QH”) Designation: C 1451 — 99

Standard Practice for
Determining Uniformity of Ingredients of Concrete From a
Single Source *

This standard is issued under the fixed designation C 1451; 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 epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope measure variability of a property of an ingredient from a single

1.1 This practice covers a procedure for determining theSOurce, over a period of time. The calculation corrects for the
uniformity of properties of concrete materials from a singleeffects of testing error. It is applicable to any property of any
source. It includes recommendations on sampling, testingsoncrete ingredient. Control of uniformity of concrete relates

analysis of data, and reporting. to controlling or adapting to variability of the ingredients, but
1.2 The values stated in Sl units are to be regarded as tHBiS practice does not purport to identify the relative impor-
standard. tance of these properties.

1.3 This standard does not purport to address all of the5
safety concerns, if any, associated with its use. It is the o )
responsibility of the user of this standard to establish appro- 9:1 All sampling is to be performed by Quality Control or
priate safety and health practices and determine the applical®Sting personnel specifically trained for this purpose.

. Sampling

bility of regulatory limitations prior to use. 5.2 Takg randpm grab sampleg from a.point in the storage
and handling regime of the material that will accurately reflect
2. Referenced Documents the uniformity of the material as it will be used in concrete.
2.1 ASTM Standards: Practice D 3665 provides general guidance. Additional guid-
C 125 Terminology Relating to Concrete and Aggrediates ance for specific materials is listed in 5.2.1-5.2.4. The lot size
C 219 Terminology Relating to Hydraulic Cem&nt from which a sample is taken shall be determined prior to
C 294 Descriptive Nomenclature of Constituents of Naturafhitiation of this procedure (Note 1). Identify samples by the
Mineral Aggregate’ date on which the material was shipped or received, its source,

C 494 Specification for Chemical Admixtures for Conctete and designated type and applicable specifications.
C 638 Descriptive Nom?ndfiture of Constituents of Aggre- Nore 1—A lot is defined as the quantity in a typical delivery unit, for
gates for Radiation Shielding of Concréte example, a 25-ton truck of aggregate or a 100-ton railroad car.

C 917 Test Method for Evaluation of Cement Strength 551 sample cement in accordance with Test Method
Uniformity from a Single Source co17.

D 75 Practice for Sampling Aggregates . 5.2.2 Sample fine and coarse aggregates in accordance with
D 3665 Practice for Random Sampling of Constructionpactice D 75.

Materials 5.2.3 Sample chemical admixtures in accordance with

Specification C 494,

3. Terminology . . . .
L - . . 5.2.4 Sample mineral admixtures in accordance with Prac-
3.1 Definitions—For definitions of terms relating to this tice C 917.

practice refer to Terminology C 125, Terminology C 219,
Descriptive Nomenclature C 294, and Descriptive Nomencladata are being used. A producer might reasonably sample

ture C 638. relatively frequently, for example, every production lot or
4. Significance and Use day’s production. A user might be interested in uniformity of a
material over a longer time frame, for example, approximately
‘epresenting the frequency of purchase for a particular appli-
cation. These two sampling frequencies might indicate differ-
ent levels of uniformity, therefore, it is important that the

1 This practice is under the jurisdiction of ASTM Committee C-9 on Concrete S&MPling program used be described in the report (Section 8).

and Concrete Aggregates and is the direct responsibility of Subcommittee C09.94 on
Evaluation of Data. 6. Procedure

Current edition approved Dec. 10, 1999. Published February 2000. . . _
2 Annual Book of ASTM Standarcéol 04.02. 6.1 General—Test all samples in accordance with the ap

3 Annual Book of ASTM Standardgol 04.01. propriate ASTM Test Method for the particular property being
4 Annual Book of ASTM Standardgol 04.03.

5.3 The required sampling frequency depends on how the

4.1 This practice provides a systematic procedure for sa
pling and calculating uniformity of concrete materials. It will
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measured. Variation within a single source is estimated by firgty other methods that are available in MNL 7 (STP 15@lectronic
calculating total variation from test data on grab samples, anéRlculators are available for obtaining these statistics directly.
then correcting this by subtracting variation inherent in the test 7.1.1 Average Measurement

method (testing error). Best results are obtained if all tests are X+ % 4ot X

conducted in the same laboratory, but guidance is provided if it X= + 1)
is necessary to use data from more than one laboratory.

6.2 Total Variation—Test all samples in accordance with the Where:

appropriate ASTM Standard Test Method for the particular test® average measurement,

property being measured. Calculate the total variation amonghX » Xar oo X Z L?j%’é%ﬂﬂ;?ﬁ;ﬁgﬁ;? ?QSS and
the samplgs, as dlrected_m 7.1.2. . . 7 1.2 Standard Deviation
6.3 Testing Erro—Testing error is comprised of compo- . . .
nents due to within-laboratory variation and between- . \/[0‘1 —X"+ (XZ(‘Y) 1)+ -t (% —X) ] @
n_

laboratory variation. If results are obtained from only one
laboratory, then between-laboratory variation makes no contrinypere:
bution. If data are obtained from more than one laboratory, itiss, = standard deviation in units of measurement.
preferable to keep data from each one separate during data7.1.3 Testing Error: The standard deviation in testing is
analysis, pooling estimates of parameters at the end of thealculated as follows:

analysis. SE

6.3.1 If no within-laboratory testing standard deviation S =\ K (3)
history has been established, duplicate tests made from a single
sample are required to determine this parameter. Samples mugthere:
be tested in duplicate on different days until at least ten sample§e = Standard deviation estimated from tests of duplicate
have been tested in duplicate. Calculate the standard deviation ~ Measurements made in a single laboratory from the
and the coefficient of variation, as outlined in 7.1.3 and 7.1.4. sample, . .
If the testing error exceeds the level of error reported in the, — dlfferencefbetweefn dulpllcate determinations, and
precision statement for the applicable test method, but is less -, , number.o sets 0 'du'p |c.ate determllnatlons. o

: . ; ) . 7.1.4 Coefficient of Variation:The coefficient of variation

than 1.5 times this \{alue, conjunue duplicate tests at this samg, testing is calculated as follows,
rate. When the testing error is equal to or below the testing
error reported in the precision statement, reduce the frequency CV(%) = )S(_e 100 @)
of duplicate testing. If the testing error exceeds 1.5 times the
testing error reported in the precision statement, the data is of 7-1.5 Single-Source Standard Deviation
unacceptable precision, and the laboratory procedure and Standard deviation of material from a single source, cor-
equipment should be thoroughly examined. Use the results gECted for testing error is calculated as follows:
d_uplicate tests, indicz_iting a_ccgptable precision to estim.at.e the s = \/52_—5’33 (5)
single laboratory testing variation for all other types of similar
materials tested in that laboratory during the same period ofwhere:

time, provided that duplicate tests have been made on a least = stangarg gevi_ati_on (fzorreltlzted for telst(ijn%e.rrorr], |
one sample per month. s = standard deviation for all tests included in the calcu-

. lation, and
6.3.2 When two or more laboratories are used to evaluat = standard deviation of duplicate tests run on split
the uniformity of a source, then additional tests of a standard samples to evaluate testing error.
sample or exchanged portions of the same sample may be
necessary to determine differences in testing that are likely 1§ Report

be obtained in the different laboratories. When two laboratories 8.1 Sufficient information shall be provided to identify the
exchange portions of the sample and run single tests, resulf8aterial sampled including the following:

from the laboratories shall not differ by more than the multi- 8.1.1 Name of manufacturer and location,

laboratory precision (D2S value) of the average of the two 8-1.2 Classification or type of material,

laboratories. If a larger number of samples are exchanged, then8-1-3 Location of sampling,

the difference between laboratories exceed the D2S no more 8-1-4 Laboratory designation,
than 5 % of the time. 8.1.5 Period of time represented by the report, and

8.1.6 Description of sampling frequency.

8.2 For ongoing programs, the minimum period covered by
the report shall include all tests made in the preceding three
) months, but in no instances less than that period of time
7. Calculation necessary to include 20 consecutive samples.

7.1 The calculations shall include the following (Note 2):

6.4 Single-Source Variatica-Calculate single-source varia-
tion according to 7.1.5.

5 Manual on Presentation of Data and Control Chart Analysis, MNL7 (STP,150)
Note 2—Values for averages and standard deviations can be calculateih edition, ASTM.
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8.2.1 The report shall not cover a period of time greater thamre made from samples other than that being tested during the

one year or tests of more than 120 samples.

same period of time, by the same laboratory, these test results

8.3 The report of results shall be either in tabular form aswill not normally be reported on a regular basis, but results of
shown in Table 1, or in graphical form as shown in Fig. 1, atsuch tests will be made available upon request. However,

the option of the reporting organization (Note 3).

report the testing standard deviation.

Note 3—For purposes of analyzing trends, the graphical presentationis 8.5 The report shall include the following values calculated
to be preferred. The average and standard deviation, as calculated from the reported data. Each sample shall be represented only
by a single result in these calculations. The second of a pair of

8.4 Report the results of duplicate tests on the same samptiuplicate test results shall not be included in the overall
within the period covered by the report. When duplicate testgalculation, but shall be used only to establish testing error.

Section 7, shall be shown.

TABLE 1 Sample Uniformity Test Report

Note 1—This example includes additional information, beyond that necessary for reporting, for purposes of illustrating the calculation of testing erro

(see columns wittbold-face type).

ABC Cement, Inc., Qualitytown

Type |, sampled on truck loading at Qualitytown

ABC Qualitytown Laboratory

Date Represented: 2/4/76 - 5/24/76 7 Day 28 Day
Average Strength, Mpa 26.77 33.12
Standard Deviation 1.05 1.39
number of samples 37 30
Testing Standard Deviation 0.90 0.97
number of duplicates 13 10
Corrected Standard Deviation 0.53 1.00
7-Day Strength 28-Day Strength
Determination Determination
Date Shipped Sample Number Repl a Repl b” d® Average 5 Repl a Repl bA d®  Average 5
2/4176 1 26.08 26.89 -0.81 34.81 32.98 1.83
2/9/76 2 26.66 c C 33.43 c C
2/11/76 3 27.58 28.38 -0.8 34.93 33.78 1.15
2/12/76 4 27.46 R 34.47
2117176 5 27.8 - - 27.12 33.32 - - 34.19
2/18/76 6 26.08 26.54 —0.46 27.12 31.25 32.29 -1.04 33.48
2/19/76 7 26.77 27.14 31.94 33.18
2123176 8 26.89 - - 27.00 32.51 - - 32.70
2/24/76 9 27.11 27.92 -0.81 26.93 33.89 34.24 -1.38 32.58
2/25/76 10 24.82 - - 26.33 30.34 - - 31.99
3/2/76 11 25.17 - - 26.15 32.41 - - 32.22
3/3/76 12 27.81 26.08 1.73 26.36 32.06 32.17 -0.11 32.24
3/4/76 13 26.2 26.22 3241 32.22
3/8/76 14 25.62 - - 25.92 31.48 - - 31.74
3/9/76 15 28.5 24.93 3.57 26.66 35.05 33.21 1.84 32.68
3/10/76 16 26.54 26.93 35.62 33.32
3/15/76 17 25.39 26.45 32.66 33.44
3/16/76 18 24.93 C C 26.20 31.96 C C 33.35
3/17/76 19 27.58 27.58 0 26.59 33.44 34.01 -0.57 33.75
3/22/76 20 27.81 - . 26.45 34.93 - - 33.72
3/23/76 21 27.81 C C 26.70 35.27 C C 33.65
3/24/76 22 27.23 27.69 —-0.46 27.07 32.52 34.36 -1.84 33.62
3/29/76 23 27.12 27.51 33.67 33.97
4/5/76 24 24.82 C C 26.96 32.17 C C 33.71
4/6/76 25 27.92 28.84 -0.92 26.98 33.89 33.09 0.8 33.50
4/12/76 26 26.08 26.08 0 26.63 32.17 33.98 -1.81 32.88
4/12/76 27 27.58 26.70 33.44 33.07
4/19/76 28 27.12 26.70 32.75 32.88
4/20/76 29 28.03 27.35 34.01 33.25
4/28/76 30 26.08 C C 26.98 30.68 32.61
5/3/76 31 24.82 24.93 -0.11 26.73
5/6/76 32 28.03 - - 26.82
5/7/76 33 27.11 27.58 -0.47 26.81
5/12/76 34 27.46 26.70
5/17/76 35 26.77 - - 26.84
5/18/76 36 26.08 27.46 -1.38 27.09
5/24/76 37 27.61 R A 27.01
Average 26.77 Sum d? 21.10 Average 33.12 Sum d? 18.68
Std Deviation 1.05 2k 26 Std Deviation  1.39 2k 20
Testing Std 0.90 Testing Std Dev 0.97
Dev

A replicate b values are not included in the averages of five. See 8.5.

B difference between replicates a and b

aZzmanco.com


https://azmanco.com

iy c 1451

8.5.1.1 x = the average,

8.5.1.2 s = the standard deviation,
8.5.1.3 s, = testing standard deviation,
8.5.1.4 n = the number of samples tested,

7-Day Strength

8.5.1.5 s, = the standard deviation corrected for testing, and
——average s 8.5.1.6 x; = the moving averages of the five most recent
results.
V2ATE 21078 TS 32176 4HOTe 4076 S20me 66 | ~8.5.2 The calculations shall not be made and reported until
Dats Shipped five results are available. The moving average of the five most

recent results should be updated with each successive result by
adding the new value in the calculation and deleting the oldest
28-Day Strength previous value (see Table 1).

8.5.3 Whenever the reporting agency concludes that a
consistent change in properties has occurred, at its option, it

36
35

E_:: may discontinue calculation until results from five additional
£l ——average 5 samples have been obtained. In this instance, the values
B gL calculated from samples prior to the change shall also be
N . - reported.
VZATE 2106 3AMG. 3276 4NOTS 4078 SI2076 8.5.4 When there is a break in the calculation, the sampling
Date Shipped . .
dates included in each set of calculated values shall be clearly
FIG. 1 Data Plots, Uniformity Test Report identified.
(See Footnote A of Table 1.) 9. Keywords
8.5.1 Calculate from the reported data: 9.1 concrete materials; uniformity
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