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Determining Average Grain Size 1!

This standard is issued under the fixed designation E 112; 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.

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

€' Note—Equations A1.4, A1.5 and A1.6 were editorially revised in April 2000.
€ Note—New numbers were assigned to the adjuncts in February 2003.

INTRODUCTION

These test methods of determination of average grain size in metallic materials are primarily
measuring procedures and, because of their purely geometric basis, are independent of the metal or
alloy concerned. In fact, the basic procedures may also be used for the estimation of average grain,
crystal, or cell size in nonmetallic materials. The comparison method may be used if the structure of
the material approaches the appearance of one of the standard comparison charts. The intercept and
planimetric methods are always applicable for determining average grain size. However, the
comparison charts cannot be used for measurement of individual grains.

1. Scope size of the three-dimensional grains in the specimen volume, is

1.1 These test methods cover the measurement of avera§gyond the scope of these test methods.
grain size and include the comparison procedure, the planimet- 1.4 These test methods describe techniques performed
ric (or Jeffries) procedure, and the intercept procedures. ThedB@nually using either a standard series of graded chart images
test methods may also be applied to nonmetallic materials witfPr the comparison method or simple templates for the manual
structures having appearances similar to those of the metallgounting methods. Utilization of semi-automatic digitizing
structures shown in the comparison charts. These test methotRPIets or automatic image analyzers to measure grain size is
apply chiefly to single phase grain structures but they can beescribed in Test Methods E 1382.
applied to determine the average size of a particular type of 1.5 These testmeth_ods deal only with the recommende(_j test
grain structure in a multiphase or multiconstituent specimen.méthods and nothing in them should be construed as defining

1.2 These test methods are used to determine the avera%gestabllghmg limits of acceptability or fitness of purpose of
grain size of specimens with a unimodal distribution of graintn® materials tested. _ _ _
areas, diameters, or intercept lengths. These distributions arel.-6 The measured values are stated in SI units, which are
approximately log normal. These test methods do not coveiedarded as standard. Equivalent inch-pound values, when
methods to characterize the nature of these distributiondiSted, are in parentheses and may be approximate.
Characterization of grain size in specimens with duplex grain 1.7 This standard does not purport to address all of the
size distributions is described in Test Methods E 1181. MeaSaféty concerns, if any, associated with its use. It is the
surement of individual, very coarse grains in a fine grained®Sponsibility of the user of this standard to establish appro-
matrix is described in Test Methods E 930. priate safety and health practices and determine the applica-

1.3 These test methods deal only with determination oflility of regulatory limitations prior to use.
planar grain size, that is, characterization of the two- 1.8 The paragraphs appear in the following order:

dimensional grain sections revealed by the sectioning plane. Section Number

: : : P f cope 1

Determination of spatial grain size, that is, measurement of th§eferenced Documents >

Terminology 3

Significance and Use 4

Generalities of Application 5

! These test methods are under the jurisdiction of ASTM Committee E-4 onSamP“nq 6

Metallography and are the direct responsibility of Subcommittee E04.08 on Grairfest Specimens 7

Size. Calibration 8

Current edition approved May 10, 1996. Published July 1996. Originally Preparation of Photomicrographs 9

published as E 112 — 55 T. Last previous edition E 112 — 95. Comparison Procedure 10
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Planimetric (Jeffries) Procedure
General Intercept Procedures
Heyn Linear Intercept Procedure
Circular Intercept Procedures
Hilliard Single-Circle Procedure
Abrams Three-Circle Procedure
Statistical Analysis
Specimens with Non-equiaxed Grain Shapes
Specimens Containing Two or More Phases or Constituents
Report
Precision and Bias
Keywords
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Annex
Al

Equations for Conversions Among Various Grain Size Measurements Annex

Austenite Grain Size, Ferritic and Austenitic Steels
Fracture Grain Size Method

Requirements for Wrought Copper and Copper-Base Alloys
Application to Special Situations

Appendixes:
Results of Interlaboratory Grain Size Determinations

Referenced Adjuncts

2. Referenced Documents
2.1 ASTM Standards:

E 3 Practice for Preparation of Metallographic Speciriens

E 7 Terminology Relating to Metallography

A2
Annex
A3
Annex
A4
Annex
A5
Annex
A6

Appen-

dix X1

Appen-

dix X2

E 407 Practice for Microetching Metals and AllGys

E 562 Practice for Determining Volume Fraction by Sys- )

tematic Manual Point Couht

E 691 Practice for Conducting an Interlaboratory Study toi3

Determine the Precision of a Test MetRod

E 883 Guide for Reflected-Light Photomicrography

E 930 Test Methods for Estimating the Largest Grain Ob- €,

served in a Metallographic Section (ALA Grain Size)

E 1181 Test Methods for Characterizing Duplex Grain -

Sizeg

E 1382 Test Methods for Determining Average Grain Size

Using Semiautomatic and Automatic Image Anal§sis

2.2 ASTM Adjuncts:

2.2.1 For a complete adjunct list, see Appendix X2

3. Terminology

3.1 Definitions—For definitions of terms used in these test

methods, see Terminology E 7.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 ASTM grain size numberthe ASTM grain size

number,G, was originally defined as:

Nag = 26

1X, multiply by 15.50.

3.2.2 grain—that area within the confines of the original
(primary) boundary observed on the two-dimensional pIane—Na

2 Annual Book of ASTM Standardgol 03.01.
3 Annual Book of ASTM Standardéol 14.02.
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1)
whereN,g is the number of grains per square inch at 100X
magnification. To obtain the number per square millimetre ath

of-polish or that volume enclosed by the original (primary)
boundary in the three-dimensional object. In materials contain-
ing twin boundaries, the twin boundaries are ignored, that is,
the structure on either side of a twin boundary belongs to the
grain.

3.2.3 grain boundary intersection countdetermination of
the number of times a test line cuts across, or is tangent to,
grain boundaries (triple point intersections are considered as
1-Y2 intersections).

3.2.4 grain intercept count-determination of the number of
times a test line cuts through individual grains on the plane of
polish (tangent hits are considered as one half an interception;
test lines that end within a grain are considered as one half an
interception).

3.2.5 intercept length—-the distance between two opposed,
adjacent grain boundary intersection points on a test line
segment that crosses the grain at any location due to random
placement of the test line.

3.3 Symbols:Symbols:

o = matrix grains in a two phase (constituent)
microstructure.

A = test area.

A = mean grain cross sectional area.

>

grain elongation ratio or anisotropy index
for a longitudinally oriented plane.
mean planar grain diameter (Plate IlI).

mean spatial (volumetric) grain diameter.

Jeffries multiplier for planimetric method.
ASTM grain size number.
mean lineal intercept length.

mean lineal intercept length of the

matrix phase in a two phase (constituent)

microstructure.

= mean lineal intercept length on a longitu-
dinally oriented surface for a non-
equiaxed grain structure.

T, = mean lineal intercept length on a trans-

versely oriented surface for a non-

equiaxed grain structure.

le

d

¢

va = mean lineal intercept length on a planar

P oriented surface for a non-equiaxed grain
structure.

I~ = base intercept length of 32.00 mm for

defining the relationship betweé&hand<{
(and N, ) for macroscopically or micro-
scopically determined grain size by the
intercept method.

length of a test line.

magnification used.

magnification used by a chart picture
series.

number of fields measured.

number ofa grains intercepted by the test
line in a two phase (constituent) micro-
structure.

number of grains peﬁ@&tfﬁnents
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number ofa grains per mrhat 1X in a
two phase (constituent) microstructure.
number of grains per inéhat 100X.

N, on a longitudinally oriented surface for
a non-equiaxed grain structure.

N, on a transversely oriented surface for a
non-equiaxed grain structure.

N, on a planar oriented surface for a
non-equiaxed grain structure.

number of intercepts with a test line.
number of grains completely within a test
circle.

number of grains intercepted by the test
circle.

number of intercepts per unit length of
test line.

N, on alongitudinally oriented surface for
a non-equiaxed grain structure.

N, on a transversely oriented surface for a
non-equiaxed grain structure.

N_ on a planar oriented surface for a
non-equiaxed grain structure.

number of grain boundary intersections
with a test line.

number of grain boundary intersections
per unit length of test line.

P, on a longitudinally oriented surface for
a non-equiaxed grain structure.

P, on a transversely oriented surface for a
non-equiaxed grain structure.

P. on a planar oriented surface for a
non-equiaxed grain structure.

correction factor for comparison chart
ratings using a non-standard magnifica-
tion for microscopically determined grain
sizes.

correction factor for comparison chart
ratings using a non-standard magnifica-
tion for macroscopically determined grain
sizes.

standard deviation.

grain boundary surface area to volume
ratio for a single phase structure.

grain boundary surface area to volume
ratio for a two phase (constituent) struc-
ture.

studentst multiplier for determination of
the confidence interval.

volume fraction of thex phase in a two
phase (constituent) microstructure.

95 % confidence interval.

percent relative accuracy.

4. Significance and Use

4.1 These test methods cover procedures for estimating and4.5 Individual grain measurements should not be made
rules for expressing the average grain size of all metaldased on the standard comparison chaiffese charts were
consisting entirely, or principally, of a single phase. The testonstructed to reflect the typical log-normal distribution of
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methods may also be used for any structures having appear-
ances similar to those of the metallic structures shown in the
comparison charts. The three basic procedures for grain size
estimation are:

4.1.1 Comparison Procedure-The comparison procedure
does not require counting of either grains, intercepts, or
intersections but, as the name suggests, involves comparison of
the grain structure to a series of graded images, either in the
form of a wall chart, clear plastic overlays, or an eyepiece
reticle. There appears to be a general bias in that comparison
grain size ratings claim that the grain size is somewhat coarser
(¥2 to 1 G number lower) than it actually is (see X1.3.5).
Repeatability and reproducibility of comparison chart ratings
are generally=1 grain size number.

4.1.2 Planimetric Procedure-The planimetric method in-
volves an actual count of the number of grains within a known
area. The number of grains per unit aréy, , is used to
determine the ASTM grain size numb&, The precision of
the method is a function of the number of grains counted. A
precision of 20.25 grain size units can be attained with a
reasonable amount of effort. Results are free of bias and
repeatability and reproducibility are less thai®.5 grain size
units. An accurate count does require marking off of the grains
as they are counted.

4.1.3 Intercept Procedure-The intercept method involves
an actual count of the number of grains intercepted by a test
line or the number of grain boundary intersections with a test
line, per unit length of test line, used to calculate the mean

lineal intercept length,f. ¢ is used to determine the ASTM
grain size numbefG. The precision of the method is a function

of the number of intercepts or intersections counted. A preci-
sion of better than-0.25 grain size units can be attained with

a reasonable amount of effort. Results are free of bias;
repeatability and reproducibility are less tha.5 grain size
units. Because an accurate count can be made without need of
marking off intercepts or intersections, the intercept method is
faster than the planimetric method for the same level of
precision.

4.2 For specimens consisting of equiaxed grains, the
method of comparing the specimen with a standard chart is
most convenient and is sufficiently accurate for most commer-
cial purposes. For higher degrees of accuracy in determining
average grain size, the intercept or planimetric procedures may
be used. The intercept procedure is particularly useful for
structures consisting of elongated grains.

4.3 In case of dispute, the intercept procedure shall be the
referee procedure in all cases.

4.4 No attempt should be made to estimate the average grain
size of heavily cold-worked material. Partially recrystallized
wrought alloys and lightly to moderately cold-worked material
may be considered as consisting of non-equiaxed grains, if a
grain size measurement is necessary.

Documents
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grain sizes that result when a plane is passed through any other, will be equivalent within the statistical precision of
three-dimensional array of grains. Because they show a distrthe test method. If the grain structure is not equiaxed, but
bution of grain dimensions, ranging from very small to veryelongated, then grain size measurements on specimens with
large, depending on the relationship of the planar section andifferent orientations will vary. In this case, the grain size
the three-dimensional array of grains, the charts are nathould be evaluated on at least two of the three principle

applicable to measurement of individual grains. planes, transverse, longitudinal, and planar (or radial and
transverse for round bar) and averaged as described in Section
5. Generalities of Application 16 to obtain the mean grain size. If directed test lines are used,

5.1 Itis important, in using these test methods, to recogniz_éather than test circles, inter_cept counts on non-equ_iaxed grains
that the estimation of average grain size is not a precisé! Plate or sheet type specimens can be made using only two
measurement. A metal structure is an aggregate of threé’f'”c_'me test planes, rather than all three as required for the
dimensional crystals of varying sizes and shapes. Even if aplanimetric method. _ .
these crystals were identical in size and shape, the grain cross’-3 The surface to be polished should be large enough in
sections, produced by a random plane (surface of observatioRj€2 to permit measurement of at least five flglds at the des!red
through such a structure, would have a distribution of areag'agnification. In most cases, except for thin sheet or wire
varying from a maximum value to zero, depending upon wheréPecimens, a minimum polished surface area of 166 (or25

2 .
the plane cuts each individual crystal. Clearly, no two fields ofin-") is adequate. . _
observation can be exactly the same. 7.4 The specimen shall be sectioned, mounted (if neces-

5.2 The size and location of grains in a microstructure aré@ry), ground, and polished according to the recommended
normally completely random. No nominally random process oforocedures in Pract_lce E _3. The specimen shall b_e etched using
positioning a test pattern can improve this randomness, b@ reagent, suqh as I|sted.|n Practice E 407, to delineate most, or
random processes can yield poor representation by concentrl: of the grain boundaries (see also Annex A3).
ing measurements in part of a specimdRepresentative
implies that al! parts of the specimen ConmbUt.e o the result, TABLE 1 Suggested Comparison Charts for Metallic Materials
not, as sometimes has been presumed, that fields of average
grain size are selected. Visual selection of fields, or casting out Note 1—These suggestions are based upon the customary practices in
of extreme measurements, may not falsify the average Whejﬁdustry: For specimens prepared according to special techniques, the
done by unbiased experts, but will in all cases give a fals@PPropriate comparison standards should be selected on a structural-

impression of high precision. For representative sampling, th@bbearance basis in accordance with 8.2.

area of the specimen is mentally divided into several equal Material Plate Number _ Basic Magnification
coherent sub-areas and stage positions prespecified, which dg*@“inum g base al :” " 751x001Xoox
approximately at the center of each sub-area. The stage f§hher oa, P 2o #1Ye (¢ o ’
successively set to each of these positions and the test patteisn and steel:
applied blindly, that is, with the light out, the shutter closed, or /F*grsrt_fg't'c :' or v 188?
. . |4}
the eye turned away. No touch-up of the position so selected is corpyrized v 100X
allowable. Only measurements made on fields chosen in thisstainless I 100X
way can be validated with respect to precision and bias. ~ Magnesium and magnesium-base alloys | or ll 100X
Nickel and nickel-base alloys 1l 100X

. Super-strength alloys lorll 100X

6. Sampllng Zinc and zinc-base alloys lorll 100X

6.1 Specimens should be selected to represent average
conditions within a heat lot, treatment lot, or product, or to
assess variations anticipated across or along a product Qr L
component, depending on the nature of the material being' Calibration
tested and the purpose of the study. Sampling location and 8.1 Use a stage micrometer to determine the true linear
frequency should be based upon agreements between thgagnification for each objective, eyepiece and bellows, or
manufacturers and the users. zoom setting to be used withith2 %.

6.2 Specimens should not be taken from areas affected by 8.2 Use a ruler with a millimetre scale to determine the

shearing, burning, or other processes that will alter the graigctual length of straight test lines or the diameter of test circles
structure. used as grids.

7. Test Specimens 9. Preparation of Photomicrographs

7.1 In general, if the grain structure is equiaxed, any 9.1 When photomicrographs are used for estimating the
specimen orientation is acceptable. However, the presence 8¥erage grain size, they shall be prepared in accordance with
an equiaxed grain structure in a wrought specimen can only bguide E 883.
determined by examination of a plane of polish parallel to the )
deformation axis. 10. Comparison Procedure

7.2 If the grain structure on a longitudinally oriented speci- 10.1 The comparison procedure shall apply to completely
men is equiaxed, then grain size measurements on this plane,m@crystallized or cast materials with e@g@uments
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10.2 When grain size estimations are made by the more
convenient comparison method, repeated checks by individuals
as well as by interlaboratory tests have shown that unless the
appearance of the standard reasonably well approaches that of
the sample, errors may occur. To minimize such errors, the
comparison charts are presented in four categories as foflows:

10.2.1 Plate —Untwinned grains (flat etch). Includes grain
size numbers 00, G2, 1, 1%2, 2, 22, 3, 372, 4, &>, 5, 5>
,6,6¥2,7, 72,8, 82,9, %, 10, at 100X.

10.2.2 Plate Il—Twinned grains (flat etch). Includes grain
size numbers, 1, 2, 3, 4, 5, 6, 7, 8, at 100X. .
10.2.3 Plate lll—Twinned grains (contrast etch). Includes
nominal grain diameters of 0.200, 0.150, 0.120, 0.090, 0.070,
0.060, 0.050, 0.045, 0.035, 0.025, 0.020, 0.015, 0.010, 0.005

mm at 75X.

10.2.4 Plate IV—Austenite grains in steel (McQuaid-Ehn).
Includes grain size numbers 1, 2, 3, 4, 5, 6, 7, 8, at 100X.

10.3 Table 1 lists a number of materials and the comparison
charts that are suggested for use in estimating their average
grain sizes. For example, for twinned copper and brass with a
contrast etch, use Plate IlI.

Note 1—Examples of grain-size standards from Plates I, II, I, and IV
are shown in Fig. 1, Fig. 2, Fig. 3, and Fig. 4.

10.4 The estimation of microscopically-determined grain
size should usually be made by direct comparison at the sam~
magnification as the appropriate chart. Accomplish this by
comparing a projected image or a photomicrograph of

FIG. 2 Example of Twin Grains (Flat Etch) from Plate Il. Grain
Size No. 3 at 100X

4Plates |, Il, Ill, and 1V are available from ASTM Headquarters. Order Adjunct:
ADJE011201 (Plate 1), ADJE011202 (Plate Il), ADJE011203 (Plate IlI), and
ADJE011204 (Plate 1V). A combination of all four plates is also available. Order
Adjunct: ADJE11214.

FIG. 3 Example of Twin Grains (Contrast Etch) from Plate IIl.
Grain Size 0.090 mm at 75X

representative field of the test specimen with the photomicro-
graphs of the appropriate standard grain-size series, or with
suitable reproductions or transparencies of them, and select the
photomicrograph which most nearly matches the image of the
test specimen or interpolate between two standards. Report this

FIG. 1 Example of Untwinned Grains (Flat Etch) from Plate I. e_Stimated grain size as t_he ASTM grain size number, or grain
Grain Size No. 3 at 100X diameter, of the chart picture that m{S) geseinmeststhe
s Document Sharing Hub
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FIG. 4 Example of Austenite Grains in Steel from Plate V. Grain
Size No. 3 at 100X

image of the test specimen or as an interpolated value between10.7 When the grains are of a size outside the range covered
two standard chart pictures. by the standard photographs, or when magnifications of 75X or

TABLE 2 Microscopically Determined Grain Size Relationships Using Plate Il at Various Magnifications

Note 1—First line—mean grain diameter, d, in mm; in parentheses—equivalent ASTM grain size number, G.
Note 2—Magnification for Plate Il is 75X (row 3 data).

o Chart Picture Number (Plate Il)
Magnification

1 2 3 4 5 6 7 8 9 10 11 12 13 14
25X 0.015 0030 0.045 0.060 0.075 0105  0.135 0150 0180 0210 0270 0.360 0451 0.600
9.2) (72)  (6.0) (5.2) (4.5) (3.6) (2.8) (2.5) (200 (1.6 (0.8 ) (0/00) (00 +)

50X 0.0075 0015 0.0225  0.030 0.0375 0053 00675 0075 0090 0.105 0135 0180 0225 0.300
(11.2) (92  (8.0) (7.2) (6.5) (5.6) (4.8) 4.5) (40)  (36) (28) (20) (14 (05)

75X 0.005 0010 0.015 0.020 0.025 0.035  0.045 0.050  0.060 0070 0090 0120 0.150 0.200
(123)  (103) (9.2) (8.3) @.7) 6.7) (6.0) (5.7) (52) (47 (4.0 (32 (25 @7)

100X 0.00375 0.0075 0.0112  0.015 0.019 0.026  0.034 0.0375 0.045 0053 0067 0.090 0113 0.150
(132)  (112) (10.0) 9.2) (8.5) (7.6) (6.8) (6.5) (6.0) (5.6) (4.8) (40) (34) (25

200X 0.0019  0.00375 0.0056  0.0075  0.009 0.013  0.017 0.019  0.0225 0026 0034 0045 0056 0.075
(152) (13.2) (12.0) (11.2) (10.5) (9.6) (8.8) (8.5) (80)  (7.6) (6.8) (6.0) (5.4) (4.5)

400X — 0.0025 0.0037  0.005 0.006 0.009  0.011 0.0125  0.015 00175 0.0225 0.030 0.0375 0.050
(143) (13.2) (12.3) (1.7 (10.7)  (10.0) 9.7) (92 (87  (80) (72) (65 (5.7)

500X — — 0.003 0.004 0.005 0.007  0.009 0.010 0012 0014 0018 0024 0.030 0.040

(13.8) (13.0) (12.3) (11.4)  (10.6) (103)  (98)  (9.4) (8.6 (78) (7.2) (6.3)

10.5 Good judgment on the part of the observer is necessaly00X are not satisfactory, other magnifications may be em-
to select the magnification to be used, the proper size of argaloyed for comparison by using the relationships given in Note
(number of grains), and the number and location in the2 and Table 2. It may be noted that alternative magnifications
specimen of representative sections and fields for estimatingre usually simple multiples of the basic magnifications.
the characteristic or average grain size. It is not sufficient to o . -
visually select what appear to be areas of average grain Sizﬁ'NOTE 2—If the grain size !s reported in ASTM numbers, it is conve-
fent to use the relationship:

Recommendations for choosing appropriate areas for all pro-

cedures have been noted in 5.2. Q = 2log, (M/M,) )
10.6 Grain size estimations shall be made on three or more = 6.64 logo(M/My)
representative areas of each specimen section. whereQ is a correction factor that is added to the apparent micro-grain
Documents
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size of the specimen, as viewed at the magnificatidninstead of at the Q. =2log, M ?3)
basic magnificationVl,, (75X or 100X), to yield the true ASTM grain-size = 6.64 log;y M
number. Thus, for a magnification of 25X, the true ASTM grain-size ' 10

number is four numbers lower than that of the corresponding photomi: ; : . S
. . R where Qy, is a correction factor that is added to the apparent grain size of
crograph at 100XQ = —4). Likewise, for 400X, the true ASTM grain-size . spec’\i/lmen, when viewed at the magnificatiéninstead of at 1X, to

number is four numbers higheQE +4) than that of the corresponding L e

. L .2 yield the true ASTM macro-grain size number. Thus, for a magnification
photomicrograph at 100X. Similarly, for 300X, the true ASTM grain-size of 2X, the true ASTM macro-grain size number is two numbers higher
number is four numbers higher than that of the corresponding photomi(Q: +’2) and for 4X, the true ASTM macro-grain size number is four

crograph at 75X. numbers higher Q = +4) than that of the corresponding photograph.
10.8 The small number of grains per field at the coarse end 14 13 The comparison procedure shall be applicable for

of the chart series, that is, size 00, and the very small size of thegsimating the austenite grain size in ferritic steel after a
grains at the fine end make accurate comparison ratinggcouaid-Ehn test (see Annex A3, A3.2), or after the austenite
difficult. When the specimen grain size faII_s at either end of thegrains have been revealed by any other means (see Annex A3,
chart range, a more meaningful comparison can be made by3 3) \jake the grain-size measurement by comparing the
changing the magnification so that the grain size lies closer tPnicroscopic image, at magnification of 100X, with the stan-
the center of the range. _ dard grain size chart in Plate 1V, for grains developed in a
_10.9 The use of transparendiesr prints of the_standards, McQuaid-Ehn test (see Annex A3); for the measurement of
with th_e standard and the unknown placed adjacent to ,ea%stenite grains developed by other means (see Annex A3),
other, is to be preferred to the use of wall chart compariso,aasure by comparing the microscopic image with the plate

with the projected image on the microscope screen. having the most nearly comparable structure observed in Plates
10.10 No particular significance should be attached to the |, o v

fact that different observers often obtain slightly different 10.14 The so-called “Shepherd Fracture Grain Size

results, provided the different results fall within the confidencey;athod” of judging grain size from the appearance of the
limits reasonably expected with the procedure used. fracture of hardened stegP), involves comparison of the
10.11 There is a possibility when an operator makes '®specimen under investigation with a set of standard fractures.

peated checks on the same specimen using the comparisgiy,g heen found that the arbitrarily numbered fracture grain
method that they will be prejudiced by their first estlmate.Th|ssi_2e series agree well with the correspondingly numbered

disadvantage can be overcome, when necessary, by changes\gty grain sizes presented in Table 4. This coincidence

magpnification, through bellows extensi%n, or objective Ofpaues the fracture grain sizes interchangeable with the auste-
eyepiece replacement between estiméls nitic grain sizes determined microscopically. The sizes ob-

10.12 Make the estimation of macroscopically-determinedsg e microscopically shall be considered the primary stan-
grain sizes (extremely coarse) by direct comparison, at @arq, since they can be determined with measuring
magnification of 1X, of the properly prepared specimen, or of . <iruments.

a photograph of a representative field of the specimen, with
photographs of the standard grain series shown in Plate | (fokl. Planimetric (or Jeffries’) (3) Procedure
untwinned material) and Plates Il and Il (for twinned mate- 11.1 In the planimetric procedure inscribe a cifcler
rial). Since the photographs of the standard grain size seri@gctangle of known area (usually 5000 Mo simplify the
were made at 75 and 100 diameters magnification, grain sizeglculations) on a micrograph or on the ground-glass screen of
estimated in this way do not fall in the standard ASTM the metallograph. Select a magnification which will give at
grain-size series and hence, preferably, should be expresspést 50 grains in the field to be counted. When the image is
either as diameter of the average grain or as one of thgycused properly, count the number of grains within this area.
macro-grain size numbers listed in Table 3. For the smalleThe sum of all the grains included completely within the
macroscopic grain sizes, it may be preferable to use a highghown area plus one half the number of grains intersected by
magnification and the correction factor given in Note 3,the circumference of the area gives the number of equivalent
particularly if it is desirable to retain this method of reporting. whole grains, measured at the magnification used, within the
Note 3—If the grain size is reported in ASTM macro-grain size area. If this number is multiplied by the Jeffries” multipliér,
numbers, it is convenient to use the relationship: in the second column of Table 5 opposite the appropriate
magnification, the product will be the number of grains per
square millimetreN , . Count a minimum of three fields to

5 Transparencies of the various grain sizes in Plate | are available from ASTMENSUre a reasonable average. The number of grains per square
Headquarters. Order Adjunct: ADJE112010 for the set. Transparencies of individugiillimetre at 1X,N A is calculated from:
grain size groupings are available on request. Order Adjunct: ADJE011205 (Grain
Size 00), ADJE012206 (Grain Size 0), ADJE012207 (Grain Size 0.5), ADJE011208 Ny =f(N. + N intercepted
(Grain Size 1.0), ADJE011209 (Grain Size 1.5), ADJE11210 (Grain Size 2.0), A Inside 2
ADJE011211 (Grain Size 2.5), ADJE011212 (Grain Sizes 3.0, 3.5, and 4.0),

ADJE011213 (Grain Sizes 4.5, 5.0, and 5.5), ADJE011214 (Grain Sizes 6.0, 6.5,amd——————
7.0), ADJE011215 (Grain Sizes 7.5, 8.0, and 8.5), and ADJE011216 (Grain Sizes A photograph of the Shepherd standard fractures can be obtained from ASTM
9.0, 9.5, and 10.0). Charts illustrating grain size numbers 00 to 10 argdy81 Headquarters. Order Adjunct: ADJE011224.

4)

in. (215.9 by 279.4 mm) film. Transparencies for Plates Il, lll, and IV are not ©A transparent grid for the planimetric method is available from ASTM

available. Headquarters. The transparency consists of two test circles, one with a diameter of
® The boldface numbers in parentheses refer to the list of references appended76.8 mm (5000 mrharea) and the other with a diameter of 159.6 mm (20 00¢ mm

these test methods. area). Order Adjunct: ADJE011223. Doc u m ents
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TABLE 4 Grain Size Relationships Computed for Uniform, Randomly Oriented, Equiaxed Grains

A £ 112 — 962
“afl

Grain Size No. N, Grains/Unit Area A Average Grain Area “d Average Diameter T Mean Intercept N,
G No./in.? at 100X  No./mm? at 1X mm? um? mm pm mm pm No./mm
00 0.25 3.88 0.2581 258064 0.5080 508.0 0.4525 452.5 2.21
0 0.50 7.75 0.1290 129032 0.3592 359.2 0.3200 320.0 3.12
0.5 0.71 10.96 0.0912 91239 0.3021 302.1 0.2691 269.1 3.72
1.0 1.00 15.50 0.0645 64516 0.2540 254.0 0.2263 226.3 4.42
15 1.41 21.92 0.0456 45620 0.2136 213.6 0.1903 190.3 5.26
2.0 2.00 31.00 0.0323 32258 0.1796 179.6 0.1600 160.0 6.25
25 2.83 43.84 0.0228 22810 0.1510 151.0 0.1345 134.5 7.43
3.0 4.00 62.00 0.0161 16129 0.1270 127.0 0.1131 113.1 8.84
35 5.66 87.68 0.0114 11405 0.1068 106.8 0.0951 95.1 10.51
4.0 8.00 124.00 0.00806 8065 0.0898 89.8 0.0800 80.0 12.50
4.5 11.31 175.36 0.00570 5703 0.0755 75.5 0.0673 67.3 14.87
5.0 16.00 248.00 0.00403 4032 0.0635 63.5 0.0566 56.6 17.68
5.5 22.63 350.73 0.00285 2851 0.0534 53.4 0.0476 47.6 21.02
6.0 32.00 496.00 0.00202 2016 0.0449 44.9 0.0400 40.0 25.00
6.5 45.25 701.45 0.00143 1426 0.0378 37.8 0.0336 33.6 29.73
7.0 64.00 992.00 0.00101 1008 0.0318 31.8 0.0283 28.3 35.36
7.5 90.51 1402.9 0.00071 713 0.0267 26.7 0.0238 23.8 42.04
8.0 128.00 1984.0 0.00050 504 0.0225 225 0.0200 20.0 50.00
8.5 181.02 2805.8 0.00036 356 0.0189 18.9 0.0168 16.8 59.46
9.0 256.00 3968.0 0.00025 252 0.0159 15.9 0.0141 14.1 70.71
9.5 362.04 5611.6 0.00018 178 0.0133 13.3 0.0119 11.9 84.09
10.0 512.00 7936.0 0.00013 126 0.0112 11.2 0.0100 10.0 100.0
10.5 724.08 11223.2 0.000089 89.1 0.0094 9.4 0.0084 8.4 118.9
11.0 1024.00 15872.0 0.000063 63.0 0.0079 7.9 0.0071 7.1 141.4
115 1448.15 22446.4 0.000045 44.6 0.0067 6.7 0.0060 5.9 168.2
12.0 2048.00 31744.1 0.000032 31.5 0.0056 5.6 0.0050 5.0 200.0
12.5 2896.31 44892.9 0.000022 22.3 0.0047 4.7 0.0042 4.2 237.8
13.0 4096.00 63488.1 0.000016 15.8 0.0040 4.0 0.0035 3.5 282.8
135 5792.62 89785.8 0.000011 11.1 0.0033 3.3 0.0030 3.0 336.4
14.0 8192.00 126976.3 0.000008 7.9 0.0028 2.8 0.0025 2.5 400.0

TABLE 5 Relationship Between Magnification Used and Jeffries’
Multiplier, f, for an Area of 5000 mm 2 (a Circle of 79.8-mm

Diameter) (f =0.0002 M ?)

Magnification Used, M

Jeffries’ Multiplier, f, to Obtain Grains/mm?

1000

0.0002

A At 75 diameters magnification, Jeffries’ multiplier, f, becomes unity if the area

used is 5625 mm? (a circle of 84.5-mm diameter).

wheref is the Jeffries’ multiplier (see Table ), siqe IS the
number of grains completely inside the test circle awd
interceptediS the number of grains that intercept the test circle.
The average grain ared, is the reciprocal oN, , that is, /N,
, while the mean grain diametdt, as listed on Plate Il (see

grains within the test circle, however, should not exceed about
100 as counting becomes tedious and inaccurate. Experience
suggests that a magnification that produces about 50 grains
within the test circle is about optimum as to counting accuracy
per field. Because of the need to mark off the grains to obtain
an accurate count, the planimetric method is less efficient than
the intercept method (see Section 12).

11.3 Fields should be chosen at random, without bias, as
described in 5.2. Do not attempt to choose fields that appear to
be typical. Choose the fields blindly and select them from
different locations on the plane of polish.

11.4 By original definition, a microscopically-determined
grain size of No. 1 has 1.000 grainsfiat 100X, hence 15.500
grains/mni at 1X. For areas other than the standard circle,
determine the actual number of grains per square millimbtre,

A, and find the nearest size from Table 4. The ASTM grain size
number,G, can be calculated fror\, (number of grains per
mm’ at 1X) using (Eqg 1) in Table 6.

12. General Intercept Procedures
12.1 Intercept procedures are more convenient to use than

10.2.3), is the square root &. This grain diameter has no the planimetric procedure. These procedures are amenable to
physical significance because it represents the side of a squatée Wwith various types of machine aids. It is strongly recom-

grain of areaA, and grain cross sections are not square.

mended that at least a manual tally counter be used with all

11.2 To obtain an accurate count of the number of grainghtercept procedures in order to prevent normal errors in
completely within the test circle and the number of grainscounting and to eliminate bias which may occur when counts
intersecting the circle, it is necessary to mark off the grains oppear to be running higher or lower than anticipated.
the template, for example, with a grease pencil or felt tip pen. 12.2 Intercept procedures are recommended particularly for
The precision of the planimetric method is a function of theall structures that depart from the uniform equiaxed form. For
number of grains counted (see Section 19). The number anisotropic structures, procedures are@gwmgntgake
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