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Foreword

ASTM

ASTM. founded in 1898. is a scientific and technical organization formed for “the development
of standards on characteristics and performance of materials. products, systems, and services: and
the promotion of related knowledge.” It is the world’s largest source of voluntary consensus standards.

The Society operates through 141 main technical committees with 1993 subcommittees. These
committees function in prescribed fields under regulations that ensure balanced representation
among producers, users, general interest, and consumer participants.

The Society currently has 29.500 active members, of whom approximately 18,500 serve as technical
experts on committees. representing 87,900 units of participation.

Membership in the Society is open to all concerned with the fields in which ASTM is active. A
membership application may be found at the back of this volume. Additional information may be

obtained from Member, Committee, and Customer Services, ASTM. 1916 Race St.. Philadelphia,
PA 19103.

1985 Annual Book of ASTM Standards

The 1985 Annual Book of ASTM Standards consists of 66 volumes, divided among 16 sections,
of which this volume is one. It contains formally approved ASTM standard classifications. guides.
practices, specifications, test methods, and terminology and related material such as proposals. These
terms are defined as follows in the Regulations Governing ASTM Technical Committees:

Categories:

standard—as used in ASTM, a document that has been developed and established within the
consensus principles of the Society and that meets the approval requirements of ASTM procedures
and regulations.

Discussion—The term “standard” serves in ASTM as an adjective in the title of documents. such
as test methods or specifications, to connote specified consensus and approval, The various types of

standard documents are based on the needs and usages as prescribed by the technical committees of
the Society. )

proposal—a document that has been approved by the sponsoring committee for publication for
information and comment prior to its consideration for adoption as a standard.

Discussion—Complete balloting procedures are not required for proposals and no designation is
assigned to them.

emergency standard—a document published by the Society to meet a demand for more rapid
issuance of a specific standard document.

Discussion—The Executive Subcommittee of the sponsoring committee must recommend the
publishing of an emergency standard and the Committee on Standards must concur in the recom-
mendation. Emergency standards are not full consensus documents because they are not submitted

to Society ballot.
Types:
The various types of ASTM documents are to provide a flexibility of form. communication, and

il
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FOREWORD

usage for both the technical committees and the myriad users of ASTM documents. The type of
ASTM document that is developed and titled is based on the technical content and intended use,
not on the degree of consensus achieved. The three categories of ASTM documents (standard,
emergency standard. and proposal) can be of the following forms and types:

classification—a systematic arrangement or division of materials.- products, systems, or services
into groups based on similar characteristics such as origin, composition, properties, or use.

guide—a series of options or instructions that do not recommend a specific course of action.

Discussion—Whereas a practice prescribes a general usage principle, a guide only suggests an
approach. The purpose of a guide is to offer guidance, based on a consensus of viewpoints. but not
1o establish a fixed procedure. A guide is intended to increase the awareness of the user to available
techmques in a given subject area and to provide information from which subsequent evaluation
and standardization can be derived.

practice—a definitive procedure for performing one or more specific operations or functions that
does not produce a test result. (Compare test method.)

Discussion—A practice is not a downgraded test method. Examples of practices include procedures
for conducting interlaboratory testing programs or other statistical procedures; for writing statements
on sampling or precision and accuracy: and for selection, preparation, application, inspection.
necessary precautions for use or disposal, installation, maintenance, and operation of testing equip-
ment, ;

specification—a precise statement of a set of requirements 1o be satisfied by a material, product.
system, or service that indicates the procedures for determining whether each of the requirements is
satisfied. .

Discussion—It is desirable 1o express the requirements numerically in terms of appropriate units
together with their limits.

terminology—a document comprising definitions of terms: descriptions of terms: explanations of
svmbols. abbreviations. or acronyms.

tes1 method—a definitive procedure for the identification. measurement. and evaluation of one or
more qualities. characteristics, or properties of a material, product. svstem. or service that produces
a test result. (Compare practice.)

A new edition of the Book of Standards is issued annually. Each volume contains all actions
approved by the Society at least six months before the issue date. New and revised standards approved
by the Society between the annual appearances of any given volume are made available as separate
copies. The 1983 edition of the Book of Standards comprises approximately 58,000 pages and
includes over 7400 ASTM standards.

Purpose and Use of ASTM Standards

An ASTM standard represents a common viewpoint of those parties concerned with its provisions.
namely. producers. users. consumers. and general interest groups. It is intended to aid industr
government agencies. and the general public. The use of an ASTM standard is purelv voluntary. It
is recognized that. for certain work or in certain regions, ASTM standard specifications may be either
more or iess restrictive than needed. The existence of an ASTM standard does not preciude anvone
from manufacturing. marketing, or purchasing products, or using products. processes. or procedures
not conforming to the standard. Because ASTM standards are subject 1o periodic review and revision.
those who use them are cautioned to obtain the laiest revision.

Consideration of Comments on ASTM Standards

An ASTM standard is subject to revision at any time by the responsible technical committee and
must be reviewed every five vears and if not revised. eithier reapproved ur withdrawn. Your comments
are invited either for revision of any standard or for addiuional standards and should be addressed to
ASTM Headquarters. Your comments will receive careful consideration at a meeting of the respon-
sible technical committee. which vou may attend. If vou feel that vour comments have not received
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a fair hearing you should make your views known to the ASTM Committee on Standards, 1916
Race St., Philadelphia, PA 19103.

Using the Annual Book of ASTM Standards

The standards are assembied in each volume in alphanumeric sequence of their ASTM designation
numbers except for Volumes 11.01, 11.02, and 05.04, which are assembled by subject matter. Volume
06.03 is assembled first by committee, then in alphanumeric sequence. Each volume has a table of
contents, listing the standards in alphanumeric sequence by ASTM designation; and a list by subjects,
categorizing the standards according to subject. A subject index of the standards in each volume
appears at the back of each volume.

Availability of Individual Standards

Each ASTM standard is available as a separate copy from ASTM. Speciai quantity prices and
discounts for members can be obtained from Sales Service. When ordering, provide the ASTM
standard designation and year of issue, title, quantity desired, and shipping instructions.

Obsolete Editions

This new edition of the Annual Book of ASTM Standards makes last year’s edition obsolete. Each
volume of the Annual Book of ASTM Standards is published annually because of additions of new
standards and significant revisions in existing standards. On the average, about 30 % of each volume
is new or revised. For practical purposes, therefore, it is not wise to use obsolete volumes, However,
for teaching purposes, these outdated volumes might be useful.

Precautionary Caveat

In January 1983, the Board of Directors approved the inclusion of the following precautionary
caveat:

This standard may involve hazardous 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 applicability of regulatory limitations prior to use.

Inclusion of the caveat is required in test methods, specifications (where test methods are detailed
ather than by reference), practices, and guides. Implementation of the caveat will be phased in as
new, revised, and reapproved standards are approved by the Society.

Disclaimer

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 these standards. Users of these
standards 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.
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# Listed by Secfion and Volume

Section 1 -~lran and Steel Products
Yaolume 01.01 Steel--Piping, Tubing, Fittings
Volume 01.02  Ferrous Castings; Ferroalloys; Shipbuilding
Volume 01.03  Steel— Plate, Sheet, Strip, Wire
Volume 01,04 Steel—Structural, Reinforcing, Pressure Vessel, Railway
Volume 01.05  Steel—. Bars, “orgings, Bearing, Chain, Springs
Volume 0106 Coated Steel Products

Section 2---Nonferrous Metsl Products
Volume 02.01  Copper and Copper Alloys
Volume 0202 Die-Cast Metals; Alaminum and Magnesium Allovs
Volume 0203 Electrical Conduictors
Volume 0204 Nonferrous Metals—- Nickel. Lead. Tin Alloys, Precious, Primary, Reactive Metals
Volume 02.05  Metallic and Inorganic Coatings: Metal Powders. Sintered I'/M Stracturat Pagte

Section 3 - - Metals Test Methods and Anslytical Pracedures
Votume 03.01  Metals-—Mechanical Testing: Elevated and Low-Temperature Teuts
Volume 0302 Erosion, and Wear: Metal Corrosion
Volume 03.03  Metallography; Nondestructive ‘Testing
Volume 03.04  Magnetic Properties; Metallic Materials for Fhermastats, Flectrical Resictance, Heating, Conta g
Volume 0205 Chemical Analysis of Metals and Metal-Bearing Ores
Volume 0306 Emission Spectroscopy: Surface Analysis

Section 4~ Construction
Volume 0481 Cement: Lime: Gypsum
Volume 04.02  Concrete and Mincral Aggregates
Volume 04.03  Road and Paving Materials: Traveled Surface Characteristics
Volume 1404  Roofing, Waterproofing. and Bituminous Materials
Volame 04.05  Chemical-Resistant Materials: Vitrified Clay, Concrete, Fiber-Cement Products; Mortars: Ma
sonry
Volume 0406 Thermal Insulation; Environmental Acoustics
Volume 04.07  Building Seals and Sealants: Fire Standards: Building Constructions
Volume 34.08  Soil and Rock: Ruilding Stones
Volume (M 09 Wood

Scetion S- Petroleum Products, ¥ ubricants, and Fossil Faels
Vaolume 0501 Petroleum Products and Lubricants (1Y D 56-1) 1660
Vatume 05.02  Petrolenm Products and Lubricants (D D 1661-D 2896
Yolume 05.03  Petroleim Products and Lubricants (Uh: D289 -latest; Catalysis
Volume 0504 Test Metbods for Rating Motor, Diescl, and Aviation Fuels
Volume 0505 Gaseous Fuels; Coal and Coke

Section 6 - -Paint<, Related Contings, and Aromatics
Yolume 0608 Paint- Tests for Farmutated Products and Applicd Coatings
Volume 06.02  Paint- Pigments, Resins and Palymers
Volume 06 03 Paint- Fatry Oils and Avids, Solvents. Miscellaneous; Aromatic Hydrocarbons: Naval Stores

Section 7 - Fextiles
Volume 0701 Textiles - Yarns, Fabrics. and General Test Methods
Valime 07092 Toxtiles - Fibers, Zippers

Section 8 - Plastics
Volume 08.01 Plastics (1): € 177D 1600
Volume 0802 Plastics (1Y 1 1601 D 3089
Volume OR 03 Plastics 01 1) 3100-fatest
Volume 08 64 Plastic Pipe and Building Products

vi
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Section 9. Rubber ’
Volume 09.01  Rubber, Natural and Synthetic—General Test Methods; Carbon Black
Volume 09.02  Rubber Products. Industrial—Specifications and Related Test Methods: Gaskets: Tires

Section 10— Electrical Insulation and Electronics
Volume 10.01  Electrical Insulation (1)—Solids, Composites. and C. oatings
Volume 10.02  Electrical Insulation (I)— Wirc and Cable, Heating and Flectrical Tests
Volume 10.03  Electrical Insulating Liquids and Gases; Flectrical Protective Equipment
Volume 10.04 Electronics (I)
Volume 10.05  Electronics (11)

Section 11—-Water and Environmental Technology
Volume 11.01  Water (1)
Volume 11.02 Water (Il)
Volume 11.03  Awmospheric Analysis; Occupational Health and Safety
Volume 11.04 Pesticides; Resource Recovery; Hazardous Substances and Oil Spill Responses: Waste Disposal:
Biological Effects

Section 12—Nuclear, Solar, and Geothermal Energy
Volume 12.01  Nuclear Energy (1)
Volume 12.02  Nuclear (i), Solar. and Geothermal Energy

Section 13—Medical Devices
Volume 13.01  Medical Devices

Section 14-—General Methods and Instrumentation
Volume 1401 Analytical Methods-—Spectroscopy; Chromatography: Temperature Measurement: Computer-
ized Systems
Volume 14.02  General Test Methods, Nonmetal; Laboratory Apparatus; Statistical Methods: Appearance of
Materials; Durability of Nonmetallic Materials

Section 15—-General Products, Chemical Specialities, and End Use Products
Volume 15.01 Refractories; Carbon and Graphite Products: Activated Carbon
Volume 15.02  Glass; Ceramic Whitewares; Porcelain Enamels
Volume 15.03 Space Simulation; Aerospace Materials; High Modulus Fibers and Composites
Veolume 15.04  Soap; Polishes; Cellulose; Leather; Resilient Floor C overings
Volume [5.05 Engine Coolants; Halogenated Organic Solvents; Industrial Chemicals
Volume [5.06 Adhesives
Volume 15.07 End Use Products
Volume 15.08 Fasteners
Volume 15.09 Paper; Packaging: Flexible Barrier Materials; Business € opy Products

Section 00—Index
Volume 00.01  Subject and Alphamimeric Index

vii
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SUBJECT VOLUME
Acoustics, Environmental .. ... .. ... ... 04.06
ActivatedCarbon . ...... . . ... .. ... ... .. 15.01
Adhesives .. ... ... ... ... 15.06
Aerosols ... ... L 15.09
Acrospace Industry Methods . .. ... ... ... .. 15.03
AREIEgates . ... ....... ... 04.02 -
Aluminum and Aluminum Alloys .. .. ... .. 02.02
Amusement Rides and Devices. . .. ... ... .. 15.07
Appearance of Matenials ... ... ... .. ... .. 14.02
Aromatic Hydrocarbons and Related
Chemicals. . ......... .. ... .. .. .. 06.03
Atmospheric Analysis ... ... ... ... ... .. 11.03
Biological Effects and Environmental Fate . . 11.04
Bituminous Materials ... ... ... . .. . . 04.03
Building Constructions . . ... ... ... .. ... . 04.07
Building Scals and Sealants .. .. ... ... ... 04.07
Building Stones ... ......... .. ... ... ... 04.08
Business Copy Products. . ... ... .. . .. . 15.09
CarbonBlack ..... .. ... ... .. ... ... . . .. 09.01
Carbon Products, Manufactured . .. ... ... .. 15.01
Castlron . ... .. . .. .. ... ... ... ... ... 01.02
Catalysts .. ... ... ... ... ... . ... ... 05.03
Cellulose ... ... ... .. ... .. ... .. ... .. 15.04
Cement. ... ... .. . ... ... ... ... ... ... 14.0§
Hydraukic ... .. ... ... . ... . ... 14.01
Rubber ... e e 09.01
Ceramic Materials . . .. .. 15.02
Ceramic Whitewares ... ... ... . . . . . 15.02
Ceramics for Electronies ... ... ... .. ... 10.04
Porcelain Enamel . . . ... ... . .. . . ... ., 15.02
Chemical Analysisof Metals .. ... ... . 03.05
Chemical-Resistant Nonmetallic Materials ... 04.05
Chemicals, Industnial . ... ... .. 15.05
Chromatography . ... . ... . .. .. . 14.01
Clay and Concrete Pipe and Tile . .. 04.05
Closures .. ... ... .. ... . ... . ... . .. 15.09
Coatand Coke . . .. ... ... .. .. . ... . . . . .. 05.05

Compatibility and Sensitivity of Materials in

Oxygen-Enriched Atmospheres 14.02
Computenized Systems .. . ... . . 14.01
Concrete and Mineral Aggregates . ... ... 04.02
Concrete Products, Precast ... ....... .. .. .. 04.05
Concrete Reinforcing Steel ... ... 01.04
Consumer Products ... .. ... ... . .. . .. 15.07
Containers:

Aerosol .. 15.09

Giass ... L L 15.02

Shipping ... . ... ... .. . 15.09
Coolants, Engine . e 15.05
Copper and Copper Allovs . 02.01
Corrosion, Metal ... . .. 03.02
Criteria for the Evaluation of Testing and ln-

spection Agencies 14.02
Die-CastMetals . .. .. .. . . . 02.02
Dosimetry ... .. . IZ 01 12.02
Ductile lron .. .. 01.02

Listed by Subjects

SURJECT VOLUME
Durability of Nonmetallic Materials .. . .. .. 14.02
Electrical Conductors ... ... ... . .. .. .. 02.03
Electrical Contacts .. ... ... ... ... .. .. ... 03.04
Electrical Insulating Materials .. .. ... . . . 10.01,
10.02, 10. 03
Electrical Protective Equipment for Workers . . 10.03
Electronics ... ... ... .. .. .. .. ... .. 10.04, 10.05
Erosionand Wear ... ... . .. ... .. .. .. . ... 03.02
Evaluating Testing and Inspection
Agencies .. ... .. ... ... .. 14.02
Exposure Tests . .. .. .. ... .. .. .. .. 14.02
Fastemers . ... ... . ... .. .. ... ... . ... 15.08
Fatigue ... ... ... .. .. .. .. ... ... . .. 03.01
Fences. . ... .. ... ... .. ... .. . .. .. 01.06
Ferroalloys . ..... ... ... ... ... ... ... . .. 01.02
FerrousCastings. . ........... ... ... .. . 01.02
Fiber-Cement Products .. . ... . . . 04.05
Filtration .. ... ... . ... . . . . . . . . .. . 14.02
FireStandards ... ... ... .. ... . . . . . . 04.07
Flexible Barrier Materials .. .. .. .. . .. 15.09
Food Service Equipment .. .. ... ... . ... .. 15.07
Footwear, Safety and Traction for ... .. .. .. 15.07
Fosensic Sciences . .. . ...... ... .. . ... ... 13.01
Fracture Testing. . . ... .. ... . . .. .. .. . .. 03.01
Gaseous Fuels ... ... ... . ... .. .. .. ... 05.05
Gaskets. . ............ . .. ... 09.02
Geotextiles and Related Products . ... ... . 04.08
Glass. ... ... ... .. 15.02
Graphite Products, Manufauured ...... 15.01
Gypsum . ... ... ... . 04.01
Halogenated Organic Solvents . ... ... .. 15.05
Hazardous Sulstances and Qil Spill Response . 11.04
Hazard Potential of Chemicals . ... ... .. .. 14.02
High Modulus Fibers and Composites . . . 1503
Index (foralparts) . . ... ... ... ... .. 00.01
Industrial Chemicals . ... .. 15.05
fron Castings .. ... . . .. 01.02
Knock Test Manual .. . 05.04
Laboratory Apparatus .. ... ... . ... 14.02
Leather . . . 15.04
Lime .. .. ... . 04.0)
Magnesium and Mdgncsnum /\llow ...... 02.02
Magnetic Properties .. ... .. .. 03.04
Malleable Iron .. ... = . . 01.02
Masonry Units . 4,05
Meat and l’uullry ............. 15.07
Medical and Surgical Malumls and Devices {3.01
Metallic and Inorganic Coatings . . 02.05
Metallography . 03.03
Metal Powders . o 02.05
Metals, C hcmlcal Analysxs ............ .. 03.05
Metals. Effect of Temperature on Pmpenws 03.01
Metals. Physical and Mec| har)1ml Tcmng 03.01
Metric Practice . . 14.02
Microscopy . 14.01
Mortars 04.05
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STANDARDS RELATING TO MOLECULAR AND MASS SPECTROSCOPY; CHROMATOGRAPINY;
RESINOGRAPHY; MICROSCOPY; COMPUTERIZED SYSTEMS; TEMPERATURE MEASUREMENT

A complete Subject Index begins on p. 977

Listed below are those standards included in this book and those standards that appeared
previously that have been discontinued within the past five years. Since the standards in this book
are arranged in alphanumeric sequence, no page numbers are given in this contents.

In the serial designations prefixed to the following titles, the number following the dash indicates
the year of adoption as standard or, in the case of revision, the year of last revision. Thus, standards
adopted or revised during the year 1985 have as their final number, 85. A letter following this
number indicates more than one revision during that year, that is 85a indicates the second revision
in 1985, 85b the third revision, etc. Standards that have been reapproved withoul change are
indicated by the year of last reapproval in parentheses as part of the designation number, for

example, (1985). A superscript epsilon indicates an editorial change since the last revision or
reapproval-—el for the first change, €2 for the second change, etc. .

§C 177 -76% Test Mcthod for Steady-State Thermal Transmission Properties by Means of the
Guarded Hot Plate :
C 236-80 Test Method for Steady-State Thermal Performance of Building Assemblies by Means
of a Guarded Hot Box
C 518 -76% Test Method for Steady-State Thermal Transmission Properties by Means of the Heat
Flow Meter
§D 696 - 79 Test Method for Coefficient of Linear Thermal Expansion of Plastics
D2717 - 83 Test Method for Thermal Conductivity of Liguids
SE 1-85 Specification for ASTM Thermometers
E 77-84% Method for Verification and Calibration of Liquid-in-Glass Thermometers
S§E 100 - 81 Specification for ASTM Hydrometers
§E 12676 (1982)*" Method for Inspection, Test, and Standardization of H ydrometers
E 131-84 Definitions of Terms and Symbols Relating to Molecular Spectroscopy
E 137-82 Practice for Evaluation of Mass Spectrometers for Quantitative Analysis from a Batch
Inlet
E 168-67(1977)¢ Recommended Practices for General Techniques of Infrared Quantitative Analysis
E 169-63(1981)°" Recommended Practices for General Techniques of Ultraviolet Quantitative Analysis
§E 175-82 Definitions of Terms Relating to Microscopy -+ = . :
E 204-84 Practices for Identification of Material by Infrared Absorption Spectroscopy, Using the
- ASTM Coded Band and Chemical Classification Index
E 207-83 Method of Thermal EMF Test of Single Thermoelement Materials by Comparison with
a Secondary Standard of Similar EMF-Temperature Properties
E 210-63(1981)" Microscope Objective Thread
E 211-82 Specification for Cover Glasses and Glass Slides for Use in Microscopy
E 220-80 Method for Calibration of Thermocouples by Comparison Technigues
E 230-83 Temperature Electromotive Force (EMF) Tables for Standardized Thermocouples
E 235-82 Specification for Thermocouples, Sheathed, Type K, for Nuclear or for Other High-
Reliability Applications
E 250-76 (1981) Recommiended Practice for Use of CODEN
E 260 - 73¢! Recommended Practice for General Gas Chromatography Procedures
§E 275-83 Practice for Describing and Measuring Performance of Ultraviolet, Visible, and Near-

§ Approved for use by agencies of the Department of Defense and, if indicated on the standard, replaces

Infrared Spectrophotometers

corresponding Federal or Military document.
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304 - 81

334 - 8i
344 -84
355-77(1983)
375-75(1981)
386 - 78 (1984)

387 - 84
388 - 72(1983)
420- 71 (1977)

452 - 83
516 - 74 (1981)

563 - 76 (1980)
573-81
574 - 76 (1982)

578 - &3
579 - 84
585 - 81
594-77

601 - 81

608 - 84
622 -84
623 - 83¢!
624 - 83
625 - 83
626 - 83¢
627 - 82
644-178
667 - 81¢*
682 -

685 - 79

696 - 84
697 - 19
710 -79
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q p Designation: C 177 -76%

Standard Test Method for

An American Nationai Standard

STEADY-STATE THERMAL TRANSMISSION
PROPERTIES BY MEANS OF THE GUARDED HOT

PLATE’

Ths standard is issued under the fixed designation C 177: the

rumber immediately following the designation indicates the

vear of original adoption or. in the case of revision. the vear of last revision. A number in parenthesesindicates the vear of last
reapproval. A superscript epsilon (e) indicates an editorial change since the iast revision or reapproval.

This method has been approved jor use by agencies of the Departmen: of Defense and for listing in the DoD Index of

Specifications and Standards.

-

 Nore—New Note 3 was editorially added in August 197§,

“*Nore—Tabies 2a and 2b were editorially corrected in August 1981,

1. Scope

L.1 This method covers the determination
of the steady-state thermal transmission prop-
erties of insulating specimens using a guarded
hot plate (Note 1), within the limits set by 1.4.
1.5, and 1.6. For purposes of certification this
method is limited te specimens with thermal
resistances greater than 0.017 K-m? W+
{Note 2) in all directions.

Note I—Frequently it is desirable to determine the
thermal transmission properties of some materials in
the forms in which they are used. such as molded pipe
coverings, etc., or the thermal transmittance of a com-
posite wal} construction or part thereof. For such pur-
poses. ASTM Test Method C 335. for. Thermal Con-
duciivity of Pipe Insulation.” and ASTM Test Method
C 236. for Steady-State Thermal Performance of Build-
ing Assembiies by Means of a2 Guarded Hot Box.? are
recommended.

Note 2--Special techniques mav be reguired for
measuring surface temperatures with specimens
having thermal resistances less than (.1 K- m2- W—:

Note 5 —The accuracy of measurement on spec-
mmens of low-density thermal insulation by this
method may be difficuit 10 verifv and may require
an extensive analvsis of the equipment andjor a
performance check using calibration standards hav-
ing heat transmission characteristics and thickness
similar 1o the test ¢pecimens.

1.2 Thisis o primary method for measuring
the thermal trausmission properties of speci-
mens. as only measurements of length. elec-
rical power. and temperature difference arc
reguired.

1.3 Considerabie latitude is given to- the
designer in this standard. And since the design
of a guarded hot plate apparatus is not a

simple matter, a procedure for qualifving an
apparatus is given in 3.5,

1.4 The specimens must meet the following
conditions if the thermal resistance and ther-
mal conductance of the specimen are to be
determined by this method (Note 4):

1.4.1 The portion of the specimen over the
test area must be typical of the whole speci-
men in every aspect. '

1.4.2 The remainder of the specimen mus:
not. on average. distort the heat flow in that
part of the specimen adjacent to the metering
area (Note 5). '

1.4.3 The specimen must be free of low
thermal resistance paths that create therma!
short circuits between the test surfaces.

1.4.4 The heat flux through the specimens
must be directly proportional to the tempera-
ture difference across the specimens.

Note 4 —Further discussion on the definition of
these limitations can be found in “What Property
Do We Measure?”™ Hear Transmission Measure-
menis in Thermal Insulations, ASTM STP 544, Am.
Soc. Testing Mats., 1974,

Note 5— Appendix X1 describes tests that can
help ascertain whether conditions of 1.4 are satis-
fied. For the purposes of this method. differences in

the measurements of less than 2 % may be consid-
ered insignificant. and the requirements fulfilled.

! This method 1s under the jrisdiction of ASTM C emmittee
C-16 on Thermal Insulation and is the direct responsibility of
Subcommittee C16.30 on Thermal Measurements.

Current edition approved June 11. 1976. Published October
1976. Originally published as C 177 - 42 T. Last previous edi-
ton C 177 -7
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1.5 The specimen(s) must meet one of the
following. requirements, in addition to 1.4, if
the average thermal resistivity and average
thermal conductivity of the specimen are to be
determined by this method:

1.5.1 The specimen must be homogene-

ous, or

1.5.2 The specimen must not be layered,
and the net direction of heat flow must not be
altered by any inhomogeneities.

Note 6—Appendix X1 gives: one test for
checking the condition described in 1.5.2.

1.6 The following requirements, in addi-
tion to 1.4 and 1.5, must be met if the values:
of thermal resistivity and thermal conductivity
measured for the specimen are to be consid-
ered valid for the material:

1.6.1 The material must be homogeneous.

1.6.2 The thickness of the specimen must
be greater than that for which the apparent
thermal .resistivity of the material does not
change by more than 2 % with further in-
creases in thickness (Note 7).

1.6.3 Adequate sampling must be per-
formed to ensure that the measurements are
representative of the whole material.

Note 7- Appendix X1 gives one test for check-
ing the condition described in 1.6.2. The material
standard normally specifies the sampling procedure
required for the material. ,

1.7 Two different types of guarded hot
plate apparatus are described. They are simi-
lar in principle but differ enough in construc-
tion to warrant separate descriptions for each
in regard to design. The low-temperature
guarded hot plate, which has metal surface
plates and a definite guard gap (see 5.3), is
generally used for measurements where the
temperature of the cold plate is not below 21
K and the temperature of the heating unit is
not above 500 K. It is described in Section 5.
The high-temperature - gunarded hot plate,
which may or may not have metal surface
plates and may or may not have. a definite
guard gap, is ordinarily used for measure-
ments where the heating unit temperature is
greater than 550 K but less than 1350 K. It is
usually made of a cast or otherwise formed
refractory material which is electrically insu-
lating at the highest temperature of operation.
Metal surface plates may be used. They are
recommended because they provide a more
uniform. temperature distribution on the sur-
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faces of the plate. The high-temperature de-
sign is described in Section 6. If compliance
with this method is to be reported, all meas-
urements made with heating-unit tempera-
tures below 550 K shall be performed using a
heating unit having metal surface plates and a
definite guard gap. In all other respects, the
method is the same for both types: of appara-
tus. It is intended, in presenting these descrip-
tions, to indicate the essential eléments and
details that experience has shown to be neces-
sary or important for reliable measurements
by this method.

Note 8- For the convenience of new workers.in
the field, detailed drawings and descriptions for the
construction, and some phases of the operationi, of
typical hot plate apparatuses complying with the
requirements of this method have been made avail-
able.? Two of these hot plate apparatuses, known as-
the National Bureau of Standards plate and the
National Research Council plate, are metai-sur-
faced plates; one is a high-temperature plate.

1.6 The test method is organized as fol-
lows:

g
2
8

Applicable Documents
Significance
Teminology
Definitions
Symbols
Metal-Surfaced Hot Plate Apparatus
General Features
Heating Unit
Gap and Surfaces
Unbalance Detectors
Cooling Units -
Temperature Detectors
Clamping Force
Temperature Difference Across Specimen
Measuring System for Temperature Detector
Ou
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tputs
Edge Insulation
Enclosure :
High-Temperature Guarded Hot Plate Appara
General Features
Heating Units
Gap and Metering Area
Unbalance Detectors
Cooling Units .
Sensors for Temperature Difference
Clamping Force
Temperature Difference Across Specimens
Measuring System for Temperature Detector
Outputs
Edge Insulation
Test Specimens
Selection and Size
Specimen Preparation
Procedure ’

-
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) 3 Detailed information on all of these hot plate ;mmusu
is available at a nominal cost from ASTM; 1916 Race St., -
Philadelphia, PA 19103. Request Adjunct No: 12-301770-00.
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Section
Temperature Difference and Gradient 8.1
Ambient Conditions 8.2
Heat Flow Measurement 8.3
Cold Surface Control 8.4
Temperature-Difference Detection 8.5
Equilibrium Time and Measurement Interval 8.6
Operation in Vacuum 8.7
Measurement of Specimens 8.8
Calculations 9
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Change in Mass 9.2
Transmission Properties 9.3
Report 10
Values Reported 10.1
Graphs 10.2
Statement of Compliance 10.3
Calibration of Direct Reading Circuiting 10.4
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Table 1 - Maximum Thickness of Specimens Used
in Conventional Guarded Hot Plate
Apparatus

Table 2 — Conversion Factors

Fig. 1 —General Features of the Metal-Surfaced
Hot Plate Apparatus

Fig. 2—Possible Configurations to Restrict Edge
Heat Loss and Gain

Fig. 3 —General Features of the High-Temperature
Hot Plate Apparatus

Annexes

Suggested Methods for Preparing Test Speci- Al.
mens of Loose Materials when no
Method is Specified in the Material
Specification
Method A All
Method B Al.2
Measuring System A2,
General Requirements A2.1
Measuring System Requirements for Certifi- A2.2
cation Testing
Calibration of Computing Circuitry A2.3
Appendix
Tests on Specimens to Determine A prlicability X1.
of the Method :
Scope X1.1
Distortion of Heat Flow in the Specimen X1.2
Test for Thermal Short Circuits X1.3
Determining the Thermal Conductivity and  X1.4

Resistivity of a Material

2. Applicable Documents

2.1 ASTM Standards:

C 167 Test Methods for Thickness and Den-
sity of Blanket- or Batt-Tyvpe Thermal In-
sulating Materials?

C 168 Definitions of Terms Relating to Ther-
mal Insulating Materials?

C 236 Test Method for Steady-State Thermal
Performance of Building Assemblies by
Means of a Guarded Hot Box?

C 518 Test Method for Steady-State Thermal
Transmission Properties by Means of the
Heat Flow Meter?

E 230 Temperature-Electromotive  Force
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(EMF) Tables for Standardized Thermo-
couples*

2.2 Adjunct:

Descriptions of Three Guarded Hot Plates®

3. Significance

3.1 The thermal transmission properties of
a specimen of material (/) may vary due to
variability of the composition of the material
or samples of it, (2 ) may be affected by mois-
ture or other conditions. (3 ) may change with
time or high temperatures. (4} may change
with specimen thickness, (5) may change with
temperature difference across the specimen,
and (6) may change with mean temperature.
It must be recognized. therefore, that the se-
lection of a typical value of thermal transmis-
sion properties representative of a material,
or of a particular application. shall be based
on a consideration of these factors and an
adequate amount of test information.

3.2 Apparatus constructed and operated in
accordance with this method are capable of
measuring thermal properties accurate to
within =2 % when the ambient temperature is
near the mean temperature of the test. With
adequate precautions in the design of the ap-
paratus, and after extensive checking and
cross referencing of measurements with other
similar apparatus. an accuracy of about =5 %
should be obtainable anywhere in the full op-
erating range of an apparatus. Such accuracy
is normally easier to attain using separate ap-
paratus for the extremes in the range. The
precision and reproducibility of measure-
ments made by the apparatus are normally
much better than 1 %. This precision is re-
quired to identify errors in the method and is
desirable in quality control applications.

3.3 Because of the requirements as to test
conditions prescribed by this method it shall
be recognized that the thermal properties ob-
tained will not necessarily apply without mod-
ification to all service conditions. As an exam-
ple, this method provides that the thermal
properties shall be obtained on specimens that
do not contain any free moisture although in
service such conditions may not be realized.
Even more basic is dependence of the thermal
properties on variables such as mean tempera-
ture and temperature difference. These de-
pendencies should be measured or the tests

* Annual Book of ASTM Standards. Vol 14.01,
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made at conditions typical of use.

3.4 Tt is not practical in a 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
technical knowledge concerning theorv of
heat flow. temperature measurements. and
general testing practices. Standardization of
this method is not intended to restrict in any
way the future development bv research
workers of new or improved methods or im-
proved procedures. Requirements for qualify-
ing an apparatus are outlined in 3.5.

3.5 When a new or modified design is
evolved. tests shall be made on at feast two

sets -of material of known thermal stability.

which have been calibrated at a nationally
recognized laboratory. Tests shall be made for
each specimen at two mean temperatures typ-
ical of the operating range. All tests shall be
conducted within 90 days - of calibration.
"where possible. Any differences in resuits
should be carefully studied to determine why
they arise and how they can be removed.
Appropriate action should be taken. Only
after a successful comparison shali materials
be certified with the apparatus. No further
checking is necessary. though periodic checks
are recommended. *

3.6 The thermal transmission properties of
many materials depend upon the prior ther-
mal historv. Care must be exercised when
testing a single specimen at a number of con-
ditions to perform the tests in a sequence that
limits such effects on the results.

3.7 1If results are to be reported as having
been obtained by this method. then all perti-
nent requirements prescribed by this method
shall be met. Where such conditions are not
met, the phrase ““All requirements of Method
C 177 have been met with the exception of
. . . shall be added and a complete list of the
exceptions included.

4. Terminology

_ Note 9— As Definitions C 168 is under revi-
sion; t}&e definitions and symbols given here should
be used.

4.1 Deﬁnitibns:

4.1.1 thermal resistance. R the tempera-,

ture difference required to produce a unit of
heat flux through the specimens under steady-
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state conditions. For a flat slab. it is calculated
as follows:
AT, -Ty 1 D
R="221_ "% - "= 2
Q T

4.1.2 thermal  conduciance, T —under
steady-state conditions, the heat flux required
to produce a unit temperature difference; the
reciprocal of the thermal resistance of the
specimen. For a flat slab, it is calculated as -
follows:

Pe_ @ _1l_a
AT, -Ty R D

4.1.3 thermal  conductivitvy, A —unde:
steady-state conditions. the heat flux per unit
temperature gradient in the direction perpen-
dicular to an isothermal surface. For thin
specimens or low-density materials this defini-
tion must be applied with caution. Thermal
conductivity of a matérial can be defined onh
where several conditions are met {see 1.6):
the thermal resistance of specimens of a mate-
rial must be sufficiently independent of the
area of the specimen, of where the specimen is
selected in the sample. of the temperature
difference across the specimen. and. for a flat
slab specimen. the thermal resistance ‘must be
proportional to the thickfess. The latter can
be demonstrated by plotting the thermal re-
sistance of a number of specimens of the ma-
terial against specimen thickness. The line
through the point must increase linearlv with
thickness from zero thermal resistance at zero
thickness. When this condition is met, the
thermal conductivity can be determined as the
inverse of the slope of the straight line and the
thermal conductivity can be calculated as fol-
lows:

: _oxp

NEAT ST
The above requirement assumes that the neat
transfer. within the specimen is independent of
thickness. and temperature difference. It rec-
ognizes the existence of a minimum thickness
and maximum - temperature  difference for
which thermal conductivity can ‘be defined.
For the purpeses of this method. a 2 % de-
pendence will be considered ‘maximum for
each.

4.1.4 thermal resistivity, r—under steady-
state -conditions. the temperature gradient. in
the direction perpendicular to the isothermal
surface. per unit heat flux: the reciproca’ oi

D
R
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