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Standard Practice for
Sampling and the Amount of Testing of Hydraulic Cement

This standard is issued under the fixed designation C 183; 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.

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

1. Scope C 185 Test Method for Air Content of Hydraulic Cement

1.1 This practice covers procedures for sampling and for the Mortar® _ _
amount of testing of hydraulic cement after it has been C 186 Test Method for Heat of Hydration of Hydraulic

manufactured and is ready to be offered for sale. Cement _ . .
1.2 The values stated in S| units are to be regarded as the C 191 Test Method for Time of Setting of Hydraulic Ce-

standard. The inch-pound units in parentheses are for informa- _ment by Vicat Needfe _ _
tion purposes only. C 2_04 Test M_e_thod for Fineness of Hydraulic Cement by

1.2.1 Aton as used in this practice is 907 kg (2000 Ib). Air-Permeability Apparatus _ _ .

1.2.2 Values in Sl units shall be obtained by measurementin C 227 Test Method for Potential Alkali Reactivity of
SI units or by appropriate conversion, using the Rules for _Ceément-Aggregate Combinations (Mortar-Bar Metffod)
Conversion and Rounding given in Standard IEEE/ASTM S| C 265 Test Method for Water-Extractable Sulfate in Hy-
10, of measurement made in other units. drated Hydraulic Cement Mortar _ .

1.3 This standard does not purport to address all of the C 266 Test Method for Time of Setting of Hydraulic-
safety concerns, if any, associated with its use. It is the _Cement Paste by Gillmore Needles _
responsibility of the user of this standard to establish appro- C 451 Test Method for Early Stiffening of Hydraulic Ce-

priate safety and health practices and determine the applica- _ment (Paste Method) _ _
bility of regulatory limitations prior to use. C 452 Test Method for Potential Expansion of Portland-

Cement Mortars Exposed to Sulfate

2. Referenced Documents C 563 Test Method for Optimum §@n Hydraulic Cement
2.1 ASTM Standards: Using 24-h Compressive Strendth
C 91 Specification for Masonry Cemént C 595 Specification for Blended Hydraulic Ceménts

C 109/C 109M Test Method for Compressive Strength of C 845 Specification for Expansive Hydraulic Cenfent
Hydraulic Cement Mortars (Using 2-in. or 50-mm Cube C 1012 Test Method for Length Change of Hydraulic-

Specimens) Cement Mortars Exposed to a Sulfate Solution

C 114 Test Methods for Chemical Analysis of Hydraulic C 1157 Performance Specification for Hydraulic Cerfient
Cement C 1328 Specification for Plastic (Stucco) Centent

C 115 Test Method for Fineness of Portland Cement by the C 1329 Specification for Mortar Cemeft _
Turbidimete? E 11 Specification for Wire-Cloth and Sieves for Testing

C 150 Specification for Portland Cemént Purpose$ .

C 151 Test Method for Autoclave Expansion of Portland IEEE/ASTM SI 10 Standard for Use of the International
Cememnt System of Units (Sl): The Modern Metric Systeém

C 157/C 157M Test Method for Length Change of Hard- 2.2 ACI Standard: . _
ened Hydraulic-Cement Mortar and Concfete 225.1R Guide to the Selection and Use of Hydraulic Ce-

ment$

. o S _ 3. Terminology
1 This practice is under the jurisdiction of ASTM Committee CO1 on Cement,

and is the direct responsibility of Subcommittee C01.95 on Coordination of 3.1 Definitions of Terms Specific to This Standard:
Standards.
Current edition approved Dec. 10, 2002. Published January 2003. Originally

approved in 1944. Last previous edition approved in 1997 as C 183 — 97. 4 Annual Book of ASTM Standardgol 14.02.
2 Annual Book of ASTM Standardgol 04.01. 5 Annual Book of ASTM Standardgol 14.04.
3 Annual Book of ASTM Standardgol 04.02. ® Detailed requirements for this sieve are given in Specification E 11.
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3.1.1 lot (of cement—specific quantity of cement offered 5.2 All samples, whether grab or composite, shall have a
for inspection at any one time. A lot may be one or moremass of at least 5 kg (10 Ib).
storage bins filled consecutively. A lot may also be the contents 5.3 The purchaser may designate a representative to super-
of one or more transport units representing cement drawn fromaise the sampling, packing, and shipping of samples when it is
the same storage bin. so specified in the purchase contract.

3.1.2 reduced testing rate-test program that provides for 5.4 Package the samples in moisture-proof, airtight contain-
the testing of only two samples from any given lot of samplesers numbered consecutively in the order in which the samples
obtained and prepared for testing at the normal rate aaretaken. The purchase contract shall state who will pay for the
described herein. The program utilizes probability factors anaosts of sampling, packaging, shipping and testing the samples.
is so designed that when results from the two samples fulfill the N . . . .

. . . . ote 1—Polyvinyl chloride sample containers, upon occasion, have
requ_'rements of the program it may be said with 95 %been found to affect the air-entraining potential of a cement sample. The
confidence that less than 5 % of the samples would be outsid@me problem might be experienced with containers made from other
the specification limits. plastics.

4. Significance and Use 6. Testing-Time Requirements for the Completion of

4.1 The sampling procedures described are intended for use T€StS
in the procurement of samples of hydraulic cement after it has 6.1 When tests of hydraulic cement are made at a laboratory
been manufactured and is ready to be offered for sale. They amther than that of the cement manufacturer, the cement sam-
not intended as sampling procedures for quality control purpling schedule, sample transportation time, and sample testing
poses during manufacturing. The testing procedures outlineschedule must be coordinated among the purchaser, the manu-
cover the amount of testing to be done and provide guidanckcturer, and the testing laboratory so that the tests results will
for reporting on conformance or non-conformance of cementbe available when required.
with requirements of purchase specifications. 6.2 The manufacturer of the cement shall make the cement
4.2 This practice is referenced as the procedure for samplingvailable to be sampled for testing early enough before the time
masonry cement (Specification C 91), portland cement (Specthe test results are needed so that at least the applicable time
fication C 150), blended hydraulic cement (Specificationintervals listed in 6.3 exist.
C 595), expansive hydraulic cement (Specification C 845), 6.3 When this has been done, the testing laboratory shall
plastic stucco cement (Specification C 1328), mortar cemergrovide test results not later than the indicated number of days
(Specification C 1329), and hydraulic cement based on after sampling:

performance specification (Specification C 1157). Test Methods Time Interval, days
4.3 Most building codes and construction specifications
require that hydraulic cement to be used in the work meet thfi 13/C 109M (1-day restits), € 114, € 115, € 151, 8
applicable requirements of the relevant purchase specifications, c 191, c 204, ¢ 451, C 265, C 266, C 563
such as Specifications C 91, C 150, C 595, C 1157, C 1328&; 109/C 109M (3-day results) 10
C 1329, or C 845. If the code or specification requires sampling 357" <225 01012 (14 aay somune ;i
of the manufactured cement, the provisions given in 4.4 are 109/c 109M and C186 (28-day results) 35
applicable. Not much cement is sold on the basis of sucl§ 157/C 157M (34-day results) 4
227 (56-day results) 63

sampling and testing. A useful discussion of sampling an
testing cement is contained in ACI 225.1R. i

4.4 The procedures covered in this practice should be don& Sampling
by or for purchasers of hydraulic cement who are using a code 7.1 The cement may be sampled by any of the applicable
or specification that requires sampling and testing to determinaethods described in this section.
if the samples conform to the relevant acceptance specifica- 7.1.1 From the Conveyor Delivering to Bulk Storagdake
tions. The testing is done using specified methods to determirene grab sample, having a mass of at least 5 kg (10 Ib), at
whether the samples yield test results that conform to th@pproximately 6-h intervals.
specification, and the tests serve as a basis for acceptance or7.1.2 Transfer Sampling-Sample cement in storage while
rejection of the lot of material sampled. the cement is being transferred from one bin to another. Take

4.5 1t is neither intended nor required that all cements bene grab sample from the transfer stream for each 360 Mg (400
tested using all the test methods referenced in Section 2.  tons) of cement, or fraction thereof, but take no less than two

. . grab samples and combine them to produce a composite
5. Kinds and Size of Samples and by Whom Taken sample.

5.1 A cement sample secured from a conveyor, from bulk 7.1.3 Other Sampling MethodsWhen neither of the above
storage, or from a bulk shipment in one operation, shall besampling methods is applicable, samples may, when authorized
termed a “grab sample.” A sample obtained during a 10-mirby the purchaser, be taken by one of the following methods:
interval using an automatic sampling device that continuously 7.1.3.1 From Bulk Storage at Points of Discharge
samples a cement stream may also be termed a grab samplgithdraw cement from the discharge openings in a steady
Grab samples taken at prescribed intervals over a period aftream until sampling is completed. Estimate the quantity of
time may be combined to form a “composite sample” repre-cement in Mg to be withdrawn from one discharge opening as
sentative of the cement produced during that period of time.0.055d® X 0.2, whered is the depth in metres of cement above

227 (91-day results) 98
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the discharge opening. If a high circular silo is being sampled, Air Hole

take all samples from one opening. If the quantity of the ——

cement in the bin exceeds 1100 Mg (1200 tons) when |0V\H | 1{ q r ©
rectangular bins are being sampled, discharge openings em- S mm. (2') - ..

ployed in the sampling shall be such that for no opening shall.__ 50 mm. (8" —==~——A——— 520 mm. (20$") —"——~
the number of samples represent more than one half th A 730 mm. (283") A

contents of the bin or more than 1800 Mg (2000 tons). In

sampling bulk storage at points of discharge, while the cement .

is flowing through the openings, take samples at such intervals 6_4 m- (24 )al ;

so that at least two grab samples shall be secured for each 3@—“ﬂ q 8

Mg (400 tons) in the bin or silo. X h J
7.1.3.2 From Bulk Storage and Bulk Shipment by Means OfHardwood Handie \ 32 mm. (14" dic.

a Slotted Tube SamplerWhen the depth of the cement to be Brass Tubing

sampled does not exceed 2.1 m (7 ft), obtain samples using a

slotted tube sampler similar to that shown in Fig. 1. It shall be Approx. Vol. = 320 m

between 1.5 and 1.8 m (5 and 6 ft) long and approximately 35 FIG. 2 Tube Sampler for Packaged Cement

mm (1¥s in.) in outside diameter and consist of two polished

brass telescopic tubes with registering slots that are opened or . . . .

closed by rotation of the inner tube, the outer tube beingiSame slz€ openings, In qrder to mix the_ sample, break_ up

provided with a sharp point to facilitate penetration. Take umps, and remove foreign material. Discard the for_e|g_n

samples from well-distributed points and various depths of thé“natenalg and hardened lumps t.hat.d_o not br_eak up on sieving

cement so that the samples taken will represent the ceme t brushing. Store the qement In a|rt|ght m0|stu.re-proof.con-

involved. ainers to prevent aeration or absorption of moisture prior to
7.1.3.3From Packaged Cement by Means of Tube'®St

SamplerInsert the sampler, shown in Fig. 2, diagonally into .

the valve of the bag and place the thumb c?ver the gir holg. The%' Amount of Testing

withdraw the sampler. Take one sample from a bag in each 4.5 9.1 Generai—When required, the purchaser shall specify
Mg (5 tons) or fraction thereof. the amount of testing for heat of hydration (Test Method

7.1.3.4 From Bulk Shipment of Car or Truck C 186), alkali reactivity (Test Method C 227), and sulfate
(a) (a) S|ng|e Sh|pme.H.t_|f On|y one car or truck is being reS!S-tance (Test Method C 1012) Make all other teStS- pn
loaded and the loading is continuous and all from the samédividual grab or composite samples chosen as specified
source, take a 5-kg (10-Ib) sample. If not continuous orherein under Selection of Samples for Testing. Do only those
unknown, combine five or more portions from different pointstests required by the applicable specification.
in the load to form the test sample. 9.2 Normal Testing—Determine the number of samples to
(b) (b) Mu|t|p|e Shipment.s_When the Shipment consists of be tested in accordance with Table 1. The normal testing rate
several cars or trucks loaded from the same source and on tf8all be used under the following conditions: _
same day, sample the shipment at the rate of one sample for9.2.1 Before the quality history has been established,
each 90 Mg (100 tons) of cement or fraction thereof, but take 9-2.2 When no samples from a particular mill have been
not less than two samples. Consider cement represented §sted within a year, . .
such samples as a lot, and test the samples in accordance with9-2.3 When the quality history is based entirely on data
the procedure outlined in the section on Amount of Testing. More than two years old, and N
7.2 Protection of Samp|e.s_AS Samp|es are taken, p|ace 9.2.4 When it is deemed necessary to recalculate the critical
them directly in moisture-proof airtight containers to avoid limit because of indicated lack of control as shown by the
moisture absorption and aeration of the sample. If the samplegntrol chart of the range.
are placed in cans, fill the can completely and immediately nore 2—Random grab samples taken at inappropriate times, such as
seal. Use moisture-proof multiple-wall paper bags or plastiGmmediately following the repair or adjustment of manufacturing equip-
bags if they are strong enough to avoid breakage, and if thewent, or from inappropriate places, such as from the top surface of the
can be sealed immediately after filling in such a manner as tonaterial in a car, will not suitably reflect the properties of a cement, and
eliminate excess air in the sample and avoid moisture absorﬁ:erefore should not be used as the basis for acceptance or rejection of a
tion and aeration of the sample. Samples shall be treated &% °f cement

f

(I19.6 in3)

described in the section on Preparation of Sample. 9.3 Reduced TestirgAfter the quality history has been
) established, test at the reduced testing rate. If the results of
8. Preparation of Sample these tests are within the critical range, make additional tests

8.1 Before testing, pass each sample through an 850-uitotal equal to the number of tests at the normal rate as shown
(No. 20) sieve, or any other sieve having approximately the in Table 1).

m:[r C D C > C D C > >

FIG. 1 Slotted Tube Sampler for Bulk Cement

LU
T"'\ﬂ\




Ay c183- 02

ul

TABLE 1 Number of Samples for Test recomputed. Multiply the average ranggas obtained in 9.5.2,

Lot Size—Number of Number of Tests by the probability factor 3.267 to obtain the upper control limit
Samples Normal Rate Reduced Rate for the range between each consecutive pair of test results. The
> > 2 horizontal scale of the chart will be successive groups of two,
3 3 2 and the vertical scale will be the range. Where the range chart
‘lllttzolgo g ; indicates lack of control (points beyond the upper control
Over 20 8 5 limit), the critical limit, C, may need to be recalculated.

Consider the occurrence of two consecutive points beyond the
upper control limit for the range, or the occurrence of three
points beyond the upper control limit in any series of five
Note 3—When the quality history indicates that the results for a givenconsecutive points cause to recalculate the critical limit. Where
requirement will probably be within the critical range, and substantialit hecomes necessary to recalculate the critical limit, discon-

delay in completion of the tests would result from making additional tests; ; : ; ;
(for example, compressive strength), it may be desirable to make the te:‘llsnue reduced testing until a new quality history has been

at the normal rate, rather than the reduced testing rate. established.

9.4 Selection of Samples for TestirgTake samples to be  Note 5—Examples of the calculation @f d, and quality history and
tested from each lot by some random method. The followin ontrol charts are shown in Table 2 and Fig. 3 and Fig. 4. The specification
method is suggested: Place a group of consecutively numberdgits used in these examples are hypothetical.

markers equal to the number of samples in a container and mix, 9.6 Reporting for Normal Testing'When the testing is done
then draw one marker at a time from the container until thegt the normal testing rate, report the cement as complying with
number drawn is equal to the number of samples to be testefle specification if it meets the specification requirements, and
at the normal rate. If the testing is to be done at the reducegkport it as failing to meet the specification requirements if it
rate, mix the drawn markers and draw two to select thjoes not meet each of the requirements as specified.

numbers of the samples to be tested. 9.7 Reporting for Reduced Testing When the testing is
9.5 Establishing a Quality History and Control Charts done at the reduced testing rate, report the cement as comply-

9.5.1 Quality History—The quality history shall represent jnq with the specification if the average of the test results is
cement from the same source as the cement to be tested, affther from the specified limit than the critical limit. If the

shall be based on data not more than 2 years old. There shall B@erage of the results for one or more requirements are
available test results for not less than 40 test samples reprgetween the critical limit and the specification limit, test
senting not less than 7 lots of cement. The test samples shalljditional samples (total equal to the number of tests at the
conform to the applicable provisions of this practice. A pairnormal rate) for that requirement, and if on completion of the
shall be two test samples from the same lot, in numericalqgitional tests, all of the results meet the specified require-
sequence. Several pairs from the same lot may be used Wheggants report the cement as complying with the specification.
available. The number of paired samples representing a larggeport the cement as failing to meet the specification require-
lot may be reduced as follows: From the consecutivelyments if any test result does not conform to the respective
numbered group of tested samples representing the entire |%quirements.

select a subgroup by some random method. List the numbersgl8 When a cement is reported as failing to meet the

|dent|fy|n_g t.he subgroup in numerical sequence, and pair in th§ ecification requirements, state in the report which require-
order of listing. Compute the range (difference between the te ent the cement failed and the applicable limit

results of a pair) for each pair of test results. Total the ranges
and divide their sum by the total number of ranges used t
obtain the average range,Compute the average rangefor
each included physical and chemical property limited by 10.1 If any testresult fails to meet the specification require-
specification requirements. ment, the lot of cement shall not be reported as not complying
9.5.2 Critical Limit—Calculate the critical limitC, for each ~ With the specification unless noncompliance is confirmed by
included physical and chemical property limited by a specifi-retest as described in 10.2.
cation requirement. First, multiply the average rargéy the 10.2 A retest is considered to be an additional test of a
probability factor, 2.49, this will yield a number that for certain property that is made when the initial test of that
convenience is called. If the requirement has a maximum property produces a result not complying with the specification
specification limit, obtairC by subtractingd from the specifi- requirements. A retest may consist of either a single determi-
cation limit and, if a minimum, add to the specification limit. nation or a set of replicate determinations.
Maintain quality history charts. 10.3 Retests shall be conducted in accordance with the

Note 4—Improved estimates of the rangeand consequently of, prov!s!ons, if glyen, of the appllcable specification. If no
will result if the test results are not rounded. For example, the test resuRfovisions are given, the following procedure shall be used:
of 21.78 % for SiO, is preferred to the rounded value of 21.8 %. Forthe  10.3.1 Make the retest on a portion of the same sample as
fineness, the calculated value of 3243 is preferred to the rounded value @fas used for the initial test. Use referee methods whenever
3240. they are provided for determination of the property requiring
9.5.3 Control Chart of the Range-Maintain a control chart retest and in such case use only the results obtained by referee
of the range to indicate when the critical limit needs to bemethods. The retest shall consist of the same number of

0. Noncompliance and Retest
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7-day Strength

Lot Sample Alka- Rande 9% Average of 3 Range
No. No. lies % ge % Specimens
MPa (psi) MPa (psi)
88 1 0.58 35.5 (5150)
13 0.61 0.03 37.0 (5358) 1.44 (208)
17 0.57 32.2 (4675)
21 0.55 0.02 33.1 (4800) 0.86 (125)
91 1 0.55 32.0 (4633)
5 0.55 0.00 33.9 (4917) 1.95 (283)
13 0.57 34.3 (4975)
21 0.54 0.03 35.2 (5108) 0.92 (133)
98 5 0.55 33.8 (4896)
13 0.56 0.01 34.2 (4957) 0.42 (61)
17 0.56 35.4 (5133)
21 0.56 0.00 36.3 (5267) 0.92 (133)
106 5 0.42 35.6 (5158)
13 0.45 0.03 34.1 (4950) 1.44 (208)
17 0.47 33.3 (4832)
21 0.39 0.08 32.6 (4728) 0.72 (104)
107 4 0.47 34.1 (4938)
8 0.46 0.01 34.8 (5042) 0.72 (104)
12 0.40 32.3 (4683)
20 0.41 0.01 33.7 (4892) 1.44 (208)
111 4 0.45 36.1 (5233)
8 0.44 0.01 36.9 (5350) 0.80 (117)
12 0.41 35.6 (5163)
20 0.40 0.01 36.2 (5246) 0.57 (83)
112 3 0.45 36.8 (5333)
7 0.48 0.03 34.2 (4958) 2.59 (375)
15 0.48 345 (4996)
19 0.49 0.01 35.3 (5113) 0.80 (117)
113 2 0.49 34.0 (4937)
15 0.46 0.03 33.1 (4803) 0.92 (133)
20 0.47 34.4 (4994)
24 0.49 0.02 34.0 (4925) 0.48 (69)
120 1 0.46 325 4717)
6 0.46 0.00 33.2 (4814) 0.67 (98)
11 0.46 32.2 (4675)
21 0.46 0.00 33.2 (4808) 0.92 (133)
123 6 0.46 36.6 (5304)
11 0.45 0.01 36.3 (5267) 0.26 (38)
21 0.44 35.3 (5117)
26 0.44 0.00 35.8 (5196) 0.55 (79)
Total 40 0.34 19.39 2811
Calculation of Critical Limit and Control Limit
Alkalies Strength Strength
MPa psi
Specification limit 0.60 30.0 4350
r 0.017 0.969 141
d=249r 0.042 2.413 350
Critical limit (0.60 - 0.042) (30 +2.4) (4350 + 350)
0.558 32.4 4700
3.267 r 0.0555 3.17 459
Control limit 0.056 3.2 459

determinations required for the initial test, or, if a within-
laboratory precision statement is given which is based on a
specified number of replicates (that is, duplicate or triplicate
determinations), the number of replicates used as the basis of
such precision statement. If two or more determinations are
required, the value reported shall be the average of all results
that are within the limits of precision of the method at the 95 %
confidence level, as stated in the applicable specification or as
generally recognized.

11. Keywords
11.1 hydraulic cement; sampling; testing
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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
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This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
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