfaces.can bé-
disconnected from the rest-of the path. Sheets of thermally
insulating ‘materials can-be used at the critical surfaces.to
provide‘the break. Sheets made-of finely ground cork; or a
similar 'material 2 ‘mm  or moze thick,  work well. The
surfaces:must.be ground to the.same degree: of flatness as the
‘heating unit. The thermal resistance of these: shéets can: be
determined in separate measurements.: The net:changerin
thermal resistance of the specimen, due to thermial shorting,
‘can:thusi be detérmined. If greater than -1 %, another niea-
suremeit should be made with thicker sheets imposed. - -+

Al1.52: Temperature—Dyj"erence Correlation:

A1.5.2:1 Thermal resistanée or thermal conductance ‘are
often a function of temperature differences ‘across the spec-
imen; In the report, the range of temperature differencés:that
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apply to.the reported values of the two properties must be

defined, or it must be clearly stated that the reported value-

was determined at a single temperature difference.

Al.5.3 Mean; Measurable Thermal, Conductzvtty af a,

Specimen: '~ . Dotk
+ALS31 In order to deternnne the ;mean. measurable

thermal conductivity (or thermal resmtrv;lty) .of.a specimen,,

the criteria of A1.3,1 shall be fulfilled; The epecimen shall be

heomogeneous.” Homogeneous: ‘porous. specimens shall ‘be .
such that any 1nhomogene1ty has- dimensions, smaller than:.
ong-tenth of the specimen thickness. In addition; at.any one,
mean- temperature; the thermal- resistance  shall -also be

independent of the te‘mperature difference established across
the specimen,

Al:5.3.2 The thermal resrstance of a matenal is, known to

depend on the relative magmtude of the heat transfer process

involved, Heat conduction, radratxon and convection are the.

primary mechanisms.. However, the mechanisms.can com-
bine or couple to produce non-linear effects that are difficult
to analyze or measure even though the basic mechanisms are
well researched and understood.

:AL:5.4 The magmtude of all heat transfer processes  de-
pends upon. the temperature ‘difference established across the
specimen. For many matenals, products and systems, a
complex dependence may.occur at. temperature differences
which are typical, of use, In these cases, it is preferable to use
a temperature drﬁ‘erence typrcal of use and then to determine
an apprommate relatmnshlp for a range of ‘ternperature
dlfferences The dependence can be linear for a wide range of
temperature differences.. .

Al5.5 Some specimens, while belng homogeneous, are
amsotroplc in, that the thermal conducnwty measured in a
direction parallel to the stirfaces i is differént to that measured
in a direction normal to the surfaces. For such speclmens,
this can result in larger imbalance and edge Ioss errors. If the
rauo between these two measurable values 8 lower than two,
reportmg accordmg 1o, thlS method is till g possrble if imbal-

ance and edge heat loss eITOrS are determmed separately with
amsotroplc specrmens ‘mounted in the apparatus,

Al5.6 Thermal C’onducttvzty or Thermal Reszstzvzty o a
Muaterial: -

Al5.6.1 In order to determme the thermal conductmty
or thermal resistivity of 2 material, the criteria of Al.3.2 shall
be fulﬁlled In add1t10n adequate samphng must be per-

' or system The
he spec1mens fiust be ‘greater’ ‘than that for
conductmty of the material product of

t]nckness
whlch the the

system "does ‘not ¢hange’ by more than 2 %" with further

increase in thmkness

e

“ Note Al, l—Results obtaxned on specrrnens where thermal ¢onduc-
tivity is still changing with specnnen thrckness are only applicable at that
specrﬁc test thickness. K

o P Y
‘ ,Al 5 7 Dependence on Specimen: Thzckness ¥

Al5.7:1" Of the processes involved, only conduction pro-
duces. & ‘heat flow-rate.that is directly proportional to the
thickness of a-specimien. The othersresult in a more complex.
relationship. ; The thinner ‘and less densei the material,. the,
more-likely that the resistance-depends on; prdcesses other
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than conduction. The result is a condition that does not
satisfy the requirements of the definitions for thermal con-
ductivity and thermal resistivity, both of which are intrinsic
properties, since the transfer factor shows a dependence on
the specimen thickness. For such materials, it may be
desirable to determine the thermal resistance at conditions
applicable to their use. There is believed to be a lower
limiting thickness for all materials below which such a
dependence occurs. Below this thickness, the specimen may
have unique thermal transmission properties, but do not
relate to the material. It remains, therefore, to establish this
minimum thickness by measurements.

Al1.5.7.2 Determination of minimum thickness above
which thermal properties of the material may be defined. |

AL.5.7.3 If the minimum thickness for which the thermal
conductivity and resistivity can be defined is not known, it is
necessary to estimate this thickness.

Al.5.7.4 In the absence of an estabhshed method, the

procedure outlined below may be used to approximate the
thickness and whether it occurs in the range of thickness in
which a material is likely to be used.
L ALSTS It is 1mportant to differentiate between added
thermal resistance in measurements caused by the placement
of the temperature sensors below the surfaces of the plates,
added resistance caused by poor specimen surfaces, and
added resistance caused by the coupling of the ¢onduction
and radiation modes of heat transfer in the specimens. All
three can affect the measurements in the same way, and
often the three may be additive.

Al1.5.7.6 Select a sample uniform in density distribution,
with the thickness Ls, equal to the greatest thickness of the
material to be characterized or equal to the maximum
allowable thickness for the test apparatus,

A1.5.7.7 Cut five sets of specimens in approximately
equal increments from the sample ranging in thickness from
the smallest likely to be used in practice. The set of speci-

mens shall be designated s, to 55 according to their respective
thickness L, to Ls.

A1.5.7.8 For low density materials where heat is trans—
ferred by radiation and conduction mechanisms and where
the absence of convection has been verified, the slope of a
plot of thermal resistance versus thickness will very fre-
quently diminish up to 1 to 2 ¢m and then will remain
constant as the thickness increases. The reciprocal of" this
constant slope is the thermal conductmty to be assigned to
high thickness specimens.

Al1.5.7.9 Measure the thickness and thﬁrmal resistance of
51, 85, and 55 at the same mean temperature and with the
same temperature difference across the specimen, Plot the
thermal resistance versus thickness. If these three values
differ from a straight line relationship by less than +1 %, the
slope of the straight line shall be computed. If the three
values differ by more than 1 %, then similar measurements
shall be made on. s, and s, to check if there is a thickness
above which the thermal resistance does not differ from a
straight line by more than 1 %. ‘

A1.5.7.10 If this thickness exists, the slope of the straight
line shall be determined to compute a thermal conductivity

='AL/AR defined as the ratio between the increments of
thickness, AL, and increments of the thermal resistance, AR.

A1.5.7.11 The thickness at which this -occurs will vary

according. to the densities, types and forms of different
materials, products and systems for different mean tempera-
tures.

A1.5.7.12 Thermal conductivity and thermal resistivity
then characterizes the material, product or system for
thicknesses above which the transfer factor differs by less
than 2 % from A,,.

Al1.5.7.13 Allowance for experimental errors must be
made in the interpretation of results. Least-square curve
fitting of R versus L may also help. A larger number of
specimens may be used where greater definition is required.,

Al.5.7.14 Thickness dependence may be a function of
temperature difference across the specimens. For the pur-
poses of this test method, the above checks, if performed at
typical operating temperature differences, shall be adequate
to indicate the degree of thickness dependence.

AL.5.8 Method of Determining Dependence on Tempera-
ture Difference-—If the temperature-difference dependence of
the thermal properties is not known for a material, a
minimum of three measurements shall be made. These are
made with widely differing temperature differences. A sec-
ond-order dependence can be revealed by these measure-
ments. When a simple linear relationship is known to occur,
only two measurements, that is, one extra, need be made,
This establishes the linear dependence for that particular
sample.

Al1.59 Warping—Special care should be exercised with
specimens with large coefficients of thermal expansion that
warp excessively when subjected to a temperature gradient.

The warping may damage the apparatus or may cause .

additional contact resistance that may lead to serious errors
in the measurement., Specially designed apparatus may be
necessary to measure such materials,

Al.6 Measurement Uncertainty—The uncertainty of the
apparatus is based upon consideration of the random and
systematic components of the following measurement uncer-
tainties (32): uncertainty in heat flow, Q; uncertainty in
temperature difference, T = (T ~ Ty); uncertainty in
metered area, 4; and, uncertainty in specimen thickness, L

Al.6.1 Other specimen characterization and test condi-
tion data may need to be reported. The precision and bias of
these data are to be reported to the extent they have a direct
bearing on the accuracy of the results. Prescribed precision
and bias of the primary data are not mandated by this test

" method. However, it is required that the user assess and
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report the precision and bias of the data. The discussion
below provides guidelines to assist the user in performing this
uncertainty assessment. A variety of helpful performance
checks are included in this discussion. In the following
discussion both random. and systematic errors are consid-
ered. The subscript , is used to denote systematic, and the
subscript , is used for the random components.

Al.6.1.1 Systematic Error, ,—Systematic error, s, is any
component of error that remains fixed during the runs that
constitute a successful test. To simplify the discussion, this
does not include any components of error that are known
both in magnitude and sign. Under such circumstances, the
user should make appropriate corrections to the conductivity

‘measurements-and supply the justification for them. The

user may check for the presence of unexpected errors by
using a reference specimen or transfer standard available

PRO_00093784



Case 1:13-cv-01215-TSC Document 198-19 Filed 10/07/19 Page 22 of 106

i c 177

from appropriate sotirces. If errors are discovered; théir
source should be identified and rémoved. A’ guiarded hot
plate cannot be calibrated. The task of estimating the e
maining Systematic efrors is baséd on judgment ‘and éxperi-
¢hee, mcludmg an awareness of the résults of mterlaborafory
comparisons. The 1mphcat10ns of such estifnates is often that
they are the maximum possible systematic errors. In this
everit the total maximum systematic error is the sumn of the

errors. It i8, however, miore likely that these estimates dre

probabilistic in nature and- do not, in fact; represent the
worst possible case. The total probable systernatic érrors aré
summed in theé same manner ds random &rrors, that is, the

square root of thé suin of squares: In the fouowing discussion:.

the latter approach is taken, However, the user must decidé if
thé bias:estimates are worst cases or probabilistic in nature,
and sum them accordingly.

A1,6.1.2 Random Error, ,~—~Random error, 1, is that
component of error that may vary both in sign or magmtude
during the runs that constituté a’ succéssful-test: For siin-
plicity, it is dssumed that the vafiations are mormally
distributed and conventional statistical techniques are appli-
cable. An estimate of random erfoi’ coniponents can 'be
obtained by repeat measurements of eachi variable.

Al.6.1.3 It-is importafit to- distinguish: beétween randoim.
and systematle errors for ‘thi¢ following reason.” The results
reported in the test method are mean values derived from
miore thian a single run, The uncertainties reported generally
apply to theseé mean values, The uncertainty of a mean valie
due to the random éiror component decreases approximately
as 1/n where'n is the nurmber of repeat runs, In contrast to
this, the uncertainty of the imean vilue due to the systematic
error ¢componient does not decrease:with repeat runs. Thus, it
_ is recommended that - the "€irér ‘components be treated
sepatately.-The total ‘Uncertainty -is -expressed by reportmg
both compongrits separately

A1.7 Efror: Comporignts—In the following' seclmons, the
efror comiponents of each teported variable are discussed,
The total randori or systematic uncertainty for each variable
is'takén to'be the square raot of the sum of squares.

AT ‘Heat Flow; (—The objective of the test method is
to establish' and “imedsure uniaxial heat flow through the
metered aréa of the spec1men -Any -deviation from 'this
objeetwe représénts érror in the' reported heat flow. The
followmg sources of error shiould be considered:

“ A1.7.2 Edge Heat Loss; (;~FEdge heat-loss, ,0,, is a
systematlc error 4s ‘the conditions surrotinding the -plate-
specimen stack ‘remdin constant throughout the test proce-
dure. Althotgh'tests have been reported that shed sonie light
on the maghitude of this érror, the fesults generally are not
proven to the point where corrections based o these results
are universally -accepted '(1;4,6,7,18-22). However, the re-
sults are consideréd: sufﬁaenﬂy valid forthe basis of deﬁmng
the’ maximum' spé¢imen thickness:: The optlmum ‘eriviron-
mental temperature to minjmize this error i a'small fraction
of T above the“iean test temperature.’ T6 detefmine the
serisitivity of ‘this&rro¥ 1o test conditions, thé- user should
determine the héat flux as a furiétion’ of sécondary guard
temperature. This dependence may change appreciably with
specimen ' dnd apparatus  charactéristics and, therefore,
should be done under typical test conditions.

A1.7.3 Gap Heat Loss—Gap heat loss is con31dered to be
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coriiposed ' of both systemauc, sQep» and random, ,Q,,
components. The systematlc ¢dtmponent caii be, in part, due
to the fact*that there imay be a finite nurbeér of locatiotns
alonig the gdjyat which the imbalance is measured; reducing
the témiperature difference Between a finite humber of points
on opposite- sides:of ‘the gap to zero may not necessarily
énsure that there i§ zero net flow of heat across the gap.
Improper position of the senisors will lead to systematlc LTOr.
Spurious’ emfs within the circuitry will result in a systenoatic
imbalance; The:random’ commponent is due to short-terni
¢ontrol fluctuations, After ‘estimating the probable imbal-
ance across the gap.in terins ‘of temperature (or sensor
voltage) one neéds to' détermine the effect of this imbalance
on the méasured: heat flow throtgh the metered area. This
can be done by | measuritig the'dependence of metered area
power on mtentmnally introduced gap irbaldnce: A typical
way of addressing this is to'run three tests, one with the guard
balanced and’otie: each biased positive and tiegative. "The
results are plotted, lambda: versus gap balance; and the zero
intécept is determiried. The imbalance introduced should be
large enough to yield an easﬂy measured change in g, but
small enough to retiidin in ‘theregion whaie the dependence
of Q upon imbalarnde is approxitnately linéar.

A1.7.3.1 Ithasbeen found that (3,15,16) the gap héat loss,
0, is linéarly dependent of température unbalance across
the gap, T,, that is, Q,, = BT,. The proportionality constant,
B, is dependent on the wires: crossmg the gap (number, size,
and type), gap geometry (width and cross-sectional shape),
the gap fill material (gas, msulanon), the emittance of the gap
surfacés and the material if the vicinity of the gap between
the hot and cold plates. A reasonable approximation of this
heat flow can beé calculated from this information.: It is
recommended that thiy be .done to confirm the  value
measured by the procedure descnbed in the prevmus para-

graphi - °
»A1.7:4 ‘Effect- of Drift. of the Metered Area Heater-—A
guasizheat 1oss exists due'to the ¢hanging heat content of the
metered area heater as its temperature changss.” Typical
plateés have a relatively high heat ¢apacity and even for small
drift rates can produce significant errors in measured heat
flow. If the drift is monotonic, the error is systematic, (0 if
niot, the etror is exhibited as random error, 0 Normally,
the ‘experiment is conducted $o that there is no observable
drift;«Under this circurmstance, the. possible drift is deter-
mined- by the ‘detectability or coritrol :lithit, dT}dt, of the
system. One can compute the magnitude of this ertor; @, in
watts, fioi a kriowledge of the maximum possible d7/dz and
the specific hedts-and masses of the various components of
the metered sectlon of the plate as follows:

- Qa= dT/dt CM," (AL1)

‘Thé specimen’ heat capacity also contnbutes to the drift

értor; but foi low-density instilations the heat capaclty of the
specimen is smiail compared to the plate, This értor dlso ¢an
be determined by measiring the dependence of drift rate on
measured heater power, Comparison. of the calculated and
medsured results 4s advised to increase confidence in the
reported:result,

Al.7.5 Power determmatlon - eLTor, composed of both
systematlc, @, and-tandom, .0, components. With high
quality instrumentafion-thiese errors cah be reduced to an
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insignificant level, The manufacturers’ specifications on bias

and precision will normally suffice to define these errors,
AL7.6 Temperature and Temperatyre Difference—Tem-

perature error is composed of systematic, .7, and random,

T, components, In addition, these errors are further subdi-

vided according to the source of the error:
Al.7.6.1 Calibration error, ,T,, is entirely systematic as
long as the same calibration is used. It is, however, not

necessarily the same for each temperature sensor. In the case

of thermocouples, calibration is frequently performed for
each spool of wire, not for each piece of wire from that spool.
Therefore, systematic differences can occur as one progresses
through the spool. The calibration is frequently represented
by an equation which approximates the experimental cali-
bration data taken at selected temperatures. If a digital
read-out device is used that yields temperature directly, the

calibration formulation is built into the device and the same

basis for error exists.

Al1.7.6.2 Instrumentation measurement error, 7,,, occurs
when the sensor output is measured. This error contains both
systematic and random components. Each component
should be estimated from equipment manufacturer’s specifi-
cations and from estimated spurious circuit effects. In addi-
tion, temperature errors are introduced by long and short-
term control fluctuations. A helpful procedure to assess the
magnitude of these errors is as follows, Place the guarded
metered area and primary guard(s) in thermal contact with
the adjacent cold plates (insert high conductance plates in
place of the specimens if the plates cannot be placed
physically together). Adjust the cold plates to the desired
temperature; control this temperature until steady-state is
reached. The metered area heater should be off. Periodically
read the isothermal surface temperatures to detect systematic
differences and random variations over an extended time.

Al1.7.6.3 Sensor positioning, a potentially significant
source of error in temperature measurement can be caused
by improper positioning of the sensor or the disturbance
caused by the presence of or finite size of the sensor itself, It
is intended that the average temperature of each specimen
surface be measured. If the sensor is mounted in the plate
surface, thermal contact resistance between the plate and
specimen is a source of error. If the sensor is mounted in the
specimen surface, sensor separation (specimen thickness) is a
source of error. If the specimen is inhomogeneous across the
metered area, surface temperature variations. exist and the
indicated temperature will depend on its location on the
surface. If heat flows along the sensor leads from the external
environment, the measured temperature will be in error
because of the presence of the sensor. For a single test on a
given specimen, this source of error, T, is systematic. A
performance check that is helpful to determine the potential
temperature error due to temperature nonuniformity is as
follows: Assemble a multijunction thermocouple and place it
between the specimen and plate in. question. Establish
steady-state at the desired test condition. Determine the
variation in temperature across the plate from the multi-
junction thermocouple outputs. -

Al1.7.6.4 A helpful technique to’ estimate interface tem-
perature errors is to mount sensors both within the plate and
within the specimen surface, Then perform a test and
calculate the difference between the two sets of data.

Al1.7.6.5 Temperature difference error is also composed
of systematic, 7, and random components, ,T. Care must be
exercised in estimating these components compared to the
error components for temperature itself. The results can
depend strongly on whether a differential measurement or
two absolute measurements are performed. Because T is
frequently small, large percentage errors can occur if care is
not observed, For example, at a mean specimen temperature
of 300 K, an error of 1 K in the mean temperature, that
corresponds to an error of about 0.2 % in thermal resistance
for typical insulations. However, this same error of 1 K in’
measurement of a specimen temperature difference of 25 K
corresponds to a 4 % error in both T and in the value of the
thermal resistance, independent of the mean temperature.
The ad hoc experiment described in 9.5.1.3 is recommiended
to provide estimates of these error components.

Al.7.7 Specimen thickness error, (L, and meter area
error, (A, are both systematic errors. The specimen thickness
error is determined by the ability to measure the plate
spacing (including variations of this thickness over the
meterad area) or, in the case of rigid specimens, the specimen
thickness and the changes due to thermal expansion. The
effect of bowing or warping at operating temperatures should
be given attention. At relatively large thicknesses (above 5
cm) this error can be maintained below 0.5 %. At small
thicknesses (below 0.5 cm) this error may become a domi-
nating factor in the overall accuracy. The meter area error is
usually small except for the assumption about what propor-
tion of the gap area to include, This error is difficult to
estimate for very thin specimens or when a discontinuity in
the specimen occurs at the gap. The specimen thickness error
will contain a random component, L, due to assembly and
disassembly,

Al.8 Thermal Conductance or Thermal Resistance—The
relative uncertainty in thermal conductance, C, caused by
either random errors or systematic errors of indeterminate
sign, may be calculated from the following error propagation
formula:

(AC/CY = (5Q/QY + (AT/TY (AL2)

where Q/Q and T/T are the total relative uncertainties of
heat flux and temperature difference, respectively. The same
equation applies to thermal resistance. Included in the total
relative uncertainties are those due to the measurement as
well as those discussed in Practice C 10435, For example for
fibrous glass insulation at 24°C mean temperature and a 40°F
temperature difference across the specmen the following
errors can be realized:

(AC/CY = (0.5)2 + (0.25)% = 0.31 (AL3)

Therefore, the uncertainty in thermal conductance would be

v0.31 = 0.56 %.

A1.9 Thermal Conductzvzty or Thermal Reszstzvzty—The
relative uncertainty in thermal conductivity caused by either
random or systematic errors may be calculated from the

- following error propagation formula:

- 39

‘ <é>~x) (AQ/Q)2+(AT/T)2+(AA/A)2+(AL/L)2 (AL4)

where 4/4 and L/L are the total relative uncertamtles of area

and thickness, respectively. Again, the above total relative

uncertainties include not only the measurement uncertainty,
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qﬂn') Designation: C 236 - 89 (Reapproved 1993)““' ”
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Standard Test Method for .

Steady-State Thermal Performance of Building Assemblles by
Means of a Guarded Hot Box'

This standard is 1ssued under the fixed designation C 236; 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 iridicates the year of last reapproval. A
superscript epsilon (e) indicdtes an editorial change since the last revision or reapproval.

This standard-hus been dpprovea’ fbr use by’ agenctes of the Depariment of Defense. Consult the DoD Index of Specifications dnd

Standards far the spect/‘ c year of issié whzch hds been adopted by the Departmenit of Defense.

RN

€t NoTE—Secuon 12 was’added ednonally in September 1993.

1. Scope

“1.1 Thi§' test method, known as the guarded hot box
method, covers thé measurement of the steady-state thermal
transfer prOperties of panels. In distinction to Test Method
C 177, which is primarily applicable to homogeneous sam-
ples, the guarded hot box method prov1des for the evaluation
of thermal performaﬂce of bu]ldmg asseniblies. This test
thethod is* suitablé “for: bmldmg construction assemblies,
building panels, and other applications of nonohoma-
geneous specimens at similar temperature ranges. It may also
be used for homogeneous specimens.

1.2 Th1s test method may be applied to any building

construction for. which it is posmble 1o build a reasonably;
representatwe spec1men of size apprOpnate for the appa-

ratus.
NOTE 1A cahbrated hot box, Test Method C 97 6 may also be used

for the described measurements and:-may prove. more satisfactory for .. .
testing assemblies_under dynamic. conditions (nonsteady-state) and to. .
evaluate the effects of water migration and air infiltration. The: choice: ... «

between the calibrated or the guarded hot box should be made only after
careful consideration of the, contemplated use,

1.3 In applying thls test. method the general pnnclples ‘

outlined must-be followed: ‘however, the details of the
apparatus and procedures may be varied as needed.

1.3.1 The intent of this test method is to give the essential
principles and the general arrangement of the apparatus, Any
test using this apparatus must follow those principles. The
details of the apparatus and the suggested procedures that
follow are given not as mandatory requirements but as
examples of this test method and precautions that have been
found useful to satisfy the essential principles.

1.3.2 Persons applying this test method shall be trained in
the methods of temperature measurement, shall possess a
knowledge of the theory of heat flow, and shall understand
the general requirements of testing practice.

1.3.3 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health praciices and determine the applica-

1 This test method is under the jurisdiction of ASTM Committee C-16 on
Thermal Insulation and is the direct responsibility of Subcommittee C16.30 on
Thermal Measurement.

Current edition approved Sept. 29, 1989. Published June 1990. Originally
published as C 236 -~ 60. Last previous edition C 236 - 87.
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bility of regulatory limitations prior to use.

Notg 2--While various units may be found for thermal properties,
the International System of units is used exclusively in this test method.
For conversion factors to inch-pound and kilogram-calorie systems, see
Table 1.

2. Refer‘enced Documents

2.1 -ASTM Standards. .

C 168 Terminology Relatmg to Thermal Insulatmg
Materials®

C 177 Test Method for Steady—State Heat Flux Measure—
ments and Thermal Transmission Properties by Means
of the Guarded-Hot-Plate Apparatus®

C 518 Test Method. for Steady-State Heat Flux Measure-
ments and Thermal Transmission Properties by Means
of the Heat Flow Meter Apparatus?

C 578 Specification . for Preformed Cellular Polystyrene
- Thermal Insulation? «

C 976 Test Method for Thermal Performance of Building
Assemblies by Means of a Calibrated Hot Box?

C 1045 Practice for Calculating Thermal Transmission
Properties from. Steady-State Heat Flux Measurements?

. E 178 Practice for Dealing With Outlying Observations®
E 230 Temperature-Electromotive Force (EMF) Tables

for Standardized Thermocouples*
E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method?

3. Terminology

3.1 Definitions— For definitions of terms used in this test
method, refer to Terminology C 168.

3.2 Symbols:

3.2.1 The symbols used in this test method have the
followmg significance:
= thermal conductivity, W/(m-K),
thermal conductance, W/(m?-K),
surface conductance, W/(m?- K),
thermal transmittance, W/(m?: K
heat flux (time rate of heat ﬂow through Area A),
W/m?,

A
C
h
U
q

[ T

2 Annual Book of ASTM Standards, Vol 04.06.
3 Annual Book of ASTM Standards, Vol 14.02.
4 Annual Book of ASTM Standards, Vol 14,03,
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TABLE 1 Conversion Factors for Thermal Conductivity?
KB ) ; . kg-calfth- e Btu-in.f(h-

W/m-K) Wilem-K) cal/(s-cm+K) m-K) Btu/th-ft- °F) ft2eF)
1TWem Kt = 1.000 1,000 x 102 2.388 x 102 0.8598 0.5778 6.933
1Weem= 1K1 = } 100.0 1.000 0.2388 85.98 57.78 693.3
1 cal+g™eom™ K™ = 4187 4,187 1.000 360.0 2419 2903.00
1 kg-cal-h~1-h=1.K~1 = 1.163 1.168 x 1072 2.778 % 10~2 1.000 0.6720 8.064
1 Blu-h=t ™ oF 1 = 1.781 1,731 X 102 4134 x 1078 1.488 1.000 12.00
1 Btu-in, -h=1.ft2. 91 = 0.1442 1442 X 1072 8.445 x 10—+ 0.1240 8.333 x 102 1.000

Thermal Conductance”

W/m?2-K)8 Wiem2+K) calj(s+cm?-K) kg-calf(hi-m?K) Btu/h-ft2. °F)
1 Wem=2.K1 = 1,000 1.000 x 10~* 2,388 x 10~5 0.8598 0.1761
1TWem 2K = 1,000 x 104 1,000 0.2388 8598 1761
1 cal-s~1 om=2.K=1 = 4,187 x 104 4,187 ) 1.000 3.600 x 104 7373
1 kgecal-h™t m™2.K™' = 1.163 1163 x 10~4 2778 x 107° 1.000 0.2048
1 Btu-h~1 {2, 91 = 5.678 5678 x 104 1.356 % 10~4 4.882 1.000

A Units are given in terms of (7) the absolute joule per second or watt, (2) the calorie (International Table) = 4.1 868 J, or the British thermal unit (International Table) =

10556.08 J.
8 This Is the 3! unit.

= time rate of heat flow, total input to the metering box,
W, .

metering area normal to heat flow, m?,

length of path of heat flow (thickness of specimen), m,

minimum number of thermocouples (see Eq 1,

6.5.1.1),

surface resistance, K+ m?/W,

thermal resistance, K-m?/W, -

overall thermal resistance, K-m%/W,

average temperature of air 75 mm or more from the

hot surface, K,

area weighted average temperature of hot surface, K,

area weighted average temperature of cold surface, K,

and

average temperature of air 75 mm or more from cold

surface, K.

[/

[} gnoni

Il

4, Summary of Test Method

4.1 To determine the conductance, C, the thermal trans-
mittance, U, and the thermal resistance, R, of any specimen,
it is necessary to know the area, 4, the heat flux, ¢, and the
temperature differences, all of which must be determined
under such conditions that the flow of heat is steady. The hot
box is an apparatus designed to determine thermal perfor-
mance for representative test panels and is an arrangement
for establishing and maintaining a desired steady tempera-
ture difference across a test panel for the period of time
necessary to ensure constant heat flux and steady tempera-
ture, and for an additional period adequate to measure these
quantities to the desired accuracy. The area and the temper-
atures can be measured directly. The heat flux, g, however,
cannot be directly measured, and it is to obtain a measure of
g that the hot box has been given its characteristic design, In
order to determine g, a five-sided metering box is placed with
its open side against the warm face of the test panel. If the
average temperature across the walls of the metering box is
maintained the same, then the net interchange between the
metering box and the surrounding space is zero, and the heat
input to the metering box is a measure of the heat flux
through a known area of the panel. The portion of the panel
outside the meter area, laved by the air of the surrounding
guard space, constitutes a guard area to minimize lateral heat
flow in the test panel near the mefering area. Moisture
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migration, condensation, and freezing within the specimen
can cause variations in heat flow; to avoid this, the dew point
temperature on the warm side must be kept below the
temperature of the cold side when the warm surface is
susceptible to ingress of moisture vapor. It is expected that,
in general, tests in the guarded hot box apparatus will be
conducted on substantially dry test panels, with no effort
made to impose or account for the effect of the vapor flow
through or into the panel during the test,

4.2 Since the basic principle of the test method is .to
maintain a zero temperature difference across the metering
box walls, adequate controls and temperaturc-monitoring

capabilities arc essential, It is recognized that small temper-

ature gradients could occur due to the limitations of control-
lers. Since the total wall area of the metering box is often
more than twice the metering area of the panel, small
temperature gradients through the walls may cause heat
flows totaling a significant fraction of the heat input to the
metering box, For this reason, the metering box walls may
also be equipped to serve as a heat flow meter so that heat
flow through them can be estimated and minimized by
adjusting conditions during tests, and so that a heat flow
correction can be applied in calculating test results,

5, Significance and Use

5.1 When the guarded hot box is constructed to test
assemblies in the vertical orientation, it is suited for evalu-
ating walls and other vertical structures. When constructed
to test assemblies in the horizontal orientation, it is suited for
evaluating roof, ceiling, floor, and other horizontal struc-
tures. Other orientations are allowable. The same apparatus
may be used for both vertical and horizontal testing if it can
be rotated or reassembled in either orientation.

Note 3—Horizontal structures that incorporate attic spaces between
a ceiling and a sloping roof are highly complex constructions, and testing
in the guarded hot box would be extremely difficult, Proper consider-
ation must be given to specimen size, natural air movement, ventilation
effects, radiative effect, baffles at the guard-meter demarcation, etc. All
of these special conditions must be included in the report (10.1.1).
Consideration should be given to the use of the calibrated hot box for
such large, complex constructions.

5.2 For vertical specimens with air spaces that signifi-

cantly affect thermal performance, the metering box height
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should ideally match the construction heights:If thisiis not < tive testiarea: ef panekiiFor example, for panels mcorporatlng
possible; horizontal convection barriers: must be installed to air’ spaces ‘
prevent air exchange betwe i meter a should exactly ‘span an mtegx\al number of spaces. The height

it canbe:shown that the omission of such: bamers doss:s n@ f the metering box should:be not less than the width .and ds’

significantly affect results, ' “subject to the limitations a§ descrlbed in 5.2-The depth’ of

5.3 For all specimens it is necessary to.) ~the metering box should be not greater than that requlred to
zero lateral heat flow between the guard area and the meter:..i baccommodate its:necessary equipment.
area of the specimen, This ¢dn'be achievéd by mamtammg a’™ ' 6,22 Therial Resistaice—The metering box walls shall
near zero temperature difference on the: specimen : surface have a thermal Tesistance of not less than 0.83 m2 K/W. In
between the metered and.guard areas. In specimens incorpo- orderthat the resistance of the box wall shall be uniform over
rating an element of high Jateral conductance,(such as'a  the entire box area, a construction without internal. ribs shall
metal sheet), it may be necessary:ta separate the metered and e used, for example, a-glued balsa wood or” a sandwwh
the guard dréds of the highly conductlve element by ' narrow construc‘uon with aged i thane foam core
gap such as a saw cut. contact with the panel shall;:if necessary, be narr wed on the

5.4 Smce this test metho determmes the total fow- of - - gutside. only, to holdagas g
heat through the test ared ‘démarcated by the meferlﬁg box,"it e necessary, a ’\;vood nosepiece can be used 1o carry the gasket
s possible to determine the heat flow through a building  The metering area of the panel shall be taken as the area
‘element smaller than the test area, such as a window of  included between the center lines of the gaskets, All surfaces
representative area of a,panel unit, if the parailel heat flow.  that can exchange radiation with.the specimen must have a

through the remaining. su;‘roundmg atea or mask 8 deter- total hemispherical emittance greater than 0.8.

mined (see Annex Al). . Co R I 6.2.3 Heat Supply dnd=Air:Circulation—Fig.:2 shows a

TP cao e s o possible s arrapgement sof :€quiptnent ih themetering ‘box to
assure an even, gentle.movenent of air.over the metering

6 Apparatus

6.1 Arrangement—Flg 1 (a) showsfa schematle arrange—
ment of thé ‘test parél and of various major eléments of the
apparatis; Fig: 1(b) and (¢) show alternative- arrangementS!
Still other arrangements, accomplishing the sime purpose,
may be preferréd for' reasotis”of “Convéhiehice of ease’ "of
1nsta1hng panels Tn generzil“the dize Of
determines the fitii mum mze of~the other ‘élétnents

old g6

‘L Guard: Krea « ;¢
L X ‘
Y D r ”“‘ ! f”»{
L2005 M i -aMetérinq Area f o, o g ‘
i /,v‘“‘"h‘ 1 DOOI’\’\ v u),‘;,, L
Test Panel-»] —Guord Area
SFhlnsulangn‘

@

Metering §
Box

‘Insulation?
N .”(0‘) _—

' FIG. 1 Géneral Arrangements of Tést Box, Guard Box, ’ Shaith w‘# Lok ‘ ‘ .
fo. . i UTest Panel, and Gold Box - ; i vt FIG. 2. Arrangement of Equlpment Durlngnhe‘{l'es :
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stud “spaces, the metering area,” preferably,

tinore thap 13 mm wide, If
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area of the panel. The electric heaters are mounted in a
housing with walls of resistance not less than 0.83 m? K/W,
and with a low emittance outside surfacing to minimize

radiation heat transfer to the metering box walls, In this.

arrangement air is continuously circulated by a small fan
upward through the cylindrical housing and downward.
between the baffle and the panel in accordance with the
motion that would result from natural convection forces. A
slat-type baffle is placed some distance above the outlet of.
the cylindrical housing to prevent impingement of a jet of
heated air against the top inner surface of the metering box.
For large meter boxes the cylindrical housing may cause
concentrations of air flow. To direct the air properly across
the specimen, other fan arrangements may be preferable. A
curved vane is mounted at the top of the baffle to smooth the
entrance of air into the baffle space. In a hot box apparatus
used for testing panels in a vertical- position only, the
moderate circulation of air resulting from natural convection
may be sufficient without the use of a fan. The change in
temperature of the air as it moves along the surface of the
panel will, in general, be greater with natural circulation than
with a fan, If a fan is used, its motor should be within the
metering box, its electrical input should be as small as
feasible, and the input should be carefully measured. If it is
necessary to locate the motor outside the metering box, the
heat equivalent of the shaft power must be accurately
measured, and air leakage into or out of the metering box
around the shaft must be zero.

6.2.4 Temperature Control—To obtain reliable test re-
sults, accurate temperature control eguipment must be
utilized. Temperature controllers must be capable of control-
ling temperature within 0.25 K during the test period. The
heaters should be the open-wire type of minimal heat
capacity and lag.

6.2.5 Gaskets—The contact edges of the metering box
should ensure, by a gasket or other means, a tight air seal
against the surface of the test panel. For some panels special
provisions may be necessary. The metering box should be
pressed tightly against the panel by suitable means. Some
gasket materials age with time and service. Periodic inspec-
tion of gaskets is recommended in order to confirm their
- ability to provide a tight seal under test conditions.

6.2.6 Heat Flux Transducer—To equip the metering box

walls to serve as a heat flux transducer, a means of detecting .

the temperature difference across the metering box walls or
the heat flux through the metering box walls shall be
provided. One method found satisfactory for this purpose is
to apply a number of differential thermocouples connected
in a series to the inside and outside surfaces of the metering
box walls to form a thermopile, Precautions must be taken
when determining the number of differential thermocouples.
Based on a survey of guarded hot box operators, the number

of differential thermocouple pairs located on metering box

walls shall be five pairs per square metre of specimen
metered area located on the metering box sides. At no time
shall there be less than 1 pair of differential thermocouples
on each of the five sides of the metering box (1).° Precautions

5 The boldface numbers in parentheses refer to the list of references at the end
of this test method.
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must also be taken when determining locations of the
differential thermocouples, as temperature gradients on the
inside and outside of the metering box walls are likely to exist
and have been found to be a function of metering and guard
box air velocities and temperature. The junctions and the
thermocouple wires for at least a 100-mm distance from the
junctions shall be flush with, and in thermal contact with,

the surface of the wall. The output of the thermocouple pairs
shall be averaged ,

6.2.7 Thermopile emf and Heat Flow Relationship—The
relationship between thermopile emf and heat flow through
the metering box walls shall be determined, This relationship
shall be determined for each set of metering box conditions
(temperature and air velocity). A suggested method of
accomplishing this objective is outlined in Appendix X1.

6.3 Guard Box: ,

6.3.1 Size—Itis recommended that the guard box be large
enough so that there is a clear distance between its inner wall
and the nearest surface of the metering box of not less than
the thickness of the thickest panel to be tested, but in no case
less than 150 mm.

6.3.2 Therrmal Conductance—To assure that there shall be
a temperature difference of no more than a few degrees
between the guard box air and its inner surfaces, the walls
shall have a thermal conductance not greater than 0.6
W/(m? K). A low conductance is also desirable for operating
reasons, to assure that the heat flow into or out of the guard
box from outside will be only a small fraction of the heat
flow through the guard area of the test panel.

6.3.3 Heat Supply and Air Circulation—One or more
reflective-surfaced cylindrical heater units with a fan may be
used to supply heat to the guard box air and also to circulate
the air to avoid stratification. The fan air intake of at least
one such heater unit should be located at the lowest point in
the guard box, to prevent pooling of cool air at the bottom.
The air discharged from the heater cylinder shall not impinge
directly against either the metering box or the test panel.

6.3.4 Temperature Control—The guard box air tempera-
ture and heat input can be controlled by a' differential
thermopile such as that used on the metering box for a heat
flow meter, or by a sensitive bridge circuit with opposed
temperature-sensitive arms located in the guard and me-
tering boxes. To avoid hunting due to the small periodic
temperature variations of the metering box air, as its
thermostat functions, it is desirable to put the temperature-
sensitive element of the differential control in the metering
box in good thermal contact with the inside surfaces of the
metering box. The temperature-sensitive element in the
guard box should be placed to avoid being directly in the air
stream of the heater units and should be of minimum
thermal lag. The control equipment used to maintain guard
box temperatures must be capable of controlhng to within
025 K.

6.4 Cold Box:

6.4.1 Size—The size of the cold box is governed by the
size of the test panel or by the arrangement of boxes used, as
illustrated in Fig. 1.

v 6,42 Insulation—The cold box should be. heavily insu-

lated to reduce the required capacity of the refrigerating
equipment, and the. exterior of the cold box should be
provided with a good vapor barrier to prevent ingress of
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vapor ‘and heavy frost accumulations on the cooling coils:

6.4.3 Temperaturé Conirol—The cold box iy be ecoled

in'any manner that is“capable of the close control of air'

tenfiperature netessary 'during & test:' An arrangement of

equipment simifar to that in the metering box may be used
with a fan ‘to force air 'downward through the -enclosed
refngerating coﬂs and upward through ‘the space betwéen' a
bafflé and the test panel as indicated in Fig! 2. It has been

found satisfactory with an arrangement of this 01t to operate

a it refngeratmn system contmuously, w1th the evapora-
t10n temperature of the ¢oil held constant by an ‘utomatic
back~pressure regulatmg valve, and refngerant -supplled to
the ¢oil through an automatlc expansion valve. An alterna-
tive method i is to use an exterior located refngeratlon system
and insulated ducts to supply chilled air to the cold box.
Liquid nitrogen in conngction with a solendid valve régu-
latmg its flow mdy also be used. For fine control of the cold
box, mstallatmn of open wire electrical heaters in the blower
duct or other fast moving part of thie - air ¢irculation system
and controlhng these heaters by a sensor located in the
d;lscharge ofthe air circulation system is recommended The
use of desiccants. to Temove excessive thoisture in the
remrculatmg cold air may be useful, Temperature controllers
for steady—state tests must be capable of controlhng temper-
atures within £0.25 K.,

S 644 Azr Czrculatzon—H1gh alr velocities arg permissible
when their effect upon heat flow is to be determined. This
may be accomplished by dlrectmg the airflow either parallel
or.perpendicular to the specimen cold surface. One method
of obtgining parallel un1form velocity is to force air through
a space between the specimen and a parallel bafﬂe whose
spacing may be adjustable to aid i in changmg the air. curtain
veloclty Parallel velocities, as prov1ded in. this test method,
aid in obtaining uniform specimen surface temperatures and
simulate the effect of cross.winds. Velocities commonly used
to simulate cross wmd condltlons are 3.35 m/s for summer
condlttons and 6“,70w m/s for winter conditions. Perpendicular
velocities, simulating direct wind impingment require
moving larger amounts of air.than most parallel situations,
with. corresponding larger power requirements. Also, the
baffle .should be placed further from the specimen surface

and- should have a porous section (a screen or honeycomb
flow straightener) that directs tHe wind. 4t the specimen
surface (see Fig: 3 and 4). Velocities- commonly used- to
simbilate -wind corditions are 3.35. miys for sumimer condi-
tions atid6.70 in/s for wititer conditions. Air leakage through
the spécimen should be elinitiatéd’ by seahng all cracks and
joints with tape, ciulk, or fodim strips: =
6.4.41 After constmctlon of ‘the air c1rcu1at1on system a
veloclty $can across the air ciirtain is ‘requiired to verify that a
uniform air curtam is formed. The apparatus should prov1de
a theans for determmmg air velocity past the specxmen
urface One method is to locate velocity Sensors’ directly in
the air curtam

ih,
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6.5. Temperature-Measuring Equipmeni:
6.3.1 Surface Temperatures—Thermocouples of wire not,
larger in size than 0.25 mm (No.. 30 AWG gage), and which

meet or are calibrated to the special limits of error specified.

in Tables E 230, are recommended for measuring surface.

temperatures in the apparatus (larger thermocouples can be
used if it can be shown that there is no difference in bias); for
this purpose the thermocouple junction and the adjoining

lead wires for a distance of at least 100 mm should be taped,’

or preferably cemented, tightly to the surface. The emittance
of the surfacing material tape or cement should be close to
the emittance of the surface.

6.5.1.1 If the specimen (and therefore its thermal resis-
tance) is uniform, or nearly so, over the area and thus the
surface temperatures vary only slightly at lower air velocities,
a minimum number of thermocouples spaced uniformly and

symmetrically over the surface is sufficient. This minimum’

number depends on the Specimen size. Experience has
shown that the required minimum number of thermocou-
ples, N, can be determined from the relation that:

' N=A4/0.07 +0.08 ") [4) (1)

where A is the metering area in m® If the number of
thermocouples used is within 10 % of the number deter-
mined by this relation, then the requ1rements of this section
are judged to be met.

6.5.1.2 If the specimen is of nonuniform construction, the
number of thermocouples specified in 6.5.1.1 may still be

sufficient. In this case the thermocouples shall be judiciously

located to represent each of the construction elements. Such
representation shall be distributed approximately uniformly
and symmetrically over the specimen surface.

6.5.1.3 If the surface temperatures are expected to be
greatly nonuniform, additional thermocouples must be used
to sample adequately the different temperature areas so that
reliable weighted mean temperatures niay be obtained,

6.5.1.4 With some honhomogeneous walls; such as con-
crete, it may be advisable to use copper shim stock under the
thermocouples to average the temperature. Large aggregates
in the concrete can create biased temperature readings,

6.5.1.5 At least two-surface thermocouples shall be placed
on the guard area of the specimen at suitable locauons to
indicate the effectiveness of the guard area.

6.5.1.6 Surface temperatures. on the cold side of the test
panel shall be measured by surface thermocouples placed
directly opposite those on the warm side.

6.5.2 Air temperatures may be measured by thermocou-
ples, temperature sensitive resistance wires, or other sensors.
Air thermocouples shall be made of wire not larger than 0.51
mm (No. 24 AWG),

6.5.2.1 If thermocouples or other pomt SENSors are used
they shall be located in the metering box area in the same
quantity and spacing as that specified for surface thermocou-
ples in 6.5.1.1. The thermocouple shall be located midway
between the face of the panel and the baffle, if one is used,
but in no case less than 75 mm from' the face of the panel.
The: junctions of the ‘thermocouples shall have bright me-
tallic surfaces and shall be as small as possible to minimize
radiation effects. Another method is. to shield the therma-
couple junction. The thermocouples may be placed directly
opposite the surface thermocouples; in any case they should

67

be located as uniformly as possible over the metering area.

6.5.2.2 Thermocouples shall also be placed in the guard
space at suitable locations, to indicate the degree of unifor-
mity of guard space air temperatures; preferably, one should
be placed opposite each guard area surface thermocouple,
but not less than 75 mm from the panel.

6.5.2.3 Air temperatures on the cold side of the panel shall
be measured by one thermocouple placed directly opposite

each of the warm. side air temperature thermocouples and

located in a plane parallel to the specimens surface and
spaced far enough away that they are unaffected by temper-
ature gradients in the boundary layer. The thermocouples
shall be located midway between the face of the panel and
the baffle, if one is used. For low velocities, a minimum

spacing of 75 mm from the specimen surface is required. ‘At
higher velocities the required minimum spacing is less but in-

no case less than 20 mm. No thermocouples need be placed

in the cold space opposite guard space thermocouples remotel

from the panel surface.

6.5.2.4 If air temperatures are to be measured by means of'

resistance wire grids, the wire shall be distributed uniformly

to indicate approximately the average temperature of the air:

on both sides of the panel at a plane midway between the

baffle and the panel but in no case less than 75 mm from the

panel.

6.5.2.5 Itis recommended that the surface temperature of'

the baffles on the hot and cold sides be measured by placing
thermocouples on all surfaces the specimen can see.

Note 4—This is not a requirement of this test method. but is hlghly

¢

recommended. There are several reasons for the recommendation:’ )

this indicates any difference between the baffle surface and air témper-
atures; (2) it will allow corrections to be miade to the radiation’
component of the surface conductances: due to differences in these
temperatures; and (3) it is necessary to do this for specimens such as
glass which have a high-thermal conductance. - , .. . R

6.6 Instruments: ‘ ‘ , o

6.6.1 All thermocouples or other temperature sensors for
observing surface and air temperatures shall have their leads
brought out individually to suitable measuring 1nstruments
capable of indicating temperatures to within 0,05 K.

6.6.2 Total average power (or integrated enmergy over a
specified time period) for all energy to the meter box shall be
accurate to within 0.5 % of reading under conditions of
use. Power measuring instruments must be compatible with
the power supplied whether ac, dc, on-off proportioning, etc.
Voltage stabilized power supplies are strongly recommended.
. 6.6.3 Velocities of air over both surfaces of the panel
should be measured with suitable instruments or be. calcu-
lated from a heat balance between the rate of loss or gain of
heat as it moves through the baffle space, as indicated by its
temperature change, and the rate of heat flow through the
test panel, average values of which can be determined from
the test data. It should be recognized that radiant transfer
between the baffle and the specimen can affect the calcula-
tion if the radiation is significant. For this reason direct
velocity measurement is desirable.:

NOTE 5—It is recommended that a central control location be
established, that automatic scanning and recording équipment’ for
unattended operation be used, and that data be computer processed.

. .6.7 Verification—When a new or modified apparatus is
constructed, verification tests shall be conducted on panels
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made from Materials ‘df ‘known conductancé that does noti
exceed 1 5 W/(m2-K)"ds determmed in-Test Methods C:177

or Test: ‘Methiod C 5186, Any"d1fferences i resiilts should be

caréfiilly analyzéd and eorrectrve megsures taken. Further
periddic chiécks are recommended o B s
7. Samplmg and Test Speclmens '

AN Specrmens shall be representatlve of the construcﬁon
to,be 1nvest1gated but. may be modlﬁed if necessary for test.
purposes as men ned in 52 andySl 3. Tt must be recogmzed‘
that modrﬁcatrons‘to the constructron may ‘tesult i’ condi-
‘nons that do not represent true field condmons In. many
cases conductton and convectlon paths have con81derable
 the performance of the specrmen and must be left
1ntact QOther consrderatrons are .

7.1.1 .Sensors—-lnstall temperature, Sensors as d:lrected ln
6.5. Wi en desired,’ temperature and; other $ensors may. be.
installed throughout the interior of the specimen for spec1a1
investigations... ., ., ,

112 Condztzanzng-ﬁ he usual pre-test cond1t1onmg 1s in
ient, air, long enou. to_come to practlcal cqurhbnum
Assembhes ‘that. may have’ s1gn1ﬂcant moisture confent,
which. can 1nﬂuence test, results, must be allowed. to reach
steady-state moisture conditions, Since the specrmen sizé erl
probably, preclude oven drying, concrete wall specsmens may
ire,6.t0. 8 weeks of room temperature agmg

713 Edge Insulatzon—-When a test panel 18 mstalled 1ts
edges shall, if necessary, be insulated to prevent edge effect
from overtaxmg the guarding effect of the giiard area of the
panel."Fot ‘this" purpose, the edges of ‘the panel 'may Be
proteeted agamst heat, loss or gain by a th1ckness of insuld-
tion with.an R.of 1.or 1,25 K.» m2/W It may he necessary.to.
vapor-proof-the insulation to- ‘prevent condensation of mois-
ture in the edges of the panel if a test arrangement similar to:
that shown in Fig. 1(c) is used. The edge of the specimen

“should be well sealed to prevent air mﬁltratron between the
guard and the cold box. |

8 Procedures o oo o

" 8.1 Test conditionis of tempetature ard orientation should
bé chosen ‘to correspond “as” closely as "possible to thie
circumstances of use of the construction to-be tested. This
test ihethod is: pnmanly designed for” the atemperatures
ehdoutitéred:in notmal building?use; however, it is recog-
nized that the 'method may find application :dn testmg
conditions that 4te outside this normal  rangesTt'is recom-
mended that a rhinimum temperature differential of approxs
imatély 25:K'bg¢ maintained for accurate measurenent.

8.2 The *reqmred stabrhzatlon and - test “periods are as
folloWs !

8.1 Impose steady-state condrtlons for at least 4 h prror
t6 final data collection. This condition is satisfied when, ovér
this 4-h périod, the average surface temperatiire did not vary
by inore thati £0:06°C (+0.1°F) and the average powerin the
meter area did not vary by:hote than ::1'% and the data did
not change unidirectionally..During this penod data shall be
collected at intervals of"- 1 h or less.

R IPREVER AR ¢ i B - . st

oyt e

6 Practrce C 1045 must be used in comunctron w1th Test Methods C 177 and
Test Method C 518 '
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8.2.2 After the .conditions in:8:2.kihave been satisfied,
continue the test period-at léast-8 h, but do hot términate the
test until two or moré’successive 4<h;
thatido not différ byimore than:
datd atintervals of il hior less; The;

—

ayerage of the data for the

two or more suceessive 4<hpériods-that agree within 1. %-are
uséd in: calculating the final results, In testing panels that are,
heayily insulated, very massive, o bath; it may be necessary;

to, extend 'the duration. of the test. beyond, the, minimum:
period of two consecutive 4-h periods in order to ‘be assured
that .conditions: are: steady, as it has, been observed that
continuing but small incremental changes can grve a prema-
ture appearance of stability, T

2.3 The calculation of a time constant generated from
apparatus measurements. (Note 6) combmed with an. esti-
mate of. he: thermal propertres of the specrmen will help in,
estimating the trme requn'ed for. the test set-up to reach
equﬂrbnum (2) It¢1s also suggested that Cand U values be
calculated for the test speclmen, utilizing known properties
of the components This, wﬂl serve. as general check of the
measured results and avord senous errors in measurement,

114
it

Note 6—The therma] mass of the apparatus may be the major factor
contnbutmg fo the nme ednstant of the system. "

8. 3 Data to be determmed 1nc1ude .

8.3.1 The total net energy or average power through the
specimen dyring a measurement interyal. This includes all
meter, box heating and power,to fans or. blowers, angd any
correctrons for meter, box wall heat flow,
~8,3. 2, All aj

J

rface, temperatures specrﬁed in 6 5.1

'8.3.3 The effec e, (hmensmns of the metered area

WNOTE T 1646.5 the 156ations of thermocouples or temperature-

measuringelements at:various:points are stipulated, for:example, in'the

guard space-and-onthe;guard area;of the test panel. The temperatures

mdrcated by, such thermocouples are great value in evaluatlng the
" ‘ i ) :

panel surfaces, but it i is not feasrble to stlpulate éenerally the limits
within which’ certsm‘of thiée mieasiired temperatures must agrée. It
riust, therefore, Beithe résponsibility of the tést éngineér to observe and
weigh the significance ,of these temperatures:tos ascertain .their effect
upon the vahdrty of a parttcular test measurement. . - P

o T byt

N i R S T e

9. Calculatlon e D LN

« 9.1  Calouldte the findl 'test results by méans of the
fo‘llowmg euations Gising the aveérags data ‘obtdined in 8 2 2
for the two 4-h pemods that agreé wrthm‘ % SR

U =0/ —1t) S
j C = Q/A(tl - [2) ‘.“‘:“’ y o : PR
R = (@/<0)47Q - - R
Ru=(th"_c)A/Q—rc+R+rh R
o= (= 0)A/Q o
no=G-p4jg
By = QJA (i + 1))
he =QIA ~t)
X = OL/d (4~ 1)

- 9:1.1 For a relatively uniform but nonhcmogeneous spec-
ifnen such’ as norrmal walls, floors; ceilings, eteiy the propéf-
ties that may be calculated are transmiittance Uy conductance
Cjresistance R, overall-resistance Ru, surface resrstances and
surface conductanges; s - 4

- 9.1.2 For-uniform and- homogeneous specrmens all of the

petiads produce results '
DPuring this period take.
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properties listed in 9.1.1 may be calculated plus thermal
conductivity A.

9.1.3 For elements smaller than the metering area, the.
properties that apply to the element, according to the

distinctions of 9.1.1 and 9.1.2 may be calculated if tests have
beern run that allow the element heat flow to be determined.
Annex Al presents considerations for these calculations. -

10. Report

10.1 Report the following information:

10.1.1 Name, and any other identification or descriptioit
of the test construction, including if necessary a blueprint
showing important details, dimensions, and all modifications
made to the construction, if any, and specimen orientation.
Description of the test construction and a complete and
detailed description of all materials. This includes the generic
name of the material and its density. (For hygroscopic
materials, such as some concrete materials and wood, the
moisture content should -also be given). If the thermal
conductivities of these materials, at the test conditions, have
been measured in a hot box facility (Test Method C 236 or
Test Method C 976), a guarded hot plate (Test Method
C177) or a heat flow meter (Test Method C518), these
values should also be included. ‘

Norte 8—By genemc description, the name of the material in
addition to the brand name should be given (for example, preformed,
. oellular polystyrene Type VI with a density of .22 kg/m?; spruce-
pine-fir with 4 moisture content of 12% and a dry denmty of 486
kg/md).

10.1.2 Pertinent information in regard to precondmomng
of the test panel.

10.1.3 Size and dimensions of the metenng and guard
areas of the test panel. -

10.1.4 Average values during the test penod of the tem—
peratures and velocities of the air on both sides of the
metering area of the panel, and of the temperature of the
surfaces on both sides. (If significant, give the average values
of the temperature of spemﬁc areas of the surface of the
panel.) I

10.1.5 Average rate of net heat input | to the metering box

" 10.1.6 Any thermal transmission properties calculated in
9.1 and the known precision of the equipment Precision. of
the equipment should be checked usmg the propagatlon of
errors theory: Co PR

Note 9—Discussions of this method can he found in ‘many text-
‘books on engineering experimentation and ‘statistical analyms (3)

10.1,7 Test duration and date.-

©10.2 All values shall be reported in both St and 1nch-
‘pound units unless specified otherwise by the client. -

. 10.3 Where this test method is specifically referenced in
published test reports and published data claims; and where
deviations from the specifics of the test method existed in the
tests used to obtain said data, the following statemeént shall
“be requiréd to accompany such published information: “This
test did not fully comply with the- followmg provisions of
Test Method C236” (followed by alisting of spedific
deviations from this test method and any specml test
‘condmons that were apphed)

. Mean Tem-.. .

11. Precision and Bias

 11.1 Background—A round robin for guarded and cali-
brated hot boxes was conducted in accordance with Practice
E 691. This round robin involved 21 different laboratories of
which' 16 had guarded hot boxes (4). Data were reported for
100-mm (4-in.) thick homogeneous specimens of expanded
polystyrene board (Specification C 578). Each laboratory

- received material from a special manufacturer’s lot that was

controlled to maintain a uniform density. Data reduction
and analysis using Practice E 178 identified one of the 16
laboratories as a statistical outlier. Results from the other 15
laboratoriés showed that at a mean temperature () of 24°C
(75°F), the average R value was determined to.be 2.78 K-
m?%W (15.77 F f? h/Btu) The regressmn equation for the
data set was:
R =3.146 = 0.016 (R in K-m?/W and ¢ in *C) (22)
V= 17.867.— 0.028 ¢ (Rin F ftZh/Btu and ¢ in °F) - (2b)
over the mean temperature range from 4°C to 43°C (40°F to
110°F), The mean specimen density ranged from 20 2 to
23.9 kg/m? (1.26 to.'1.49 1bs/ft3)

11.2 Precision—At a specimen thermal resistance of R=
2.78 K+-m?/W (15.76 ftzh/Btu) and on the basis of test
error alone, the dlfference in absolute value of two test results
obtained in different laboratories on the same spemmen
materjals will be expected to exceed the reprodumblhty
interval only 5% of the time according to Table 2. For
example, measurements from two different laboratories on
the same specimen could differ by up to +7.8 % at a mean
temperature of 24°C (75°F) 95 % of the time.

11.3 Bias—Based on guarded hot plate data (Test Method
C 177) from the National Institute of Standards and Tech-
nology—Center for Building Technology and supported by
measurements from other laboratories, the true value for the
round-robin specimen is a-thermal resistance of 2.81 K.m?/
‘W (15.94 F ft?h/Btu). The mean value measured by the
guarded hot box: dlffered by =1 07 %.

NOTE lO—Another test series was ¢onducted on’ homogeneous‘

c6mmon lot specimens in three guarded hot boxes at different laborato-
ries. (5, 6) R-values of the specimens.ranged from approximately 0.5 to
21 Km¥»W (3to 11.8 F ftzh/Btu) at mean temperatures of 4, 24, and
43°C (40, 75, and 110°F). This serles 1nd1cated that results w1th prec1s1on
of +5 % may be achieved. ~:' .

Note [1—Both round robins used a homogeneous speclmen, an
ideal wall section. Actual wall sections will be nonhomogeneous. The
pre0151on and bias has not yet been determined for nonhomogeneous
specxmens The above statements prov1de a bound

12 Keywords i :
“12.1 bulldmg “assemblies; guarded hot box, test method
thermal performance thermal res1stance

' TABLE 2' Precision for Test Method,‘c'zas"'

Thermal Reproduci- - N

. perature, Resistance, . ' . "bility Interval, ;‘K_g';‘;‘;‘ﬁ:f:';h’/‘é‘m)
CC(°F) | KemP/W (FftPh/Btu)' % . - p

CAA0) 0 2195 (16.76) +7.3 2022 (£1.28)
124 (75) . 2.78 (15.77) " ; *7.8 . Lo £0.22 (£1.23)
43 (110) 2.60 (14.79) +8.6 +0.22 (£1.27)

NI
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L ANNEX

- ) ‘ (Mandatory Informatlon)

[

USING THE GUARDED HOT BOX TO DETERMINE I—IEAT TRANSFER THROUGH A BUILDING

T

Al i General Con51derat10ns "\ o

A1 In this use; the bulldmg cement area (4,) is. located
centrally in the metering area (4;) :demarcated by, the hot
box, and is' surrounded by a:masking partition which extends
homogenedusly beyond the aréa 4, ddto the gudrd area; The
area of the mask (4,,) within the metering area equals (4; —
Ay). The total heat flow rate g, determined by the hot box
measurement cons1sts of two heat ﬂow rates in parallel, in
accordance Wlth the cquatlon ,
where Q, i the total through the buﬂdmg element area ’A
and @, is that throtigh the mask 4fea 4,. -

AL1.2 Tn conduc’cmg a‘testio asccrtam 0, for a partlcular
bulldlng\ element! 9, is determmed ‘by the hot box measure-
ment and 'O 18 inferred froi thé results of calibration
migasurethents. The calibration i§ made by means of hot box
tests of the masking partmon either béfore the aperture for
the bulldmg élement is cut out or with a blank of known
thermal conductance installed in place of the building
element. The error in QE is evidently equal to the differehce
of the algebralc errors m Qb and Qm The f‘rac‘uonal error 1s
givenby =

40./0.= (40, - 40, )/(Q -0

= [(AQW/ Qp) - (AQm/ e8] /(1 - Q/ Qb) (AL 2)
where (AQ,,) is the algebraic error in Qoo etc An esnmate of
the fractional error (AQ,,,)/Qy is dependent. upoi. the method
which is used to calibrate the mask. If the calibration is made
before the aperture for the bulldmg element is cut out then

where (AQ,) is the &rror m heat ﬂow measured during the
calibration test. If a blank of known thermal conductance is
used to cahbratc the mask then:- ‘
ACm/ Oy = (AQ’A"— AQm)/ Q9 (AL4)
where (AQ,,) is the algebraic errorin' determination of heat
flow through the blank. Little can be said in general about
the magnitudes of the algebraic fractional errors.(AQ;)/0s
and : (AQ,,)/Q;, since these depend ,on the quality and
management of the pamcular hot box apparatus and upon
the accuracy of determination of heat flow through "the
blank, but is 1s ev;dcnt that the systemanc portion of the
error (AQ.Y/ Q.1 is reduced as Q,,/Q; is made small. Also, as
Q,,, 1is made small, the term (AQm/Q,,) is presumably also
made 1ess sigmﬁcant T hus, the frachondl systematxc e,rror
cither the area of the building element (if fcas1b1e); or the
total thermal resistance of the mask,
Al.Ll.3 The need to infer the mask heat flow Qm accu-
rately requires that the mask be designed to act as a heat flow
meter with an emf output and temperature difference of A,

70

« ELEMENT SMALLER THAN THE METERING AREA

proportlonal to the total heat flow through it, This cons1der-
ation.is. the basis; for\ the spemﬁc recommendations which
follow.

NoTE Al I—Addrnonal &rtor- may arise due to the possible influ-
erices. of the building elementin causing tworor three dimensional heat
flow at the boundary with the mask and thus affecting the mask heat
flow in rggions, adjaccnt to thc element, Thus mask heat ﬂow
dctermmcd under a given set of cond1t1ons with a calibration standard in
place, may change when the,bulldmg &lement is mstalled, even though
thié test conditions remain unchanged The user of this procediire should
be awidre of such posmble errots and should attempt to evaluate their
magmtude in rclanon to the! desn-ed accuraoy of the test.

Al2. RecommendatlonsL ; ' L

“AL2.1 1t is recommended that the mask be made of a
suitable uniform thickness of & homogeneous and stable
material of .low thermal conductivity having adequate
strength to support the weight of the building elements to be
tested, Suitable miaterials are faced high-density glass fiber or
polystyreite boards laminated together ds necessary. Stronger
masks can be fabricated by sandwiching layers of insulation
between layets: of rigid materials such as plywood.” Such
masks, though nonhomogeneous, are uniform in the direc-
tion" perpendi¢iudar to -the direction of heat flow and are
calibrated in the same manner as homogeneous masks, It
miay be necessary’in some cases 1o incorporate framing in the
mask to support heavy building elements. such as heavy-duty
metal framé winddws or masoiry sections: Such nonuniférm
masks ate necessanly calibrated «sing blanks of known
thérmal conductance. Fiaming meimbers must be kept away
from the juncture with the building element and with the
boundary 'of the metering area so as not to contribute
excessively to lateral heat transfer at these points. It is
1mportant that the mask-be low in hygroscopicity to-mini-
‘nize chianges. iri its thérmal resistance with ambient hu-
mldlty conditions, and that it be substannally 1mperv10us to
airflow: through it.

AL.2:2 Thermooouples for measunng the temperaturc
difference across the mask should. be. permanently installed
unjformly flush with or just under its surfaces. These may be
connected in . senes~d1fferenua1 for . determination of the
mask temperaturc difference, or as individual ‘thermocouples
for. exploring the temperature dlstnbunons on the faces of
the mask, It is recommended that there be at least eight
thermocouple Junctlons on each face of uniform masks: four
at positions b1sectmg the four hnes from the corners of the
building clement aperture to the corrcspondlng corners of
the metering area; and four at positions bisecting, the sides of
the rectangle, having the first four thermocouples at its
corners. A suitable thermocouple arrangement would have
to be chosen for nonuniform masks that would provide
representative average surface temperatures, This is particu-
larly important when natural convection is used and air
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temperatures and film coefficients vary over the metering

surface. If framing members are used, an area-weighted

average of temperatures measured over the members and
away from them is necessary. The mask, as a heat flow
meter, should be calibrated and used in terms of the average
temperature (or thermocouple emf) difference across it
indicated by the permanently installed thermocouples.

A1.2.3 To protect the surfaces of the mask and the
permanently installed thermocouples, and if necessary to
render the surfaces impervious to air, a permanent coating or
thin facing on each face of the mask is desirable. However,
the coating or facing must be of low conductance laterally so
that it does not contribute excessively to lateral heat transfer
at the juncture with the building element or at the boundary
of the metering area. The emittance of the mask surfaces
should be uniform, and unchanged after calibration of the
mask; in cases where the transmittance (rather than the
conductance) of the building element is of particular interest,
it is preferable that the emittance of the mask surfaces be
large,

Al.2.4 In view of the desirability of high thermal resist-
ance of the mask relative to that of the building element, the
uniform thickness of the mask should in general not be less
than that of the building elements to be tested, and may be
greater than that of the thinner elements, Mask thickness
greatly exceeding that of the building element is to be
avoided if possible because of lateral heat flow in the mask
due to its exposure at uncovered areas of its aperture. (In
special instances, for example, a window designed to be set a
few inches outward from the plane of the inner surface of a2
wall, a special calibration of the mask as a heat flow meter
may be necessary using a blank of known thermal conduc-
tance in the precise position of the window at the juncture
with the mask aperture.)

' Al.2.5 The mask aperture in which the building element
is installed for test should fit the element specimen snugly.
Cracks between them should be minimal in width, and
should be filled completely with a good fibrous insulation

and caulked or otherwise sealed at the mask surfaces to.

prevent air leakage. It is desirable that the insulation used to
fill cracks have approximately the same conductivity as the
mask material; it would then be possible, if the cracks
aggregate an area significant in relation to the mask area, to

71

compensate roughly for the increased virtual mask area by
increasing the mask heat flow indicated by its temperature
drop in proportion to the increase of area.

Al.2.6 Tt is probable that many building elements to be
tested are inhomogeneous or nonuniform in construction for
structural reasons, and in consequence that the local thermal
conductances differ considerably at different frontal areas of
the element. The variations are inherent, and the result of
the test is an average conductance or transmittance value for
the total construction, provided that the conductance varia-
tions at edges do not seriously impair the validity of using the
mask as an adequate heat flow meter. This is a matter which
varies with the case, and therefore must rest on the judgment
and discretion of those conducting the test measurement, A
useful guiding principle is that nothing should be incorpo-
rated in, or omitted from, a building element specimen being
tested that would make it not representative of the assembly
that would be found in actual installation in service. For
example, if a metal window ordinarily is installed with inset
wood framing, the test specimen should include just so much
of the wood framing as is properly chargeable to it.

A1.3 Calibration of the Mask as a Heat Flow Mefer

A1.3.1 The calibration of the mask is made by means of
hot box tests either before the aperture for the building
elements is cut out or with a blank of known thermal
conductance installed in place of the building element, The
mask must be fully prepared with the permanent differential
thermocouples installed and any final facings or coatings
applied. Several tests are made, adequately covering the
range of mask mean temperatures (and perhaps mask
temperature drops and box air velocities) at which the mask
will be operated in tests of building elements. In each test,
under steady-state conditions, the metering box heat flow Q’,
and the corresponding mask temperature drop A,, indicated
by its permanently installed thermocouples, are determined.
The net mask heat flow @', corresponding to At is calcu-
lated as Q’(4,,/A4;) when the calibration is made before the
aperture is cut, where 4,, and 4, are as defined earlier, and as
(Q'; — Qy) for the calibrated-blank method where Oy, is the
calculated heat flow through the blank. In the latter method
of calibration, a suitable. blank must first be prepared and
calibrated. ‘
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v X1.17The procedure gwen in thls Appendlx outhnes the
§teps suggested to obtain the relationship betweeri heat flow
and thermopﬂe output Th1s method addresses the techmque

‘fhetering; ‘guard,’ ‘and! enwronmental bokes be
ong ‘with all temperamres ‘thioughotit “the
easurement) phése; By holdifig the fan
'alon‘g with * the’ surfacs Atemperatures
assures’ ' cons.tant heat transfer il
imen thr ing, The E, valie
agsotiated with neghglble 'net heat” flow acfoss the meter box
walls is theri obtained from the telationship bétween Q,/and
E. The equatlon that describes the total heat ﬂow drawn
schemaucally in Fig,: 41& oo dald i

input in the-
held constan‘p :

acfoss specmlen K ,
net heat, ﬂow through metenng

() Mﬂler, R G “Hot Box' Opcratmg Techmques arid Procedures:’ A

T Survey;” Joumal ‘of Testing: sdnd Evaluaiion, Vol 15, No, 3; May
1987, pp. 153-166.

(2) Rohsenow, W. M., Choi, H. L, Heat, Mass and Momentum
Transfers, Prentice-Hall, Inc., Englewood Cliffs, NJ, 1961, p. 112.

(3) Schenck, Hilbert, Theory of Engineering Experimentation,
McGraw-Hill, NY, NY, Second Ed., 1968, Chap. 3, p. 46.

(4) Bales, E., “ASTM/DOE Hot Box Round Robin,” ORNL/Sub/
84-97333/2, Oak Ridge National Laboratory, Oak Ridge, TN,
November 1988.

(8) Miller, R. G., Perrine, E. L., and Linchan, P. W., “A Calibrated/
Guarded Hot Box Test Facility,” Thermal Transmission Measure-
ments of Insulation, ASTM STP 660, 1978, p. 329.

Tl

The goal 1s to make Qm equal to zero Qm can bé descnbed
v L ¢

by: i

isi not necessary; to: knovmhe R _of the spemmen Plo,t Qm
oalculat'ed‘ from:Eq X:1.1+versus E: The-slope of the line is-m,

= Thenext step is to ciuantify biin'Eq 2. Set the temperature
dlfference across the specuncn surface equal to zero (g, = )
\Substltuung Edq" Xl i2 mto Eq X1 l and setting Qs
reducé”s’ Eq X1

B

(X1.3)

Xl 1 3 Set F tora zvalue such that the fan wattage is at
operational:. conditions 'and :the heater wattage is at the
minimum value that imaintains temperature .comitrol. This
will assurejthat no heat:is'flowing -anywhere except through
the meter box-walls.sDuring this test, lateral-heat flow must
still be neghglble ig m that whisdeterfitined; Eq X 1.3 will
yiéld' b The thiertmiopile eimf valueathat pertaids to negligible

& “flow throtigh- the meter Box- walls E ¢an then-be
calculated sing"Bq X 1.2 " T

- (XL4)

“(6) Sherman; M:, “Aged Thétial. Remstance (R-value ) ‘of Foil-Faced
. iPolyisocyanurate -Fodm,”' Thermal Insulation Board: Proceédings
+ of itHe ASHRAE/DOE:REHL' Conferénee son:. Thermal. Perform-
ance of External Envelopes of Buildings, "ASHRAE SP 28, 1981,

pp. 952-964.

(7) Gerace, R. R., Derderian, G. D., Cirignano, P, C., Qrlandi, R. D.
and Shu, L. S., “An Operational Procedure for Guarded Hot Box
Testing,” Journal of Testing and Evaluation, Val 15, No. 3, May
1987, pp. 138-144,

(8) Orlandi, R, D., Howanski, J. W., Derderian, G. D., and Shu, L. S,
“Development of a Testing Procedure for a Guarded Hot Box
Facility,” Symposium on Thermal Insulation, Materials, and
Systems for Energy Conservation in the 80°'s, ASTM STP 789,
1982, pp. 205-214.

The American Saciety for Testing and Materlals takes no position respecting the validity of any patent rights asserted in connection
with any itern mentioned in this standard. Users of this standerd are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely thelr own responsibility.

This standlard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
1f not revised, either reapproved or withdrawn. Your comments are invited either for ravision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
tachnical commities, which you may attend. If you feel that your comments have not recelved a fair hearing you shauld make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103,
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(d!l D Designation: C 330 - 99
il

INTERNATIONAL

Standard Specification for

Lightweight Aggregates for Structural Concrete’

This standard is issued under the fixed designation C 330; 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 epsilon (e) indicates an editorial change since the last revision or reapproval,

This standard has been approved for use by agencies of the Department of Defense.

1. Scope o sz;\né\f
1.1 This specification covers lightweight aggregates in-
tended for use in structural concrete in which prime consider-
ations are reducing the density while maintaining the compres-
sive strength of the concrete. Procedures covered in this
specification are not intended for job control of concrete.

1.2 The values stated in SI units ave to be regarded as the
standard. The values shown in parentheses are for information
purposes only.

1.2.1 With regard to other units of measure, the values
stated in inch-pound units are to be regarded as standard.

1.3 The text of this standard references notes and footnotes
which provide explanatory material. These notes and footnotes
(excluding those in tables and figures) shall not be considered
as requirements of the standard.

Nows 1--This specification is regarded as adequate to ensure satisfac-
tory lightweight aggregates for most concrete. It is recognized that it may
be either more or less restrictive than needed for some conditions and for
special purposes, smeh as five vesistance, fill, and concrete constructions,
the use of which is based on Joad tests rather than conventional design
procedures. N

2. Referenced Documents

2.1 ASTM Standards:

C29/C29M Test Method for Unit Weight and Voids in
Aggregate®

C 33 Specification for Concrete Aggregates®

C 39 Test Method for Compressive Strength of Cylindrical
Concrete Specimens?

C 40 Test Method for Organic Impurities in Fine Aggre-
gates for Concrete®

C 114 Test Methods for Chemical Analysis of Hydraulic
Cement?

C 136 Test Method for Sieve Analysis of Fine and Coarse
Aggregates?

!This- specification is under the jurisdiction of ASTM Commitiee C-9 on
Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee
C09.21 on Lightweight Aggregates.

Cutrent edition approved Match 10, 1999, Published March 1999, Qriginally
publishied as C 330 - 53 ‘T, Last previous edition C 330 ~ 98,

2 Annuel Book of ASTM Standards, Yol 04,02,

3 Annual Book of ASTM Standards, Vol 04,01.

C 142 Test Method for Clay Lumps and Friable Particles in
Aggregates®

C 151 Test Method for Autoclave Expansion of Portland
Cement®

C 157 Test Method for Length Change of Hardened
Hydraulic-Cement Mortar and Concrete”

C 192 Practice for Making and Curing Concrete Test Speci-
mens in the Laboratory?

C 496 Test Method for Splitting Tensile Strength of Cylin-
drical Concrete Specimens?

C 567 Test Method for Unit Weight of Structural Light-
weight Concrete?

C 641 Test Method for Staining Materials in Lightweight
Conerete Aggregates?

C 666 Test Method for Resistance of Concrete to Rapid
Freezing and Thawing?

D 75 Practice for Sampling Aggregates*

3. General Characteristics

3.1 Two general types of lightweight aggregates are covered
by this specification, as follows:

3.1.1 Aggregates prepared by expanding, pelletizing, or
sintering products such as blast-furnace slag, clay, diatomite,
fly ash, shale, or slate, and

3.1.2 Aggregates prepared by processing natural materials,
such as pumice, scoria, or mff.

3.2 The aggregates shall be composed predominately of
lightweight-cellular and granular inorganic material.

4. Chemical Composition

4.1 Lightweight aggregates shall not contain excessive
amounts of deleterious substances, as determined by the
following lirnits: :

4.1.1 Organic Impurities (Test Method C 40)—Lightweight
aggregates that, upon being subjected to test for organic
impurities, produce a color darker than the standard shall be
rejected, unless it is demonstrated that the discoloration is due
to small guantities of materials not harmtul to the concrete.

4.1.2 Staining (Test Method C 641)—An aggregate produc-
ing a beavy or very heavy stain shall be rejected when the

4 Annal Book of ASTM Standards, Vol 04.03.

Capyright @ ASTM International, 100 Barr Haihor Drive, PO Box G700, West Conshohocken, PA 19428-2969, United States.
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material making up the stain is found wpon cherical analysis
to contain an iron content, expressed as Fe,Q4, equal to or
greater than 1.5 mg/200 g of sample,

4.1.3 Loss on Ignition (Methods C 114)-~The loss on igni-
tion of lightweight aggregates shall not exceed 5 %.

Nore 2—Certain processed aggregates may be hydraulic in character,
and may be partially hydrated during production; if so, the quality of the
product is not ugnally reduced thereby, Therefors, consideration should be
given to the type of material when evalvating the product in terms of
ignition loss,

5, Physical Properties

5.1 Lightweight aggregate under test shall meet the follow-
ing requirements:

5.1.1 Clay Lumps—The amount of clay lumps shall not
exceed 2 % by dry weight.

5.1.2 Grading—The grading shall conform to the require-
ments shown in Table 1.

5.1.3 Uniformity of Grading—To ensure reasonable unifor-
mity in the grading of successive shipments of lightweight
aggregate, fineness modulus shall be determined on samples
taken from shipments at intervals stipulated by the purchaser. If
the fineness modulus of the aggregate in any shipment differs
by more than 7% from that of the sample submiited for
acceptance tests, the aggregate In the shipment shall be
rejected, unless Lhc supplier demonstrates that it will produce
concrete of the required characteristics.

5.1.4 Bulk Density (Loose)—The bulk density (loose) of the
lightweight aggregates shall conform to the requirements
shown in Table 2.

5.1.5 Uniformity of Bulk Density (Loose)}—The reported
bulk density (loose) of lightweight aggregate shipments,
sampled and tested, shall not differ by more than 10 % from
that of the sample submitted for acceptance tests, but the dry
loose bulk density shall not exceed the limits in Table 2,

5.2 Concrete specimens containing lightweight aggregate
under test shall meet the following requirements;

5.2.1 Compressive Strength (Tesi Method € 39), Density
(Test Method C567), and Splitting Tensile Strength (Test

Method C 496) ~—Compressive strength and density shall be an

average of three specimens and the splitting tensile strength
shall be the average of eight specimens. It shall be possible to
produce structural concrete using the lightweight aggregates
under test, so that from the same batch of concrete one ot more
of the compressive strength requirements and splitting tensile

TABLE 2 Bulk Density (Loose) Requirements of Lightweight
Aggregates for Structural Concrete

Maximum Dry
Loose
Btk Density
ka/m®
(/i3

1120 (70)
80 {55)
1040 (85)

8ize Nesignation

Fine aggregate
Coarse aggregate
Combined fing and coarse aggregeate

strength requirements in the following table will be satisfied
without exceeding the corresponding maximum unit weight
valuc,s

Average Alt Average 28-day Average 28-day
Dry 28-clay Splitting Tensile Comprassive
Density Strength, min, Strength, min,
max, kg/m? (MPa) psi MPa) psl
(/%)
All Lightweight Aggregate
1760 (110) 2.2 (320) 28 (4000)
1680 (105) 2.1 (300) 21 (3000}
1600 (100) 2.0 (290) 17 (2500)
SandiLightweight Aggregate )
1840 (116) 2.3 (330) 28 (4000)
1760 (110) 2.1 (310) 21 (3000)
1680 (105) 2,1 (300) 17 (2500}

Nore 3—Intermediate values for strength and corresponding density
values shall be established by interpolation, Materials that do not meet the
minimum average splitting tensile strength requirement may be used
provided the design is modified to compensate for the lower value.

5.2.2 Natural Sand-- Natural sand, when used to replace
part, or all, of the lightweight-aggregate fines shall comply
with the applicable requirements of Specification C 330, The
test report shall record the proportion of all ingredients and the
characteristics of the natural sand to ensure compliance with
these minimum requirements.

5.2.3 Drying Shrinkage— The drying shrinkage of concrete
specimens prepared and tested as described in the method for
preparation of samples for shrinkage of concrete shall not
exceed 0.07 %.

5.2.4 Popouts—Conctete specimens prepared as described
in the method for preparation of sample for shrinkage of
concrete and tested in accordance with Test Method C 151
shall show no surface popouts.

5.2.5 Resistance to Freezing and Thawing--—-When required,
the aggregate supplier shall demonstrate by test or proven field
performance that the lightweight aggregate when used in

TABLE 1 Grading Requirements for Lightweight Aggregates for Structural Concrete

Percontages (Mass) Passing Sieves Having Scquare Openings

8ize Designation 260mm  18.0mm  125mm 9.6 mm 475mm  286mm  1.48mm  300pm 150 pm
(1in) (%) in.) (Yo n) {96 in) {No, 4) (No. 8) (No. 16)  (No.50)  (No.100)
Fine aggregate: .
475 mmto 0 100 85100 .. 40-80 10-35 525
Coarse aggregate:
28,0 m 1o 4,75 mm 95100 26-60 010
19,0 mm to 4.75 mrm 100 80-100 . 10-50 0-18
12,5 mm to 4.75 mm 100 90100 4080 0-20 0-10
9.5 mm to 2.36 mm 100 80-100 £-40 0-20 010
Gornbined fine and coarse aggregats:
128 minto 0 100 96100 . 5080 520 2-15
95 mmto 0 100 90-100 65-90 3565 10-25 5-15
523
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concrete, had the necessary resistance to freezing and thawing
1o perform satisfactorily in its intended use.

6. Sampling
6,1 Sample lightweight aggregates in accordance with Prac-
tice D 75.

7. Nuwmber of Tests

7.1 Tests on Aggregate—One representative sample is re~
quired for each test for organic impurities, staining, loss on
ignition, grading, unit weight, and clay lumps.

7.2 Tests on Concrete—At least three specimens are re-
quired for each of the following tests of concrete: compressive
strength, shrinkage, density, resistance to freezing and thawing,
and presence of popout materials. At least eight concrete
specimens are roquired for splitting tensile strength tests.

8. Test Methods

8.1 Compressive Strength (Test Method C 39)—Make test
specimens in accordance with Practice C 192. Cure specimens
in accordance with Practice C 192 until the time of test, or
follow the curing procedures for the air dry density (Test
Method C 567). When the latter procedure is used, remove the
specimens from the moist curing at the age of 7 days and store
at 23 £ 2°C (73.5 = 3.5°F) with a relative humidity of 50 =+
5 % until the time of test.

8.2 Splitiing Tensile Strength—Malke 132 by 305 mm (6 by
12 in.) cylindrical test specimens in accordance with Practice
C 192, cure, and test in accordance with Test Method C 496.

8.3 Density of Concrete (Tesi Method C 567)—Follow the
procedures in Test Method C 567,

8.4 Shrinkage of Concrete (Test Method C 157)—Follow
the procedures of Test Method C 157 with the following
exceptions:

8.4.1 Preparc the concrete mixture using 335 kg of
cement/m (564 lb/yd®), admixture (if any), and with an air
content of 6 == 1 %. Adjust the water content 5o as to produce
a slump of 50 to 100 mm (2 to 4 in.). Thoroughly consolidate
the concrete in steel molds not smaller than 50 by 50-mm (2 by
2 in.) nor larger than 100 by 100 (4 by 4 in.) in cross section,
and long enough to provide a 250 mm (10 in.) gage length. The
surface of the concrete shall be steel troweled.

8.4.2 Curing—To prevent evaporation of water from the
unhardened concrete, cover the specimen with a nonabsorptive,
nonreactive plate or sheet of tough, durable, impervious plastic
or wet burlap, When wet burlap is used for covering, the burlap
must be kept wet until the specimens are removed from the
molds (see Note 4). Remove specimens from the molds not less
than 20 nor more than 48 h after casting and store in a moist
room maintained at 23 + 2°C (73.5 + 3.5°F) with a relative
humidity of not less than 95 %. At the age of 7 days, remove
the specimens from the moist room, measure for length, and
store in a curing cabinet maintained at 37.8 = 1.1°C (100 =+
2°F) with a relative homidity of 32 =+ 2 %.

Noreg 4—Placing a sheet of plastic over the burap will facilitate
keeping it wet.

Notg S--The air inmediately above a saturated solution of magnesium
chloride (MgCly) at 37.8°C (100°F) is approximately 32 % relative
humidity.

8.4.3 Report—After storage in the cabinet for 28 days,
determine the change in length of each specimen to the nearest
0.01 % of the cffective gage length. Report the change in
length as the drying shrinkage of the specimen; report the
average drying shrinkage of the specimens as the drying
shrinkage of the concrete.

8.5 Test for Popout Materials—Prepare concrete specimens
for the test for popout materials as described in method for
preparation of samples for shrinkage of concrete. Cure and
autoclave the specimens in accordance with Test Method
C 151, Visually inspect the autoclaved specimens for the
number of popouts that have developed on the surface. Report
the average number of popouts per specimen.

8.6 Test for Freezing and Thawing— Make freezing and
thawing tests of concrete, when required, in accordance with
Test Method C 666, with the following modification to the
section on Test Specimens and on Procedure, Unless otherwise
specified, remove the lightweight aggregate concrete speci-
mens from moist curing at an age of 14 days and allow to ait
dry for another 14 days exposed to a relative humidity of 50 %
5% and a temperature of 23 *+ 2°C (73.5 + 3.5°F). Then
submerge the specimens in water for 24 hours, prior to the
freezing and thawing test.

8.7 Grading (Method C 136)}—Follow the procedures of
Method C 136, except that the mass of the test sample for fine
aggregate shall be in accordance with Table 3. The test sample
for coarse aggregate shall consist of 2830 em® (0.1 £t*) or more
of the material used for the determination of bulk density.
Mechanical sieving of aggregate shall be for 5 minutes..

8.8 Bulk Density (Loose) (1est Method C 29)—The aggre-
gate shall be tested in an oven dry condition ufilizing the
shoveling procedure.

8.9 Clay Lumps and Friable Particles in Aggregates—7Test
Method C 142,

9. Rejection

9.1 Material that fails to conform to the requirements of this
specification shall be subject to rejection. Rejection shall be
reported 1o the producer or supplier promptly and in writing.

10. Certification

10.1. When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, and
tested in accordance with this specification and has been found
to meet the requirements. When specified in the purchase order

TABLE 3 Mass of Sieve Test Sample for Fine Lightweight
Aggregates

Range of Nominal

Bulk Density (Loose) of Aggregate Weight of Test
- - Sample, g
kg/m? [is%ind

80240 5-158 50
240-400 15-25 100
400560 25-35 180
560-720 3545 200
720880 45-55 250
880~ 1040 55-65 300
10401120 65-70 380
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or contract, a teport of the test results shall be furnished.

ASTM International takes no position respecting the valldity of any patent rights asserted in connection with any em mentioned
in this standard, Usars of this standard are expressly advised that datermination of the validity of any such patent tights, and the risk

of infringement of such rights, are antirely their own responsibiifty.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
If not revised, elther teapproved or withdrawn, Your comments are invited either for revision of this atandard or for additional standards
and should be addressed to ASTM International Headquartets. Your comments will recelve carsful consideration at & mesting of the
responsible technical cornmittes, which you may attend. If you feel that your comments have not recelved a fair hearmg you shou/d

. .make your views. known to the ASTM Comroftiee on Standards, at the address shown helow. - .

This standard Is copyrighted by ASTM Internatfonal, 100 Barr Harbor Drive, PO Box G700, West Conshohocken, FA 19428-2958,
United States. Individual reprints (single or multiple copies) of this standard may be obtalned by contacting ASTM at the above
‘addrass or gt 610-832-9585 (phone), 610-832-9555 (fax), or service @astm.org (e-mail); or through the ASTM website

(www.astm.org).
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Standard Specification for

Designation: C 5 — 79 (Reapproved 1997)

Quicklime for Structural Purposes’

This standard is issaed under the fixed designation C §; 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
epsilon (¢) indicates an editorial change since the last revision or reapproval,

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers all classes of quicklime such as
crushed lime, granular lime, ground lime, lump lime, pebble
lime, and pulverized lime, used for structural purposes,

2. Referenced Documents

2.1 ASTM Standards:

C 25 Test Methods for Chemical Analysis of Limestone,
Quicklime, and Hydrated Lime®

C 50 Practice for Sampling, Inspection, Packing, and Mark-
ing of Lime and Limestone Products?

C 51 Terminology Relating to Lime and Limestone (As
Used by the Industry)?

C 110 Test Methods for Physical Testing of Quicklime,
Hydrated Lime, and Limestone®

E 11 Specification for Wire-Cloth Sieves for Testing Pur-
poses”

3. Terminology

3.1 Definitions—Unless otherwise specified, for definitions
of terms used in this standard, refer to Terminology C 31.

4. Chemical Composition

4.1 The quicklime shall conform to the following require-
ments as to cherical composition, calculated on a nonvolatile
basis:

! This specification is under the jurisdiction of ASTM Conunittes C-7 on Lime
and is the direct responsibility of Subcommittes C07.02 on Structural Lime.

Current edition approved Nov. 30, 1979. Published January 1980. Originally
published as C3— 13 T. Last previous edition C 5— 59 (1974),

2 Annual Book of ASTM Standards, Vol 04,01,

3 Annual Book of ASTM Standards, Vol 14,02,

Caloium Lime Magnesium Lime
Calgium oxide, min, % 75
Magnesium oxide, min, % 20
Calcium and magnasium oxide, 95 95
min, %
Silica, aluminz, and oxide of iron, 5 5
max, %
Carbon dioxide, max, %:
If sample is taken at place of 3 3
manufacture
if sample is taken at any other 10 10
place

5. Residue
5.1 The quicklime shall contain no more than 15 weight %
of residue.

6. General Requirements

6.1 Quicklime shall be slaked and aged in accordance with
the printed directions of the manufacturer. The resulting lime
putty shall be stored uatil cool.

6.2 Lime putty prepared in accordance with X1.4.2 and
adjusted to standard consistency in accordance with Test
Methods C 110, shall show no pops or pits when tested in
accordance with Test Methods C 110,

6.3 Lime putty prepared as above shall have a plasticity
figure of not less than 200.

7. Sampling, Inspection, etc.

7.1 The sampling, inspection, rejection, retesting, packing,
and marking shall be conducted in accordance with Methods
C 50.

8. Test Methods

8,1 Conformance to chemical requirements shall be deter-
mined in accordance with Test Methods C 25.

8.2 Conformance to plasticity and residue requirements
shall be determined in accordance with Test Methods C 110,

9. Keywords

9.1 building (structural); calcium oxide: dolomitic lime;
high calcium lime; lime putty; magnesium oxide; plasticity;
quicklime; residuc; slaking

Copytight @ ABTM International, 100 Barr Harbor Drive, PO Box €700, West Conghotiocken, PA 19428-2059, United States.
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APPENDIX

(Nonmandatory Information)

X1. SLAKING AND PREPARATION OF LIME PUTTY

X1.1 Introduction

K1.1.1 Quicklime can never be used as such for structnral
purposes; it must always be slaked first. Since the method of
slaking is an important factor in determining the quality of the
finished product, the following directions for the preparation of
lime putty are given, not as a part of the specification, but as
information for the further protection of the purchaser.

X1.1.2 Different kinds of lime vary considerably in the way
in which they behave with water, A little supervision over the
operation of slaking will amply pay for itself by ensuring the
production of the greatest possible quantity and the best
possible quality of putty. To find out how to slake a new lot of
lime, it is safest to try a litfle of it and see how it works, Since
different lots of the same brand of lime vary somewhat, and
since the weather conditions at the time have a decided
influence, it is wise to try a sample from each lot used, whether
familiar with the brand or not.

X1.2 Classification of Limes

X1.2.1 Inabucket, put twao or three lumps of lime about the
size of one’s fist, or, in the case of granular ime, an equivalent
amount. Add sufficient water to just barely cover the lime, and
note how long it takes for slaking to begin. Slaking has begun
when pieces split off from the lomps or when the lumps
crumble. Water of the same temperature should be used for test
and field practice.

X1.2.2 If slaking begins in less than 5 min, the lime is quick
slaking; from 5 to 30 min, medium slaking; over 30 min, slow
slaking.

X1.3 Directions for Slaking

X1.3.1 Slake quicklime in accordance with the printed
directions of the manufactarer. When such directions are not
provided, proceed as follows:

X1.3.2 For quick-slaking lime, always add the lime to the
water, not the water to the lime. Haye sufficient water at first to
cover all the lime completely. Have a plentiful supply of water

available for immediate use—a hose throwing a good stream,
if possible, Watch the lime constantly, At the slightest appear-
ance of escaping steam, hoe thoroughly and quickly, and add
enough water ta stop the steaming. Do not be afiaid of using
too much water with this kind of lime.

X1.3.3 For medium-slaking lime, add the water to the lime.
Add enough water so that the lime is about half submerged.
Hoe occasionally if stearn statts to escape. Add a little water
now and then if necessary to prevent the putty from becotning
dry and crumbly. Be careful not to add any more water than
required, and not too much at a time,

X1.3.4 For slow-slaking lime, add enough water to the lime
to mwoisten it thoroughly. Let it stand until the reaction has
started. Cautiously add more water, 4 little at a time, taking
care that the mass is not cooled by the fresh water, Do not hoe
until the slaking is practically complete. If the weather is very
cold, it is preferable to vse hot water, but if this is not available,
the mortar box may be coveted in some way to retain the heat,

X 1.4 Preparation of Putty for Use

X1.4.1 After slaking, prepare putty for use as follows:

X1.4.2 White Coat-—Atter slaking and aging finishing
quicklime in accordance with the printed directions of the
manufacturer, store the putty until cool. If na printed ditections
are provided by the manufacturer, prepare the putty for nse as
follows: After the action has ceased, run off the putty through
a No. 10 (2.00-mm) sieve conforming to Specification E 11,
and store for a minimum of 2 weeks.

X1.4.3 Base Coats—After the action has ceased, mn off the
puity throngh a No. 8 (2.36-oun) sieve conforming io Speci-
fication E 11, Add sand up to equal parts by weight, all of the
hair or other fibers required, and store for a minimum of 2
woeks.

X1.4.4 Masons’ Mortar—After the action has ceased, add
part.or all of the sand required, and store for 2 minimum of 24
h.

ASTM Intematipnal takes no position respecting the validity of any patent righls asserted in cornection with any em mentionad
in this standard, Users of this standard are expressly advised that determination of the vaiidity of any such patent rights, and the sk
of Infiingement of such rights, are enirely their owr tesponsibiiity,

This standard s subject to revision at any time by the rosponsible technical committes and must be reviewed every five years and
ffnot revisad, either reapproved or withdrawn, Your comments are invited either for revision of this standard or for aclditional standards
and should be addressed o ASTM Intermational Headquarters. Your comments will recelve carsful consideration at a meeting of the
responsible technical committes, which you may attend, If you feel that your comments have net recelved a fair hearing you should
mate your Views known fo the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM Infernational, 100 Barr Hatbor Drive, PO Box G700, West Conshohocken, FA 19428-2959,
United States. Individual feprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or al 610-832-9585 (phone), 610-852.9555 (fax), or service @astm.org (e-mall); or thiough the ASTM website

(www.asim.org).
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QH]‘I’ Designation: C 509 - 84

Standard Specification for

CELLULAR ELASTOMERIC PREFORMED GASKET AND

SEALING MATERIAL'

This standard is issued under the fixed deslgnauon C 509; the number lmmcdlately 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 epsilon (c) indicates an edltonal change since the last revision or reapproval,

1. Scope

1.1 This specification applles 1o those cellular
elastomeric compounds of a firm grade that are
manufactured in preformed shapes for use as
gaskets and for use as sealing materials, in the
form of compression seals or gaskets, or both, for
glazing purposes.

Note |—For softer cellular elastomeric materials

used in secondary sealmg applications, refer to Specifi-
cation D 1056,

1.2 The following precautionary caveat per-
tains only to the test method portion, Section 11,
of this specification: This standard may involve
hazardows materials, operations, and equipment,

This standard does not purport to address all of

the safety problems associated with its use. It is
the responsibility of whoever uses this standard
to consult and establish appropriate safety and
health practices and determine the app[zcabzlity
of regulatory limitations prior. to use.

‘2. Applicable Documents

2.1 ASTM Standards: -

D 395 Test Mcthods for, Rubber Property—
Compression Set?

D 412 Test Methods for Rubber Propernes in
Tension™? '

D 746 Test Method ‘for Bmttleness Tempera-
ture of Plastics and Elastomcters by Impact?

D 865 Test Method for Rubber Deterioration
by Heating in Air (Test Tube Enclosure)

© D925 Test Methods for Rubber Property-—

Staining of Surfaces (Contact ‘Migration,
and Diffusion)?

D 1056 Specification for Flexible Cellular Ma-
terials—Sponge or Expanded Rubbcr

D 1149 Test Method for Rubber Deteriora-
tion—Surface Ozone Cracking in a Cham-
ber (Flat Specimens)? :

3. Terminology

3.1 Definition:

3.1.1 cellular elastomer—a cured elastomeric
material containing cells or small voids.

3.2 Descriptions of Terms Specific to This
Standard:

3.2.1 compression seal—a type of joint seal in
which weathertightness is maintained by the ex-
ertion of compressive pressure on. the gaskct or
sealing material.

- 3.2.2 gasket glazing—a method of settmg
glass or pancls in prepared openings, using a
preformed gasket to obtain a weathertight seal.

3.2.3 preformed gasket—an elastomeric com-
pound molded in the form. of a continuous strip,
channel, or other shape, for use in filling joints
and providing weathertight seals in glazing or
between building components.

3.2.4 sealing material—any material intended

. for use in providing weathertight seals in building.
_applications.

4. Significance and Use

4.1 Flame Propagation;

! This specification is under the jurisdiction of ASTM Com-
mittee C-24 on Building Seals and Sealants and is the direct
responsibility of Subcommlttee C24.72 on Compression Seal
Gaskets.

Ciurrent edition approved Oet. 26, 1984, Published February
1984, Originally pubtished as C 509 - 63 T. Last previous edi-
tion C 509-79.

2 Annval Book of ASTM Standards, Vol 09.01.

3 Annual Book of ASTM Standards, Vol 09.02.
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4.1.1 This specification has two options;

4.1.1.1 Option I—Flame propagation test is
required.

4.1.1.2 Option IT—Flame propagation test is
not required.

4,1.2 In case no option is specified, Option I
will apply.

4.1.3 The sections of this specification appli-

cable to flame propagation should be used to -

measure and describe the properties of materials,
products, or assemblies in response to heat and
SName under controlled laboratory conditions and
should not be used to describe or appraise the fire
hazard or fire risk of materials, products;, or
assemblies under actual fire conditions. However,
results of this test may be used as elements of a
Jfire visk assessment which takes into account all
‘of the factors which are pertinent to an assessment
of the fire hazard of a particular end use.

4,2 This specification has two classifications
as related to ozone resistance. These are Type 1
and Type II, with the latter having the greater
resistance to ozone. The type should be specified
when making reference to this specification but
in the event that the type 1s not specified, Type I
shall apply.

Norr 2—Type 11 is included in this speciﬁcation for
use where greater ozone resistance is required,

5. Materials and Manufacture - -

5.1 Cellular elastomeric materials furnished to
this specification shall be manufactured from
natural rubber, synthetic rubber, rubber-like ma-
terials, or mixtures of these, with added com-
pounding ingredients of such nature and quality
that, with proper cuiing, the ﬁmshed product will
comply with this specification..

5.2 The cured compounds shall-be suitable for
use where resistance to sunlight; weathering, ox-
idation, and permanent deformation under load
are of prime importance, .

5.3 The manufactmmg process shall be such
to ensure a homogeneous' cellular material free
of defects that may affect serviceability,

5.4 Although under this specification the
manufacturer is permitted to choose constituent
materials, there is no implication that the several
compounds are equivalent in all physical prop-
erties. Any special characteristics other than
those required by this specification, which may'
be needed for specific apphcatlons, shall be spec-
ified by the purchaser, since such characteristics

C 509

may influence the choice of base materials and
other ingredients.

6. Physical Properties

6.1 The material shall conform to the require-
ments prescribed in Table 1.

7. Dimensional Tolerances

7.1 Permissible variations in dimensions of
the various forms shall be +6 % unless otherwise
agreed upon between the purchaser and the sup-
plier.

8. Workmanship, Finish, and Appearance

8.1 The cellular elastomeric materials shall be
manufactured and processed in a careful and
workmanlike manner in accordance with the best
commercial practices.

8.2 The surfaces of the finished material Shdll
be reasonably smooth and free of excessive talc
or bloom, A

8.3 Unless otherwise specified, the material
shall be black. When colored material is desired,

-t is recommended that other tests, agreed upon

between the purchaser and the supplier, be con-

~ ducted to ensure color stability,

9. Sampling

9.1 When possible, the completed manufac-
tured product of a suitable section thereof shall

. be used for the tests specified. Representative

samples of the lot being examined shall be se-
lected at random as required.

G.2 When the finished product does not lend
itself to testing or to the taking of test specimens
because of complicated shape, small size, metal
or fabric inserts, or other reasons, standard test
strips shall be prepared. The standard extruded
specimens for testing, except where a specific
specimen size is defined by a particular test
method, shall be 6.4 mm (% in.) thick by 32 mm
(1% in.) wide in rectangular cross section. The
test pieces for flame propagation tests shall be as

- specified in 11.8.2. All test pieces shail be made

from ‘the same compound and shall have the
same apparent density and state of cure as the
product they represent.

9.3 The tests for dimensional stability, ozone
resistance, water absorption, and nonstaining
may be made on samples from the material to
be shipped or on samples representative of it,
Tests for compression -deflection, compression
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set, heat aging, flame propagation, and low-tem-
perature brittleness may be made on standard
samples previously prepared in accordance with
9.2.

1¢. Number of Tests and Retests

10.1 Any material that fails in one or more of
the test requirements may be retested by making
two additional tests for the requirements in which
failure occurs. Failure in one such retest shall be
cause for final rejection.

10.2 Rejected material shall be disposed of as
directed by the supplier.

11. Test Methods

11.1 Compression - Deflection — Specifica-
tion D 1056. Base calculations of compression-
deflection on the original thickness of the speci-
mens. ’ '

11,2 Compression Sei—Test Methods D 395,
Method B. .

11.3 Compression Deflection After Heat Ag-
ing: :

11.3.1 A 152-mm (6-in.) length of the finished
extrusion shall be heat aged along with the spec-
imen for Specification D 1056 and shall pass the
requirements of Table 1, Footnote B.

11.3.2 Test for compression-deflection by first
aging the specimen (a piece of appropriate size
for the compression-deflection test, instead of the
dumbbell-shaped tension specimen) in accord-
ance with Test Method D 865, then measuring
the compression-deflection value in accordance
with Specification D 1056,

11.3.3 The specimen for heat aging shall be
large enough to allow the taking of the appropri-
ate number and six size of specimens as defined
by Specification D 1056. The cutting of speci-
mens for Specification D 1056 shall be done after
the heat aging has been performed.

11.4 Dimensional Stability Afier Heat Ag-
ing—Determine the dimensional stability by
subjecting a- 150-mm (6-in.) length of the ex-
truded shape to heat aging for 70 h at 100°C
(212°F) in accordance with Test Mcthod D 865.

* After aging, the changes in length and breadth

dimensions of the specimen shall not exceed 4 %,
" 11.5 Ozone Resistance—Test Method D 1149.
The concentration of ozone shall be 100 MPa for
Type I and 300 MPa for Type II. The time of
test shall be 100 h at 40°C-(104°F) with a speci-

men as defined by 9.2 with a length of 152 mm

G 509

(6 in.) and with a specimen elongation of 40 %.

11.6 Low - Temperature Brittleness—See Ap-
pendix X1,

11.7 Waier Absorption—Test for water ab-
sorption by placing ten 460-mm (18-in.) strips of
the elastomer, bent in a U-form, in water at
21.1°C (70°F) for a period of 24 h. Submerge
only the center 406 mm (16 in.) of the specimen
with the bottom of the loop 152 mm (6 in.} below
the water line, and the cut cnds of the specimen
out of the water, After removal from the water,
blot the specimens with lint-frec paper before
weighing. The test value is the average weight of
water absorbed by the ten specimens.

11.8 Flame Propagation—This mcthod deter-

‘mines whether or not the gasket will propagate.

flame, with no significance being attached to such
matters as fuel contribution, rate of flame spread,
smoke generation, or nature and temperature of
products of combustion. :

11.8.1 Apparatus:

[1.8.1.1 The test chamber may be any enclo-
sure that will permit normal gravity circulation
of air past the specimen during burning. A hood
or ventilated spray booth is recommended in
order to remove any noxious products of com-
bustion, provided the velocity of air past the
specimen does not exceed 18.3 m (60 ft)/min.

NoTe 3—Air velocities preater than 18,3 m/min will
have an extinguishing effect upon any flame and will
present an unrealistic evaluation of the flame resistance
of the material.

11.8.1,2 The burner shall be a bunsen burner
with a barrel nominally 9.5 mm (0.38 in.) in
diameter.

11.8.1.3 The fuel shall be ordinary fuel gas at
a normal pressure,

11.8.2 The test specimen shall be 13 mm ("2
in.) thick, 25 mm (1 in.) wide, and 460 mm (18
in.) long made in accordance with 9.2. it shall be
free of any permanent set producing a curved
section within the specimen that will not permit
it to hang vertically, and it shall be free of abnor-
mally porous sections and foreign materials,

Note 4—This method recognizes the fact that every
flame, no matter how hot, has a kindling height above
which its temperature is too low to kindle the specimen.
For the specified flame, this height is considerably less
than 460 mm (18 in)), so if a specimen burns above
this kindling height, it does so on its own heat of

combustion. Therefore it is considered to propagate
flame, )

11.8.3 Procedure:
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11.8.3.1 Secure the specimen in.a vertical po-
sition within the test chamber using a ring stand
with a clamp positioned at the top of the speci-
men. Locate the specimen high enough to permit
the burner to be placed beneath it, Use two wire
loops to retain the position of the sample over
the flame. Place one wire,\ loop 51 mm (2 in.)
from the end to be ignited, the other 127 mm (5
in.) from the end to be ignited. Fasten the wire
loops to the stand holdirg the specimen.

11.8.3.2 Light and adjust the burner so as to
produce a blue flame approximately 38 mm (1.5
in,) high.

11.8.3.3 Place the lighted burner directly be-
low the specimen so that the tip of the inner cone
of the flame just touches the lowest part of the

specimen. Allow the burner to remain in this -

position for 5 min, then remove it.

11.8.3.4 After removal of the busner, remove
loose char with a stiff brush and measure the
remaining length of the specimen. Consider the
unburned length to be that remaining after re-
moval of loose char. ‘

11.8.4 Report—The report should state the
distance of flame propagation expressed in mil-
limetres {or inches). The distance of flame prop-
agation cquals original length less unburned

€ 509

length, . : ‘

11.9 Nonstaining—Test Methods D 925,
Method B. The surface against which stain is to
be tested and the acceptable degree of staining
shall be specified by the purchaser,

12, Inspection .

12.1 All tests and inspections shall be made at
the place of manufacture prior to shipment un-
less otherwise specified: The supplier shall pro-
vide the purchaser, without charge, all rcasonable
facilities to satisfy him that the material is being
furnished in accordance with this specification.

13. Certification

13.1 When required, the supplier shall furnish
the purchaser with a certified test report giving
the results of the tests required to determine
conformance with all requirements specified
herein.

14. Packaging and Package Marking

14.1 All material shall be properly separated
according to compound, size, etc., and shall be
packaged and labeled in accordance with the best
commercial practice with ample protection
against damage in shipment.

-~ Table 1 " Physical Requirements of Cellular Elastomeric Materials

. Property Limit ASTM: Test Method

Compression-deflection, 25 % deflection limits: ’ :

kPa S 9110 168 D 1056

© psi : : L I 31024
Compression set, 22 h @ 70°C {158°F) max, % . 30 D 395, Method B
Heat aging?, 70 h @ 100°C{212°F), change in compressidn-deflection. )
values: ST e EE : . :

kPa 0to +70 D 865 and D 1056

psi . : " 0to+10
Dimensional stability, change, max %, after heat aging, 70 h @- 4 ) 11.4

100°C (212°F) - e Dol :

Ozone resistance® at 40 % elongation, 100 h @ 40°C (104°F): :

Type I 100 MPa ozone ; ] no cracks D 1149

Type Il 300 MPa ozone ' no cracks D 1149
Low-temperature brittleness @ ~40°C (—40°Fy* pass : : see Appendix X1
Water absorption, max, % weight. oL 5.0 . . 1.7
Flame propagation: : . .

Option I ‘ . 100 mm (4 in) max. 11,8

Option 11 o o Himit ‘ .
Nonstaining” A 1no migratory stain D925

4 See Section [1.

4 After heat aping, surfacé.q nf tﬁd Spccifn:":n shall be neither hard nor brittic, A 150-mm (6-in.) length of the finished extrusion shglll

exhibil no surface cracks when bent on itself 180°,

¢ The specimen shall exhibit no surface cracks when in the extendéd condition.
9 This requirement may be waived, subject to agreéement between the purchaser and the supplicr,
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APPENDIX

(Nonmandatory Informution)

X1. TEST METHOD FOR LOW-TEMPERATURE BRITTLENESS OF RUBBER AND RUBBER-LIKE
MATERIALS*

X1.1 Scope

X1.1.1 This test method is intended to determine
the ability of compounds made from rubber or rubber-
like materials to resist the effect of low temperatures
that may cause them to become brittle and fracture or
crack when hent. Standard specimens are exposed (o
specified low temperatures for definite periods after
which the specimens are bent in a prescribed manner
and any fracture or cracking noted. The procedure is

_ commonly called the “Thiokol” method.

Note X1.1—Results obtained by this test method
are influenced by the rate of flexing of the cooled
specimens which can not be closely controlled in the
prescribed apparatus, They are therefore of a qualitative
nature and may not be closely reproducible over a
range of several degrees of temperature depending on
the speed of flexure, For more accurate determination
of brittle temperature, and particularly in new specifi-
cations, Test Method D 746 is recommended.

X1.2 Apparatus

X1.2.1 Cold Chamber, of sufficient size to contain
the flexing fixture when loaded with specimens, and so
arranged as to permit the cperation of the fixture to
bend to specimens without removal from the chamber,
It shall be capable of maintaining within it a uniform
atmosphere of cold, dry air or a mixture of air and
carbon dioxide at spocified temperatures within a tol-
erance of +1°C (2°F). .

Note X1.2—Temperatures of —40°C (—40°F) and
~55°C (67°F) are commonly used.

X122 Flexing Fixture, consisting of two parallel -

platcs cach having a width of at least 50 min (2 in.) so
supported in guides that they may be rapidly moved
from & position 63 mm (2% in.) apart until they are
separated by a distance of 25 mm (1 in.). Suitable
clamping bars or devices shall be provided for holding
the ends of the specimens for a distance of 6.4 mm (V4
in.) at the correaponding edge of each plate so that when
mounted, the specimens form similar bent loops be-
tween the plates, A satisfactory flexing fixture is shown
“in Fig. XL.1,

X1.3 Test Specimens

X1.3.1 The test specimens shall conform in shape
to Die C as specified in Methods D 412 and shall have
a thickness of 2.032 + 0.254 mm {0.080 £ 0.010 in.).

X1.3.2 At lcast two specimens from each compound
shall be tested. .

X1.4 Procedure

X1.4.1 Mount the ¥est specimens in loop position
between the plates of the flexing fixture with the en-
larged ends spaced at least 3.2 mm (% in.) apart and
held in the clamps for a distance of 6.4 mm (% in.),
With the plates in the open position separated 63 mm
(2% in.), place the fixture containing the specimens in
the cold chamber and expose it for the specified period
to cold, dry air or a mixture of air and carbon dioxide
at the specified temperature. The standard exposure
period shall be 5 h (Note X1.3). At the termination of
the exposure period and while still in the cold chamber,
move the plates of the flexing fixture as rapidly as
possible from the 63-mm (2'4-1n.) distance of separa-
tion to a position where they are 25 mm (1 in.) apart.
'l‘heﬁ examine the specimens for fracture or visible
cracks. : .

NoTe X1.3—Previously two periods were specified,
96 h for natural-rubber compounds and 5 h for syn-
thetic-rubber compounds., It was found that 5 h is
adequate for either «class of compounds within the
intent of this test method.

X1.5 Results

X1.5.1 When two specimens are tested and neither
one fractures nor shows cracks after being tested, the
compound shall be considered- as having passed the
brittleness test. If both specimens crack, the compound
shall be considered io have failed.

X1.5.2 If only one specimen fractures or cracks, the
result is inconclusive and two additional specimens
shall be tested. If either one of these cracks, the com-
pound shall then be considered to have failed,

X1.6 Report

X1.6.1 Report the following:

X1.6.1.1 The results of the test expressed as “passed”
or “failed,”

X1.6.1.2 The temperature of the cold chamber,

X1.6.1.3 The duration of the exposure period,

X1.6.1.4 Identification of the maicrial tested includ-
ing description of any special treatment prior to test,
and

X1.6.1.5 Data of manufacture of the material, if
known, and date of test.

4 This test method was originally issued in 1943 under the
designation D 736 which was discontinued in April 1967.
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FIG. X1.1 Flexing Fixture for Low-Temperature Brittleness Test

The American Society for Testing and Materials takes no position respeciing the validit 'y af any patent rights asseried in connection
With any ftem mentioned in this standard. Users of this standard are expressly advised that determination af the validity of any such
paient rights, and the risk of infringement of such rights, are entirel 'y their own responsibility.

This standard is subject lo revision at any time by the responsible technical commitive and must be reviewed every five years and
if not revised, either: reapproved or withdrawn, Your comments are invited etther for revision of this standard or Jor additional
standards and should be addressed to ASTM Headquarters. Your comments will receive carefil consideration at & meeting of the
respansible technical committee, which you may atiend, If you feel that your comments have not received o Sair heaving you should
make pour views known to the ASTM Committee on Standards, 1916 Race 3t., Philadelphia, PA 19103,
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, Vermlcullte Loose F|II Thernial Insulatlon1

This standard is msued under the’ ﬁxed dssngu:mon C516; the number immediately following the designation indicates the year of
original adoptlon or, in thé case of revisiofi, the year of last tevision, A number in parentheses indicates the year of last reapproval, A
superscript epsilon (¢) indicates an editorial change since the last revision or rcapproval

This standard has been approved for tse by agencies of the Department of Defense, Consull the DoD Index .of Specifications and

- Standards for the specific year of issue w}uch has been adopted by ithe Department of. Defense,

M
it

i

¢ Nore—Keywords were added editorially in December 1996.

1. Scope

1.1 This specification covers the compos1t10n and physical
properties of expanded or exfoliated vermiculite loose fill
insulation. The specification also includes the testing proce-
dures by which the acceptability of the matérial may be
determined. These testing procedures deal primarily with
material performance in the temperature: range -associated
with the thermal envelope of buildings; hgwever, the com-
mercially usable temperature range for this insulation is from
—459 to 1400°F (=272 to +760°C). For specialized applica-
tions, refer to manufacturer’s instructions. .

1.2 The specification also covers the composition and
properties of vermiculite that has beensurface-treated to
produce water repellency for installations where liquid mois-
ture may be a factor. . ‘

1.3 When the mstallanon or use of thermal insulation
materials, ‘accessories, and, systems may pose safety or health
problems, the manufacturer shall provide the user with
appropriate current information regarding any known prob-
lems associated with the recommended use of the company’s
products, and shall also.recommend protective measures to
be employed in their safe utilization.

1.4 The following safety hazards caveat pértains only to
the test methods portion, Section 9, of this specification;
This standard does not purport to address all of the safety
concerns, If any, associated with its use. It is the responsi-
bility of the user of this standard to establish appropriate

safety and health practices and determme the applzcabzlzty of -
regulatory limitations przor to ‘ise. For spec1ﬁc hazafd

statements, see Section 2.

2. Referenced Documents

2.1 ASTM Standards:

C 136 Test Method for Sieve Analysis of Fine and Coarse
Aggregates®

C 168 Terminology Relating to Thermal Insulating
Materials?

C 177 Test Method for Steady-State Heat Flux Measure-
ments and Thermal Transmission Properties by Means

'This specification is under the jurisdiction of ASTM Committee C-16 on
Thermal Insulation and is the direct responsibility of Subcommittee C16.23 on
Blanket and Loose Fill Insulation,

Current edition approved Qct. 31, 1980. Published March 1981, Originally
published as C 516 — 63 T. Last previous edition C 516 - 75,

2 Annual Book of ASTM Standards, Vol 04.02,

3 Annual Book of ASTM Standards, Vol 04.06.

160

B

of the Guarded-Hot-Plate Appamatu:«i3
C 390 Criteria for Samphng and Acceptarice of Preformed
Thermal Insulation Lots®
C 518 Test' Method for Steady-State Heat Flux Measure-
mients and Thermal Transmission Propertles by | Means
of the Heat, Flow Metef Apparatiis®
) C 520 Test Methods for Densrcy of Granular Loose F111
" 'Ihsulations®
E 84 Test Method for Surface Burning Characteristics of
Building Materials*
E 136 Test Method for Behavior of Matenals in a Vertical
Tube Furnace at 750°C*#

3. Terminology a

3.1 The terms used in this specification are deﬁned in
Terminology C 168, .

4, Classification

4.1 Veérmiculite insulation shall be spemﬁed by two type
designations and five classes, as follows;

4.1.1 Vermiculite Loose Fill Insulation-—Type I+=The
product that results from the expanding or exfoliating of
natural vermiculite ore by grading and heating to meet the

-requirements of this specification.

4.1.2 Vermiculite Loose Fill Insulation—Type II—Ex-
panded vermiculite that has been surfice-treated to produce
water repellency and limit absorptlon of mmsture from both
ligtid dnd vapor phase -

4,1.3 Vermiculite loose fill insuldtion has five grade desig-
natlons established- by range\ of parucle sme d;lstnbutlon as

“§liowtt'in Table 1. RN i

5. Ordering Information

5.1 All purchase orders should designate both type and
grade of insulation desired. If type designation is omitted,
Type I will be furnished. The type and grade classifications in
this specification differ from the classifications in earlier
issues. Purchasers referencing this specification should in-
clude the date of issue.

6, Materials and Manufacture

6.1 Vermiculite is a micaceous mineral which is mined
and processed to produce a high-purity concentrate. The

4 Annual Book of ASTM Standards, Vol 04.07.
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TABLE 1 Density Specifications

Bulk Density, b/ft* (kg/m®)

Grade Designation

min max
0—Premium 3.0 (48) 5.0 (80)
1—Large 3.7 (59) 5.5 (88)
2—Medium 4.0 (64) 6.0 (96)
3—Fine 4.5 (72) 7.0 (112)
4—Super Fine 5.5 (88) 8.0 (128)

TABLE 2 Thermal Resistance

Thermal Resistance” for 1 in, (26.4 mm) Thickness
°F -h-ft2/Btu (K- m?/W) Mean Temperature, °F (°C)

Grade Designation

—119 (—84) 40 (4) 75 (24)
0---Premium 2.3 (0.41) -
1—Large 2.3 (0.41)
2-—Medium 2.3(041)
3—Fine s e 2,3 (0.41)
4—S8uper Fine 3.4 (0.58) 2.5 (0.43) 2.3 (0.41)

A The thermal values in this table are given at 1 in. (26.4 mm) of thickness with;
@ gradient of 50°F (28°C). Test data that cover the thickness range from 1-to 6 in.
show that thermal resistance per inch of thickness is essentially linear with respect
to thickness. Test values do not deviate on the low side from the value in the table
by more than & %

concentrate, in the. form of ﬁakes of varying size and thick-
ness weighing 55 Ib/ft> (880 kg/m3), is expanded .in high-

temperature furnaces to densities in the range from 3.0 to 8.0

Ib/ft3 (148 to 128 kg/m3). As a naturally occurring mineral,

it is classifiable as an elementary building material. It is
noncombustible as determined by. Test Method E 136.

Material must pass combustion test criteria of Test Method
E 136.

7. Physical Requirements

7.1 The physical requirements listed in this sectmn are
defined as Inspection Requirements (see Criteria ‘C 390,
5.1.2; see also Terminology C 168). The msulatlon sha]l
conform to the following requirements: - ‘

Type 1 Type 1L
Bulk density, Ib/ft? (kg/m3) See Table 1 .
Grading (particle size) See Table 3
Water properties, max g wicked in 5 min N.A, '3

7.2 The physical properties listed in . this section of the
specification are defined as Qualification Requirements (see
Criteria C 390, 5.1.1). The insulation shall conform to the
following requirements:

e

Thermal resistance, °F-h: ftZ/Btu See Table 2
K-m?W) '

Moisture absorption, max, % by weight/ 3.5 35
14 days :

Combustibility No flaming, glowing,

Flame spread, max 0 0
Smoke developed, max 0 0
Water properties, min, mL of water N.A. . 175
repelled
8. Sampling

8.1 For purposes of standard tests, sampling shall be 1n
accordance with Criteria C 390,

9. Test Methods

9.1 The physical properties, as enumerated in Section 7,
shall be determined in accordance with the following
methods:

9.1.1 Bulk Density—Test Methods C 520, Method A.

9.1.2 Grading—Test Method C 136, except that when a
mechanical sieving device is used, the sieving time shall be 5
min and the test specimen shall be 50 g of material.

" 9.1.3 Thermal Resistance—Tests for thermal resistance
may be made in accordance with Test Methods C 177 or

C518. Test at the design density. The thermal resistance of

the various types shall not be lower than the values listed in
Table 2, except that the average thermal resistance of any
four specimens may fall up to 5 % below the value in the
table. Determine the thermal resistance (R-value) at mean

température of 75°F (24°C) and 40°F (4°C), at design density

and in accordance with the current editions of Test Methods:
C 177 or C 518. Report the direction of heat flow. Thermal

resistance at other mean temperatures may be determined 1f '

required.

9.1.4 Moisture Absorption—The test spec1men shall be a’

sample of approximately 50 g. Loose fill the sample and level
into a sample holder 9 by 9 by $ in. (228 by 228 by 127 mm)

deep.
9.1.4.1 Condition with minimum air movement across

the sample surface. Condition at 50 + 2 % relative humidity

and 120°F (48.9°C) to constant weight and record. State the:
density of the sample condmoned to constant welght in the
report of results. , - ‘

9.1.4.2 Increase  the relanve humlthy to 90 =+ 2 %.
Condition to constant weight by check-weighing at 24-h
intervals. Determine the mmsture pickup as a percent of
conditioned weight. . ;

9.1.4.3 Record percent absorp‘uon at 14 days.

9.1.4.4 Precision and Bias—This test establishes a typical
property of vermiculite, It is an inherent characteristic. It is
only intended to indicate absorption under high humidity
conditions which are known to be characteristic of its usual
insulation end use.

9.1.5 Water Repellency (Type II Only)—Determme the
water repellency of Type II. vermiculite msulauon in ac-
cordance with the following procedure:

or smoking
Surface-burming characteristios (Test ‘9 1.5.1 ‘Apparatus—(a) R{gld plastic tube 50 mm inside
Method E 84): diameter by 300 mm long with a 150-pm (100-mesh) screen
TABLE 3 Grading Cumulative Percent Retained

Grade Designati U. 8. Sieve No.

rade Designation Y in. (9.6 mm) 4 (4.75 mm) 8(236mm) ' 16 (1.18 mm) 30 (600 pum) " 50(300 pm) : 100 (160 pm)
0—Premium 30-80 ., ' 80-100 . ‘ '
1-—Large 010 . | - o ... .90-100- T
2—Medium ' 010 45-90 . . . - 95-100
3—Fine ‘ 0-10 90-100
4—8uper Fine 0-5 60-98 90-100
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covering firmly fastened or adhered to the bottomi. Thedtube
shall be marked at 400 mL from the screetizéovered end: (),
No. 15 rubber stopper. (¢) 250-mL ‘graduated éylinder. (d)
500-mI. beaker.

9.1.5.2 Sample Preparation—Spoon a repfésentative:

sample dinto the test, cylinderto, a level:slightly above the
400-mL mark, Compact it by dfopping “the tube.from a.
height of approximately 75 mm on a large rubber stopper
(No. 15 recommended) for a total of ten: drops. As the
sample compacts to.a level below the 400-mL mark, add
additional matenal so that after the ‘tenth drop, the level of
the sample is within 3 mL of the 400-mL mark. ..

9.1.5.3 Procedure—With the tube supported in a vert1ca1
position and a beaker pos1t1oned under the tube, rapidly
pour 250.ml, of cold tap water onto the vermiculite. Take
care while pouring, that the stream hits the. Imddle of the,
surface of the bed of vermiculite and does not meTely shde
down the side of the test cyhnder Allow the water to drain
through the. bed of wermiculite for exaetly 3 min., T11t the
tube at: appro)nmately 45°.to - drain water collected on.the
screen. Tilt’ it.only momentanly for this purpose. Measure
the collected ater in. the 250—mL graduate .

. 9.1.5.4 Calculazzon—Report the amount of collected
water as “millilitres repelled ” Report ‘results as, the mean of
three independent tests. |

91, 5.5 Precision: qnd, Bzas—-~The purpose of this test is to
conﬁrm that: the intended degree of surface treatment has
been accomphshed to achieve water repellency The spec1ﬁed
characteristic .is a2 minimum (no range or maximum).
Quantitative values for conformmg products ‘exceeding the
limits have no:commercial significance.

9.1.6 Wickability—Vermiculite Insulation (Type IT Only)

. 9:1.6.1 Apparatus—(a)-Rigid plastic tube:50 mm in inside
di.ameter by-300, mm:long with a,150-wm (100-mesh) screen
covering firmly; fastened or adhered to the bottom. .(A)
50-mm;;long compaction; plug; fitting. snugly- inside ,the
sample holder to give standard compaction to the sample. (¢)
Tubing rack capable of supporting the -sample tube. (d)
Water immersion, tray. . NI

19,162 Sample Preparatzonu—Spoon ‘4 representatwe
sample into the test cylinder to a level slightly below the top
of the cylinder. Co‘mpact it 'with the plug until.a moderate
resistance pressure-is, felt. In no event shall compactlon be
moie than 24 mrm. i By oy

+ 9:1.6.3: Procedure—Place the sample tube, screeti vend
down, oh a rack inthe water immersion tray; The water level
in the tray shall be 50 mm above the bottom of the tube:
Allow the sample td rémain in the position.and allow to wick
water for 5 min. Remove the-tube from the tray onto a tared
75-mm watch glass so that all water: that is allowed to drain,
is caught by the watch glass and is sncluded in the welght of

. A,.H. i, P (g“‘; RPN

water picked up by.the sample. Determine the weight of the
water picked up, bythe samplé in grarhs.
9.1.6.4 Calculation—Report the amount of water picked

up by the vermiculite sample through this wicking action as-
grams. Report results as a.mgan of three independent ‘tests. -

9.1.6.5 Preczszon and Bzas—See 9.1.5.5.

10. Inspectlon ] K

10.1 Inspection of the matenals shall be made as agreed

upon between the purchaser and. the manufacturer as part of
the purchase contract.
11. Packagmg and Marklng

111 vPackagmg—Unless otherwise specified, the insula-
tioni shall be packed in the manufacturer’s standard commer-

ctal container. The jnsulation shall be packed to ensure-

catrier.acceptance and safe delivery at destination in con-

taihers complying with the rules and regulatlons applicable’

torthe mode of transportation, ‘ EEeE

112 Markmg—Slnppmg contmners shall be marked with
the name of the 1nsulat10n, minimum Wel it of container,
and the name of the manufacturer. For residential insula-
tion, a chart shall also be affixed or printed on the container
listing the minimum thickness, maximum net coverage area,
and minimum: weightpér square foot at: R values of 11, 19,
ard 22. In addition.to- this chait, the following statements
must beradded: 1..*R means resistance: tosheat flow. The
higher: the R-value, the greater. the: insulatioi: power. 2. To
get the' marked R-value, it is essential that-this insulation be
installed properly If: you do it yourself follow the 1nstruc-
tions carefully.” - * v

12, Health and Safety Precautions

12.1 Preinstallation—The insulation -mizteridl should be
handled .and ‘stored. in; accordance with: manufacturer’s
instiuctions., It sheuld be kept.dry and. free of extraneous
imaterials. It is noncombusnble " / :

12.2 Installation: . .-

12.2.1 The insulating matenal should be poured into the
spaces and cavities to be insulated in a manner that
minimizes free-fall and impact. This will minimize crushing
and breakdown of insulation particles and the unnecessary
formation of dust, .

12 2 2 Pourable loose, fil 1nsu1at10n, which i is commonly
mstalled in conﬁned poowvy ventllated attic spaces, may
generate a bmldup of airborne dust. Inhalat1on ‘of dust can be
injurious to health. Refer to manufactirers 1nstruct10ns
regarding recommended installation practices.

13. Keywords N
13.1 loosg filly thermal insulation; thermal ‘resistance;
vermiculite; water repellency

The Amerlcan Society for Testlng and Materla/s takes no pasition raspacting the validily of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determinetion of the validity of any such
patent rights. and the risk of Infrlngement of sUch rlghls, are enr/rely théir own responsrbmty .

o This. standard is sub/eet to rayision. at any time by the responsible technical committee and must be reviewed every five years and -

I not revised; aithar reapproved or withdrawn. Your comments are invited elther for revision of this standard ar for additional standards
and should be addressed to ASTM Headquarters, Your comments will récelve careful consideration at' a meeting of the rasponsible
technical committee, which you may attend. If you feel that your comments have not received a fair hdarlng you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbar Dnve, West Conshohiocken, PA 19428.
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QH]}V) Designation: C 518 - 91

Standard Test Method for

Steady-State Heat Flux Measurements and Thermal
Transmission Properties by Means of the Heat Flow Meter
Apparatus’

This standard is issued under the fixed designation C 518; 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 reapprova] A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval. ; L

This standard has been approved for use by agenctes of the Department of Defense. Consult thé'DoD Index of Specifi catzons and
Standards for the specific year of issue that has been adapted by the Department of Defense. ) }

INTRODUCT ION .

This test method presents a comprehensive assemblage of information and requirements on the
complex problem of the measurement of the thermal transmission propertles of insulations using
a heat flow meter apparatus. For convenience, it is organized in four major parts:

General Considerations (Sections 1 through 6) ‘ ‘
Apparatus and Calibration (Sections 7 through 9)
Test Procedures arid Repoit’ (Seetlons 10 through 14)
Annexes (Al and A2)
This test method shall be used in conjunctlon with Practice C 1045,
Many advances have been made in thermal insulation technology, both in measurement
. techniques and in improved understanding of the principles of heat flow through such materials.
These advances have prompted revisions in the conceptual approaches to the measurement of the

thermal transmission properties, see References (1), (2), (3), and (4).% All users of‘ this test method

- should be aware of these concepts.

1. Scope

1.1 This test method covers the measurement of steady'

state thermal transmission through flat slab specimens usmg;
4 heat flow meter apparatus.

1.2 This is a comparative (or secondary) method of
measurement since specimens of known thermal transmis-

sion properties must be used to calibrate the apparatus. Prop-

erties of the calibration specimens must be traceable to an
absolute measurement method, and should be obtained from
or traceable to a recognized national standards laboratory. -
1.3 The test method is applicable to the measurement of
thermal transmission through a wide range of specimen prop-
erties and environmental conditions. The method has been’
used at ambient conditions of 10 to 40°C with thicknesses up
to approximately 250 mm, and with plate temperatures from
—195°C to 540°C at 25 mm thickness (Refs. (5, 6)).

1.4 This test method may be used to characterize material

properties which may or may not be representative of actual
conditions of use. Other test methods such as Test Methods
C 236 or C 976 should be used if needed.

1.5 To meet the requirements of this' test method the

" 1 This test method is under the Junsdlctton of ASTM Committee C-16 on
Thermal Insulation and is the direct responmblhty of Subcommmee C16.30 on
Thermal Measurement,

Current edition approved July 15, 1991. Published September 1991. Orlgmally
published as C 518 - 63T. Last previous edition C 518 ~ 85,

' 2 The boldface numbets in parentheses refer to the list of references at the end

of this test method,’
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thermal resistance of the sample must be- greater than 0. 10,

K- mz/W in all directions.

.1.6 It is not practical in a test method of this type to try to
establish. details of construction and’ procedures to cover all
contingencies that might offer difficulties to a person without
pertinent technical knowledge. Thus users . of. this test

method shall have sufficient knowledge to satisfactorily fulfill.
their needs. For example, knowledge of heat transfer princi-:

ples, low level electrical . measurements, and general test
procedures is required,
1.7 Standardization of this test method is'not intended to

restrict in any way the future development of improved or.

new methods or procedures by research workers.

1.8 Since the design of a heat meter apparatus is not a:

simple matter, a procedure for qualifying an apparatus is
given in 7.8,

1.9 This. standard does: not purport to address all of the-
safety problems, if any, associated with its use. It is the re-.

sponsibility of the user of this standard to consult and es-
tablish appropriate safety and health practices and determine
the applicability of regulatory limitations prior to use,

2. Referenced Docuhients

. 2.1 ASTM Standards:
.- C 167 Test Methods for Thickness and Densny of Blanket
or Batt Thermal Insulations?

3 dnnual Book of ASTM Standards, Vol 04.06; N L '
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C 168 Terminology Relating to Thermal Insulating
Materials®
C 177 Test Method for Steady-State Heat Flux Measure-

ments and Thermal Transmission Properties By Means

of the Guarded-Hot-Plate Apparatus’
C 236 Test Method for Steady-Stat
of Bu1ld1ng Assémblies by Méans 6fa’
Box?
C 519 Test Method for Density of Fibrous Loose-Fill
Building Insulations®. . ; o -
C 687 Practice for; Determmatron efuthe, uThermaL Resrs
ance of Loose-Fill Building Insulation®* - -~

C 976 Test Method for,Thermal Rerformance of Bmldrn g

Assemblies by Means of a Calibrated Hot Box? v s
C 1045 Practice for Calculating Thermal Transmrssmn

Properties from Steady-State Heat Flux Measurement e

C 1132 Practice for Calibration of the Heat Flow Meter

Apparatus®

E 230 Temperature~E e &
for Standardized ‘Therm ocoupl '

E 691 Practice for Conductinig'an lntsHabdthtory Studs{ to
Determine the Precision of a Test Method® com

R f’ur{f
3. Terminology o

3.1 Definitions—The terms and symbols;are as deﬁrled in,
Definitions C 168 with exceptions included as. approprrate

3.2 Symbols and, Umts—-—Th‘ symhols used in thls“” st

method have the fo. ' wing srgmﬁcance.
thermal-condiictivity, Wy - X, -
thermal conductance, W/m2-K,
thermal resistance, m?- K/W
a=ycheat fluxg Wyim2por i - o -
heat ﬂow, W,

thickness of speciinen rmeasure_df altmg.;’z_i ~\a’.‘ch ‘
normal to isotheimal surfaces, 4m, i
mhedn temperatyre; Ky o ure, -
témperature diffsrence, K St
: defisity of the materidl asrtested, b
sensitivity;of-heat flow transducer: (W/mr )/V P
heat flow transducer output, V., ; S
i temperature: ofthotiplate-surface; !
"temperature ofrgald plate surface Reor
g XRS5 R )“'
4, Summary of Test Method~ IR o
# 4,1 The heatflow métér:apparatis estabhshes steady state
umdlrectlonal heat ﬂux through a test specrmen between tWO

RO >
i i

heat ﬂux transducer(s) «w1th
d by ‘measufement "of ' theplate
temperatures ‘and pldte ‘se“arauon, ‘Fouriers ldw’ of"héat
conductits 'is ‘uged’ t5" ‘caléulats b therral iconduetivity;
thermal resistance, or resistivity.

4.2 The accurate use of the test,method is limited, by-the
capability of the apparatus to reproduce unidirectional
constant heat flux density in the specrmehs,\\and by the
precision!in ¢ thig: measurement of temperature thwkness,

e
e oA

4 dnnual Book of ASTM Standards, Vol 14,03, =
S Annual Book of ASTM Stondards; Vol 1402, /v v H
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5. Slgmﬁcance and Use-~:

40 SCRE S T

L w e ‘.“‘14‘ S

EMF produced by heat flux transducer etc.

propertre, of specimens of a

given material or product mau (Iyvarydus to vanabﬂrty of

the composition of the material; (2) be affected by moisture

feangpt other conditions; (3) change W1th titriey (4) change with
differs

fe ire; and eiice, and (5)
depend upon “the ] pnor thermal hlstory It faust be recog-
‘,therefore, that JtHe selectlon “of typléal values of
al transmission propertles representatrve of a material
in a particular application should be based on a consider-

Gdtioi of these factors and will not necessarily apply without

modification to all service conditions. As an example, this

1 ‘«frsmf,sr-:;testrhlethod; provides:that the thermal properties shafl be
- Gbtaired on specimens that do nat.contain any free moisture
3ot rxaltheugh An -service::such-conditions may not be realized.

i Evenyimore basicds.the dependence,of the thermal properties

‘ xomyanables uch ;as; mean; temperature and temperature
i+ o difference:

‘hese dependencies should be measured or the
test made at conditions typical,of use.

. 5:3::8pecial ‘care -must .be:daken in the measurement

proceduie. for.: specimens /exhibiting, appreciable inhomo-

t- ,mgenemes anisotropies;: rigidity,: or. espe¢ially:;high or low
.oy Tesistance

heat-flow. (see Practice-C 1045),, Special consid-

: :::} {1 erations-, are. necessary when the measurements are con-
ducted at either:high or.low temperatures, in avacuum or in
hazardous gases.

5.4 The determination of the accuracy of the method. for
any glven test 15 a functmn of the apparatus desrgn of the

' D
thermal transmrssron propemes within 2 %:of those deter-
fiinéd By Test Meéthod.C 177 whén the ambient temperature
is’near the: mean temperature of the test (T’ (ambient) =
(mean) %£13C), and in:the range of 10 to 40°C. /-
54,1 Where certification ..of - measurement : by: this test

method is required, the apparatus shall haye the:capabilities

requrred m Z 8 and.one of the t‘ollowmg procedures must be

calibration factor i¥ stﬂl“ eat’er"than 1'% the dppardtus must
be calibrated using the procedure in Section 8.

5.4.1. 2 Where both the short and long term stabilities of
the apparatus have beeu ,prove i'to be better than 1'% of the
readmg, see 8.4, the apparatus may be calrbratecl at: less
fiequent ifitervals, not exceéding 30 days. The specimens so
tested cannot be certlﬁed until 4fter the cahbratmn following
the test and then’ only if ‘the change in calibration, factor from,
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the: previous calibration test is less than 1 %. When the
change in calibration is greater than one percent, test results
from this interval shall be- considered :void and the tests
repeated in accordance with 5.4.1.1. ;

5.4.2 The precision (repeatability) of measurements made
by the heat flow meter apparatus calibrated as in 5.4,1 arg
normally much better than +1 % of the mean value. This
precision is required to identify changes in calibration and is
desirable in quality control applications. :

6. Limitations to Test Method

6.1 Limitations Due to Apparatus;

6.1,1 The apparatus shall not be used at temperatures,
thicknesses, or resistances, other than those within the range
of the calibration, unless it can be shown that there is no
difference in accuracy,

6.1.2 The apparatus must be capable of mamtammg at
least a 10°C temperature difference across the specimen for
the duration of the test, unless a smaller ATisa requ1rement
of a particular test. ‘ ,

6.2 Limitations Due to the Speczmens

6.2.1 The specimens under test may also limit the use of
the test method and these hmltatlons are outlined in: Pract1ee
C-1045. ‘ ,

7 Apparatus

7.1 The construction details given in th1s section should
be understood by the wuser of this test method, While it is
mandatory that these details be carefully followed when
constructing an apparatus, it behooves the user to verify that
the ‘equipment was built as specified. Serious errors of
measurement may result from this oversrght

7.2 General: . ' ‘

7.2.1 The general features ofa heat flow meter apparatus
with the specimen or the specimens installed are discussed in
Annex Al. A heat flow meter apparatus consists of two
isothermal plate assemblies, one, or more heat flux trans-
ducers, equipment to measure and control temperature,
thickness, and the output of the heat flux transducers. and
equipment to control the environmental conditions when
needed. Each configuration will yreld equlvalent results if
used within the limitations stated in this test methad. There
are distinct advantages for each method in practice and these
are discussed in Annex Al.

7.2.2 The workmg surfaces of the plates and the heat ﬂux
transducer (that is, the. surfaceés making contact with thé
spec1mens) shall be painted or otherwise treated to have a
total hemispherical emittance of greater than. O 84 at oper-
atmg temperatures (Note 1). . .

Notg ]-—Hard anodizing of alummum Jproduces a surf‘ace with a.
total hemispherical emittance of approximately 0,85. Several paints are
available which when applied as d1rected produce a total hemlsphencal
ermttance of approx1mately 0.86. ‘

1.3 Plate Assemblzes -Hot ana’ Cold—The two plate

- assemblies provide isothermal surfaces in contact with either
side, of the test specimen. The assemblies consist of heat
source or heat sink, a high conductivity surface, means to
measurg surface temperature, and means, of support, A heat
flux transducer may be attached to one, both or neither plate
assembly, ‘depending upon the design. In-all cases.the area
defined by the dimensions of the heat flux transducer- is

il

called the metering area and the remainder of the plate is the
guard. area.

7.3.1 The portion of each plate assembly in contact with
the heat flux transducer, or if a heat flux transducer is not
mounted on the plate assembly, the portion in contact with
the sample, shall consist of a high conductivity material,
usually metal, known as the isothermal plate. The isothermal
plate shall be supported so as to minimize temperature
gradients across its surface. For a 2 % total uncertainty,
deviations from isothermal conditions over the plate surface
of no more than +0.5 K. shall be allowed.

7.3.2 A means shall be provided to maintain the temper-
ature of the isothermal plates at the desired level. Examples
are fluid baths, electrical heaters and combinations of these
(see Refs (7, 8, 9)).

7.3.3 If a heat flux transducer is mounted at the midplane
of the specimen then means shall be provided to determine
the average temperature of the transducer in order to apply
temperature corrections to the calibration, except when test
temperatures are equal to those used in calrbratlon, in which
case no correction is required.

7.3.4 Means shall be provided to measure the temperature
of the surfaces of the heat flux transducer or plates'in contact
with the specimen. - - ‘

7.3.5 The surface plates shall be sufficiently rigid to
maintain flatness and parallelism to within one-tenth the

accuracy required of the final result. For measurements on

non-rigid materials and an allowable total uncertamty of
+2 %, a flatness and parallelism of 0.2 % of the maximum
linear dimension of the heating unit is thus required (Note
2). One recommended way to check’ this is to generate a
L-map over the metering area, This is drscussed fully in Ref
(10). . ,

NO’I‘E 2—The planeness of the surface can be checked with a
straightedge, of a length greater than the width or diameter of the unit,
held apainst the surface and viewed with a light behind the straightedge.
Departures as small as 25 um are readily visible, and larger departures
¢4an be measured usmg shlmstock or thm paper.

7.3.5.1 The parallelism of the plates must be maintained
for séveral reasons.-In most cases it is the plate separation
which is measured in order to determine specimen thickness.
Furthermore - the plate parallelism is important in . main-
taining consistent surface contact with specimens in repeat
testing (such as. calibration), and is required to- maintain a
uniform témperature difference across the specimen(s).:

- 7.3.6 .The rigidity, flatness, and parallelism of the plates
may impede the testing of rigid specimens where it is not
possible to obtain good surface contact. In such cases the use
Qf a thin sheet of suitable homogeneous material may-be
interposed between the specimen. and the plate surfaces. This
thin sheet should have a low thermal resistance relative to
the specimen. The resistance of the thin sheet should be
determined using.a Test Method C 177 apparatus.  The
resistance of the composite sandwich (sheet-rigid specimen-
sheet) is.then determined and.the value of the sheet
resistance (determined in a separate test) | subtracted from the
total resistance measured, ‘
7.4 Temperatyre Measurmg and Conz‘rol Systems

- 1.4.1. Any proven . device possessing adequate accuracy
may be used for measurement and control: of the tempera-
tures'in the.apparatus. " .00 0 - oy C
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7.4.2 ‘Surface temperatiires are oftefi meastired by perind-
nently mounting temperature sensors, such as thermocou
ples, RTD’s or thermistors, in grooves or ﬂush Wlth the
working surfaces on both plates i

7.4.3 Miny emstmg systems utilizé @ mihimum of two
temperature sensors to determine the average temperatire of
each isothermal sutface. However, to deteimine the dctual
surface temperature variations under typical operating cotfi-
dlttons, the teriperature must be sampled at cons1derably
more than two points. This is especially true when the
specimen surface temperature itself must be measured or
when the specnnen is h1gth mhbmogeneous. Therefore, no
sirict spe01ﬁeat1on is given as to the number ‘of temperature
sensors that miust bé uised for each suiface. However, the user
must report the uncertainty of the temperature measure-
ment, including “the component,’ due to’ temperature
nonuniformity dcross the ‘surface.” This' determination is
probably best done with a multljunctlon thermocouple in
ad-hoc expenments and not part of every measurement. (See
Ref (10).) In some cases where temperature mapping of the
plate surfaces has indicated high uniformity, under all condi-
tions of use, one thermal sensor pet surface has _been
satisfactorily used.

7.4.3.1 Special precautions should be taken to ensuie that
the temperature sensors are thertnally anchored to - the
surface to be measured and that the temperature gradlents
along the wires 1ead1ng to the sensors aré miinimized, Tf
SeNsOrs on Opposing sutfaces are connected dlfferenually,
they imust be electrtcally insulated from the plates with a
résistance of IM€ or greater (11, 12).

7.4.3.2 Thermocouples mounted in the surfaces of the
plates stiould normally be made of wire not larger than 0.51
mm in diameter (No. 24 B & S gage). Thermacouples placed
agdinst or set into the surfaces of the,specimen‘s should be
made of w1re 1ot larger than 0.25 mm in diameter (No. 308
& 8 gage) ‘For information cohcerning sens1t1v1ty and
accuracy of thermocouples ih the cryogenic temperature
range, and installation, see Refs (6) and (13).

7.4.3.3 Temperature sensors should be calibrated to an
acclracy equivalent to that for thermocouples conforming to
Tables'E 230. The témperatute measuring system shall have
an' equivalent ‘acouracy. The precision of the temperature
nieasuring system may neéd-to: be better: than this to detect
the effect of drift on the results as discussed in 7.9: Tables
E 230 lists both' “statidard” and “$pecial” limits on the
aceuracy of thérmocouples: The aceuracy tequired by 4 heat
flow meter apparatis ¢an best be determined by carrving out
an’ error analysis (see Séction-9), dnd theti cahbratmg the
temperature sensors to thie degree tequired. =

7.3 Heat Flux Trovisdicer-—The heat flux: transducer isa
devme including both the metermg and guard areds which
measures heat flux by sensing ‘the ‘temperatire difference
across 4 ¢ore of appropnate thérmal resistance and thermal
stability. The: metering ared tisually cofigists of & number of
differeritially connected temiperatiué sersors placed o ‘ach
face of thé core amd surface sheets to protect the assembly.
The guard area is usually constructed of the same material as
the core. A" propeﬂy designed ‘transducer will havé a sensi-
tivity - that is™ essentlally mdependent of the' spectmens
thermal propeértiés (14, 15).

7.5.1 Types of Heat Flux Transducers—The type of heat

flux trarsducer deseribéd in this test -rigthod 'is called a
gradlent type This type’ éonsists -of 4 slab of matetial, the
“core,” acrdss Which thie’ temperature gradlent 1s measured
normally with a thermopilé.- - =+ - :
7.5.2 - Temperature Difference Detectar—The temperature
difference ‘dctoss the core niatétial shall be medsuted with a
sensitive stable température detéctor. The. main transducer
surfaces are asstimed to be isothermal, 'so that heat flow will
be normal to them, Précautions must be taken to limit the
effect of heat flow through the leads on the output of the
temperature difference detectot. Often the heat'flux trans-
ducer is also instrumented to!measure' one-of the surface
temaperdtures. of the specimen(s). ;

7.5.3: Surface Sheets—To prevent damage to the temper-
ature differencé detector that will affect its calibration, both
surfaces shall be covered with a layer of'material as thin‘ asis
compatible with protection. from thermal shunting of the
temperature difference:detector wires. The working surfaces
of the heat flux ‘transducer:.shall be smoothly finished to
conform to the des1red geometnc shape to w1th1n the limits
of 7.3.

- 7.6 Plate Separatzon, Speczmen Thzckness—A means
shall be provided: to detérminé the average separation
between the heating and cooling plate surfaces duritig
operation. Rigid specimens generally act as the spacers
themselves and plate separation is determiiiéd by' their
thickness at operating . temperature: In this case a small
constant force is generally. applied to hold the plates against
the specimer; It i5 unlikely that a pressure gréater than 2.5
kPa (approximately 50 Ibf/ft?) will ‘be required. For easily
compressible specimens; small stops interposed between the
corners of the hot and. cold plates,; or some other positive
means shall be used to limit the compression of the
specimens,” (Note-3). Provision must be:made for checking
the linearity of any thickness measuring: system

NO'I'E 3-Becausé' of the changes of specm:len thtckness poss1b1e asa
result of température of compréssion by the ‘plates, it is recommended
that specimén thicktiess be measured in the apparatus; at the existing
test temperdture. and compression conditions whenever possible.

1.7 Edge Insulation—THeat loss from 'the outer edges ‘of
the heat flow meter apparatus and specunens shall be
restricted by edge insulation or by governing thé surroundmg
ait” temperature or by both methods. The three " different
conﬁgurahons differ in their sensitivity 1 0 edge heat Tosses as
1s discussed in AnnexAl @, 4, 16).

"7, 7 1 For 'all thréé onﬁgurauons the sensmwty to ‘edge
heat " losses s tljongly telated 10 the sens1t1v1ty of the
transducer to témperature differences along its hiain surfaces
and therefore only experimental checks while changing
environmiental conditions can confirm, for each operating
condition, the magmtude of the effect of ‘edge tieat losses dh
meisured heat fiix, This error should be smaller than 035 %.
An approximate guideline is to mainfain power lost thtough
thie: edges below 5 % of the power ﬂowmg through the
speclmen

7.8 MeaSurmg System Requzrements Sor Certzf cation-=

' When -the apparatus is used for’ocertification testing, ‘the

166

measuring system’ shall havé the following capabilities:

' 7:8.1" The accuracy of the-ihedsirement of the ternpeia-
ture difference across the speciteiis shall be within +0.5%.
The aceuricy of the measurement of the output from the
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heat flux transducer shall be within 0.6 %.

7.8.2 A voltage sensitivity of better than 0.2 % of the
minimum output (from the transducer) to be measured.

7.8.3 Sufficient linearity so that it contributes less than
0.2 % error at all outputs.

7.8.4 Sufficient input impedance so that it contributes less
than 0.1 % error for all readings. One megohm has been
found adequate for many apparatuses.

7.8.5 Sufficient stability so that it contmbutes less than

0.2 % error during the period between calibrations, or 30

days, whichever is greater.

7.8.6 Adequate noise immunity so that less than 0.2 %

rms noise ocewrs in the readings.

7.8.7 Where direct readout equipment is used, adequate
provision shall be made for calibration of the electronic
circuitry, independent of the remainder of the apparatus, and
shall contribute no more than 0.2 % error, for each variable.

7.9 Proven Performiance—Any heat flow meter apparatus

that is new or has been modified must be tested for the

following characteristics and corrections shall be made where
a change of greater than one percent occurs in the transducer
output due to the effects of 7.9.1 to 7.9 over the range of
operation and are recommended for changes of 0.3 % over
the range of operation.

7.9.1 Zero Offser—If there is any output from the trans-
ducer for zero heat flux, this may be due to;

7.9.1.1 Electrical contact resistance on a transducer with

low output; improve connections to eliminate the problem as’

this type of output may be temperatuire dependent.
7.9.1.2 Also check grounding circuits “because such a

signal may be due to AC pickup in the leads from the’

transducer. If after checking 7.9.1.1 and 7.9.1.2 there is'still a

zero off-get, it may be possible to correct for this by assuring "
that the calibration curve of output versus heat flux is lmear

over the range of operating conditions.

7.9.2 Sensitivity to warm or cold plate temperature non-"
uniformity. Check for temperature non-uniformity under all ;

operating conditions.

7.9.3 Drift in the transducer due to material aging or‘u
, delamination. This can be used to determine the requxred ‘

calibration frequency.

7.9.4 Temperature coefficient of the transducer sens1~ j'

t1v1ty, as this depends on the type of temperature detectors

used in the temperature difference detector (thermocouple'f
materials used in the thermopﬂe) and the type of material”

used for the transducer core, If it is found that the sensitivity

is temperature dependent, a curve of sensitivity versus

temperature shall be developed and used to correct measure~

ment data.

7.9.5 Heat flow down the leads. One possible way 10"

check for this is to move one’s hand across the surface of the
transducer between the metering area to the point where the
leads exit the plate assembly, while observing the transducer
output, In a well designed plate or transducer assembly there
should be no observable output from the transducer except
in the metering area.

7.9.6 Efféct of the thermal conductivity of the specimen
on the sensitivity of the transducer. A “thermal shorting”
effect between elements caused by low thermal resistance
between the sensors of the thermopile or a funneling of heat

through the sensors can change the sensitivity of the meter..

This can best be tested by running specimens with known”

widely different thermal conductivities.

7.9.7 Effect of loading pressure on the transducer sensi-
tivity, if the transducer core is flexible, _

7.9.8 The test results obtained by this method can only be
assured if the limitations of the apparatus are known., To
establish the limitations, one must prove the performance by
comparing the results with materials of similar thermal

properties previously tested on a guarded hot plate apparatus:

as those to be evaluated.
7.9.8.1 A single point of reference may lead to serious
errors. It is best to select a range of transfer standards having
known thermal transmission properties which cover the
range of values to be tested, in both resistance and thickness.
7.9.8.2 If the apparatus is to be used at thicknesses greater
than that of the available reference materials, a series of

calibration measurements must be performed to insure that

the equipment does not introduce additional errors which
may be due to lateral heat losses or gains brought about by
insufficient guarding (4, 17).

7.10 Environmental Control—In many applications, it is
desirable to control the environment surrounding the test
specimen to reduce edge heat losses and. it is especially
important if the mean test temperature must be below the
ambient temperature, in order to avoid condensatlon on the
cold plate.

7.10.1 A cabinet or enclosure surrounding the heat flow
meter assembly to maintain the ambient temperature at the
mean temperature of the specimen may also be used as a

means to maintain the dew point temperature at least 5 K
lower than the temperature of the cold plates, that will
prevent condensation and moisture pickup by the specimen.
This is required when conducting tests at mean temperatures -

substantially lower than the laboratory air temperature.
7.10.2 Any environmental control system employed in
conJunctlon with a heat flow meter apparatus shall be

capable of maintaining its set point condmon within +1°C 1n‘§

temperature, and +2 % in hum1d1ty

8. Calibration

8.1 The calibration of & heat ﬂow meter apparatus is a’
very critical operation. Since lateral heat losses or gains of-

heat are not automatically controlled or eliminated, but only
lessened by increasing the size of the guard area and edge
insulation, there is no guarantee that the heat losses or gains
are negligible under all testing conditions. To ensure that the
equipment is performing properly with specimens of dif-
ferent thermal resistances, the apparatus must be calibrated

. with materials having similar characteristics as the materials

" . to be evaluated.

8.2 See Practice C 1132,

9. Error Analysis

9.1 A complste error analysis is complex, However, it is
mandated for compliance with this test method. The per-
formance of this analysis involves consideration of:

9.1.1 Estimates of errors in each individual measurement
procedure and propagation of these errors to the final result,

9.1.2 Measurements to determine apparatus sensitivity to
intentional deviations from normal operations, and
- 9.1.3 Measurements on referenice materials and participa-

167
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tion in found-robin programs.~ - .} R

9.1.4 For a more complete discussion: of thlS error analyms :

the redder is directed to Test Method. €177, and Ref (10).
9.2 To illustrate a procedire of-ertor analys1s estimation,; |
cons1der the operatronal deﬁmtlorr of thermal conductwrty

The uncertamtles m Q 2 L an AT((‘SQ 84, 6L and 6AT)
can.be used:to form !the; uncertainty SX by:the usual error
propagation formula where the total uhcertainty is caleulated-
from: the: square root of the sums of the squares of  the
mdlvrdual standard deV1at1ons Co \

s ‘(5Q/Q)2 + _aA/A)z ¥ jijlﬁ‘l(aar/mz .
This equahon assumes rthat the errors dn Q A, etc, are
random and independent-of each other since the: icovariance:;

terms are omitted. This: is valid here if drfferent ingtrumens

tatiod is. used for-medsiremerits -on each of the variables.

9.2.1 An alternative. approach ‘'whichgenerally leads to a
larger calculated uncertainty, is to sum the: upper limits oﬁ
the individial uncertainties’ (10) : o

19:2.2 Careélmust be taken tor properly evaluate all of the
ufice ainties in the variables @ 4, etc. For example, the
ob‘nous SOuré 3o error i Q) dre those edusing extrancous:
transverse Hédt flow” alony’ leads and dévidtions froth - one
dimensional heat. flow. However, an often neglected but’
1mportant quasr-h Teak'i 18’ that‘ caused by @' temperature

4

n, m]c
A
LB

roduacc'f,
9 3 Numerous expenmentsw;

m it
with the probable dewatlon ‘under normal operatmg condl-
tions can be used to estimate the error from this source, As;:
one example, the effect of, 1mperfect guard, balance . con;crpl
can'be determmed; by purposely oﬁ"settmg the guard (if thig i Is,
possrble) by. g su orent ATin both d;rreotlon_s and measun‘
the drfferences m the measured output o i

19:3.1 Care. should be taken to. not uisg such. large offsetsijf
that nonhnear effects occur in t pecrmens These results

combined w1th he probable ’value of the offset durmg

T IRIT . . [T
Lol e e R

ESLE

o . ‘

norrnal operatron yreld the error due 1o 1mperfect guardh

balance. - G g

9.4 Finally; measurements should be performed ;O AC-,

cepted reference materials, if available, to qualifysthe appa-

ratus. Care should be taken here to ensure that the reference -

materials-have- characteristics similar to the specimens to be
measured; and that the ‘uncertainties of the standards them-
selves are known.

-9,5, The total estlmated 1rnprec1s1on can be hsted in a table
of errors sych as shown in.Table 1. This- table is shown as an
example only and does not represent any one partl,cular heat

rrrrr

apparatus

i d

10 Test Procedures

10 L Foreword on Testmg Procedures—-—The srmphcny of
th1s test procedure may lead one to overlook very 1mportant
factors which qmay , affect the results, T 0 ensure. accurate
measurement, the, operator must be fully mstructed in,, the

operation of the. equrpment\ Furthermore, the equrpment‘

rnustvbe properly calibrated wrth reference. matenals havmg
similar heat transfer characterrstms, lt is also necessary that
the spec1men be properly prepared for the evaluation.

10.2. Sampling and, Preparation. of Specimens:

10.2.1 Test Spec mens—One or two—plece spec1mens ‘may
be used, dependmg on the, conﬁgurahon selected for the test.
Where two pieces are, uséd, they shall be selected from the
same samplew,t ‘He essent1ally identical in constrygtion,
thlckness, and ﬁsrty For loose ﬁll matenals, the method
specrﬁed jn the matenal spemﬁ,catron Or in: Practme C 687
shall be used‘to produce a specrmen or specrmens of the
desrred densrty SN

102 2 Selectlon of ‘Speczmens-——The spemmen or _speci-
mens shall be of such size as 1o, ¢co t the heat flux
trapsduger,. cold plate and warm plat sur aces and 'ghiall

erther be. of the actual thrckness to e apphed or of sufficient.
thrckness to glve a true average representatron of the material ‘
to,be tested..;

ml,O 3 Speczmen Condztzonm/g_Detmls, of the speo1men
selection and cond1t1on1ng dre preferably spec1ﬁed in the
matenal specrﬁcatron. Where such specrﬁcatlons are not

ange the 5 ‘ecrmens in an

.i,TABLE 1 | Estlmates of Random’and Systemahc Errors at Room Temperature

‘Absolute Varlatlons S e . ...y iy Percent Varations
Variable ! BRATS . )
11 Bystematior Random; . Systemaﬂe
Mean Temperature, T 10,0078 50 0.07
AT e, 0§04 i Bt © 040
. jAL : y PRNIPS 040 RN
Transduger ared " : TR i
"Heat filix! 7 - ST e ! RERS i T
drift.iv i " 0.2 R
lateral 0.2
" callbratlon 0
e Temperature e v
RN drift * ' . 0.01 ;0,01 )
‘calibratlon : P i K - .0 04: ipoen
e . 0.2.mW/m-K 0.3 mw/mK 04 06 ﬂ

‘t‘ matenals shall not e
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period of time until less than a. 1% welght change 1s

observed.
10.4 Measurements on Specimens:

10.4.1 Blanket and Batt Type Materials—When spcc1ﬁcd

the test thickness of blankets and batt type materials shall be
determined before testing in accordance with Test Methods
C 167, provided that good contact is maintained between the
specimen and the isothermal plates.

10.5 Limitations on Specimen Thickness:

10.5.1 General-—The combined thickness of the specimen’
or specimens, the heat flux transducer and any damping
material, which in total equals the distance between the cold’
and hot plates, must be restricted in order to limit the effect
of edge losses on the measurement of heat flux. The edge
losses are affected by the edge insulation and the ambient
temperature, so the requirements on both the these parame-
ters must be met as well.

10.5.2 Maximum Spacing Betwéen Hot and- Cold
Plates—The maximum allowable distance between the hot
and cold plates during the test; is related to the dimensions of
the heat flux transducer, the heat metering area, the width of
the non-metering plate, the construction of the' heat meter
apparatus, and the properties of the specimen, No suitable
theoretical analysis is available to predict the miaximum
allowable thickness of specimens. It is possible to use the
results of an analysis for a similarly sized guarded hot plate as
a guide (8, 18).

"y

11. Procedure of Measurement

11.1 Temperature Difference and Gradieni—For any test,
make the temperature difference across the specimen not less
than 10 K. For specimens that are expected to have a large
thermal . resxstance, a larger temperature dlﬂ“erence in the
specimen is recommended. The actual temperature differ-
ence or gradient is best specified in the material spemﬁca—
tions or by agreement of the parties concerned.

11.2 Edge Insylation—Wrap the edges of the spec1mens
with the required thermal insulation to reduce edge heat
losses to an acceptable level (see 7.7).

11.3 Sentling Time and Measurement Interval—Check for
thermal equilibrium by observing and if possible recording,
the mean temperature and the emf output of the heat flux
transducer, the mean temperature of the specimens, and the
temperature drop across the specimen. Make observations at
time intervals of at least 10 minutes unless experience has
shown that a shorter time interval may be used until five
successive observations yield values of thermal conductance
which fall with one-half percent of their mean value, For
high density specimens (o > 40 Kg/m?) or for low conduc-
tance specimens (C < 0.05 W/K-m? the time between
readings may have to be increased to 30 minutes or longer
(19). If the five readings show a unidirectionally increasing or
decreasing trend the data is suspect and additional sets of
readings shall be taken.

12, Calculation

12.1 Density and Change in Mass—When required, cal-
culate the density of the dry specimen as tested, p, the loss of
mass due to conditioning of the material, and the mass
regain of the specimen during test.

12.1.1 Density of Batt and Blanket Specimens—It has

169

been found that in characterizing the thermal performance’
of low density materials it is important to measure the mass
of the specimens in contact with the heat flux transducer
metering area. For thesé materials, the area of the specimen

directly measured must be cut out and its mass determined’

after testing, This procedure is desirable for all specimens.

12.2 Thermal Properties for One Specimen—When only
one specmnen is used, calculate the thermal conductance of
the spe01mens as follows: .

C=8-E/AT

and where applicable, calculate the thermal conductlvny, as

follows: .
: : ‘ k S-E-(L/AT)
12, 3 Thermal Properties for Two Speczmens—When two
speciinens are used, caloulate the total thermal conductance
C, as follows:

C=S-E/(AT, + ATy)

The A factor, that is, the average thermal conduct1v1ty of
the specnnen is calculated as follows: ‘
g _SE.L+L, .
wve =T AT, + AT,

where the subscrlpts refer torthe two specimens.

12.4 Other derived thermal transmission properties may
bé calculated but only under the provisions given in Practice
C 1045,

12.5 Thermal Propertzes Jor Two T mnsducers—All pert1-
nent specifications of 12.2 apply on this configuration,
provided:S-E will be replaced by (S’ - £" -+ S”4 E”)/2, where:
the superscripts * and ” refer to the first and second heat flix
transducer, respectively. : ‘ L

13. Precision and Bias

13.1 The precision and bias of this test method cannot be
stated. quantitatively. for all dpparatus variations and test
conditions. However, it is mandated that for compliance
with this test method, any result must be accompanied with
its uncertainty. Further details on doing this are given in
Section 9.

13.2 It should be noted that the only statistically valid
procedure to determine uncertainty is to force all sources of
systematic bias to be exhibited as random errors and then
uncertainty can be directly estimated from imprecision.
However, this is impractical since it involves variation of all
measurement variables (Global set) and cost constraints
make this impossible. For example, this implies the repeti-
tion of an experiment with differently calibrated thermocou-
ples, different sizes and configurations of the apparatus,
different operators, different environment, differently cali-
brated instrumentation, etc. For any one given apparatus a
careful error analysis as outlined in Section 9 will, in most
cases, show up any major difficulties, which may need
correcting in order to improve the measurement accuracy of
the heat flow meter apparatus.

13.3 A series of three round robms was conducted be-
tween 1976 and 1983, as reported by Hust and Pelanne (21),
and employed low density fiberglass specimens from 2.54 to
10.2 cm thick with densities ranging from 10 to 33 kg/m3. A
total of twelve laboratories was involved in these studies. The
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imprecision, at:the two standard deyiation:level, was found:
to vary from, 1 92 % to 3 54 % betwee 4 on
cm.: : e g
13,4 Inter-laboratory i ; : 3,
laboratones under; the National- Voluntary naboratory Ac-.
creditation Program is currently showing an.imprecision of
2:12 %, at the tworstandard deviation:level, based on'testingof
similar:butnot identicak specimensi.-, | .y ,
13.5 A round robin, conducted in 1987 was reported by:
Adams and Hust with eleven participating laboratories
testing a fiberglass blankét and several types of loose-fill
itfsulations’ (22). Thebldriket ifisulation’had an: 1mpreels1oni
of 3.7 % at the two standard deviation level. The loost-fill
imprecision was foundto be 310 % for different materials at
the. two, standard deviation level. It has been suggested that
the, prmcnpal cause for the s1gn1ﬂcant drtferences obsé ed‘
was the various sample preparatlon techmques use b
various laboratortes ;

14. Report o “ i

14.1 The report of the results of ¢ach test shall mclude the
following information with:all data to be reported in both SI
and inch-pound units unless specified otherwise:

14.1.1 Name and any otheripertinént 1dent1ﬁcat10n of the
material including a:physical descrrpnon

14,1:2 -Description of the specithen and its relatlonshlp to;
the sample, mcludmg 2 bnef hrstory of the specunen‘ if
kriown. 4

444,13 Thlckness of the spec1men as recelved and: as
tested In: &itwo plece spemmen conﬁguratron thrs,rs the
thickness ofione piece oiily. . R RITURY

14.1.4 Method and envrronment used for condrtlomng, iff
used.

14.1.5 Density of the condrtroned specrmen as tested
kg/m?.

14,3165 Mass'108s of the specimen: dunng condltlomng and
te‘s‘tr Y in percenitage: of conditioned mags, if measured.
1417 -Mass régain’ offhie specimen: during 'test; in per-

cetitage of condttmned’“'ass 1t‘measuredn“ oo AT

L ¥ g : N T

ik g

i14.1,8.-Avgrage, temperature, gradient, in the specimen
durmg test as computed from the temperatures of. th, . hot
and cold surfaces, K/m.., , ..

14 1 11 Therma eonductance, W/m2 ‘K. .
14.1,12 Orientation and pos1t1on of the heat, meter appa-
ratus during test,(verucal honzontal etc) and whether the
meter was against the hot or cold surface, of the spemmen ahd

whether the, edges. of t e spec1men(s) were sealed or open to

the amblent. " .
; :,14 113 Duratton of the measurement pomon of the test
min or h, IR T

14 1 14 For loose ﬁll matenals report the sample prepa.ra—,
t1on followed Ain

14.1.15 Date of the test the date of the last heat meter
calibration, and;the.type or types of. materrals used, .

Cie. For certrﬁc ion testing only, the specimens used
1n cahbratmn r,rrust b ,vtdent1t"1ed as to., the type, thermal
res1stance, ,date of specimencertification, source of certifica-
tion, expiration date of cahbrstxon and’ the cemﬁcatlon test
number.

14.1.17 Statement of Comphance or, where circum-
stances or requlrements preclude complete comphance with
the procedures of the test, agreed exceptrons A suggested
Wordmg is: “This test conformed with all requrrements of
ASTM C 518 — ____ with the exception of (a complete list of

exceptions follows).”

14 1,18 For chrect readmg apparatus, the results of the

'eanty re mrements
; ,ated uncertainty in reported
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ANNEXES
(Mandatory Information)

TABLE A1.1 Limits of Error for Thermocouples
Note 1—Limits of error in this table apply to new thermocouple wire, normally in the size range 0.256 to 3 mm in diameter (No. 30 to No. 8 Awg) and used to

temperatures not exceeding the recommended limits of Table 2, If used at higher temperatures these limits of error may not apply.
Note 2—Limits of error apply to new wire as delivered to the user and do not allow for calibration drift during use. The magnitude of such changes depends on suoh

factors as wire size, temperature, time of exposure, and environment.
NoTe 2—NoTe 3—Where limits of error are given in percent, the percentage applies to the temperatura being measured when expressed in degrees Celsius, To

determineg the limit of error in degrees Fahrenhelt multiply the limit of error in degrees Celsius by 9/5.

. ~ Temperature Range ) Limits of Error-Reference Junctlon 0°C (32°F)
Thermo- i ~ i
couple . . _ Standard _ Special
Type c . °F °C oF “ °c oF
B . (whichever is greater) (whlchever is greater :
T 0 to 350 3210700 +1 or £0.75 % " MNote3 +0.50r 0.4% Note 3
J 0 to 750 . 32 to0 1400 +220r+075% | o +1.10r0.4% )
E 0 to 900 . 32 to 1600 +1,7.0r £0.5 %: o S +1.0r 04 % ) G
K 0 to 1250 32 to 2300 +2.2 or £0.75 % +1.10or+04% .
RorS 0 to 1450 32 to 2700 +1.8 or £0.26 % ) o +080r+01% O -
B 870 to 1700 1600 to 3100 +0.5% —
TA -200to 0 —328 to 32 =1 or %1.5% o 8
EA —200t0 0 -328t032 . H7orxln T C B
KA -200t00 . ~ . —328t032 . . . +220r 2% R coe Bl

4 Thermocouples and thermocouple materials are normally supplied to meet the limits of error speclfled in the table for temperatures above 0°C. The same materials,

however, may not fall within the sub-zero limits of grror given in the second section of the table. If materials are required to meet the sub-zero limits, the purchase order

must so state. Selection of materials usually will be required.
B Little Information is avallable to justify establishing special limits of etror for sil-zero temperatures Limited experience suggests the following timits for Types E and

T thermocouples; . oo . - . -
Type E —200 to 0°C £1°C or £0.5 % {whichever is greater) " T g : S
Type T —200 to 0°C £0.5°C or :+0.8 % (whichever is greater) R R S s
These limits are given only as a guide for discussion between purchaser and supplier. [

Due to the characteristics of the materlals sub-zero limits of error for Type J thermocouples and specml sub-zero limits for Type K thermocouples are not |ISted i

A.2 Response of Heat Flux Transducers - S ‘ A2.2 Time Responses of Heat Flux Transducers:

A2.1 Configurations—The general features of a heat flow A22.1 High Thermal Resistance Transducer—A. trans-
meter apparatus with the specimen or the specimens in- ducefs WIth. a hlg\l’{,;henﬁ,al, ressstance 1s generally .'used n
stalled are shown in Fig. A2.1. A heat flow meter apparatus - ‘Chon 1guration a. ’ en t f_e Epemn:ens darehprec&ndstll oned o
consists of two isothermal plate assemblies, one or more heat ‘t e rlleleanf gn;ﬁeﬁa 1t1r €0 ‘tde telsi arfch when the.p z}iltes are
flux transducers, equipment to measure and control temper- -+ capapre of Hoth nealing and coong the speclmen, the ume
ature, thickness and the output of the heat flux transducers 'response of a high resistance transducer will be more rap1_d

nd e uipment to control the environmental conditions than a comparable guarded hot plate apparatus. However, if
a quip , . . the heat flux transducer has appremable mass the response
when needed. Configuration a is called single transducer, one will not be rapid,
face; the heat flux trapsducer may be placed against either A22.1.1 The temperature drop across a high thermal
plate. The Conﬁguratson b. 15 called.two transducer, b(?th résistance transducer-may be greater than desirable, that is,
faces. The Configuration c is called single transducer, mid- ;e percent of the total, when used in Configuration ¢; and
plane; in this case, the specimens should be halves: of the thus it$ use inthis configuration is not recommended. -
same specimen (20).-Each configuration will yield equivalent - A2.2:1.2 Configuration b can be used to obtain very rapid
results if used within the limitations stated in this method. response titties if both plates are capable of heatmg and
For a particular heat flux transducer, the test configuration.  cooling and if the outputs of both transducers are summed,
that has the fastest response, that is shortest settling time, is  (15), Configuration b is always faster thah’ Configuration a
best determined by experiment. Four specimens of different  with the same ‘transducers and specimiens and can be
materials, such as urethane, ceramic fiber board, a rubber, ¢omparable to Conﬁguranon ¢ if a low thermal resmtance
and a high conductivity, low-thermal capacity material, each  transduceiis employed. *
of which is conditioned to the mean test-temperature, should ‘A2.2.2 Low Thérmial Resistance Transducers-——’]fhe low-
be tested in each configuration. A study of these will allow  thermal resistance, gradient-type heat flux transdicer is
either the selection of the proper configuration for each.type  better suited to the Configuration c. The temperature drop
of material, or the selection of a reasonable oonﬁguranon for  across thé low-resistance transducer is small enough so that
all types. the two-specimens can-be considered as halves of a single

AT In order to predlct settlmg times for all types of  specimen. When the spécimens are first conditioned to the
specimens, each’ of the above specimens must beiretested  mean temperature of the test and when the specimens are
after being coiiditioned to temperatires both below and  identical, the response is sufﬁcxently rap1d to be used for
above the mean temperature of the test. - : . quality ¢ontrol work,

171
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TABLE A1.2a Conversion Factors (Thermochemical)
Note—Conversion factors for thermal resistivity and thermal conductance can be found by using these tables in the reverse direction.

_Thermal Conductivity

I RS A

kg-cal- Btu-in.
Weom—t. K1 cal-g~1.om=1.K-1 h=1.m—1 Btu-h~1.ft=%. 91 h=1.ft-2.
K—1 0F-—~1
1Wm K = L4000 x 1072 T 77 2,890 x 108 0.8604 0.5782 6.938
1 W-Em=1. K1 & 1000 - 0.2390 - 86,04 " 57.82 693.8
1 cal's~1.om1.K-1 = DT 484 1000 ¢« - 380.0 2419 2903
1'kg-cal+h=1 o1 K- = o A8 X 107E . 2778 % 40°8 T -7 000 0.6720 8.064
1 Btu+h—f—1.9F~1 = 1.730 % 10-2 4134 x 10-8 1488 0 7 1,000 12,00
1. Btuin. -h=Tsft-2:OF=1 = 1441 X 1072 3.448 X 10~4 01240 - 8,333 x 10~2 1,000
B i T Thérmal Resistance# ' ‘
Kem2w-1(8)  K.cm2.W—1 K-cm2.s- calt Kem2-kg-cal-t = °F+fi2-h.Biy~"
1 K-m2-W— = 1,000 - - 1,000 % 104 4.184 x 104 1162 5.674
1 K-om2-W-1 = 1,000 % 10-+ 1.000, 4,184 1.162 X 10~4 5.674 X 10~*
1 Keom?2-5-cal~t = 2.390'% 10-5 0.2390 a0 1.000 2778 X 10-8 1.356 X 104
TK-m2- hekeg-cal~1 = 0.8604 8.604 % 10° 3.600 x 104 1000 . 4.882
1 °F-{t2-h-Btu— = 0.1762 1.762 x 109 7.373 % 10° 0.2048 1.000

A Units are given in terms of 1) the absolute joule per second or watt, (2) the calorle (thermochemical) = 4. 184 J, or the British thermal uniit (thermochemical) = 1054.35
‘8 This is the 81 (International System of Units) nit.

TABLE A1.2b Conversion Factors (International Table)
NoTe—Canversion factors for thermal reslstlvny and thermal conductance can' be found by using these tabies in the reverse direction.

Thermal Oondtﬁ”ctlvlty“ o

Wemrte ‘k'g-“c‘a‘l-, ‘ Biu-in.-
K‘-1(B) . W cm-1 . K—1 ) cal- 5“1 som~1-K-1 h—1 . m—1 . Btu-h—1.f—1. oF—1 -1 .ft—?..
K1 o1
1 W-m=1-K=1 = 1.000 1.000 x 10-2 2.388 x 108 0.8598 05778 6.9
1 Weom=1.K=1 = 100.0 1.000 0.2388 85.98 57.78 693.3
1 cal-5=1-cm=1.K~1 = 4187 4.187 1.000 - ¢ i 360,0 2419 e 2908,
1 kg-tal-h=t-m=1.K-1 = 1163 1,168 x 10-2 RTTEXA0S T 1000 0.8720 8.084
1 Blu-h=1+ft=1.9F~1 = 1.731 1.731 x 102 4134 % 103 1.488 1.000 12.00
1 Btu«in. -h=1 ft=2.9F~1 = 0,1442 1442 X 10~ 3.445 X 104 01240 8338x 102  1.000
, ‘ e ‘ T Thermal Resistance* o o ‘
) KR W Ko WS Kgmscas Ko kg-ca|—1 °F . fi2.h Bt
24000 ;r o+, - 1,000 % 104, Co4Ne7x 104 U 168 5678
- 1000x10-4 1.000 . .. dagr e 1163 104 5.678 X 10~
' 288810787 02888 Y4000 27781075 , 1,856 X 10~
(i 08898 "o B.598'X 109 600 x 10¢ 1.000 . 4.882
1.761 % 109 7.373 X 10° 0.2048 1.000

* A Units & 'glven if tefriis of (1) ‘the absolute joule per gecofid of watt, (2) the cal
1066.06 J: These tables areimeant for,use in Canada,and Great, Britain;
& This is the SI (International System of Units) unit.

A2 2 2 1 Where half thlcknesses of the normal spemmen
can be used it can- be more rapLd;Ihan Conﬁguratxon a,
especially when each, of the specimens is first conditioned to
the mean temperature at which it will operate in the test; The

use- of. t};ﬂg low-resistance .transducer in Configuration ais

orle (International Table) 4 1868 J or the Brltish thermal unit (International Table)

' A2.32 The Conﬁgurauon bis the miost insensitive to edge
conditiotis if thé average of the readings of the two meters is
assuied o be the médsared: heat flux-per uilit' ‘area throtigh
the spetimen. If the plates wers” perfecily dniformin temper-
ature; ifthe two transducers wersiexdetly equal in‘the layout

ideal. if  Plate, 1. can.provide both heating and-cooling, but  of the thermopile junctions; and if the specimén hadthermal
unjess; -tcmperaturc of; Plate 1 is extremely :well con-  condiictivity mdependent ‘of temperature, this conﬁguratmn
trolled,, & .damping. layer will ,be required between the  would beinsensitive. to edge conditions. However, even

transducer and.the plate, The advantage of the fast TESPOnse
time is then partially lost, but the response time is;likely
rapid enough in any event. The transducer, can be mounted
permanently in this conﬁguratlon -

A2.3 Sensitivity of Confi guratzon; 20 Edge Losses ‘

A2 3.1 The Configuration a is; .similar. to-the guarded. hot
plate apparatus regarding.edge heatlossesthrough the speci-
men, The edge heat losses-in the transducer may be.much
more significant than those in the-guarded hot plate appa-
ratus because. they may produce errors due. to the tempera-
ture non-uniformity on the side in contact with the specimen.,

underthese ideal conditions the use of Configurationi b does

not eliminate edge losses but only ‘rediices the apparatis
sénsitivity to. variations in the boundary températures. Also,
the settling time is: short afr the average of the two readmgs is
used...

AZ: 3 3 Conﬁgurauon ¢ is-very sensmve to edge. heat losses
on the heat flux transducer as the power that flows through
the.edges is supplied, not by a heavy nearly isothetmal metal

plate;; but. by the specimens; sothat their surface. temperas:

tures may not.be uniform, Ifithe transducer.is sensitive to
temperature differences- along its: main surfaces, edge heat
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Plate 1 Plate 1

__ Plate2

- Plate2

. Plate 2

" " CONFIGURATION A: ~ CONFIGURATION B: ~ CONFIGURATION Ci*
| USINGLE © TWO TRANSDUCERS,  SINGLE =
TRANSDUCER, ' BOTH FACES. ~ . + TRANSDUCER; .
L ONEFACE. . .- ... MID—PLANE. ="
FIG. A2.1 Typical Heat Flow Meter Apparatus Configurations *

" —
e

Y

‘ #IG. A2.2 ;. .Some Layouts of the Liquid Paths in Héétir;é orybéolilig Plates . o ';';

FIG. A2.3 Schematic Designs of Transducers

when the surrounding temperature is that of the hot or cold
plate.

losses may now create serious errors. Edge heat losses within
the specimens are similar to those in the guarded hot plate
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Standard Specification for
Perlite Loose Fill Insulation®

Designation: C 549 — 81 (Reapproved 1995)"

This standard is issued under the fixed designation C 549; 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 epsilon () indicates an editorial change since the last vevision or reapproval.

This standard has been approved for use by agencies of the Depariment of Defense.

&' Nome—Keywords were added editorially in May 1995,

1. Scope

1.1 This specification covers the composition and physical
properties of expanded perlife loose fill insulation. The speci-
fication also includes the testing procedures by which the
acceptability of the material may be determined. These testing
procedures deal primarily with material performance in the
temperatore range associated with the thermal envelope of
buildings; however, the commercially usable temperatore
range for this insulation is from — 459 to 1400°F (1 to 1033 K.
For specialized applications, refer to the manufacturer’s in-
structions.

1.2 The specification also covers the composition and prop-
erties of perlite that has been surface-treated to produce water
repellency and dust suppression for installations where liquid
moisture and dust may be a factor.

1.3 When the installation or use af thermal insulation
materials, accessories and systems, may pose safety or health
problems, the manufacturer shall provide the user appropricate
current information regarding any known problems associated
with the recommended use of the company’s products, and
shall also vecommend protective measures to be employed in
their safe wutilizarion. The user shall establish appropriate
safety and health practices and determine the applicability of
regulatory requirements prior to use. For additional precau-
tionary staternents, see Section 11.

1.4 The following precautionary caveat pertains to the test
methods portion, Section 8, of this specification. This standard
does not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate sqfety and health practices
and determine the applicability of regulatory limitations prior
to use.

! This specification is under the jurisdiction of ASTM Commitiee C-16 on
Thermal Insulation and is the direct respousibility of Subcommittee C16.23 on
Blanket and Loose Fill Insulation.

Current edition approved Oct. 30, 1981, Published Pebruary 1982. Originally
published as C 549 - 64 T. Last previous edition C 549 --73 (1979).

2. Referenced Docoments

2.1 ASTM Standards:

C 136 Test Method for Sieve Analysis of Fine and Coarse
Aggregates®

C 168 Terminology Relating to Thermal Insulating Materi-
als®

C 177 Test Method for Steady-State Heat Flux Measure-
ments and Thermal Transmission Properties by Means of
the Guarded Hot Plate Apparatus®

C 390 Criteria for Sampling and Acceptance of Preformed
Thermal Insulation Lots®

C 518 Test Method for Steady-State Heat Flux Measure-
ments and Thermal Transmission Properties by Means of
the Heat Flow Meter Appatatus®

C 520 Test Methods for Density of Granular Loose Fill

Insulations?
E 84 Test Method for Surface Burning Characteristics of
Building Materials*

E 136 Test Method for Behavior of Materials in a Vertical
Tube Furnace at 750°C*
E 177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods®
2.2 Federal Specification:
HH-I-515D Insulation Thermal (Loose Fill for Pneurnatic or
Poured Application) Cellulosic or Wood Fiber®
3. Classification
3.1 Perlite loose fill insulation shall be specified by four
type designations as follows:
3.1.1 Type I-—-The product that results from the expanding

of natural perlite ore by grading and heating to meet the
requirements of this specification,

% Annual Book of ASTM Standards, Vol 04.02,

3 Annual Book of ASTM Standards, Vol 04,06,

* Annual Book of ASTM Standards, Vol 04.07.

S Annual Book of ASTM Standards, Vol 14.02,

 Available from American National Standards Institute, 11 W. 42nd St,, 13th
Floor, New York, NY 10036,

Copyright & ASTM interational, 100 Bair Harbor Diive, PO Bax G700, West Consholiocken, PA 19428-2859, United States,
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3.1.2 Bpe H—EBxpanded pedite that has been surface-
treated to produce water repellency and limited absorption of
moisture from both liquid and vapor phase.

3.1.3 Dype HI--Expanded perlite that has been surface-
treated to limit the amount of dust generated during applica-
tion.

3.1.4 Type IV—Expanded petlite that has been surface-

reated to produce water repellency aud to limit the dust

generated during application:

4. Ordering Information

4.1 All purchase orders should designate the type of insu-
lation desired. The type and grade classification in this speci-
fication differ from the classification in earlier issues. Purchas-
ers teferencing this specification should include the date of
issue.

5. Materials and Manufacture

5.1 Perlite is a generic term for a naturally occurring
siliceous mineral which is mined, crushed, sieved and dried to
produce a crude perlite ore. The crude ore, in the form of
particles of varying size, weighing 60 to 75 Ib/t> (960 to 1200
kg/m?), is expanded in high-temperature furnaces to densities
in the range from 2.0 to 11.0 1/ (32 to 176 kg/m®). As a
naturally oceurring mineral, it is classified as an elementary
building material, It is noncombustible as determined by Test
Method C 136.

6. Physical Requirements

6.1 The physical requirements listed in this section are
defined as Inspection Requirements (see Criteria C 390). The
insulation shall conform to the following requirements:

All Types
Butk denslty, lo/ft3(ym?) 2-11 (32-176)
Grading (paricle slze):
Cumulative percentage retained, maxdmum (by 5
waight), Sleve No. 4 {4.76 mm), %

Types | Types Il and
and N IV only
Water repellency, min mL of water repelled N.A. 178

Small-scale fire tast no sparking or ignition

6.2 The physical requirements listed in this section are
defined as Qualification Requirements (see Criteria C 390).
The insulation shall conform to the following requirements;

All Typas
Thetmal resistance, > F/Blu {(m? KW) See Table 1
Molsture absorption, weight %/14 days, max, % 1.0
Types | and (I} Types ll and
v

Wickability, max g wicked n 5 min N.A, 1.0
Combustibility (by Test Method E 186)  noncombustibie NAA
Sutface burning sharactetistics:

Flame spread, max 0 26

Smoke developad, max 0 50
Dust suppression;

Welght of collected material, max, mg N.A. 85

A Federal Standards for attic floor insulation require conformance to two
non-ABTM tests for combustibllity: Critical Radient Flux (HH-1-5150), 4.8,7) and
Smoldering Combustion (HH-I-6158D, 4.8.8). Types Il and 1V perlite insulation,
when tested for Critical Rediant Flux, showed no ignition or flame front advance at
a flux of 1.07 W/om?2, When tested for Smoldering Combustion, Types (I and [V
perlite insulation showed ro flaming combustion and 0 % weight loss.

383

7. Sampling
7.1 For purposes of standard tests, sampling shall be in
accordance with Criteria C 390,

8. Test Methods

8.1 Bulk Density—Test Mothods C 520, Method A.

8.2 Grading-—Test Method C 136, except that when a
mechanical sieving device is used, the sieving time shall be 5
min and the test sample shall be 50 g of material.

8.3 Water Repellency (Types II and IV only):

8.3.1 Apparatus:

8.3.1.1 Rigid Plastic Tube, 50 mm inside diameter by 300
mm long with a 150-um (100-mesh) screen covering firmly
fastened or adhered to the bottom. The tube shall be marked at
400 mL from the screen-covered end,

8.3.1.2 Rubber Stopper, No. 15.

8.3.1.3 Graduated Cylinder, 250-mL.

8.3.1.4 Beaker, 500-mL.,

8.3.2 Sample Preparation:

8.3.2.1 Spoon a representative sample into the test cylinder
to a level slightly above the 400-ml mark.

8.3.2.2 Compact it by dropping the tube from a height of
approximately 75 mm on a large rubber stopper (No. 15
recommended) for a total of ten drops. As the sample compacts
t0 a level below the 400-mL mark, add additional material so
that after the tenth drop the level of the scunplc is withio 3 ml.
of the 400-mL mark.

8.3.3 Procedure:

8.3.3.1 With the tube supported in a vertical position and a
beaker positioned under the tube, pour 250 mL of cold iap
water rapidly onto the perlite. Take care while pouring, that the
stream hits the middle of the surface of the bed of perlite and
does not merely slide down the side of the test cylinder.

3.3.2 Allow the water to drain through the bed of perlite
for exactly 3 min, Tilt the tube at approximately 45° to drain
water collected on the sereen. Tilt it only momentarily for this
putpose.

8.3.3.3 Measure the collected water in the 250-mL graduate.

8.3.4 Calculations:

8.3.4.1 Report the amount of collected water in millilitres as
“millilitres repelled.”

8.3.4.2 Report results as the mean of three independent
tests,

8.3.5 Precision and Bias—The purpose of this test is to
confirm that the intended degree of surface treatment has been
accomplished to achieve water repellency. The specified char-
acteristic is a minimum (no range or maxirmum), Quantitative
values for conforming products exceeding the limit have no
commercial significance.

8.4 Small-Scale Fire Test:

8.4.1 Scape—The purpose of this quality control test is to
confirm that excessive coating or organic material has not been
added during processing.

8.4.2 Significance~-This test is intended as a means to
determine the resistance of the material to heat and flame under
controlled conditions and should not be used to describe or
appraise the fire hazard or fire risk under actual conditions.

PRO_00094160



Case 1:13-cv-01215-TSC Document 198-19 Filed 10/07/19 Page 80 of 106

4y c 5a9

TABLE 1 Thermal Resistance

All Types

Thermal Resistance for 1-In. {0,0254-m) Thickness, hiESE/Btu {m? KA

Density, Ib/2(kg/m®)

Mean Temperaturg,® F (°C)

30 (4

75 (24) 105 (41)

7.5-3.9 0.74-0.69)
3.9-8.3 (0.89-0.59)
3.3-2.9 (0.58-0.51)

2.0-4.1 (32.0-65.5)
4.1-7.4 (65.6-118.4)
7.4-~11.0 (118.4-176.0)

3.7-8.3 (0.65-0.58)
3.3-2.8 (0.58-0.49)
2,8-2.4 (0.49-0.42)

5.7-8.2 (0.65-0.56)
32-2.7 (0.56-0.47)
2.7-2.4 (0.47-0.42)

“ The thermal values in this table are given at 1 in. (0.0254 m) of thickness with a gradient of 50°F (10°C). Test data that cover the thickness range from 1 to & in. (0.0254
1o 0.1624 m) show that thermal resistance per inch of thickness is essentlally linear with respect to thickness. Test vatues do not deviate on the low side from the value

in the table by more than & %.

8.4.3 Procedure-——Hold a small sample (such as 10 to 20 gr)
of the perlite insulation in a suitable fixture (such as 6 by 6 by
2-in. deep wire mesh basket constructed from (150 pm 100-
mesh) stainless steel woven wire cloth) and positioned in direct
contact with the flame of a bunsen burner for about 20 s.
Sparking or ignition indicates failure to couform to the
requirements of 6.1

8.44 Precision and Bias—No statement is made about
either the precision or the accuracy of the small-scale fire test
for determining resistance of the perlite insulation to heat and
flame since the result merely states whether there is conform-
ance to the criteria for success specified in the procedure.

8.5 Thermal Resistance-—Tests of thermal resistance may
be made in accordance with Test Method C 177 or C518.
Testing shall be done at the design density. The therinal
resistance of the vatrious types shafl not be lower than the
values listed in Table I, except that the average thermal
resistance of any four specimens measured in accordance with
8.5, may fall up to 5% below the value in the table. The
thermal resistance (R-value) shall be determined at mean
temperature of 75°F (24°C) and 40°F (4°C) at design density
and in accordance with the cutrent editions of Test Methods
C 177 and C 518. Report the direction of heat flow. Thermal
resistance at other mean temperatures may be determined if
required.

8.6 Moisture Absorption—The test specimen shall be a
sample of approximately 50 g. Loose fill and level the sample
into a sample holder 9 by 9 by 5 in, (228 by 228 by 127 mm)
deep.

8.6.1 Precondition in accordance with Yest Method C 177 or
C 518. Conditioning shall be with minimum air movement
across the sample surface. Condition at 50 x 2 % relative
humidity and 120°F (49°C) to constant weight and record.
State the density of the sample conditioned to constant weight
in the report of results.

8.6.2 Increase the relative humidity to 90 =+ 2 %. Condition
to constant weight by check-weighing at 24-h intervals, Deter-
mine the moisture pickup as a percent of conditioned weight,

8.6.3 Record petcent absorption at 14 days.

8.6.4 Precision and Bias—This test establishes a typical
property of perlite. It is an inherent characteristic. It is only
intended to indicate absorption under high humidity conditions
which are known to be characteristic of its usual insulation end
use.

8.7 Wickabiliry (Types II and IV only):

8.7.1 Apparatus:

8.7.1.1 Rigid Plastic Tube, 50 mm inside diameter by 300
mm Tong with a 150-um (100-mesh) screen covering firmly
fastened or adbered to the bottorm.

584

8.7.1.2 Compuaction Plug, 50 mm long, fitting sougly inside
the sample holder to give standard compaction to the sample.

8.7.1.3 Tubing Rack, capable of supporting the sample tube.

8.7.1.4 Water Immersion Tray.

8.7.2 Sample Preparation:

8.7.2.1 Spoon a representative sample into the test cylinder
to a level slightly below the top of the cylinder.

8.7.2.2 Compact it with the plug until a moderate resistance
pressure is felt. In no event insert the compaction plug into the
sample holding tube more than 24 mm.

8.7.3 Procedure:

8.7.3.1 Place the sample tube screen end down, on a rack in
the water immersion tray. The water level in the tray will be 50
i above the bottomn of the tube.

8.7.3.2 Sample shall be in this position and allowed to wick
water for 5 min.

8.7.3.3 Remove the be from the tray onto a tared 75-mm
watch glass so that all water that is allowed to drain is caught
by the waitch glass and is included in the weight of water
picked up by the sample.

8.7.3.4 Determine the weight of the water picked up by the
sample in grams.

8.7.4 Calculations:

8.7.4.1 Report the amount of water picked up by the perlite
sample through this wicking action as grarns.

8.74.2 Report results as the mean of three independent
tests.

8.7.5 Precision and Bias—The purpose of this test is to
ascertain the resistance of the material to wicking action of
water. The specified characteristic is a maximum, (no range or
mieimum), Quantitative values for conforming products below
the limit have no commercial significance.

8.8 Combustibility of Types I and 1T perlite insulation may
be determined in accordance with Test Method E 136, Com-
bustibility of Types Il and IV insulation may be determined in
accordance with tests on Critical Radiant Flux and Smoldering
Combustion as specified in Federal Specification HH-J-515D.

8.9 Surface Burning Characteristics of perlite insulation
may be determined in accordance with Test Method E 84,

8.10 Dust Suppression {Types Il and IV only):

8.10.1 Apparatus:

8.10.1.1 Glass Plate, 16V2 by 16%4 by VYa in. (420 by 420 by
6.4 mm),

8.10.1.2 Clear Methacrylate Sheet Box, open bottorn, 154
by 15% by 19% in. (400 by 400 by 500 mm) high with a hole
in the center of the top 2¥s in. (52.4 mm) in diameter.

8.10.1.3 Plastic Tube, 2 in. outside diameter by 1% in,
inside diameter (50 by 45 mm), 17% in. long (450 mm), with
a rubber washer such that the washer snugly fits the outside
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diamster of the plastic tube and has a larger outside diameter
than the hole in the box.

8.10.1.4 Beuaker, 2000-mL. ,

8.10.1.5 Laboratory Funnel with a minimum nozzle inside
diameter of 1 in. (25.4 mm).

8.10.1.6 Graduated Cylinder, 100-mL.,

8.10.1.7 Small Brush.

8.10.1.8 Scale capable of measuring perlite material to
0.001 g . e

8.10.2 Sample Preparation—Spoon a representative sample
into the graduated cylinder to the 1000-mL level.

8.10.3 Procedure:

8.10.3.1 Place the glass plate flat on a suitable work surface.

8.10.3.2 Place the 2000-mL beaker in the exact center of the
glass plate,

8.10.3.3 Place the plastic box on the glass plate such that the
box is centered on the plate and hole in top of the box is
centered directly over the 2000-ml. beaker.

8.10.3.4 Tnsert the plastic pipe into the hole in the top of the
box such that it protrudes down into the box such that the clear
vertical distance from the bottom of the tube to the top of the
2000-mL beaker is 1¥s in. (30 mm). The tube is supported in
the vertical position by the rubber washer.

8.10.3.5 Place the laboratory funnel into the plastic tube.

8.10.3.6 Pour 1000 mL of test material into the funnel such
that it empties of all material in 10 s, It is the intent to have a
uniform stream of material falling into the hox for
10 s.

8.10.3.7 After all visible material has settled onto the glass
plate, carefully remove the plastic box and gently sweep the
material that has collected on the glass plate into a pile, remove
it, and determine its weight.

8.104 Calculations:

8.10.4.1 Report the amount of test material in milligrams as
“milligrams collected.”

8.10.4.2 Report results as the average of five or more
independent tests with no single reading over 100 mg with
separate samples taken from the same source.

8.10.5 Precision and Bias--The single-specinen, single-
operator, single-day precision is a standard deviation of +0.02
g (18) maximum for the dust-suppressed material over a range
from 0.01 to 0.08 g as defined in Practice B 177.

C 549

9. Inspection

9.1 Inspection of the materials shall be made as agreed upon
by the purchaser and the manufacturer as part of the purchase
contract,

10. Packaging and Marking

10.1 Packaging—Unless otherwise specified, the tnsulation
shall be packed in the manufacturer’s standard commercial
container. The insulation shall be packed to ensure carrier
acceptance and safe delivery at destination in containers
complying with the rules and regulations applicable to the

mode of transportation.

10.2 Marking——Shipping containers shall be marked with
the name of the insulation, minimum weight of container, and
the name of the manufacturer. For residential insulation, a chart
shall also be affixed or printed on the container listing the
minimum thickness, maximum net coverage area, and maxi-
mum weight per square foot at minimonm & values of 11, 19,
and 22. In addition to this chart, the following statements must
be added: 1. “R means resistance to heat flow. The higher the
R-value, the greater the insulating power” 2. “Io get the
marked R-value, it is essential that this insulation be installed
properly. If you do it yourself, follow the instructions care-
fully.”

11, Health and Safety Precautions

11.1 Preinstallation—The insulation material should be
handled and stored in accordance with manuvfacturer’s instruc-
tions. It should be kept dry and free of extraneous materials,

1.2 Installation:

11.2.1 The insulating material shonld be poured into the
spaces and cavities to be insulated in a manner that minimizes
free-fall and impact. This will minimize crushing and break-
down of insulation particles and unnecessary formation of dust.

11.2.2 Perlite loose fill insulation that may be installed in
confined, poorly ventilated attic spaces may generate a butldup
of airborne nuisance dust. Avoid creating this nuisance dust,
The use of respitatory and eye protection may be necessary in
some applications. Refer to manufacturer’s instructions regard-
ing recommended installation practices.

12. Keywords

12.1 dust suppression; insulation; loose fill; petlite; water

repellency

The Ametican Society for Testing and Materiais takes no posifion respecting the valldity of any patent rights asserted In connectfon
with any ltemn mentioned in this standard. Users of this standard are expressly advised that determination of the valloity of any such
patent vights, and the risk of infingement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical commitiee and must be reviewead evety five years and
IFnot revised, efther reapproved or withdrawn, Your comments are Invited aither for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your commenis will roceive caroful consideration at a meeting of the responsibie
techiical commitios, which you may attend. If you fesl thal your comments have not received a fair hearing you shouid make your
views knowrtt to the ASTM Committee on Standards, 100 Barr Harbor Dilve, West Conshohoocken, PA 19428,

This standard s copyrighted by ASTM, 100 Barr Harbor [rive, West Conshohocken, PA 19428-2959, United States. Individual
reprinis (slngle or multiple coples) of this standard may be obiained by comacting ASTM at tha above address or at 610-832-9585
(phone), B10-832-9555 (fax), or service @astm.org (e-mall); or through the ASTM website (http./www.astm.org).
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QH“‘) Designation: C 564 - 70 (Reapproved 1982)

Standard Specification for

Endorsed by the
. Cast [ron Soll Pipe Institute

RUBBER GASKETS FOR CAST IRON SOIL PIPE AND

FITTINGS'

This standard is issued under the fixed designation C 564; 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 epsilon () indicates an editorial change since the last revision or reapproval,

This specification has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of

Specifications and Standards.

1. Scope

1.1 This specification covers performed rub-
ber gaskets used to seal joints in cast iron soil
pipe and fittings. ‘ :

1.2 The values stated in inch-pound units
are to be regarded as the standard.

2. Materials and Manufacture

2.1 Gaskets shall be made of a properly
vulcanized virgin rubber compound containing
no scrap or reclaim. :

2.2 If a splice occurs in the pasket, the
strength of the splice shall be such that the
gasket will withstand the stretch test described
in 7.9 with no visible separation or peeling.

3. Physical Requirements

3.1 Sample gaskets selected as specified in
Section 6 shall conform to the requirements for
physical properties listed in Table 1 when tested
in accordance with the methods specified in
Section 7. : :

4, Dimensions and Permissible Variations

4.1 Gaskets shall conform to the dimensions
specified by the manufacturer of the pipe in
which they are to be used. - ’

4.2 All cross-sectional dimensions shall have
an RMA Class 3 tolerance as shown in the
appendix, and all diametral dimensions shall
have a tolerance of + 1 percent unless otherwise

~ mutually agreed by the pipe manufacturer and
the gasket supplier, '

5. Workmanship

5.1 The surface of the gasket shall be smooth
and free of pitting, cracks, blisters, air marks,
and any other imperfections that will affect its

behavior in service. The body of the gasket
shall be free of porosity and air pockets.

* 3.2 Neither the flash thickness nor the flash
extension shall exceed %2 in. (1 mm), at any
point on the ring. o -

5.3 The offset, or failure of the mold to

. register accurately, shall not exceed % in. (0.5

mm),
6. Sampling

6.1 For the stretch test specified in 7.9, sam-
ple gaskets shall be selected at random from
each shipment of gaskets, in accordance with
Table 2. For each of the other tests, gaskets
shall be selected at random as required by the
method of test specified.

7. Test Methods

7.1 Hardness—Test for hardness in accord-

ance with ASTM Method D 2240, Test for
Rubber  Property-—Durometer Hardness.?
ASTM Method D 1415, Test for Rubber Prop-

erty—International Hardness,? shall be used as

the referee method. Make hardness measure-
ments on specimens prepared in accordance

“with 7.2. However, hardness readings for guid-

ance purposes may be taken directly on the
gasket, recognizing that these may vary stightly
from those taken on the dumb-bell specimens.

1.2 Elongation and Tensile Strength—Test
for elongation and tensile strength in accord-
ance with ASTM Method D 412, Tests for
Rubber Propertics in Tension® Cut standard

! This specification is under the jurisdiction of ASTM Com-
mittee C-24 on Building Seals and Sealants. .

Current edition effective May 29, 1970. Originally issucd
1965. Replaces C 564 - 68.

2 Annnal Book of ASTM Standards, Vol 09.01.

3 Annual Book of ASTM Standards, Vols 09.01 and 09,02,
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ASTM Type C dumbbell specimens conform-
ing to Fig. 1 of Method D 412 from sections of
the gasket for this test. To obtain a uniform
thickness, these sections may be buffed prior to
cutting into dumbbell specimens, so as to pro-
duce a finely ground surface without cuts or
burns.

7.3 Tear Strength—Test for tear strength in
accordance with ASTM Method D 624, Test
for Rubber Property—Tear Resistance,’ using
Die C. ‘

7.4 Compression Set—Test for compression
set in accordance with ASTM Methods D 395,
Tests for Rubber Property—Compression Set,”
using Method B. Oven age specimens 22 h at
158 + 2 F (70 £ 1 C). Where plied specimens
are necessary, the results shall comply with the
requirements of Table 1.

7.5 Hear Aging—Test for effects of heat ag-
ing in accordance with ASTM Method D 573,
Test for Rubber Deterioration in an Air Oven.”
Prepare specimens in accordance with 7.2, and
age for 96 h at 158 £ 2 F (70 = 1 C). Hardness
measurements shall be made as specifiedin 7.1.

7.6 Water Absorption—Test for weight in-
crease due to water absorption in accordance
with ASTM Method D 471, Test for Rubber
Property—Effect of Liquids.” If a 1-in. (25.4-
mm) specimen cannot be cut from the sample
gasket, use the greatest width obtainable. Im-
merse the test specimen in distilled water at 158
+ 2 F (70 £ 1 C) for 7 days.

7.7 Ozone Resistance—Test for ozone resist-
ance in accordance with ASTM Method
D 1149, Test for Rubber Deterioration- Sur-

face Ozone Cracking in 2 Chamber (Flat Spec-
imens),” using specimens and procedure speci-
fied under Method B. The ozone concentration
shall be 150 parts/100,000,0000f air by volume.
Age specimens 100 h at 104 F (40 C). Use a
two-power hand glass to examine the ga(skct
for cracks.

7.8 Oil ImmersionTest for volume de-
crease due to oil absorption in accordance with
Method D 471. If a l-in (25.4-mm) specimen
cannot be cut from the sample gasket, the
greatest width obtainable shall be used. The
test specimen shall be immersed in ASTM Oil
No.3 for 70h at 212 £ 2 F (100 = 1 C).

1.9 Stretch Test for Spliced Gaskets—Stretch
gaskets until the circumference is increased 50
percent, then visually inspect for defects as
described in 2.2 and 5.1. The number of gaskets
to be examined and the maximum number of
defective gaskets for acceptance of the lot is
shown in Table 2.

8. Certification

8.1 Upon request of the purchaser, the man-
ufacturer shall be prepared to certify that his
product conforms to the requirements of this
specification.

9. Marking

9.1 Mark each gasket with clearly legible
letters not exceeding % in. (6.35 mm) in height.
These markings shall include the gasket man-
ufacturer’s name or symbol, the pipe size and
class, the year of manufacture, and the ASTM

- specification number.
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TABLE 1 Physical Requirements of Gaskets - ‘
Property Requirements ASTM Test Method
Hardness (nominal durometetr +5) as 50 60 70 D 2240
specified by the pipe manufacturer

Elongation, min, percent 150 300 250 D412 .
Tensile strength, min, psi 1500 1500 1500 D412

(MPa) (1 (1m (10)
Tear strength, min, 1bf/in. 150 150 150 D 624

(N/cm) (268) (268) 208) .
Compmssmn set, max, percent S 25 25 25 D 395
Heat aging, 96 hat 158 £ 2F (70 = | (,) B . D573

Hardness increase, max, durometer 10 10 10 o

points .

Loss in tensile strength, max, percent 15 £5 135

Loss in elongation, max, percent 20 20 20 e
Water absorption: D471

Weight increase, max, percent 20 C 20 - 20 )
Qzonc resistance no cracks ‘no cracks no cracks B 1149
Oil immersior: ’ :

Volume inerease, max, percent 80 80 80 D471

'IABLE 2 Qampling Plan for Stretch Test for Vlz.ual
Inspection

Maximum

Number of Number of

Number of Gaskets it

i1 Gaskets in o
Shipment " Defectives for
Sample Acceplance
- Up to 800 ] 75 4
- 801103200 - 150 8
3201 to 8000 225 i1

8001 to 22 000 : 300 ’ 14
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APPENDIX
X1. RUBBER MANUFACTURERS ASSOCIATION, INC. TOLERANCES

TABLE X1 RMA Class 3 Dimensional Tolerances (Commercial Tolerances)

Size, in. Fixed* Closure™*
0 to 0.499 ‘ ) +0.010 +0.015 ) !
0.500 to 0,999 +0.010 . ‘ +0.018 )
1.000 to 1,999 +0.015 . +0.020
2.000 to 2.999 - -++0.020 ; +0.025 .
3.000 to 3.999 +0.025 ’ £0,030
4.000 to 4.999 +0.030 +0,035
5.000 to 7.999 . £0.035 +0,050
Greater than 8.000 multiply by ‘ . 0.0050

4 Fixed dimensions are those which are parallel to the mold parting line or major mold sections and which are not affected
by flash thickness variations. Tolerances apply individually to each fixed dimension according to its own size.

B Closure dimensions are those vertical to the mold parting Jine'or parting lines of major sections and are affected by flash
thickness variation. '

¢ The tolerance on closure dimensions is that tolerance for the largest closure dimension. This tolerance is then applied to
all other closure dimensions, . RIS » :

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in
connection with any item mentioned in this standard, Users of this standard are expressly advised that determination of the validity
of any such patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical commitiee and must be reviewed every five years
and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional
standards and should be addressed to ASTM Headquarters, Your comments will receive careful consideration at a meeting of the
responsible technical commitiee, which you may attend. If you feel that your cornments have not received a fair hearing you should
make your views known to the - ASTM Coramittee on Standards, 1916 Race St., Philadelphia, Pa, 19103,
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q Hny) Designation: D 1217 — 93 (Reapproved 1998)

Standard Test Method for

Density and Relative Densﬂy (Specmc Gravity) of Liquids by

Bingham Pycnometer’

This standard is issued under the fixed designation D 1217; 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 epsilon (e) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This test method covers the measurement of the density
of pure hydrocarbons or petroleum distillates boiling between
90 and 110°C that can be handled in a normal fashion as a
liquid at the specified test temperatures of 20 and 25°C.

1.2 This test method provides a calculation procedure for
conversion of density to relative density (specific gravity).

1.3 The values stated in SI units are to be regarded as the
standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. Specific precau-
tionary statements are given in Note 1, Note 2, and Note 3, .

2. Referenced Documents

2.1 ASTM Standards:
E 1 Specification for ASTM Thermometers

3. Terminology

3.1 Definitions:

3.1.1 density—the weight in vacuo, (that is, the mass) ofa
unit volume of the material at any given temperature.

3.1.2 relative density (specific gravity)—the ratio of the
mass (weight in vacuo) of a given volume of material at a
temperature, ¢, to the mass of an equal volume of water at a
reference temperature, ,; or it is the ratio of the density of the
material at #; to the density of water at #,, When the reference
temperature is 4.00°C, the temperature at which the relative
density of water is unity, relative density (specific gravity) and
density are numerically equal.

4, Summary of Test Method

4,1 The liquid sample is introduced into a pycnometer,
‘equilibrated to the desired temperature, and weighed. The
‘relative density (specific gravity) or density is then calculated

' This test method is under the jurisdiction of ASTM Committee D-2 on
Petroleum Products and Lubricantsand is the direct responsibility of Subcommittee
D02.04on Hydrocarbon Analysis.

Current edition approved Feb. 15, 1993. Published May 1993, Originally
published as D 1217 — 52 T. Last previous edition D 1217-91.

2 Annual Book of ASTM Standards, Vol . 14.03.
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from this weight and the previously determined weight of
water that is required to fill the pycnometer at the same
temperature, both weights being corrected for the buoyancy of
air.

8, Significance and Use

5.1 Density is a fundamental physical property which can be
used in conjunction with other properties to characterize pure
hydrocarbons and their mixtures.

5.2 This test method was originally developed for the
determination of the density of the ASTM Knock Test Refer-
ence Fuels n-heptane and isooctane, with an accuracy of
0.00003 g/mL, Although it is no longer employed extensively
for this purpose, this test method is useful whenever accurate
densities of pure hydrocarbons or petroleum fractions with
boiling points between 90 and 110°C are required.

6. Apparatus

6.1 Pycnometer Bingham:type,? confomung to the dimen-
sions given in Fig. 1, constructed of borosilicate glass and
having a total weight not exceeding 30 g.

6.2 Constant-Temperature Bath, provided with suitable py-
cnometer holders or clips and means for maintaining tempera-
tures constant to +0.01°C in the desired range.

6.3 Bath Thermometer, graduated in 0.1°C subdivisions and
standardized for the ice point and the range of use to the nearest
0.01°C. ASTM Saybolt Viscosity Thermometer 17C as pre-
scribed in Specification E 1, designed for tests at 21.1°C and
25°C, is recommended. A standardized platinum resistance
thermometer may also be used, and offers the best means for
observing minute temperature changes in the bath. Whichever
means are available, it must be realized that for most hydro-
carbons the density coefficient is about 0.0008 units/°C, and
therefore an ‘error of +0.013°C would cause an error of
£0,00001 in density.

" 6.4 Hypodermic Syringe, 30-mL capacity, of chemlcally
resistant glass, equipped with a 152-mm (6-in.) needle made of
stainless steel tubing as shown in Fig. 2. ‘

6.5 me—Oﬂ Needle, made of stainless’ steel tubing as
shown in Fig. 2. -

? Pychometer available from Reliance Glass Co., 220 Gateway Rd., Bensenvxlle,
IL 60106~0825, has been found sansfactory
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M o217, -

4 6mm I D Tubi
" ne

- Very Fine Line Cut :
/ﬂth a Diamond Pencil

”*8 g O«D
L

| Capillary:
1.0-1.1 i

-
FIG. 1 Bingham‘-Type Pycnometer, 25 mL

r

6.6 Solvent~Cleanmg Assembly, as shown in Fig, 3. ‘

(6.7, Chromic . Aczd Cleamng Appamtus, srrmlar to that
shown in Flg 4. .

6.8 Balance, capable of reproduolng welghrngs within 0.1
mg. Mechamcal balances should have sensitivity whrch causes
the pomter to be deflected 2 or 3 scale divisions per 1 mg when
carrying a load of 30 gor 1ess on each pan, The balance should
be located in a room shielded from drafts and fumes and in
which _the,, temperature changes between related weighings
(empty . and filled pycnometer) do not cause a, significant
.change in the ratio of the balance arms. Otherwise we1ghmgs
shall be. made by, the method of substmrtron, in which the
- calibtated weights and pycuometer are alternately Welghed on
the same balance pan. The same balance shall be used for all
related werghmgs

6.9. Weights, whose relative values are lmown to the nearest
0.05 mg or better. The same set of yveights shall be used for the
calibration of the pycnometer and the determination of densr—
ties. | p -
7. Reagents and Materials ‘ i
7.1 Acetone—(Warning—See Note 1),

Note 1—Warning; Extremely flammable. Use adequate ventilation.
7.2 Isopentane—(Warning—See Note 2). :

Note 2—Warning: Extremely flammable. Avoid buildup of vapors
and temove all soutces of ignition, especially non-explosion proof
electrical apparatus.

442

7.3 Chramic Acid (Potassium Dichromate/Conc. Stllﬁmc
Acid)—(Warning—See Note 3).

Note 3-—Wiarning: Causss severs butns. A recognized carcinogen. Do

. ot get in eyes, of .0 skm or clothmg

8. Preparatlon of Apparatus ;
8.1 Thoroughly clean the pyenometer with hot chromic acid

. cleaning solution by means of the assembly shown in Fig. 4

(Warning—See Note 3). Chromic acid solution is the most
efféctive cleaning agent. HoWever, surfictant cleaning fluids
bave also been used successfully. Mount the apparatus firmly
and connect the trap to the vacuum. Warm the necessary
amount of cleaning acid in the beaker, place the pycnometer on
the ground joint, arid ‘evacuate by operung ‘the stopcock to
Vacuam, Fill the pycnometer with'acid by tiknifg the stopcock,
repeat sevetal times or remdve the filled pycnometer, and allow
it to stand for several hours at 50 to 60°C. Remove the acid
from the pycnometer by evacuation, empty the acid from the
trap, and flush the pycnometer with water. Cleanmg shiould be
made in this mannet ‘whénever the ‘pyénometer is to’ be
calibrated or whenever 11qu1d fails to drain cleanly from the
walls’ of' the pycrdmetér “or ifs caprllary ‘Orditdrily; the
pyenometer may be'¢laried between detertmirations by wash-
ing Wwith ¢ suitable 'solvent, rinsing with pure dty acetone,
followed by 1sopentane, and vaeuum. drying, g

8.2 Transfér the pycnometer to the cleaner assembly shown
in Fig. 3, with vacuum liné and tiap ‘attached to the sidé tube
as indicated. Place the pycnometer on the. cleaner with, the
upper hypodermic needle extendmg upward mto the pyction-
oter, and press the edge of the ground joitit ‘ori the rubber
stopper until the Vacwim holds it in place; Draw otit all 'the
11qu1d or sample, Immerse the lower end of the hypodermic
tube in a suitable solvent and draw 20 to 25 mlL ‘rhrough the
pycnometer. Leaving the pycnometer in place; draw air through
it uitil it is dry’ Clean the hypodemnc syrmge W1th the sa.me
apparatus ‘

B

9 Cahbration of Pycnometer EERER NS

91 Proceedmg as directed 'in ‘Section 10, determlne ‘the
weight of freshly-boiled and cooled drstllled water (d1stﬂled

from alkaline permanganate through a tin condenser) held by

the’ pycnometer when_eqt ihrated 'to” volume ‘at the "Bath
temperature to be used in the de"cermrnatron Repea‘c uhtrl at
least three values agree to 0.2 mg; e

iy

10. Procedure

10.1 Usmg another 25- mL pycnometel ds 3 tare (Note 4),
wergh the clean, dry pyonometer to 01 mg 4 'md record the
we1ght

Nome 4—It is convenient to use the lightest of a set of pycnometers as
4 tare, For best réstilfs the trédtmeént and envitormdnt of botl pycholneter
#id tare shiould Be idéntical for 'séme time prior to'Weigling. . "~

10.2/ Cool the sarhple to-§ to 10°C below the test tempera~
ture, and fill the ¢léan BOme hypodenmc syrm?re Trémsfer the
sample to the pycnometer through the ﬁllmg needie; dvoid
trapping air bubbles (Note 2) in the bulb or capillary of the
pycnometer. If any are present, draw them into the syringe
where possible. Also remove with the syringe or draw-off
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6.4 mm (1/4 in.) OD X No. 20 Stubs
ga (0.9 mn (0.035 in.)) seanliess
soft drawn <oppar tubing

No. 26 ga (0.46 nm (0.018 in.) on)
/ Stalnless steel
I hypodexnia tubing

3.2 mm (1/8 in.) 20 Stubs
ga (0.9 mm (O.038 in.)) seanless

g OD X No.
@ soft drawn copper tubing

Hypodermic needle
Hub 22 ga used
with Luer-type
syringe

Draw-0ff Needle

No. 20 ga (G.9 mm
Stainless steel
hypodermlc tubing

(0.035 in.) ap)

Yo

170 wm 1

Filling Needle

“To be used with a 30 ml Yale B~D Lok-Syringe
Becton-Dickingon and Co., Rutherford, N.J.

FIG. 2 Accessories for Bingham-Type Pycnometer

(-

6.4 wn (1/4 in.) OD X No. 20 Stubs
ga (0.9 nw (0.035 in.)) seanless ,
soft drawn coppex tubing ;

. Altach this end
to vacuum lin
and trap

Shélf-type suppor! Tt

Solder

A Immerse this
end in solvent

T : FIG. 3 Cleaner Assembly for Bingham-Type Pych‘o‘metel‘

needle ‘any iiquid above the calibration mark in the capillary or
overflow reservoir, Dry the remainder with a cotton fiber pipe
cleaner or cotton swab which has been dampened slightly with

:acetone

Note S—For work of lnghest accumcy on pure compounds, dissolved
air may be removed from the sample by repeated freezing and remeltmg
of the sample under vacuum in the pycnometer, .;

10.3 Close the pycnometer with the glass stoppez and
immerse it to a point above the calibration mark in the
constant-temperature bath adjusted to a constancy of =0.01°C

./"

No. 20 ga (0.9 0.035 1 oD
stainlags 2(5 aelmn ¢ o )
hypodermic tubing

g
g8 - : f o K
2

No, 11 Rubber
stopper . -,

g 3.2 mm (1/8 in.) OD X No. 20 Stubs
ga (0.9 nm (0.035 in.)) seanlass

g Soft drawn copper tubing

~ B

443

5

at the desired temperature. Periodically, or before the liquid
expands into the overflow chamber, remove the stopper, raise
the pycnometer sufficiently to expose the calibration mark to
view, and readjust the liquid level to the mark by withdrawing
liquid through the steel draw-off needle until expansion has
stopped, indicating that the liquid has reached the temperature
of the thermostat. Do not allow the liquid to expand more than
10 mm above the calibration mark at any time, to minimize
errors caused by faulty drainage. Allow the contents to-equili-
brate an additional 10 min-and draw the level dovvn exactly to
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the calibration line, avoiding parallax and using a magnifier, if
necessary, to obtain good visibility. Remove any liquid adher-
ing to the walls above the calibration mark, with the draw-off
needle or pipe cleaner, depending upon the volatility of the
sample. Portions in the overflow bulb may be removed with a
cotton swab moistened with acetone. .

10.4 Replace the glass stopper, temove the pycnometer
from the bath, wash the outside surface with acetone, and dry
thoroughly with a chemically clean, lint-free, slightly damp
cloth. Place the pycnometer in or near the balance case for 20
min and weigh to the nearest 0.1 mg. In atmospheres of low
humidity (60 % or lower), drying the pycnomster by rubbing
with a dry cotton cloth will induce static charges equivalent to
a loss of about 1 mg in the weight of the pycnometér. This
charge need not be completely dissipated in less than 30 min;
The use of about 0.1-mg radium bromide- or polonium-coated
foil in the balance case, or maintaining the relative humidity at
60 % or higher, aids in'tedticing welghmg d1ﬁcult1es due to
static charges.

10.5 Record temperature of the balance, barometric pres~
sure, and relative humidity.

11. Calculation ‘
11.1 Calculate the true density of the sample as follows: -

Density, g/mL at °C = W(1 + (d,/d;)

- (da/dwt))dw/Ww(]- + (dn/d\v) - (da/dw:))
where T e T :
W, = weight in air of sample contained in the pycnometer

at the test temperature, g,
W, = weight in air of the water contained.in the pycnom—
eter at the calibration temperature, g,
~d,, = density of water at the cahbratlon temperature, as
‘ " obtaired from Table 1, L
d, = densrry of air in’ balance dase at the tlme of we1gh~
ot ing; a§ calgulated from:-10.3;"
“dyy = density-of weights used in we1gh1ng the sample and
ot o water! z(brass = 104 g/mL,i: stalnless steel 775
vow e giml)sand e o fe S
g T appmxmate dens1ty of sample on g P
SRR (W KWy a0 @

¢ "uatlon assimes’ that the ‘weighings of the pyc:
nometer erpty and filled are madé ini siich a'short tinie interval
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 TABLE _“1 , vllf)erlsit‘y‘ of Water?
Density,

Temper-

Tempe- Density, Temper-  Density,
ature,” G g/mL aturs, °C g/ml. ature, °C gfrol

o, 0.999840 21 0,997991 40 0.992212
3. 0.999964 22 0.997769 45 0.890208
4 0.899972 23 0,997537 50 0.988030
g 0999964 24 0.997295 55 0.985688
10 0.999699 25 0.997043 60 0.983191
15 0.999099 26 0.996782 65 0.980548
156.56 0.899012 27 0.996511 70 0.977759
16 0.998943 28 0.996231 75 0.974837
17 0.998774 29 0.295943 80 0.971785
18 0.998595 30 0.995645 85 0.968606
19 0.998404 35 0.994029 90 0.965308
20 0.998203 87.78 0.693042 100 0.958345

ADensities conforming 1o the International Temperature Scale 1990 (ITS 90)
were extracted from Appendix G, Standard Methods for Analysis of Petroleum and
Related Products 1997, Institute of Petrolaum, London.

that the air demsity has not changed. If significant change
should ocgur, the calculated apparent weight of the sample, W,
in this eéquation, must be corrected for the difference in air
budyancy exerted on the pycnometer as follows:

= Wos — W1+ (d'/2.2)

S YL + (@722) = (&) ©)

where: :

Wes = weight of pyenometer and contained sample under
second or final air density,

W'p = weight of pycnometer in air of first density,

d g T density of air when weighing empty pycnometer,

d;>* = density of air when weighing filled pycnometer,

and
o dgi -and 2,2 = density of weights and borosilicate glass,
respectively.
Likewise, 1f the pycnometer, empty and ﬁlled with water for

‘cahbratxon is welghed under different air’ dérisities a sm'nlar

{correctxon for different air buoyanc1es shall be apphed

113 Calculate thé relative density (specific gravity) ‘of
sample by dividing the density as obtained in 11.1" by “ilie
relative density-of water at the reference tempera‘mre obtamed
from Table: 1. ' VRS

11.4 Calculate the’ denmty of‘ air i "*‘the balance room as

follows: + .0 , o S

Air densny (dn), g/mEI Cov L e I
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= [(B~0.3783 Hp)(0.000465)/(273 + £)
)

B = barometric pressure, mm Hg, corrected to 0°C,

= relative humidity, de¢imal fraction,

= vapor pressure of water at temperature t, mm Hg, and
= room temperature, °C.

Nots 6—If this test method is to be used frequently, a considerable

amount of calculation can be avoided by use of a gas density balance to
determine the air density. Weigh a sealed 250-mL glass bulb at several
different air densities and plot the weight against the air density. To
determine the air density at some later time, weigh the bulb and read the
air density from the point on the curve corresponding to the weight.

11.5 To calculate the density or relative density (specific
gravity) at any test temperature, {, other than the calibration
temperature, £ (to correct for the cubical coefficient of thermal
expansion of borosilicate glass), divide the value obtamed in
10. 1 or 10.2 by the following expression:

1+9.6% 105 ¢ ~¢) L (5

12. Report .
12.1. In reporting density, give the test ‘temperature and the
units (for example, density, 20°C = x.xxxxx g/mL). In report-

ing relative density (specific gravity), give both the test
temperature and the reference terperature, but no units (for
example, relative density (specific gravity), 20/
4°C = x.xxxxx). Carry all calculations to one digit beyond the
last significant figure, but report the final result to the fifth
decimal place (0.00001).

13. Precision and Bias
13,1 Precision—Results, using the 25-mL Bingham-type

. pycnometer, should not differ from the mean by more than the

following amounts:

Repeatability
One Qperator and
Apparatus

Reproducibility
Different Operators
and Apparatus

~0,00002 0,00003

Norte 7-—The precision for this method was not abtained in accordance
with RR:D02-1007.

13.2 Bias—The difference of results from the established
values when compared to pure reference materials is not
expected to be more than +0.00003 g/mL. Specific b1as has not
been established by cooperative testing.

14. Keywords
14 1 Density; pycnometer; relative density; specnﬁc gravity

The Amarican Socjety for Testing and Materials takes no position respecting the va/id/!y of any patent rights asserted in éonnéctlon o
with any ftem mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such

) o patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

. -

This standard is.subject to revision at any time by the responsible technical committee and must be reviewed every five yéars and '’ ’ o .
ifnot revised, either reapprovead or withdrawn. Your comments are invited either for revision of this standard or for additional standards AU
and should be addressed to ASTM Headquariers. Your comments will receive careful consideration at a meeting of the responsible EERON

technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your -
views known to the ASTM Committee on Standards, 100 Barr Harbor Dr/ve, West Conshohocken, PA 19428, .

[ [
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QHW Designation: D 1246 — 95 (Reapproved 1999)

Standard Test Method for
Bromide lon in Water’

This standard is issued under the fixed designation D 1246; 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 paventheses indicates the year of last reapproval. A
superseript epsilon (e) indicates an editorial change since the last revision or reapproval,

This stundurd has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This test method is applicable to the measurement of
bromide ion in water, ground water, and drinking water.

1.2 Samples containing 0.5 mg/L to 1000 mg/L of bromide
may be analyzed by this test method. The concentration range
may be extended by the dilution of an appropriate aliquot.

1.3 The precision and bias statements were determined on
natural and ground waters. It is the responsibility of the analyst
to assure the validity of this test method for untested matrices.

1.4 A titrimetric and two colorimetric test methods for
iodide and bromide were discontinued. Refer to Appendix X1
for historical information.

1.5 This standard does not purport to address all of the
safety concerns, if any, assoclated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. :

2. Referenced Dacuments

2.1 ASTM Standards:

D 1066 Practice for Sampling Steam 2

D 1129 Terminology Relating to Water ?

D 1193 Specification for Reagent Water

D 2777 Practice for Determination of Precision and Bias of
Applicable Methods of Committee D-19 on Water *

D 3370 Practices for Samplmg Water from Closed Con-
duits 2

D 4127 Terminology Used with Ion-Selective Electrodes 2

3. Terminology

3.1 Definitions—For definitions of terms used in this test
method, 1efer to Termmologxes D 1129 and D 4127.

4, Summary of Test Method

4.1 Bromide ion is measured potentiometrically using a
bromide ion-selective electrode in conjunction with a single-
junction, sleeve-type reference electrode: Potentials are read on
a pH meter having an €xpanded millivolt scale capable of being

! This test method is under the‘ Jjurisdiction of ASTM Committee D-19 on Water
and is the direct responsibility of Subcommittee D19.05 on Inorganic Constituents
-in Water,

Current edition approved Dec. 10, 1995. Published February 1996. Originally
published as D 1246 — 52 Last previous edition D 1246 — 88 (1995) <,

2 Annual Book of ASTM Standards, Vol 11,01,

Copyright ® ASTM, 100 Bar Harbor Drive, West Gonshohocken, PA 19428-2059, United States.
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read to the nearest 0.1 mV, or a selective ion meter having a

direct concentration scale for bromide. For less precise work, a
pH meter having a millivolt scale capable of being read to the
nearest 1.0 mV is adequate, however, no supporting data are
available.

4.2 The electrodes are calibrated in known bromide solu-
tions and the concentrations of unknowns are determined in
solutions with the same background. In most cases, addition of
an ionic strength adjustor to both standards and samples is
sufficient to maintain constant background ionic strength, For
samples ‘above 0.1 M in ionic strength, prepare standard
solutions similar to the sample composition.

5. Significance and Use

5.1 By analysis for bromide in water, wastewater, and
brackish waters, it is possible to evaluate the origin of the
water, its potential as a source of bromide, and its condition
with regard to pollution.

6. Interferences

6.1 Strongly reducing solutions and solutions containing
ions which form insoluble silver salts may coat the electrode
membrane. These may be removed by polishing the membrane
surface. Sulfide ion and cyanide ion both poison the elcctrode
and should be removed (see Section 11).

6.2 Halide ions form complexes with some metals. Since
the electrode responds only to free bromide ions, the presence
of any complexing agents lowers the measured concentrations.
Concentrations of free metal ions causing a 10 % error of a
bromide concentration of 8,1 mg/L are bismuth *3, 80 mg/L;
cadmium *Z, 100 mg/L; lead *2, 1600 mg/L; tin *2, 2400 mg/l;
and thallium. **, 4 mg/L.

6.3 Chloride ion and hydroxide ion do not interfere when
present in the concentrations of up to 400 and 30 000 times the
bromide concentration, respectively. There will be no interfex-
ence from ammonia when present in concentrations twice. that
of bromide, nor from thiosulfate 20 times as concentrated as
bromide. Iodide is an interference at a concentration ratio as
low as 2 X 10 ™, Mercury should be absent from samples.

7. Apparatus

7.1 pH Meter, capable of reading to 0.1 mV, or a selective-
ion meter.
7.2 Bromide lon-Selective Electrode,
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7.3 Sleeve-Type Single-Junction Reference Electrode, filled
with manufacturer’s filling solution.

7.4 Mixer, magnetic, with a TFE fluorocarbon-coated stir-
ring bar.

7.5 Laboratory Glassware.

8. Reagents

8.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents shall conform to the specifications of the Commit-
tee on Analytical Reagents of the American Chemical Society,
where such specifications are available, 3 Other grades may be
used, provided it is first ascertained that the reagent is of
sufficiently Kigh purity to permit its use without lessening thie
accuracy of the determination.

8.2 Purity of Water— Unless otherwise indicated, reference
to water shall be understood to mean reagent water conforming
to Specification D 1193, Type L. Other reagent water types may
be used, provided it is first ascertained that the water is of
sufficiently high purity to permit its use without adversely
affecting the bias and precision of the test method. Type 11
water was specified at the time of round robin testing of this
test method.

8.3 Ionic Strength Adjustor (42.5 g/100 mL NaNQO4)—In a
100-mL volumetric flask, dissolve 425 g of sodium nitrate
(NaNOs) in water and dilute to volume,

8.4 Nickel Sulfate Solution, I M—In a 100 mL volumetric
(ﬂqsk dissalve 26.3 g of nickel sulfate hexahydrate NiSO,-
'6HZO) in water and diluté to volume.

8.5 Sodium Bromide Standard Solution, 1000 mg/L—In a 1
L volumetric flask dissolve 1.288 g dried sodium bromide in
water and dilute to volume., :

8.6 Sodium Bromide Standard Solutzons, (100, 10, and 1
mg/L)—Dilute 1 volume of the 1000 mg/L bromide standard
with 9 volumes of water to prepare the 100 mg/L standard. By

further 1+9 serial dﬂuuons prepare the 10 and 1 mg/L
- standards.

‘9, Sampling

9.1 Collect the samples in accordance with Practice D 1066
and Practices D 3370, as apphcable

10. Cahbratlon and Standardlzatlon

10.1 To 100 mL of the 1, 10, 100, and 1000 mg/L standards
add 2 mL of the ionic strength adjustor (ISA). If any samples
require treatment for-inteffefences, prepare standards with the
same b'xckground
- 10.2 Connect and-fill electrodes in accordance with manu-
facturer’s instructions. :

10.3: Transferthe 1 mg/L standard- ISA mixture to a 150 ml.
beaker and stir ‘gently using the magnetic mixer. Immerse the
electrodes in the solution and wait 2 min for the potential to
stabilize. Record the value.

3 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH 1id., Poole, Dorset, U.K., and the United States Pharmacopeia
and National Formulary, U.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
MD,
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10.4 Rinse electrodes thoroughly and repeat for the 10, 100,
and 1000 mg/L standard-ISA mixtures. Wait 2 min and record
the potential.

10.5 The calibration curve is generated by plotting on
semilogarithmic graph paper, the potential observed versus the
concentration of the standard used. Note that volume correc-
tions are incorporated into the calibration, so that samples
analyzed according to Section 11 of this test method can be
read directly.

11. Procedure

11.1 To any sample containing sulfide or cyanide ion, add
0.1 mL nickel sulfate solution to 100 mL sample.

Note |—This concentration of nickel sulfate will react with 58 mg/L
sulfide and 117 mg/L cyanide.

11.2 Transfer 100 mL sample to-4 150 mL beaker and add 2
mL ionic strength adjustor. Stir thoroughly for 1 min using the
magnetic mixer.

11.3 Immerse the electrodes in the sample-ISA mixture and
wait 2 min for the potential to stabilize. Record the value.

11.4 Read bromide concentration of the sample, in mg/L,
directly from the calibration curve. Note that volume correc-
tions are incorporated into the calibration.

12. Precision and Bias 4

12.1 Precision—The overall and single-operator precision °

of this test method may be expressed as follows:
12.1.1 For Reagent Water:

Sy = 0.077X + 1.10, coefficient of correlation = 1.0

So = 0.067X -+ 0.79, coefficient of correlation = 1.0
12.1.2 For Water Matrices:

Sy = 0.064X + 0.84, coefficient of correlation = 1.0

So = 0.049X + 0.09, coefficient of correlation = 1.0

where:

Sy = overall precision, mg/L,

Sp = single-operator precision, mg/L, and
X = concentration of bromide determined.

12.2 The selected water matrices included natural waters,
ground waters, and tap water. These data on precision and bias
may not apply to waters of other matrices.

12.3 Bias—Recoveries of known amounts of bromide from
reagent water and selected water matrices were as shown in
Table 1.

12.4 This information is derived from round-robin testing,
in which five laboratories, including eight operators, partici-
pated. Of the eight sets of data ranked, as described in Practice
D 2777, none was rejected. One operator submitted reagent
water data only. One outlier data point within each set was also
rejected. Four sample levels were run on three days and blanks
were obtained for the water used.

12.5 This section on precision and bias conforms to Practice
D 2777 - 77, which was in place at the time of collaborative
testing., Under the allowances made in 1.5 of Practice

4 Supporting data for this test method have been filed at ASTM Headquarters
Request Research Report RR:D19-1078.
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TABLE 1 Recoveries of Known Amounts of Bromide from
Reagent Water and Selected Water Matrices

Statistically = °
Amount Amount +Bias Significant
added, found, - o ! (95 % Con-
mg/L mg/L. ° fidence
. Level)
Reagent 0.65 0,77 +185 yes
Water 1.00 1.19 +19.0 no
92.7 96.4 +3.99 no
864 B854 - 116 no
Water 0.65 0.80 +23.1 - yes
1.00 1.21 +21.5 yes
92.7 96.6 +8.2 no
864 836 -3.3 yes

D 2777 - 86, these precision and bias data do meet existing
requirements for interlaboratory studies of Committee D—-19
test methods.

13. Keywords

13.1 bromide; ISE; ion-selective electrode

APPENDIX

(Nonmandatory Information)

Xl.- RATIONALE FOR DISCONTINUATION OF TEST METHODS

X1.1 Colorimetric and Titrimetric Test Methods for lodide
and Bromide

XL1.1.1 These test methods were discontinued in 1988, and
the title of the standard was changed because no iodide test
methods remained in the standard. These test methods may be
found in their entirety in the 1988 Annual Book of ASTM
Standards, Vol 11,01, Additional relevant data may be found in
Research Report RR:D-19-57, which is filed at ASTM Head-
quarters.

X1.1.2 Former Test Method A—Colorimetric for Iodide

X1.1.2.1 This test method covers the colorimetric determi-
nation of iodide in water when concentrations up to 100 pg/L
arc present,

X1.1.2.2 This test method is based on the catalytic effect of
races of iodide on the rate of oxidation of arsenious ion by
ceric ion in acid solution. In the presence of a small amount of
iodide, the reaction follows first-order reaction rate kinetics,
and, at any given temperature and reaction time, the extent of
reduction of ceric ion is directly proportional to iodide con-
ceniration. Since solutions of ceric ions are yellow and those of
cerous ions colorless, the extent of the reaction may be
determined photometrically:

X1.1.3 Former Test Method B—Colorimetric for Bromide

X1.1.3.1 This test method covers colorimetric determina-
tion of bromide in water when concentrations equivalent to no
more than 100 pg/L are present,

X1.1.3.2 This test methiod is based on the catalytic effect of
traces of bromide ion on the rate of oxidation of iodine to
iodate by potassium permanganate in sulfuric acid solution.

109

Under controlled conditions of pH, temperature, and concen-
tration of reactants, and for a given reaction time, the concen-
tration of unreacted iodine is inversely proportional to the
concentration of bromide, To determine bromide, the reaction
is stopped after a given time by extraction of the unreacted
iodine with carbon tetrachloride and measuring the color
intensity of the exact solution at 515 nm.

X1.1.4 Former Test Method C—Titrimetric, for Iodide and
Bromide

X1.1.4.1 This test method is recommended for samples
containing appreciable amounts of iodide or bromide, or both,
at concentrations greater than 5 mg/L.

X1.1.4.2 Any iodide in the sample is oxidized with bromine
to the iodate in a buffered solution, the excess bromine being
destroyed subsequently. Iodine equivalent to the iodate is
liberated from potassium iodide and titrated with sodium
thiosulfate.

X1.1.4.3 Iodide and bromide occurring together are oxi-
dized to iodate and bromate, respectively, with hypochlorite,
Iodine equivalent to the combined reaction products is liber-
ated and measured after destroying the excess hypochlorite.

X1.1.4.4 The bromide content of the sample is calculated by
difference between the iodide and combined iodide and bro-
mide determinations.

X1.1.5 These test methods were discontinued because there
were insufficient laboratories interested in participating in a
collaborative study to obtain the necessary precision and bias
data as required by Practice D 2777,
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Tha American Society for Testing and Materials takes no position respecting thevalidity of any patent rights asserted.in connection
with any item mentioned in this standard. Users of this standard are expressly advised that.determination of the. val/dity of any such
patentrights, and the risk of infringement of such rights, are entirely thefr own responsibility.

This standard is subject to revision at any time by the responsible technical commlttee and must be reviewed every five years and
if not ravisad, aither reapproved or withdrawn. Your comments are invited eithar for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters, Your comments will raceive careful consideration at a mesting of the responsible
technical cammittee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Slandards, at the address shown below,

This standard Is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box G700, West Conshohocken; PA 19428-2059, United States.
Individual reprints (single or multiple copies) of this standard may be oblained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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qmp Designation: D 1253 - 86 (Reapproved 1996)

Standard Test Method for
Residual Chlorine in Water*

This standard is issued under the fixed designation D 1253; 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 epsilon (¢) indicates an editorial change since the last revision or reapproval.

This test method has been approved for use by agencies of the Department of Defense, Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopted by the Depariment of Defense.

1. Scope

1.1 This test method covers the determmatlon of residual
chlorine in water by direct amperometric titration,

1.2 Within the constraints specified in Section 6, this test
method is not subject to commonly encountered interfer-
ences and is applicable to most waters. Some waters,
however, can exert an iodine demand, usually because of
organic material, making less iodine available for measure-
ment by this test method. Thus, it is possible to obtain falsely
low chlorine readings, even though the test method is
working properly, without the user’s knowledge.

1.3 Precision data for this test method were obtained on
estuary, inland main stem river, fresh lake, open ocean, and
fresh cooling tower blowdown water. Bias data could not be
determined because of the instability of solutions of chlorine
in water. It is the user’s responsibility to ensure the validity of
the test method for untested types of water, .

1.4 Inthe testing by which this standard was validated, the '

direct and back. starch-iodide titrations and the amperomet-
ric back tltratl.on, formerly part of this standard, were found
to be unworkable and were discontinued in 1986. Historical
information is presented in Appendix X1.

Note 1—Orthotolidine test methods have been omitted because. of
poor preclsmn aucl aceuracy.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with. its use. It is the
responsibility of the user.of this standard to establish appro-
priate safety.and health practices and determine. the: appltca-
bZth of regulatgry hmltatlons prior to use.

2 Referenced Documents

D 1129 Terminology Reélating to Water?

D1193 Spec1ﬁcat10n for Reagent Water?

D 3370 Practices: for Samphng Water from Closed
~Conduitg® .0

3. Termmology

3.1 Definjtions—For deﬂmtmns of terms used in this test
method, refer to Terminology D 1129,
3.2 Definitions of Terms Specific to This Standard:

‘Water, and is the duect responsxbﬂuy of Subcommlttee D 19.05 on Inorganic

Constituents in Water, -, -

Current edition appmved Feb 28 1986 Pubhshed April 1986. Originally
published as D 1253 —53, Last prevnous edition. D 1253 - 76,

2 Annual Book of ASTM Standards, Vol 1101,

11

3.2.1 combined residual chlorine, n—residual consisting
of chlorine combined with ammonia nitrogen or nitrogenous
compounds,

3.2.2 free available chlorine residual, n—residual con-
sisting of hypochlorite ions, hypochlorous acid, or a combi-
nation thereof.

3.2.3 total residual chlorine (chlorine residual), n—the
amount of available chlorine-induced. oxidants present in
water at any specified period, subsequent to the addition of
chlorine.

Note 2—Chlorine present as chloride is neither included in these
terms nor determined by this test method,

NotE 3—Bromine, bromine combined with ammonia or nitrogenous
compounds, and chlorine dioxide are not distinguished by this test
method from the corresponding chlorine compounds.

o

4. Summary of Test Method

4.1 This is an amperometric titration test method utilizing
phenylarsine oxide as the titrant, When the titrator cell is
immersed in a sample containing chlorine, current is gener-
ated. As phenylarsine oxide is added, the chlorine is reduced
and the generation of current ceases. When chlorine is
present as a chloramine, potassium iodide is added, releasing
iodine, which is titrated in a similar manner. The iodine

‘content is calculated in terms of free chlorine,

5. Significance and Use

5.1 Chlorine is used to destroy or deactivate a variety of
unwanted chemicals and microorganisms in water and
wastewater.

5.2 An uncontrolled excess of chlorine in water, whether
free available or combined, can adversely affect the subse-
quent use of the water. '

6. Interferences

6.1 This test method is not subject to interferences from
temperature, color, or turbidity of sample.

6.2 Values of pH above 8.0 interfere by slowing the
reaction rate. Buffering the sample to pH 7.0 or less
climinates the interference,

6.3 FErratic behavior of the apparatus in the presence of
cupric ions has been reported

6.4 Cuprous and silver ions tend to poison the electrode of
the titrator,

6.5 Nitrogen trichloride and some N-chloro compounds
are often present as products of the chlorination of wastewa-
ters and will titrate partially as free available chlorine and
partially as combined residual chlorine. This error can be
avoided only in the determination of total residual chlorine.
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. MOTOR FILELD

SILVER ELECTRODE -

| 6.6 Exposuré to high poﬁcentrations of free available
chlorine causes a film-type polarization that reverses very
slowly. This can. be avoided by diluting the sample with

water to less than 10:mg/L of free available chlorine.

6.7 If chlorine dioxide is present, an unknown portion

titrates as free avaﬂable chlorine, Total chlorine d10x1de

_ titrates as total residual chlorifie,

6.8 Depending upon final pH, chlorination of waters

containing ammonia or nitrogenous organic compounds can -

produce high- concentrations- of ‘dichloramine. This com-
pound produces’ four:'to 'five- times ‘as much current as
monochloramine. The current produced by as little as 5
mg/L of dichlordmine can cause the microammeter pointer
to read offscale’even at the ‘end point'in the titration of free
available chlorine, This may be overcome by use of an
opposing voltage in the apparatus’ circuitry. The instru-
ment’s manufacturer should be consulted in this regard. -

7. Apparatus

7.1 Amperometrzc thratzon Appamtus34
L.

Note 4—When the titrator has been out of service for a day or more,
check the electrode for sensitivity by noting the rapidity of the pointer
deflection. If the pointer responds slowly: after the addition of KI
solution, add a smallamount of biiodate, If it responds slowly to free
available chlorine, seusitize it by adding chlorine.

Refer to Fig.

3 Waser and Sewage Works May 1949 p 171 and Journal American Water
Works Association, Vol 34, 1943, o, L227—-1240 :

4 Amperomeiric titrators are’ avaﬂable commermally ﬁ'om most laboratory
supply houses,
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PLATINUM ELECTRODE

" HG. 1 ‘Wiring Diagram of Amperometric Titrator

7.2 Glassware—Condition with water containing at least
10 mg/L of residual chlorine for at least 2 h pnor to use and

‘then rinse thoroughly.

8. Reagents and Materials

8.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests, Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee on Analytical Reagents of the American Chem-
ical Society.’ Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to
permit its use without lessening the accuracy of the determi-
nation.

8.2 Purity of Water—Unless otherwise indicated, refer-
ences to water shall be understood to mean reagent water
conforming to Specification D 1193, Type III, further treated
to be free of chlorine demand. A suggested method for
preparation of chlorine demand-free water is to add approx-
imately 20 mg/L, of available chlorine to Type III water, let it
stand for about a week in darkness, and then expose it to
sunlight until no chlorine remains.

8.3 pH 4.0 Buffer Solution—Dissolve 243 g of sodium
acetate trihydrate and 480 g of glacial acetic acid in water
and dilute to 1 L.

3 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC, For suggestions on the iesting of reagents not
listed by the American Chemical Society, see Analar Standards jor Laboratory
Chemicals, BDH Ltd., Poole, Dorset, UK., and the United States Pharmacopeia
and National Formulary, us Pharmacopmal Convention, Inc. (USPC),
Rockville, MD,
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8.4 pH 7.0 Buffer Solution—Dissolve 25.4 g of monobasic
potassium phosphate and 86. g, of dibasic sodium phosphate
in water and dilute to 1 L.

8.5 Biiodate, Solution Standard (0.0282N8 )leSSOlVC
0.9163 g of potassium biiodate in water and dilute to { L in
a volumetric flask. Store in an amber glass-stoppered botile.

8.6 Phenylarsine Oxide, Solution Standard (0.00564 N)—
Dissolve 0.8 g of phenylarsine oxide in 150 mL of sodium
hydroxide solution (12 g/L). After settling, decant 110 mL of
this solution, add 800 mL of water, and bring to a pH of 9.0
by adding hydrochloric acid (1 + 1). This should require
about 2 mL of HCI (1 + 1). Continue acidification with HCI
(1 + 1) until a pH of 6 to 7 is reached, as indicated by a
glass-electrode system; then dilute to a total volume of 1L.
Standardize to 0.00564 N against 0.0282 N biiodate solution
using the titrator (7.1).as the end-point indicator, Add 1 mL
of chloroform: for preservation.

8.7 Potassium Iodide Solution (50 g/L)—Dissolve 50 g of
KIin water and dilute to 1 L. Add 1 g of sodium bicarbonate
to stabilize the solution. Store in an amber bottle and avoid
dlrect exposure to sunllght

9. Sampling -

9.1 Collect the sample in accordance with Practices
D 3370. Take care that the sample is representative and keep
it away from direct sunlight prior to analysis.

9.2 All tests should be made as soon as possible after
collection of the sample (not more than 5 min) because the
residual chlorine may diminish with time, due to the

' chlorine demand of the sample. Where time of contact is
important, the elapsed time between the addition of chlorine
and the determmatlon of chlorme .should be taken into
account, .

10. Procedure

10.1 For residual chlorine concentrations of 2.0 mg/L or
less, use a 200-mL sample, For greater concentrations, use a
100-mL sample. It is preferable that the size of the sample be
such that not more than 2 mL of titrant will be required to
complete the titration.

10.2 Determination of Total Residual Chlovine:

10.2.1 Add | mL of KI solution to a 200-mL sample and
immediately add 1 mL of pH 4.0 buffer solution.

10.2.2 Immerse the electrodes in the sample and start the
stirrer. Adjust the microammeter pointer of the potentiom-
eter to the right or high current side of the scale so the
pointer can deflect counterclockwise during the analysis.

10.2.3 Titrate using standard phenylarsine oxide solution,
adding the titrant in small increments, and noting the
deflection of the microammeter pointer. Plot the progress of
the titration on linear graph paper with current on the
vertical axis and titrant volume on the horizontal axis. Add a
small volume of titrant, wait a few seconds, and plot the
current-volume point on the graph,

10.2.4 Readjust the potentiometer several times during
the titration, if necessary, to bring the pointer back on scale.

10.2.5 Continue the analysis by determining at least three
points spread over the downward sloping titration curve and
at least three points after the equivalence or end point. The
latter points will indicate practically no change in current.
Points just before the end point shall be disregarded in its

determination. The millilitres of titrant at the end point
defined by the intersection of the two linear sections of the
titration curve should be recorded. ‘

10.3 Determination of Free Available Chlorine Residual;

10.3.1 Add 1 mL of pH 7.0 buffer solutlon to a 200-mL
sample,

10.3.2 Repeat the phenylarsme oxide titration beginning
with 10.2.2.

10.3.3 Note a rapid deflection of the pointer for each
increment of titrant indicates the presence of free available

- chlorine. Slight counterclockwise movements of the pointer

113

after addition of individual drops of titrant is a drift effect
and does not indicate the presence of free available chlorine.

10.4 Determination of Combined Available Chlorine Re-
sidual:

10.4.1 Complete the titration for the determination of free
available chlorine residual as in 10.3. ‘

10.4.2 To the same sample, add 1 mL of KI solution and
1 mL of pH 4.0 huffer solution and repcat the titration as in
10.2.

11. Calculation

11.1 Calculate the various types of chlorine residual, in,

milligrams per litre, as follows:
Chlorine residual, mg/L = 200 4/V

where:

A = phenylarsine oxide solution (0.00564 N) required for
the titration of 10.2, 10.3, or 10.4, depending on the
specific type of chlorine residuat determined, mL, and

V = sample used, mL.

12. Precision and Bias®

12.1 The overall precision (Sy) and the single operator
precision (S,) of this test method for free available chlorine
(FAC) and for total residual chlorine (TRC) were determined
by eight or nine qualified cooperators each with analysis
equipment and reagents at each of five sites. Each site
constituted a different chlorinated cooling water matrix:
estuary, inland main stem river, fresh lake, open ocean, and
fresh cooling tower blowdown. Each site water was chlori-
nated up to nine levels. Samples were collected simulta-
neously and analyzed within 5 min of collection by all eight
or nine cooperators. Duplicate sampling and analysis runs
were made at each level.

12.2 The S, and S, for FAC was found to vary linearly
with the mean concentration of FAC, X, in mg/L, over the
range for X from 0.0 to 1.0,

12.2.1 For the pooled results from all of the matrices
tested:

S; = 0.025 + 0.199 X (n = 37, r = 0.848)
S, = 0.008 + 0.081 X (n =35, r =0.638)
where:
n = number of runs, and
r = correlation coefficients,
12.3 The S; and §, for TRC was found to vary linearly

6 Supporting data are available from ASTM Headquarters, Request RR:
D19-1124,
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with the mean concentration of TRC, Y, in mg/L, over the
range for ¥ from 0.0 to 3.5.

12.3.1 For the pooled resulis from all of the matrices
tested: ‘ : :

S, = 0.022 + 0.098 ¥ (n = 39, r = 0.865)
8, =0,012+ 0.024 Y (n = 38, r = 0.695)

12.4 The bias of the test method could not be. determined
since the instability of solutions of chlorine in water does not’
permit the determination of an acceptable true value: for
TRC and FAC in the samples, . .

13. Keywords ‘ ‘
13.1 amperometric; analysis; chlorine; water

APPENDIX

(Nonmandatory Information)

X1. RATIONALE FOR DISCONTINUATION OF TEST METHODS

X1.1 Direct and Back Starch-Iodide Titrations and
Amperometric Back Titration: )

X1.1.1 These two test methods were discontinued in
1986. These test methods may be found in 1985 Annual
Book of ASTM Standards, Vol 11.01. These test methods
were originally issued in 1953,

X1.1.2 These test methods are biiodate solutions as
titrating ‘agents. ‘Attempts to include these test. methods in
the round-robin testing were: not. successful because the

reaction rate of the biiodate solution with phenylarsine oxide
was slow and inconsistent. The little data obtained were’
widely varied, nonreproducible, and were not relatable to the
values being tested. )

X1.1.3 Field experience indicates that both test methods
can work if iodine solution is used in place of biiodate
solution as the titrating agent. Validation of these test
methods through round-robin testing, however, has not been
carried out, :

The Arﬁérican Saciely for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard, Users of this standard are expressly advised that determination of the validity of any such

patent rights, and the risk of infringement of such rights; are entirely their own responsibility.

. .This standard /s subject lo revision af any time by the responsible technical committee and must be reviewed every five years and
if nat revised, either reapproved or withdrawn, Your comments are Invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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