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Standard Test Method for

Rockwell Hardness of Plastics and Electrical Insulating
Materials *

This standard is issued under the fixed designation D 785; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope* ISO 2039-2 Plastics—Determination of Hardness—Part 2:

1.1 This test method covers two procedures for testing the ~Rockwell Hardness
!ndentl_on hardn_ess of plastics and related plastic electrlcaé_ Terminology
insulating materials by means of the Rockwell hardness tester. . . . .

1.2 The values stated in SI units are to be regarded as the 3.1 Definitions used in this test method are in accordance
standard. The values given in brackets are for information onlyVith Terminology D 883.

1.3 This standard does not purport to address all of the4_ Significance and Use

safety concerns, if any, associated with its use. It is the . )
responsibility of the user of this standard to establish appro- 41 A Rockwell hardness number is a number derived from

priate safety and health practices and determine the applicall'€ N€tincrease in depth impression as the load on an indenter
bility of regulatory limitations prior to use. is increased fro_m a fixed minor load to a major load and then
_ _ returned to a minor load (Procedure A). A Rockwell alpha (
Note 1—This test method and ISO 2039-2 are equwalent. Procedure /hardness number represents the maximum pOSSibIe remaining
of this test method is equivalent to the test method in the main body of ISQ avel of a short-stroke machine from the net depth of impres-
2039-2. Procedure B of this test method is equivalent to the test methogion, as the load on the indenter is increased from a fixed minor

in the integral annex part of ISO 2039-2. .
g P load to a major load (Procedure B). Indenters are round steel

2. Referenced Documents balls of specific diameters. Rockwell hardness numbers are
2.1 ASTM Standards2 always quoted with a scale symbol representing the indenter
D 618 Practice for Conditioning Plastics for Testing size, load, and dial scale used. This test method is based on Test

D 883 Terminology Relating to Plastics Methods E 18. Procedure A (Section 11) yields the indentation
D 2240 Test Method for Rubber Property—DurometerOf the specimen remaining 15 s after a given major load is

Hardness released to a standard 10-kg minor load. Procedure B (Section

D 4000 Classification System for Specifying Plastic Mate-12) yields the mdentauon of the. indenter mto the specimen
rials after a 15-s application of the major load while the load is still

E 18 Test Methods for Rockwell Hardness and Rockwel@PPlied. Each Rockwell scale division represents 0.002-mm
Superficial Hardness of Metallic Materials [0.00008-in.] vertical movement of the indenter. In practice,

E 691 Practice for Conducting an Interlaboratory Study tothe Rockwell hardness number is derived from the following
Determine the Precision of a Test Method relationship:

2.2 1SO Standards HR=130-e 1)

where:
* This method is under the jurisdiction of ASTM Committee D20 on Plastics and HR = the Rockwell hardness number, and
is the direct responsibility of Subcommittee D20.10 on Mechanical Properties. g = the depth of impression after removal of the major

Current edition approved November 1, 2003. Published January 2004. Originally . . . .
approved in 1944. Last previous edition approved in 1998 as D 785 - 98 load, in units of 0.002 mm. This relation Only holds

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or for the E, M, L, R, and K scales.
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM 4,2 A Rockwell hardness number is directly related to the
Standards volume information, refer to the standard’s Document Summary page 9hdentation hardness of a plastic material. with the higher the
the ASTM website. . . ’ .

3 Available from American National Standards Institute (ANSI), 25 W. 43rd St., readlng the harder the material. A&rhardness number is equal

4th Floor, New York, NY 10036. to 150 minus the instrument reading. Due to a short overlap of

*A Summary of Changes section appears at the end of this standard.
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Rockwell hardness scales by Procedure A, two different diaings to 115 are permissible. For comparison purposes, it may
readings on different scales may be obtained on the santme desirable to take readings higher than 115 or lower than zero
material, both of which may be technically correct. on any single scale. In such cases, Rockwell hardness readings

4.3 For certain types of materials having creep and recoverynay be reported, but the corresponding correct readings shall
the time factors involved in applications of major and minorfollow in parentheses, if possible. Such alternate readings are
loads have a considerable effect on the results of the measumset always feasible when the specimen is subjected to con-
ments. stantly changing conditions or irreversible reactions.

4.4 The results obtained by this test method are not gener-

ally considered a measure of the abrasion or wear resistance of\°Te 2—Molded specimens containing coarse fiber fillers, such as
the plastic materials in question woven glass fabric, will influence the penetration obtained. These varia-

. . e tions in hardness may be reduced by testing with the largest ball indenter
4.5 Indentation hardness is used as an indication of cure Q:f; y y 9 g

h : nsistent with the overall hardness of the material.
some thermosetting materials at room temperature. Generally, _
an uncured specimen has a hardness reading below normal. 5-2 If the bench or table on which a Rockwell hardness
4.6 Each Rockwell hardness scale in Table 1 is an extensidigster is mounted is subject to vibration, such as is experienced
of the proceeding less severe scale, and while there is soniid the vicinity of other machines, the tester should be mounted
overlap between adjacent scales, a correlation table is n® & metal plate with sponge rubber at least 25 mm [1 in ]

desirable. Readings on one material may be satisfactory fdhick, or on any other type of mounting that will effectually
such a table, but there is no guarantee that other plast®liminate vibration from the machine. Otherwise the indenter

materials will give Corresponding readings because of d|fferW|” indent further into the material than when such vibrations
ences in elasticity, creep, and shear characteristics. are absent.

4.7 Before proceeding with this test method, reference 5.3 Dust, dirt, grease, and scale or rust should not be
should be made to the specification of the material being testedllowed to accumulate on the indenter, as this will affect the
Any test specimen preparation, conditioning, dimensionsresults. Steel ball indenters that have nicks, burrs, or are out of
and/or testing parameters covered in the materials specificationund shall not be used.
shall take precedence over those mentioned in this test method.5. 4 The condition of the test equipment is an important
If there are no material specifications, then the default condifactor in the accuracy of the test results. Dust, dirt or heavy oil
tions apply. act as a cushion to the load supporting members of the test
: I equipment and cause erroneous readings of the instrument dial.
5. Factors Affecting Reproducibility and Accuracy The shoulders of the instrument housing, indenter chuck, ball

5.1 Rockwell hardness readings have been found reprodugeat in the instrument housing, capstan, capstan screw, and
ible to =2 divisions for certain homogeneous materials with aanvil shoulder seat should be kept clean and true. The capstan

Young's modulus in compression over 3400 MPaX510°  and screw should be lightly oiled. Pitted anvil surfaces may be
psi]. Softer plastics and coarse-filled materials will have arefinished with 600 grit paper.

wider range of variation. A large ball indenter will distribute 5 5 gyrface conditions of the specimen have a marked effect
the load more evenly and decrease the range of test resulfy, the readings obtained in a test. Generally, a molded finish
(Note 2)._The sgnsmwty of the instrument decreases W|th_a|g\,i|| give a higher Rockwell reading than a machined face due
increase in the dial reading and becomes very poor for readingg the high resin content or filled materials or better orientation
of 100 and over due to the shallow indentation of the steel ballgnq |ower plasticizer content of unfilled plastic materials.

It is desirable to use the smallest ball and highest load that i$,pylar or unsupported curved specimens are not recom-
practical because of this loss of sensitivity. Rockwell hardnesg,ended for plastic hardness testing. Such curved surfaces have

readings over 115 are not satisfactory and shall not be reporteg-tendency to yield with the load and produce an unsymmetri-
Readings between zero and 100 are recommended, but ready indentation pattern.

5.6 Many plastic materials have anisotropic characteristics

TABLE 1 Rockwell Hardness Scales which cause indentation hardness to vary with the direction of
Rockwell Indenter Diameter testing. In such cases, the hardest face is generally that one
H"gg;iss &iggf ["Oﬂgf perpendicular to the molding pressure. Specimens with flash-
(Red Dial kg kg . - ing on the side supported by the anvil also may give erroneous
Numbers) results.
R 10 60 0658881: 13.8825: 5.7 Ambient temperature variations can significantly affect
L 10 . 0.5500 = 6.350 + hardness for many materials.
0.0001 0.0025 5.8 Rockwell hardness tests of the highest accuracy are
M 10 100 O-OZgggli 66305(?251 made on pieces of sufficient thickness so that the Rockwell
E 10 100 0.1250 + 3175 + reading is not affected by the supporting anvil. A bulge, change
0.0001 0.0025 in color, or other marking on the under surface of the test
K 10 150 O i specimen closest to the anvil is an indication that the specimen

e r———— P ——— is not sufficiently thick for precision testing. Stacking of thin
IS major load Is not the sum o € actual weignts at the back or the Trame bu . H - -

is a ratio of this load, depending on the leverage arm of machine. One make and specimen 1S permltted prOVIde_d_they are ﬂatv pa_lrallel, and free
model has a 25 to 1 leverage arm. from dust or burrs. The precision of the test is reduced for
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stacked specimens, and results should not be compared to a thardness scale is used in testing, choose a standardized test

specimen of standard thickness. block for each scale used (Note 4). Make five impressions on

the test surface of the block. Compare the average of these five

) ) tests against the hardness calibration of the blocks. If the error
6.1 Rockwell Hardness Testein accordance with the re- js more than+2 hardness numbers, bring the machine into

quirements of Section 7. A flat anvil at least 50 mm [2 in.] in 4qiystment as described in 8.4 or in 5.3 and 5.4. If adjustment

diameter shall be used as a base plate for flat specimens. can not be achieved, more extensive servicing of the instru-
6.2 For Rockwell hardness testing, it is necessary that thg,ant may be needed.

major load, when fully applied, be completely supported by the

specimen and not held by other limiting elements of the Nore 4—Standard test blocks for the R, L, E, K, and M scales are
machine. To determine whether this condition is satisfied, th@vailable from Wilson Instruments, 100 Royal Street, Canton, Ma 02021
major load should be applied to the test specimen. If arA Division of Instron Corporation).

additional load is then applied, by means of hand pressure on g8 4 Check the index lever adjustment periodically and make
the weights, the needle should indicate an additional i”dema&djustments if necessary. To adjust the index lever, place a
tion. If this i's not indicated, the major load is nqt being app“edspecimen (plastic with low creep or soft metal) on the anvil and
to the specimen, and a long-stroke (PL) machine or less sevefg the knurled elevating ring to bring the specimen in contact
scale should be used. For the harder materials with a modulyg;t, the indenter. Keep turning the ring to elevate the specimen
around 5500 MPa [& 10° psi] or over, a stroke equivalent to il positive resistance to further turning is felt, which will be
150 scale divisions, under major load application, may beyer the 10-kg load is encountered. When excessive power
adequate; but for softer materials the long-stroke (250 scalgq 14 have to be used to raise, the specimen higher, set the dial
divisions under major load) machine is required. so that the set position is at the top and take note of the position
7. Test Specimen of the pointer on the dial. If the pointer is between B 50 and B
7.1 The standard test specimen shall have a minimurd© on the red scale, no adjustment is necessary; if the pointer
thickness of 6 mm¥a in.]. The specimen may be a piece cut 'S between B 45 and B 50, adjustment is advisable; and if the
from a molding or sheet. Care should be taken that the tedtOINter iS anywhere else, adjustment is imperative. As the
specimen has parallel flat surfaces to ensure good seating GQINter revolves several imes when the specimens is elevated,
the anvil and thus avoid the deflection that may be caused b€ réadings mentioned above apply to the revolution of the
poor contact. The specimen shall be at least 25 mm [1 in_ﬁ)omterlwmch occurs either as the reference mgrk on the gage
square if cut from sheet stock, or at least 6¢tin.? in area  Stem disappears into the sleeve or as the aux_lllary hand on the
if cut from other shapes. The minimum width shall be 13 mmdial passes beyond the zero setting on the dial. The object of
[¥2 in.] plus the width of the indentation resulting from the this adjustment is to determine if the elevation of the specimen
conduct of a test using the chosen indenter. to the minor load does not cause even a partial application of

_ _ , ~ the major load. Apply the major load only through the release
Note 3—Specimen with a thickness other than 6 mm may be used if 'tmechanism

has been verified that, for that thickness, the hardness values are not
affected by the supporting surface and that no imprint shows under the L
surface of the specimen after testing. The specimen may be composed 8f Conditioning

gpile-up of several pieces of the same thickn_ess, provided that precaution 9.1 Conditioning—Condition the test specimens at 23
is taken that the surfaces of the pieces are in total contact an_d not he bC 173.4+ 3.6°F d 50+5 % relative humidity f |
apart by sink marks, burrs from saw cuts, or other protrusions an [73.4x 3 lan 8 o relative um' Ity for not less
provided the hardness values are not affected by the stacking of thithan 40 h prior to test in accordance with Procedure A of
specimens. Practice D 618, unless otherwise specified by contract or
o relevant material specification, or unless it has been shown that
8. Calibration conditioning is not necessary. In cases of disagreement, the
8.1 Check the Rockwell hardness tester periodically with aolerances shall be 1°C [1.8°F] ant2 % relative humidity.
small machinist’s level along both horizontal axes from a flat g » Test Conditions-Conduct tests in the standard labora-
anvil for correct positioning. Minor errors in leveling are not tory atmosphere of 2% 2°C [73.4+ 3.6°F] and 50= 5 %
critical, but correct positioning is desirable. relative humidity, unless otherwise specified by the contract or

_ 8.2 The adjustment of speed-of-load application is of greafe|eyant material specification. In cases of disagreements, the
importance. Adjust the dashpot on the Rockwell tester so thaherances shall be 1°C [1.8°F] ancl % relative humidity.
the operating handle completes its travel ino45ts with no

specimen on the machine or load applied by the indenter to the Note 5—Operation of this test equipment above the below normal

anvil. The major load shall be 100 kg for this calibration. Whentemperature is not recommended due to the change in viscosity of the

so adjusted, the period taken for the mechanism to come to 4@shpot oil and the close tolerance of the gage.

stop with the specimen in place will vary from 5 to 15 s,

depending upon the particular specimen, the indenter, and th]eo' Number of Tests

load used. The operator should check the instrument manual 10.1 At least five hardness tests shall be made on isotropic

for this adjustment. materials. For anisotropic materials, at least five hardness tests
8.3 Select a standardized test block as near as possible to thkall be made along each principal axis of anisotropy, provided

hardness of the material being tested. If more than onéhe sample size permits.

6. Apparatus
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11. Procedure A Thus, if the M scale indentation (with the major load) is 290

11.1 Chose the correct scale for the specimen under tesdivisions use the L Rockwell scale.
Rockwell hardness values are reported by a letter to indicate 11.7 Do not make the tests so near the edge of the specimen
the scale used and a number to indicate the reading. The choitleat the indenter will crush out the edge when the major load
of scales shall be governed by the considerations concernéglapplied. In no case shall the clearance be less than 6%am [
with the total indentation readings and the final scale readingn.] to the edge of the specimen. Neither should tests be made
for a particular material and scale (see Table 1 and 5.1, 6.2, arido close to each other, as the plastic surface is damaged from
11.5) The Rockwell hardness scale used shall be selected frotine previous indentation. Never make duplicate tests on the
those listed in Table 1, unless otherwise noted in individuabpposite face of a specimen; if a specimen is turned over and
methods or specifications. retested on the opposite face, the ridges on the first face will
11.2 Discard the first reading after changing a ball indentergontribute to a softer reading on the second face.
as the indenter does not properly seat by hand adjustment in the
housing chuck. The full pressure of the major load is required.2. Procedure B

to seat the indenter shoulder into the chuck. 12.1 Use the R scale with a 12.7 m#t Fin.] indenter and

Note 6—The operation of the test instrument as described in this60-kg major load in this test.
procedure may differ in detail from that of automated electronic instru-
ments. Refer to the manufacturer’s instructions for the instruments for the Note 9—This is the only scale approved for plastics testing by
instrument in use for the specifics of operating that instrument. Procedure B.

11.3 With the specimen in place on the anvil, turn the 12.2 Determine the “spring constant” or correlation factor
capstan screw until the small pointer is at a zero position andf the machine as follows: Place a soft copper block, of
the large pointer is withint5 divisions of B 30 or the “set” sufficient thickness and with plane parallel surfaces, on the
position on red scale. This adjustment applies without shock anvil in the normal testing position. Raise the sample and anvil
minor load of 10 kg, which is built into the machine. Final by the capstan screw to the 12.7 m¥a-[n.] indenter until the
adjustment of the gage to “set” is made by a knurled ringsmall pointer is at the starting dot and the large pointer reads
located on some machines just below the capstan hand wheekro on the black scale. Apply the major load by tripping the
If the operator should overshoot his “set” adjustment, anotheload release lever. The dial gage will then indicate the vertical
trial shall be made in a different test position of the specimengistance of indentation plus the spring of the machine frame
under no circumstances should a reading be taken when thgd any other elastic compressive deformation of the indenter
capstan is turned backward. Within 10 s after applying thepindle and indenter. Repeat this operation several times
minor load, and immediately after the “set” position is ob-without moving the block, but resetting the dial to zero after
tained, apply the major load by releasing the trip lever (Note 7)each test while under minor load, until the deflection of the dial
Remove the major load 15 (+1, -0) s after its application. Reagage becomes constant, that is, until no further indentation
the Rockwell hardness on the red scale to the nearest full-scalgkes place and only the spring of the instrument remains. This

division 15 s removing the major load. value, in terms of dial divisions, is the correction factor to be
Note 7—The application of the minor load starts when the gage pointerused in12.4.
starts to move; this is not the point of final zero adjustment. 12.3 Following the machine adjustment described in 8.2 and

11.4 Record the readings as follows: Count the number of-4 place _the test specimen in_ position on the anvil. With the
times the needle passes through zero on the red scale on tReECIMeN in place, apply the minor load of 10 kg and make the
application of the major load. Subtract from this the number of€70 Setting within 10 s; apply the major load immediately after
times the needle passes through zero upon the removal of tHis® 2€ro setting has been completed (Note 10). Observe and
load. If this different is zero, record the value as the reading®cord the total number of divisions that the pointer of the dial
plus 100. If the difference is 1, record the reading withoutd@d€ passes through during 15 s of major load application. It is
change, and, if the difference is 2, record the reading as th? P€ noted that the numbers shown on the standard dial gage
scale reading minus 100 (Note 8). Softer plastic materials2® not be used, but the actual scale divisions representing

requiring a less severe scale than the R scale, shall be tested ig)gentation shall be counted.i For this reason, the black scale is
Test Method D 2240. recommended. A full revolution of the needle represents 100

divisions (Note 11). The limitations of 6.2 still apply to this
Nore 8—Example—With a difference of two revolutions and a scale procedure.
reading of 97, indentation hardness values should be reported as -3 =
(97-100). Note 10—Materials subject to excessive creep are not suitable for this

11.5 Determine the total indentation, with the major loadProcedure. _ _ _
applied, by the number of divisions the pointer travels from the O'EOTE hll_Tg.e total 'r?d‘;?ta}('o” elq”a's the number of revolutions
zero set position during the 15 s from the time the lever jgt00 * the reading on the black scale.
tripped. 12.4 The total scale divisions that are indicated by the dial

11.6 If the total indentation, reading with the major load gage, as observed in 12.3, represent the indentation produced
applied, for a particular scale exceeds the limits of the tesplus the spring constant correction of the test instrument.
machine used (150 divisions for regular machines and 25@ubtract this correction factor (12.2) from the observed reading

divisions for PL machines), use the next less severe scaland record the difference as the total indentation under load.
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12.5 The hardness determined by this procedure shall be TABLE 2 Precision *
known as the alphay, Rockwell hardness number and shall be Rockwell Values in Rockwell Units Number of
. Materials Hardness .
calculated as follows: Scalo Average S, S. . g Laboratories
o« Rockwell hardness number 150 — total indentation under load Polypropylene = 768 130 303 364 848 12

@ Polypropylene 1025 0.68 2.10 190 5.88 12

R
Note 12—Examples—With a total indentation of 30 divisions, ob- Qiiiﬁed Acrylic t ;g‘g é‘gi g'gg 2;2 ;'35 ﬁ
tained as described in 12.3 and 12.4, the value 20; or if the total  pgg M 318 247 768 692 2150 11

indentation is 210, the value is-60. Acrylic M 93.4 076 297 213 832 12

AS, = the within-laboratory standard deviation of the average.
Sk = the between-laboratories standard deviation of the average.

13.1 Calculate the arithmetic mean for each series of tests /, =:22-883§
on the same material and at the same set of test conditions. o

Report the results as the “average value” rounded to th@repared at the laboratories which tested them. Each test results

13. Calculation

equivalent of one dial division. o _ was the average of five individual determinations. Each labo-
13.2 Calculate the Standard deV|at|0n (es“mated) as fOlratory Obtained four test resu'ts for each materiaL
lows, and report it to two significant figures: 15.2 Concept of r and R-Warning— The following expla-
s=\/¢ -n¥)/n-1) 3) nations of r and R (15.2 through 15._2.3)_are only intend_ed to
present a meaningful way of considering the approximate
where: _ o precision of this test method. The data in Table 2 should not be
s = estimated standard deviation, rigorously applied to acceptance or rejection of material, as
X = value of a single observation, . those data are specific to the round robin and may not be
X = arithmetic mean of a set of observations, and representative of other lots, conditions, materials, or laborato-
n = number of observations in a set.

ries. Users of this test method should apply the principles
outlines in Practice E 691 to generate data specific to their

14. Report o _ laboratory and materials, or between specific laboratories. The
14.1 Report the following information: principles of 15.2 through 15.2.3 would then be valid for such
14.1.1 Material identification, data.

14.1.2 Filler identification and particle size, if possible Used is § and $, have been calculated from a large enough
14.1.3 Total thickness of specimen, _ body of data, and for test results that were averages from
14.1.4 The number of pieces in the specimen and th@esting five specimens.

average thickness of each piece, 15.2.1 Repeatability, +—Comparing two test results for the
14.1.5 Surface conditions, for example, molded or Mmasame material, obtained by the same operator using the same

chined equipment on the same day. The two test results should be

14.1.6 The procedure used (Procedure A or Procedure B)jydged not equivalent if they differ by more than the r value for
14.1.7 The direction of testing (perpendicular or parallel tothe material.

molding or anisotropy), 15.2.2 Reproducibility, R-Comparing two test results for
14.1.8 A letter |nd|Cat|ng the Rockwell hardness scale useqhe same materiaL obtained by different operators using differ-
14.1.9 Anaverage Rockwell hardness number calculated bynt equipment on different days. The two test results should be

Procedure A or Procedure B, judged not equivalent if they differ by more than the R value

14.1.10 The standard deviation, and for that material.
14.1.11 The testing conditions. 15.2.3 Any judgement in accordance with 15.2.1 or 15.2.2
would have an approximate 95 % (0.95) probability of being

15. Precision and Bias correct.

15.1 Table 2 is based on a round robaonducted in 1988 153 Bias—There are not recognized standards by which to
in accordance with Practice E 691, involving six materialSestimate the bias of this test method.

tested by 12 laboratories. For each material, all the samples
were prepared at one source, but the individual specimens wefé- Keywords
16.1 electrical insulating materials; indentation hardness;
plastic molding; plastic sheets; Rockwell alpha hardness;
4 Supporting data available from ASTM Headquarters. Request RR:D20-1152.Rockwell hardness; Rockwell hardness number
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SUMMARY OF CHANGES

This section identifies the location of selected changes to this test method. For the convenience of the user,
Committee D20 has highlighted those changes that may impact the use of this test method. This section may also
include descriptions of the changes or reasons for the changes, or both.

D 785-03: (2) Removed reference to solid rod specimen and fixtures for
(1) Revised Note 1 to improve clarity. same.

(2) Removed reference to Test Method D 617 in subsection 2.3y aAdded note to follow manufacturers instructions for
since it has been withdrawn. operation of electronic instruments.

(3) Deleted paragraph 4.6.

(4) Added a statement to the end of paragraph 4.1 to imprové4) Added terminology section.

(5) Revised statements in significance and use and condition-

clarity.
D 785-98: ing sections to indicate precedence of contracts and material
(1) Added ISO equivalency statement. specifications.

ASTM International 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 committee 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 International 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, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained 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).



