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QHW Designation: C 670 — 96

Standard Practice for
Preparing Precision and Bias Statements for Test Methods
for Construction Materials *

This standard is issued under the fixed designation C 670; 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.

1. Scope above and below the average) of a large group of individual

1.1 This practice supplements Practice E 177, in order téeSt results obtained under similar conditions. N
provide guidance in preparing precision and bias statements for 3-2.1 single-operator one-sigma liritthe one-sigma limit
ASTM test methods pertaining to certain construction materifor single-operator precision is a quantitative estimate of the
als (Note 1). Recommended forms for precision and bia¥ariability of a large group of individual test results when the
statements are included. A discussion of the purpose an§Sts have been made on the same material by a single operator

significance of these statements for the users of those te4fing the same apparatus in the same laboratory over a

methods is also provided. relatively short period of time. This statistic is the basic one
used to calculate the single-operator index of precision given in

Note 1—Although under the jurisdiction of Committee C-9, this (e precision statement for guidance of the operator

practice was developed jointly by Committees C-1, D-4, and C-9, and has . i . = e

been endorsed by all three committees. It has subsequently been adoptfedg'z'zI .ﬁnu'tllaboratory One s!gma “mﬂ_j[he_ one S|_gma Im}lt h

for use by Committee D-18. or multi aboratory precision is a quantitative estimate of the
variability of a large group of individual test results when each

2. Referenced Documents test has been made in a different laboratory and every effort has

2.1 ASTM Standards: been made to make the test portions of the material as nearly

C 109/C 109M Test Method for Compressive Strength ofidentical as possible. Under normal circumstances the esti-
Hydraulic Cement Mortars (Using 2-in. or 50-mm Cube Mates of one-sigma limit for multilaboratory precision are
Specimens) larger than those for single-operator precision, because differ-

C 802 Practice for Conducting an Interlaboratory Test Pro£nt operators and different apparatus are being used in different
gram to Determine the Precision of Test Methods forlaboratories for which the environment may be different.

Construction Materiafs 3.2.3 one-sigma limit in percent (1s%;}in some cases the
E 177 Practice for Use of the Terms Precision and Bias irfoefficient of variation is used in place of the standard
ASTM Test Method$ deviation as the fundamental statistic. This statistic is termed
the “one-sigma limit in percent” (abbreviated (1s%)) and is the
3. Terminology appropriate standard deviation (1s) divided by the average of
3.1 Definitions of Terms Specific to This Standard: the measurements and expressed as a percent. When it is

3.2 one-sigma limit (1s)}-the fundamental statistic underly- appropriate to use (1s%) in place of (1s) is discussed in Section
ing all indexes of precision is the standard deviation of theb.
population of measurements characteristic of the test method 3.3 Acceptable Range of Results
when the latter is applied under specifically prescribed condi- 3.3.1 acceptable difference between two restithe “dif-
tions (a given system of causes). The terminology “one-sigm#erence two-sigma limit (d2s)” or “difference two-sigma limit
limit” (abbreviated (1s)) is used in Practice E 177 to denote thén percent (d2s%),” as defined in Practice E 177, has been
estimate of the standard deviation or sigma that is characteristelected as the appropriate index of precision in most precision
of the total statistical population. The one-sigma limit is anstatements. These indexes indicate a maximum acceptable
indication of the variability (as measured by the deviationsdifference between two results obtained on test portions of the
same material under the applicable system of causes described
in 4.1.1 and 4.1.2 (or whatever other system of causes is
1 This practice is under the_jurisdi;tion of ASTM _C_:ommittee C-9 on Concrete appropriate). The (dZS) index is the difference between two
and Concrete Aggregatesand is the direct responsibility of Subcommittee C09.94on . . .
Evaluation of Data. individual test results that would be equaled or exceeded in the
Current edition approved May 10, 1996. Published July 1996. Originallylong run in only 1 case in 20 in the normal and correct

published as C 670 — 71 T. Last previous edition C 670 — 95. operation of the method. The (d2s%) index is the difference
2 Annual Book of ASTM Standardgol 04.01.

s Annual Book of ASTM Standardéol 04,02, betyveen two individual test results expressed as a perc;ent of
4 Annual Book of ASTM Standardéol 14.02. their average that meets the same requirements. These indexes
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are calculated by multiplying the appropriate standard deviasuspected of producing erratic results, and a closer examination of the
tion (1s) or coefficient of variation (1s%) by the factor\2’§ procedures would be in order. If knowledge about the test method in
(equal to 2.83) guestion indicates that certain actions may be appropriate in cases where
o . deviant results occur, then such information should be included in the test
Wffefeil‘?ecigé)tt?r?é?h;adngglIgff(;??;eosg?f?aalv&ge’jaﬂﬁegiﬁgsto method, but details of how this should be done will depend upon the
rticular test method.
obtained, the range (difference between highest and lowest) of o .
the group of test results must be compared to a maximum 3-3-4 variations between laboratoriesthe system of
acceptable range for the applicable system of causes af@uses designated for obtaining the quantitative guide for
number of test results. The range for different numbers of tetcceptance of results by different laboratories as given in 4.1.2
results including two that would be equaled or exceeded i® Multilaboratory precision, using the system of modifiers
only 1 case in 20 is obtained by multiplying the appropriatediven in Practice E 177 (Note 3). When results differ by more
standard deviation (1s) or coeficient of variation (1s%) by thethan (d2s) there is a significantly large probability that one or

appropriate factor from the second column of Table 1 (Note 2)_both laboratories are in_ error or that a difference exists in the
portions of material being used for the tests. In such cases,

Note 2—Iltis important to note that when more than two test results aFQetestS Should be made When pOSS|b|e’ newly drawn test

obtained, an index of precision for the difference between two results cagamples should be used for such retests as directed in Note 4
not be used as a criterion for judging acceptability of the range of the '

group or for other pairs of results selected from the group. 3.4 Number of Tests

3.3.3 variations for single operators-the svstem of Causes 3.4.1 single test results-the number of tests run must be
e ' sing'e op o yS taken into account when evaluating testing variations. Usually,
designated for obtaining the quantitative guide to acceptabl

erformance by an operator as stated in 4.1.1 leads to sin Iﬁ]e statistics used in evaluating precision and the indexes of
g erator recigion ur.?sin the svstem of r.né)difiers iven ? recision based on them are based on the population distribu-
P b ' g y Y ion of single test results. When this is the case, the index of

Practice E 177 (Note 3). When two results by the sameEI o ; : .

. recision may be used in comparing single tests results only,
0,

operator differ by more than (d2s) or (d2s%) or the range o t averages of two or more tests.

more than two results exceeds that obtained by the metho 3.4.2 test results based on averageif the precision state-

described in 3.2.2 there is a significantly large probability that iﬁnt is based on test results that are averages of two of more

an error has occurred and retests should be made as directe
Note 4 measurements, then the number of measurements averaged

must be stated, and in using the index of precision, averages of

Note 3—Single-operator precision is often referred to as “repeatabil-exactly that number of measurements must be used. In some

ity,” and multilaboratory precision is often referred to as “reproducibility.” cgses a test result is defined in the method as the average of two
Note 4—It is beyond the scope of this practice to describe in detailOr more individual measurements. In such cases the index of

what action should be taken in all cases when results occur that differ bﬁrecision for a test result anplies to a test result as so defined
more than the (d2s) limits or by more than the maximum allowable range’ Pp ’

Such an occurrence is a warning that there may have been some error@itnough indexes of precision for ranges of individual mea-
the test procedure, or some departure from the prescribed conditions of tifalrements within a laboratory may also be included as de-
test on which the limits appearing in the test method are based; foscribed in 3.3.3.

example, faulty or misadjusted apparatus, improper conditions in the 3 4.3 precision of individual measurements averaged to

laboratory, etc. _Injudglng whether or not results are in error, mformano_nobtain a test result-when two or more measurements are
other than the difference between two test results is needed. Often a revie

of the circumstances under which the test results in question were obtaineég/eraged to obtain a test resglt, the range O.f the ;]nd;:/ldu?]I
will reveal some reason for a departure. In this case the data should goeasurements may be examined to determine whether the

discarded and new test results obtained and evaluated separately. If Ftter meet the criterion of being valid individual measurements
physical reason for a departure is found, retests should still be made, butnder the conditions of the test method. The maximum
the original tests should not be completely ignored. If the second set chcceptable range for individual measurements is obtained by
results also differs by more than the applicable limit, the evidence is veryny|tiplying the appropriate standard deviation (1s) or, coeffi-
strong that something is wrong or that a real difference ex@s_ betwe_en_t ent of variation (1s%) obtained from averages by the appro-
two samples tested. If the second set produces a result within the limit, If . te factor f th d col f Table 2 (Note 5). Th
may be taken as a valid test, but the operator or laboratory may then gra _e actor from the second co umn _0 able 2 (Note 5). The
maximum acceptable range for individual measurements ob-
tained by this method may be included in the precision

TABLE 1 Maximum Acceptable Range . L. T
statement as an index of precision for individual measurements

Number of Multiplier of (1s) or (1s%) for

Test Results Maximum Acceptable Range” in the same laboratory as described in Example 8.

2 2.8 Note 5—This procedure is only valid if the individual measurements

i gg are subject to the same sources of variation as the test result. For example,
5 39 the single-operator precision of Test Method C 109/C 109M mortar cubes
6 4.0 is calculated from test results that include a contribution from variation

7 4.2 among batches of mortar. Variation among individual cubes from a single
8 4.3 batch does not contain this component of variation. Therefore, differences
13 2-‘51 among individual cubes from a single batch cannot be inferred from the

single-operator standard deviation given in Test Method C 109/C 109M
A Values were obtained from Table A7 of “Order Statistics and Their Use in and the values in Table 2.

Testing and Estimation,” Vol 1, by Leon Harter, Aerospace Research Laboratories, . L .

United States Air Force. 3.4.4 multilaboratory precision expressed as a maximum
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TABLE 2 Maximum Acceptable Range of Individual acceptable when properly conducted determinations are made
Measurements by two different operators in different laboratories on portions
Number of M A . /Q/Iultiplier of (Ols) or ’(v'15°/9) for of a material that are intended to be identical, or as nearly
e e oo g™ identical as possible.
Individual Measurements” 4.2 Other Measures of PrecisierThe two elements de-
2 39 scribed in 4.1.1 and 4.1.2 involve the main systems of causes
3 5.7 of interest to users of test methods involving construction
. 73 materials. In cases where other systems of causes apply, the
6 9.9 appropriate statistics for those systems should be used and the
7 11.0 appropriate combination of modifiers given in Practice E 177
: S should be used to describe those statistics.
10 141 4.3 Use of Indexes of Precision in SpecificatienBhe
AValues were calculated from Table 1. indexes of precision described in this practice are to be used as

guides to determine (with a prescribed degree of certainty)

] whether a given series of results can be considered as valid
allowable difference between two averageshen the test tests under the conditions assumed in the test method. Com-
method calls for the reporting of more than one test resultyarisons of test results with specification limits should be made
multi-laboratory precision may be expressed as a maximurgply after there is reasonable assurance that the determinations
allowable difference between averages of such groups, onge adequate. Writers of specifications have the responsibility
from each laboratory, and both the (d2s) or (d2s%) limit for st recognizing the variability of results characteristic of a given
individual results and this maximum allowable difference ofiagt method in setting specification limits, but indexes of
two averages may be included in the multilaboratory precisionyecision of the test method should never be added to specifi-
statement (Note 6). The maximum allowable difference forcation limits by the users of those specifications for the purpose
averages of a given number of test resutisis obtained by f judging acceptance or rejection of materials.
dividing the appropriate (d2s) or (d2s%) limit by the square 4 4 Use of Indexes of Precision for Qualifying an
root of n. Operator—Indexes of single-operator precision are sometimes

Nore 6—Note that this is not the same as the situation where a testS€d as a basis for qualifying an operator. The assumption is
result is defined as the average of two or more individual measurementthat results that do not differ by more than the stated index are
A given test method may include both features. It is important to bear inndicative of proper performance of the test. However, this
mind, h0\_/vever, that when more th_an_one result is obtained in one or bOtﬁssumption is not necessarily correct. Uniform misunderstand-
!abo_ratorles, t_he (d2s) or (d2s%) limit may not be used as a criterion fofng of instructions or maladjustments of equipment may
judging the differences between selected pairs of results from the twg .
laboratories. produce consistent but erroneous test results. Thus, tests

i . ) conducted for the purpose of qualifying an operator should be

3.5 field versus laboratory testsprecision indexes for mage on materials for which the measured characteristic is

ASTM test methods are normally based on results obtained ('Enown, whenever possible, so that accuracy as well as preci-

laboratories by competent operators using well-controlledjs, can he evaluated. (See Practice E 177 for a discussion of
equipment on test portions of materials for which precautiongye terms precision and accuracy.)

have been taken to ensure that they are as nearly alike as

possible. Such precautions and the same level of competenge gasis for Precision Statement
may not be practicable for the usual quality control or routine _ . -
acceptance testing. Therefore, the normal testing variation 5.1 1n _order to b_e_ valid the indexes .Of precision to be
among laboratories engaged in quality control and acceptand@cmded in the precision statement as guides for the operator

testing of commercial materials may be larger than indicatedust be based on estimates of t_he precision of the test ”.‘eth"d
by the relationship derived from the one-sigma limit for obtained from a statistically designed interlaboratory series of
tzsts. This series of tests must involve a sufficient number of

multilaboratory precision. In this case it is recommended tha . . .
studies be made to determine the one-sigma limit for test boratories, materials, and replicate measurements so that the

made under field conditions and realistic adjustments ir{esults obtained provide reliable estimates of the true precision
specification tolerances be made accordingly. charapterlstlc c_)f the test method (Note 7). The p.rocedures
described in this practice are based on the assumption that the

4. General Concepts proper estimates of precision have already been obtained.
4.1 A precision statement meeting the requirements of thisprac'".Ce c 802.'3 a companion docur_nent to this one and
gescnbes techniques for conducting an interlaboratory study to

practice normally contains two main elements described a . . .
follows: Obtain the needed estimates of precision. In the case where an

4.1.1 Single-Operator Precisieh-A measure of the greatest appr oved Sta”d.af‘?' test method is revised, the Schommmee
difference between two results that would be consideredhavmg responsibility over the test method should determine
i, - “Whether the change(s) affect the validity of the existing
acceptable when properly conducted repetitive determinations . . : i .
are made on the same material by a competent operator. precision statement in the standard,. and if so, should also

4.1.2 Multilaboratory Precisior—A measure of the greatest revise the precision statement accordingly.

difference between two test results that would be considered Note 7—The requirement of “reliable estimates of the true precision”
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presupposes an estimate obtained from a properly designed and execu@viation is essentially the same for all levels of the property

interlaboratory series of tests involving at least 30 degrees of freedom f%eing tested for which data are available, the one-sigma limit

single-operator precision and at least 10 laboratories. and the difference two-sigma limit shall be given in the
5.2 For many of the tests under the jurisdiction of Commit-precision statement expressed in the units of the measured

tees C-1, C-9, D-4 and D-18, there is an extensive backlog gfyoperty.

interlaboratory test data in the reference sample program of the 6.2.1 If the standard deviation is essentially proportional to

gzgﬁr_}toaﬁag?g;eie?eerfeifgCl_eatiis;[gator&ﬁgfl‘)\/\?ﬁgréhﬁe average for different levels of the property in question (that
ry ( ). is, the coefficient of variation is essentially constant) then the

such data are available, a precision statement can be prepargd = . S N ; i
) he-sigma limit in percent” (1s%) and difference two-sigma

for each test method based upon a much larger population L . p ) S
. ; Imit in percent (d2s%) shall be given. “One-sigma limit in
data than can normally be assembled in a round-robin program

by merely carrying out the mathematical analysis like thatPereent' is, for thg burposes of this practice, thg same as the
iliustrated in Appendix X1. coefficient of variation. It is determined by dividing the

5.3 The Form and Style for ASTM Standards requires thaftandard deviation by the mean (average) value of available

data and details of the experiments used to determine precisi .SUItS 'an.d . muItlpIyln'g . by 10.0' S'm'lar.lyf 'd|fference two-
and bias be filed as a research report at ASTM Headquarter§'.gma limit in p_erc_ent is obtained by d|_V|d|ng (d2s) by the_
o mean and multiplying by 100. When neither of these condi-
6. Form of Precision Statement tions is met, the applicable limits for specific ranges of the
6.1 Preface Informatior-The Form and Style for ASTM property shall be stated together with the specific ranges for
Standards requires that the precision and bias statement includéich they are appropriate. The abbreviations (1s), (1s%),
the reference numbers of the research report (paragraph 5.@)2s), and (d2s%) are given in footnotes as shown in the
and a brief description of the experiments that will permit theexamples.
user of the test method to judge the reliability of the data. Many g 3 Recommended Form of the Precision Statemafhen
precision and bias statements are based on non-SI data thak proper estimates of precision are available (Note 7), the
have been converted to Sl units. The following examples,ecision statement shall be written in the form of the appro-
provide recommended wording for the preface to the precisiopyjae example as given below for each available estimate of

and bias statement. , precision (standard deviation or coefficient of variation) and
6.1.1 Case 1.—PreC|S|on'|s.stated in term_s_of per‘?emage’corresponding system of causes.

such as coefficient of variation. The precision indices are

non-dimensional and there would be no need for dual presen-Note 8—Some of the following examples have been taken from test

tations. In this case, it is only necessary to state that the dataethods current at the time this practice was written and others are

were obtained in the inch-pound system. hypothetical. None of the examples should be taken as being quantita-
tively correct, since, even if taken from actual situations, the figures may

Example 1: :
The data used to develop the precision statement were obtained using the/ have been subsequently revised.
(an earlier) version of this Test Method. 6.3.1 Form of Statements for Which One Estimate of Pre-
6.1.2 Case 2-For a combined standard in which both cision for Each System of Causes Applies
systems of units are to be used separately: Example 1:
Example 2: Precision—The multilaboratory standard deviation has been found to be

0.75 %*. Therefore, results of two properly conducted tests from two different

A. Inch-pound (SI)—The data used to develop the precision statement . -
laboratories on samples of the same cement should not differ by more than

were obtained using the inch-pound version of this Test Method. The preci-

sion indices shown in parentheses are exact conversions of the values in 21%A
inch-pound units.

B. S/ (inch-pound)—The data used to develop the precision statement
V\(ere_ob_tamed using the |nc_h—pound version of th|s Test Method. The preci- A These numbers represent, respectively, the (1s) and (d2s) limits as described
sion indices shown in SI units are exact conversions of the values in paren- in ASTM Practice C 670, for Preparing Precision Statements for Test Methods for
theses. Construction Materials.

6.1.3 Case 3—For a standard that has been hard converted Example 2:

; i _ ; i Precision—The single-operator standard deviation has been found to be
to Sl units as standard and the inch pound units are shown In0.045 %.4 Therefore, results of two properly conducted tests by the same op-

parentheses for information only: erator on the same material should not differ by more than 0.13 %.%

Example 3:
The data used to develop the precision statement were obtained using the
previous inch-pound version of this Test Method. The precision indices are

A . . )
exact conversions of the values shown in parentheses. These numbers represent, respectively, the (1s) and (d2s) limits as described

in ASTM Practice C 670, for Preparing Precision Statements for Test Methods for
6.1.4 Case 4—For a standard that has been converted to argonstruction Materials.
S| standard and the inch-pound units have been dropped. Example 3:
Precision—The multilaboratory coefficient of variation has been found to be
Example 4: o ) ) 5.0 %.” Therefore, results of two different laboratories on identical samples of a
The data used to develop the precision statement were obtained using the material should not differ from each other by more than 14 % of their average.”
previous inch-pound version of this Test Method. The indicated precision indi-
ces are exact conversions of the values obtained originally in inch-pound
units.
. . A These numbers represent, respectively, the (1s) and (d2s) limits as described
6.2 Manner of EXpreSSIGﬂ'If the test data on which the in ASTM Practice C 670, for Preparing Precision Statements for Test Methods for

precision statement is to be based indicate that the standatdnstruction Materials.
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