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INTERNATIONAL

Standard Specification for
Chemical Admixtures for Concrete’

This standard is issued under the fixed designation C494/C494M; 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 epsilon (¢) indicates an editorial change since the last revision or reapproval.

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

1. Scope*

1.1 This specification covers materials for use as chemical admixtures to be added to hydraulic-cement concrete mixtures in-the
fietd-for the purpose or purposes indicated for the eight types as follows:

1.1.1 Type A—Water-reducing admixtures,

1.1.2 Type B—Retarding admixtures,

1.1.3 Type C—Accelerating admixtures,

1.1.4 Type D—Water-reducing and retarding admixtures,

1.1.5 Type E—Water-reducing and accelerating admixtures,

1.1.6 Type F—Water-reducing, high range admixtures,

1.1.7 Type G—Water-reducing, high range, and retarding admixtures, and

1.1.8 Type S—Specific performance admixtures.

rd-an ; i ; W “y-Unless specn“led otherw1se by the
purchaser, t-he—tesfs—test spemmens for qualifying an admlxture shall be made using concreting materials as described in 11.1 — 11.3.

Note 1—¥H-As discussed in Appendix X2, it is recommended that, whenever practicable, supplementary tests be made by the purchaser using the

cement, pozzolan, aggregates, air-entraining admixture, and the mixture proportions, batching sequence, and other physical conditions proposed for the
specific work tH-4)-because the specific effects produced by chemical admixtures may vary with the properties and proportions of the other ingredients
of the concrete. For instanee;example, Types F and G admixtures may exhibit much higher water reduction in concrete mixtures having higher cement
faetorscontents than that listed in 12.1.1.

Note 2—The purchaser should enstreverify that the admixture supplied for use in the work is equivalent in composition to the admixture subjected
to test under this specification (see Section 6, Uniformity and Equivalence).

Note 3—Admixtures that contain retativelytarge-sufficient amounts of chloride may accelerate corrosion of prestressingsteeksteel reinforcement.
Compliance with the requirements of this specification does not constitute assurance of acceptability of the admixture for use in prestressedreinforced
concrete.

1.3 This specification provides for three levels of testing.

1.3.1 Level I—During the initial approval stage, proof of compliance with the performance requirements defined in Table 1
demonstrates that the admixture meets the requirements of this specification. Proof of compliance shall be based on comparisons
of the average test results from the batches of test concrete and the average test results from the batches of reference concrete.
Admixtures (except for Types B, C, E, and S) shall qualify for provisional compliance when-the-if the time of setting, length
change, and durability factor meet the physical requirements and any of the alternative compressive strength requirements shown
in parentheses in Table 1 are met—met through the date of provisional acceptance (see Note 4). If subsequent test results at six
months or one year fail to meet the standard-requirement of at least 100 % of reference strength, the provisional compliance of
the admixture to this standard is withdrawn and all users of the admixture shall be notified immediately. Uniformity and
equivalence tests of Section 6 shall be carried out to provide results against which later comparisons eanshall be made-{see-made.

Note—4-

! This specification is under the jurisdiction of ASTM Committee C09 on Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee C09.23 on
Chemical Admixtures.

Current edition approved June—+5:-26+7Dec. 15, 2019. Published Futy—26+7March 2020. Originally approved in 1962. Last previous edition approved in 26462017 as
€494/€494M—16-C494/C494M — 17. DOL: +6-1526/€6494-€0494M-17-10.1520/C0494_C0494M-19.

*A Summary of Changes section appears at the end of this standard
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Note 4—Allowing for provisional compliance while retaining longer term compressive strength requirements promotes more rapid qualification of new
materials, but also provides assurance that new admixture technologies will not exhibit unexpected longer term performance. The alternative compressive
strength requirements in Table 1 are based on statistical analysis of 103 Specification C494/C494M evaluation tests. The alternative requirements shown
in parentheses correspond to a 99 % probability of passing strength requirements at subsequent test agereqairements-ages,” if any one of the requirements
is met. There is no requirement that all be met.

1.3.2 Level 2—Limited retesting is described in 5.2 — 5.2.2. Proof of compliance with the requirements of Table 1 demonstrates
continued conformity of the admixture with the requirements of the specification.

1.3.3 Level 3—For acceptance of a lot or for measuring uniformity within or between lots, whenif specified by the purchaser,
the uniformity and equivalence tests of Section 6 shall be used.

1.4 The values stated in either SI units or inch-pound units are to be regarded separately as standard. The values stated in each
system mayare not benecessarily exact equivalents; therefore, to ensure conformance with the standard, each system shall be used

independently of the ether—Combiningother, and values from the two systems maytresult—in—rnon-conformance—with—the

standard:shall not be combined. Some values have only SI units because the inch-pound equivalents are not used in practice.

1.5 The text of this standard refereneesrefers to notes and footnotes whichthat provide explanatory material. These notes and
footnotes (excluding those in tables and figures) shall not be considered as requirements of the standard.

1.6 The following precautionary caveat pertains only to the-test method seetions;-Sections 11 — 18 of this Specification: This
standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety-safety, health, and heatthenvironmental practices and determine the applicability
of regulatory limitations prior to use. (Warning—~Fresh hydraulic cementitious mixtures are caustic and may cause chemical
burns to exposed skin and tissue upon prolonged exposure.3)

1.7 This international standard was developed in accordance with internationally recognized principles on standardization
established in the Decision on Principles for the Development of International Standards, Guides and Recommendations issued
by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

C33/C33M Specification for Concrete Aggregates

C39/C39M Test Method for Compressive Strength of Cylindrical Concrete Specimens

C78/C78M Test Method for Flexural Strength of Concrete (Using Simple Beam with Third-Point Loading)

C125 Terminology Relating to Concrete and Concrete Aggregates

C127/C127M Test Method for Relative Density (Specific Gravity) and Absorption of Coarse Aggregate

C128/C128M Test Method for Relative Density (Specific Gravity) and Absorption of Fine Aggregate

C136/C136M Test Method for Sieve Analysis of Fine and Coarse Aggregates

C138/C138M Test Method for Density (Unit Weight), Yield, and Air Content (Gravimetric) of Concrete

C143/C143M Test Method for Slump of Hydraulic-Cement Concrete

C150/C150M Specification for Portland Cement

C157/C157M Test Method for Length Change of Hardened Hydraulic-Cement Mortar and Concrete

C183/C183M Practice for Sampling and the Amount of Testing of Hydraulic Cement

C192/C192M Practice for Making and Curing Concrete Test Specimens in the Laboratory

C231/C231M Test Method for Air Content of Freshly Mixed Concrete by the Pressure Method

C260/C260M Specification for Air-Entraining Admixtures for Concrete

C403/C403M Test Method for Time of Setting of Concrete Mixtures by Penetration Resistance

C666/C666M Test Method for Res1stance of Concrete to Rapld Freezmg and Thawmg

cHotHEHMC1753/C1753M ; od :
Evaluating Early Hydration of Hydrauhc Cementitious Mixtures Usmg Thermal Measurements

D75/D75M Practice for Sampling Aggregates

D891 Test Methods for Specific Gravity, Apparent, of Liquid Industrial Chemicals

D1193 Specification for Reagent Water

E100 Specification for ASTM Hydrometers

E178 Practice for Dealing With Outlying Observations

E1252 Practice for General Techniques for Obtaining Infrared Spectra for Qualitative Analysis

Manual of Aggregate and Concrete Testing

ePractice for

2 Supporting data have been filed at ASTM International Headquarters and may be obtained by requesting Research Report RR:C09-1030. Contact ASTM Customer
Service at service @astm.org.

3 See Section on Safety Precautions, Manual of Aggregate and Concrete Testing, Annual Book of ASTM Standards, Vol. 04.02.

“ For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM Standards
volume information, refer to the standard’s Document Summary page on the ASTM website.
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2.2 American Concrete Institute Standard:
ACI 211.1-91 (2009) Standard Practice for Selecting Proportions for Normal, Heavyweight, and Mass Concrete’

3. Terminology

3.1 For definitions of terms used in this specification, refer to Terminology C125.

3.2 Definitions:Definitions of Terms Specific to This Standard:
3.2.1 accelerating admixture, n—an admixture that aeeelerates—the—setting—and—early—increases the rate of reaction of

cementitious materials thus reducing time of setting and increasing the rate of early-age strength development of concrete.

3.2.2 reference concrete, n—concrete made without the admixture being evaluated and used as the basis for evaluating the
performance of the admixture.

3.2.3 retarding admixture, n—an admixture that retards—the—decreases the rate of reaction of cementitious materials thus
increasing time of setting of concrete.

3.2.4 test concrete, n—concrete containing the admixture being evaluated.

3.2.4.1 Discussion—

In the text of this specification, the wording “category of concrete” refers to whether the concrete mixture is the reference concrete
or the test concrete.

3.2.5 water-reducing admixture, n—an admixture that reduees-either increases the quantity-of mixing-water required-to-produce
conerete-of-a-givenconsisteney:-slump of freshly mixed concrete without increasing the water content or that maintains the slump

with a reduced amount of water due to factors other than air entrainment.

3.2.6 water-reducing admixture, high range, n—an admixture that reduces the quantity of mixing water required to produce
concrete of a given eenststeneyslump by 12 % or greater.

3.2.7 water-reducing and accelemtmg admixture, n—an admlxture that reduces the quantlty of mixing water required to
produce concrete of a given eons es-the-setting-and-carly—s e-slump, reduces the
time of setting, and increases the rate of early age strength development

3.2.8 water-reducing and retarding admixture, n—an admixture that reduces the quantity of mixing water required to produce
concrete of a given eenststeneyslump and retardsincreases the time of setting of concrete.

3.2.9 water-reducing, high-range,—high-range, and retarding admixture, n—an admixture that reduces the quantity of mixing
water required to produce concrete of a given eensisteneyslump by 12 % or greater and retardsincreases the time of setting of
concrete.

3.2.10 specific performance admixture, n—an admixture that provides a desired performance characteristic(s) other than
reducing water content, or changing the time of setting of concrete, or both, without any adverse effects on fresh, hardened and
durability properties of concrete as specified herein, excluding admixtures that are used primarily in the manufacture of dry-cast

concrete produets—see-products.Note-5):

3.2.10.1 Discussion—

Other specific performance characteristics include, but are not limited to, shrinkage reduction, mitigation of alkali-silica reaction,
and viscosity modification. Admixtures used for the purposes of reducing water content or changing the time of setting of concrete
are classified within the Type A through Type G grouping. Plasticizing, water-repellent, and efflorescence-controlling admixtures
are examples of admixtures that are used in the manufacture of dry-cast concrete products.

4. Ordering Information

4.1 The purchaser shall specify the type of chemical admixture desired, and in the case of a Type S admixture the specific
performance characteristic(s) required.
5. General Requirements

5.1 For initial compliance with this specification, test concrete in-which-each-type-of admixtare-made with one of the admixtures
shown in 1.1 tsused-shall conform to the respective requirements prescribed in Table 1.

3 Available from American Concrete Institute (ACI), P.O. Box 9094, Farmington Hills, MI 48333-9094, http://www.aci-int.org.
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5.2 The purchaser is allowed to require a limited retesting to confirm current compliance of the admixture to specification
requirements. The limited retesting witk-eover-covers physical properties and performance of the admixture.

5.2.1 The physical properties retesting shall consist of uniformity and equivalence tests for infrared analysis, residue by oven
drying-and-speetfiegravity.drying, and relative density (specific gravity).

5.2.2 The performance property retestrng shall c0n51st of water content of fresh concrete settlng time, and compresswe strength
at 3, 7, and 28 days. Vg e e y

5.3 At the request of the purchaser, wh
in writing the chloride content of the admt

—the the manufacturer shall state
ke eturezadmixture.

5.4 At the request of the purchaser, the manufacturer shall provide data to substantiate the specific performance characteristic(s)
stated by the manufacturer for a Type S admixture.

5.5 Tests for uniformity and equivalence, as indicated in Section 6, shall be made on the initial sample and the results retained
for reference and comparison with the results of tests of samples taken from elsewhere within the lot or subsequent lots of

admixturesupphed-for-use-in—the-work-admixture.

5.6 At the request of the purchaser, the manufacturer shall state in writing that the infrared analysis spectrum, residue by oven

drying, and speeifie-gravityrelative density (specific gravity) of the admixture-supplied-fortuse-inthe-work-supplied admixture are

within the limits in Section 6 when compared with the initial sample tested under Level 1 of this specification.

6. Uniformity and Equivalence

6.1 Whenlf specified by the purchaser, the uniformity of a lot, or the equivalence of different lots from the same source shall
be established by the-use-of-the-complying with the following requirements:

6.1.1 Infrared Analysis—The infrared absorption spectra of the initial sample and the test sample, obtained as specified in 18.1,
shall be essentialty-simitar—equivalent. Two infrared absorption spectra are considered equivalent if the same infrared absorption
frequencies at the same relative intensities are present in both spectra. Refer to Appendix X3 for additional guidance.

6.1.2 Residue by Oven Drying (Liquid Admixtures)—When dried as specified in 18.2, the oven-dried residues of the initial
sample and of subsequent samples shall be within =12 % of the mid-point of the manufacturer’s stated range, but not exceeding

the manufacturer’s stated himits—<(see-limits.Note-6):

Note 5—As an example, for an admixture produced with a residue range from 27 to 35 %, the manufacturer would provide maximum acceptable limits
of 27.3 to 34.7 %, representing =12 % of the mid-point of the limits, where the mid-point is 31.0 %.

6.1.3 Residue by Oven Drying (Nonliquid Admixtures)—When dried as specified in 18.3, the oven-dried residues of the initial
sample and of the subsequent samples shall be within a range of variation not greater than *£4 percentage points.

6.1.4 Specific-Gravity-Relative Density (Specific Gravity) (Liquid Admixtures)—When tested as specified in 18.4, the speetfte
gravityrelative density (specific gravity) of the initial sample and subsequent test samples shall not differ from the mid-point of
the manufacturer’s stated range by more than 10 % of the difference between the mid-point of the manufacturer’s stated range and
that of reagent water. If 10 % of the difference between the speetfiegravityrelative density (specific gravity) of the initial sample
and water is less than 0.01, use the value 0.01 as the maximum allowable difference. Reagent water conforming to Specification
D1193, Types III or IV, and prepared by distillation ion exchange, reverse osmosis, electrodialysis, or a combination of these
procedures is adequate.

6.2 Whenlf the nature of the admixture or the analytical capability of the purchaser make some or all of these procedures
unsuitable, other requirements for uniformity and equivalence from lot to lot or within a lot shall be established by agreement
between the purchaser and the manufacturer.

7. Packaging and Marking

7.1 Whenlf the admixture is delivered in packages or containers, the proprietary name of the admixture, the type under this
specification, and the net wetghtmass or volume shall be plainly marked thereon. Similar information shall be provided in the
shipping advices accompanying packaged or bulk shipments of admixtures.

8. Storage

8.1 The admixture shall be stored in such a manner as to permit easy-access for proper-inspection and identification of each
shipment, and in a-suitable-weathertight-butlding-an environment that will protect the admixture from dampness and freezing.

9. Sampling and Inspection

9.1 EveryfaeilityThe purchaser shall be provided the purehaseropportunity for earefal-sampling and inspection, either at the
point of manufacture or at the site of the work, as specified by the purchaser.

9.2 Samples shall be either “grab” or “composite” samples, as specified or required by this specification. A grab sample is one
obtained in a single operation. A composite sample is one obtained by combining three or more grab samples.
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TABLE 1 Physical Requirements2* &

Type G,
Type D, Type E, Type F, WaterWater-
Type A Type C, W&tefW;ter— WatefWgter— Wa%er\{ater— Rec{ucing, Type S
WaﬂtefWater—Reducing Type B’ Aeee+e|= Reduc!ng Reduc!ng Red_ucmg_, RedueingHigh- Specific
- Retarding Accelerating Redueing Redueing Redueing;High- Range Performance
SaHeng ating and and Range High
Retarding Accelerating High-Range Range
and Retarding
Yo-of—econtrot
Water content, max, 95 - - 95 95 88 88 .
% of reference”
Fime-of setting;al bt
Time of setting, allowable
deviation from reference,
h:min:
Initial: at least 1:00 later 1:00 earlier 1:00 later 1:00 earlier 1:00 later
not more than 1:00 earlier 3:30 later 3:30 earlier 3:30 later 3:30 earlier 1:00 earlier 3:30 later 1:00 earlier
nor 1:30 nor 1:30 nor 1:30
later later later
Final: at least 1:00 earlier 1:00 earlier .
not more than 1:00 earlier 3:30 later 3:30 later 1:00 earlier 3:30 later 1:00 earlier
nor 1:30 nor 1:30 nor 1:30
later later later
2afeaarast
Compressive strength, min,
% of reference:©
1 day 140 125
3 days 110 90 125 110 125 125 125 90
7 days 110 90 100 110 110 115 115 90
—28-days +Ho 96 100 Ho Ho +Ho Ho 96
+26)¢ +20)¢ +20)¢ +20)¢
28 days 110 90 100 110 110 110 110 90
120)° 120)° 120)° 120)°
—906-days A< Afa Afa H7< Afa H7e Hne Afe
90 days 117)° n/a n/a 7P n/a (117)¢ 117)° n/a
—=6-months 1606 96 90 100 100 1006 106 96
@43)€ 48)< @8)< @#13)©
6 months 100 90 90 100 100 100 100 90
113)° 113)P 113)¢ 113)P
1 year 100 90 90 100 100 100 100 90
— 2 cemaks
Flexural strength, min,
% reference:©
3 days 100 90 110 100 110 110 110 90
7 days 100 90 100 100 100 100 100 90
28 days 100 90 90 100 100 100 100 90
Length-ehange;max
. .
Shffkage (E:DEE ative
Length change, max
shrinkage (alternative
requirements):£
Pereent-of-controt 135 135 135 135 135 135 135 135
Percent of reference 135 135 135 135 135 135 135 135
—lInerease-overcontrot 6:610 6:610 6:610 6:610 8:616 8:616 8:640 6:610
Increase over reference 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
—factor—minE
Relative durability factor, min 80 80 80 80 80 80 80 80

% of reference”

A Requirements in this table apply to the averages of three or more test results for each category of concrete. Comparisons are not to be made between pairs of single
test results of reference and test concretes. The indicated maximum water contents are not to be interpreted as requiring exactly that amount; they are maximum values
and testing at lower water content is permitted. Further, there is no requirement that either test or reference concretes be prepared at the same water contents. Because
requirements in this specification apply to the average test results for each category of concrete, adjustment of mixtures within the tolerances of this specification are
permitted if necessary to make the averages fall within requirements.

5 The values in the table include allowance for normal variation in test results. The ebjeetobjective of the 90 % compressive strength requirement for a Type B amedand
Type S admixture is to require a level of performance comparable to that of the reference eenerete-concrete while allowing for variability in test results.
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€ The compressive and flexural strength of the concrete containing the admixture under test at any test age shall be not less than 90 % of that attained at any previous
test age. The objective of this limit is to require that the compressive or flexural strength of the concrete containing the admixture under test shall not decrease with age.
D Alternative requirement. If the physical requirements are met and any of the measured relative strengths are greater than the requirement in parentheses, the admixture
shall be considered provisionally guatifiee-to meet the requirements of this specification until the one-year strength test results are obtained.

E Alternative requirements, see 17.1.45-. The % of eentretreference limit applies whenif length change of eentret-reference concrete is 0.030 % or greater; increase over
eontrotreference limit applies whenif length change of eentret-reference concrete is less than 0.030 %.

F This requirement is applicable only whenif the admixture is te-be-usedintended for use in air-entrained concrete whiehthat may be exposed to freezing and thawing while
wet.

9.3 For the purposes of this specification, it is recognized that samples will be taken for two reasons:
9.3.1 BuatityCompliance Tests—A sample takenobtained for the purpose of evaluating-the-quatity-demonstrating compliance of
a source or lot of admixture will-berequired-to-meet-al-shall meet the applicable requirements of this speeifieatton—Samples

specification as described in 5.1 through 5.2.2. The sample used to determine conformance with the requirements of this
specification shall be eempeosites—a composite of grab samples taken from suffieientmultiple locations to—ensure-such that the
composite sample will be representative of the lot.

9.3.2 Uniformity and Equivalence Tests—Whenlf specified by the purchaser, a—sampte—samples taken for the purpose of
evaluating the uniformity of a single lot, or equivalence of different lots from one source shall be tested as provided in Section
6. Such samples shall be composite samples from individual lots whenif different lots from the same source are being compared.
Whenlf the uniformity of a single lot is being determined;evaluated, grab samples shall be used.

9.4 Liquid Admixtures—Liquid admixtures shall be agitated thoroughly-immediately-priorto-to a homogeneous condition before
sampling. Grab samples taken for gqualitycompliance or uniformity teststesting shall represent a unit shipment or a single
production lot. Each grab sample shall have a volume of at least +pt{0-5-E-A-minimam-of-0.5 L [1 pt]. At least three grab samples
shall be taken. Composite samples shall be prepared by thereughty-mixing the selected grab samples seleeted-and sampling the
resultant homogeneous mixture sampled-to provide at least +—gal-H4+ttforquality4 L [1 gal] for compliance tests. Grab samples
shall be taken from different locations wel-distributed throughout the quantity to be represented.

9.4.1 Admixtures in bulk storage tanks shall be sampled equally from the upper, intermediate, and lower levels by means of
drain cocks in the sides of the tanks or a weighted sampling bottle fitted with a stopper that can be removed after the bottle is
lowered to the desired depth.

9.4.2 Samples shall be packagedstored in tmpermeable;-airtight containers whtehthat are resistant to attack by the admixture.

9.5 NontiguidNon-liquid Admixtures—Grab samples taken for qua-l-rt-y omphanc or unlformlty teststestlng shall represent not
more than 2-tons-2 Mg [2 Mgitons] of admixture and sha havean e g mof-each
grab sample shall be at least 1 kg [2 1b]. At least four grab samples shall be taken Compos1te samples shall be prepared by
therotghly-mixing the grab samples selected and the resultant homogeneous mixture sampled to provide at least 5tb{2-5kgt}
2.5 kg [5 Ib] for the composite sample. Grab samples shall be taken from different locations weh-distributed throughout the
quantity to be represented.

9.5.1 Samples of packaged admixtures shall be obtained by means of a tube sampler as described in Practice C183/C183M.

9.5.2 Samples shall be packagedstored in moisture-proof, airtight containers.

9.6 Samples shall be thoroughly-mixed before-testingto-enstre-uniformity—When-to a homogeneous condition before testing.
If recommended by the manufacturer, the entire sample of a nentigtienon-liquid admixture shall be dissolved in water prior-te

before testing.

10. Rejection

10.1 For initial compliance testing, the purchaser is allowed to reject the admixture if it fails to meet any of the applicable
requirements for this specification.

10.2 For limited retesting, the purchaser is-aHewed-has the right to reject the admixture if it fails to meet any of the requirements
of the Uniformity and Equivalence Section and of the applicable parts of Table 1.

10.3 An admixture stored at the point of manufacture, for more than six months prior-te-before shipment, or an admixture in
local storage in the hands of a vendor for more than six months, after completion of tests, shall be retested before use whenif
requested by the purchaser and is-altowed-to-berejeeted-the purchaser has the right to reject the admixture if it fails to conform
to any of the applicable requirements of this specification.

10.4 Packages or containers varying more than 5 % from the specified wetghtmass or volume are allowed to be rejected. If the
average wetghtmass or volume of 50 packages taken at random is less than that specified, the entire shipment is allowed to be
rejected.

10.5 Whenlf the admixture is to be used in non-air-entrained concrete, it-shatt-be-rejeeted—when—the—purchaser—desires-the

purchaser has the right to reject the admixture if the test concrete containing it has an air content greater than 3-5-%;-when3.5 %.
If the admixture is to be used in air-entrained concrete, it-ean-berejected-the purchaser has the right to reject the admixture if the
test concrete containing it has an air content greater than 7.0 %.
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TEST METHODS

Note 6—These tests are based on arbitrary stipulations whiehthat make possible highly standardized testing in the laboratory and are not intended to
simulate actual job conditions. Refer to Appendix X1 for a discussion of the required testing program and how test results are evaluated. Testing personnel
should be certified to perform the required tests.

11. Materials
TESTS NOTFORA-SPECHICUGSE

11.1 Cement—The cement used in any series of tests shall be et

a H4;aType I or Type II cement conforming to Specification C150/C150M, or a blend of two or more eemen-ts—m—eqﬂa-l—pa-rts-

cements. Each cement of the blend shall conform to the requrrements of either Type I or Type H;-1I of Specification C150/C150M.

If w o ; W the air content of the reference concrete made without an

air-entraining admlxture tested as prescrlbed in 14 3, is more than 3.5 %, select a different cement, or blend, so that the air content
of the eonerete-wilk-be-3-5-%ortess-reference concrete does not exceed 3.5 %.

11.2 Aggregates—Exeept-whentests—are-made-itnaccordanee-with-The H4—using ag
the-fine and coarse aggregates used in any series of tests shall come from single lots of wel-l-graded—setrnd—materlals that conform

to the requirements of Specification C33/C33M, except that the grading of the aggregates shall conform to the felowing
requirements:requirements in 11.2.2 and 11.2.3:

11.2.1 Physical Properties—Determine the relative density and absorption of the coarse ageregate in accordance with Test
Method C127/C127M and of the fine ageregate in accordance with Test Method C128/C128M.

11.2.2 Fine Aggregate Grading=—Grading—Determine the grading and fineness modulus of the fine aggregate in accordance
with Test Method C136/C136M. The grading shall conform to the following requirements:

Sieve Weight-Pereent
Passing
Ne—4{4-#5-mm} 106
No—+6{+-48-mm} 65075
No—56{306-pm} +2t0-20
Ne—106{156-pm} 205
Sieve Mass Percent
Passing
4.75 mm (No. 4) 100
1.18 mm (No. 16) 65 to 75
300 pm (No. 50) 12 to 20
150 um (No. 100) 2to5

11.2.3 Coarse Aggregate Grading—The coarse aggregate shall meet the requirements for size number 57 of Specification
C33/C33M. Fake-—eare-Use accepted practices in loading and delivery to avoid segregation.

11.2.4 Preparation of Coarse Aggregate—ThWoarse aggregate from the same lot shall be used for each
setbatch of reference concrete and e-tes § e y G set-o
eonerete-consists-of-oneeach batch of test concrete. The quantrty of concrete for Level 1 testrng 1ncludes at least three batches of
the reference concrete and at least three batches of each test concrete belng evaluated. If reference concrete and as—manytest
ackm re-containing-concretes-as-are—in htts;-companion test concrete batches are
made the same day, 1t is permitted to use the same reference concrete to evaluate more than one test concrete The quantlty of
coarse aggregate for one set sha notgh-materia § e e st-a

concrete and provrde a sample for performing a sieve analys1s

11.2.4.1 Obtain tared containers, one for each batch of concrete to be made and one for the sieve analysis sample. One or more
spare containers are recommended in case a concrete batch has to be drscarded Prepare coarse aggregate for a set—eompﬂsmg—a

sa-mp-le—large—eneugh—fofeemerete—tﬂa-ls—set as follows Fill tared contain

p_artrcle gradlng Accompllsh thls by Re h-a-seo0p ; e Atather-andre
the stockplle and plac1ng them success1vely into each container until all containers have their requ1red mass. Repeat-the-proeess

“““““ —See the Appendix of Practice D75/D75M,
Samphng from Stockp1les and the ManuaFManual of Aggregate and Concrete Testing for guidance for—eondittons—and
procedures-on procedures to mitigate segregation.

11.2.5 Verification of Grading—Test the coarse aggregate samples representing each set by-in accordance with Test Method

C136/Cl36M—requtremeﬁfs—feﬁthe—31eves—shovm—belew— Dlscard any set for whrch the sample does not comply Wlth size 5—7—
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No—57 average/passing
Percent-Passing
Ne—4-14-75-mm} —6-to—10 40
Ne—8-{2-36-mm} —0+40-5 +0

Note 7—Alefthe-The results required for demonstrating compliance under this specification are-dependent-depend on the uniformity of the aggregate
samples prepared and “used. Caretul-skilted-and-wel-supervised-workis-essential:

11.3 Azr-Entraznzng Admzxture—E—xeept—when—tests—afe—made—rrraeeerdanee—vﬁth—The H-A4-using-the-air-entraining-admixtare

p e-air-entraining admixture used in the concrete mixtures specified in Section
1212 shall bra—mateﬂal—ﬁieh—ﬂiat—when—usmd—te—ent-ramconfonn to Spemﬁcatlon C260/C260Mt-hfrs-pee1-ﬁed—afneuﬂt—ef—a-rr—m—t-he

11.4 Preparation and Batching—Prepare alt-matertal-and make-all-wetghings-as-preseribed-inweigh all materials in accordance
with Practice C192/C192M.

12. Proportioning of Concrete Mixtures

12.1 Proportions—Exeept-when-tests-are-betng-mad eonerete-Concrete shall be proportioned using ACI
2H4-94211.1 to conform to the requlrements deserlbed in 12.1.1 - 12 1 4. After evaluation of the trial mixtures, aggregate
proportlons shall be adjusted as needed to obtain workable, coheswe mlxtures with the correct y1e1d to obtaln the requlred contents:

contents.
12.1.1 The cement content shali-be-517—=of each batch, based on actual vield, shall be 307 = 3 kg/m> [517 = 5 lb/yd3—[—3{¥f

=-]. The average cement content of the batches of test concrete shall be within 3 kg/mS]—. [5 Ib/yd?] of the average cement content
of the batches of reference concrete.

12.1.2 For the first trial mixture, refer to the table on volume of coarse aggregate per unit volume of concrete in ACI
2H-4+=91211.1 for guidance on the amount of coarse aggregate to use, given thea nominal maximum size of the-aggregate25.0 mm
[1in.] and the fineness modulus of the fine aggregate being used.

12.1.3 For the non-air-entrained mixtures, the air content used in calculating the proportions shall be +5;-as—shown-in—Tablte
number-5-33-of ACF2H-1-94-1.5 %. For the air-entrained mixtures, the air content used for this purpose shall be 5:5:5.5 %.

12.1.4 Adjust the water content to obtain a slump of 390 = 15 mm [3'2 = V5 in—{96—="+5-mmtin.]. The workability of the
concrete mixture shall be suitable for consolidation by hand rodding and the concrete mixture shall have the minimum water
content possible. Achieve these conditions by final adjustments in the proportion of fine aggregate to total aggregate or in the
amount of total aggregate, or both, while maintaining the yield and slump in the required ranges.

12. 2 €0nd-zﬁmts—Addmg Admlxture to Test Concrete—Prepare—conerete—mi

t-heease—ef—Except for a Type S admrxture add the admrxture in the manner recommended by the manufacturer and in the amount
necessary to comply with the applicable requirements of the specifications for water reduction or time of setting, or both. WhenlIf
desired by the person or agency for whom the tests are being performed, the admixture is allowed to be added in an amount such
as to produce a specific time of setting of the concrete mixture within the limits of the applicable provisions of this specification.
A Type S admixture shall be tested at a dosage within the range recommended by the manufacturer for field use.
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12.2.1 Non-Air-Entrained Concrete—Whenlf the admixture is to be tested for use only in non-air-entrained concrete, the
average air eontentcontents of both-the-mixtare-containingthe-admixture-under—test-the test concrete and the reference concrete
mixture—shalbe—3-5%ortess;—shall not exceed 3.5 %, and the difference between the average air contents of the two
mixtarescategories shall not exceed +6-—1.0 percentage point. If necessary, the air-entraining admixture shall be added to the
reference concrete mixtare—to obtain an air content within 1 percentage point of the test concrete. Tests for resistance to cyclic
freezing and thawing shall not be made.

12 2.2 Air-Entrained Concrete—If the admixture 1s to be tested for use eﬂ-l-y—m—arr-eﬁtra-med—eeﬂefe&,hﬂie—aﬁ‘-entrmﬂmg

concrete that w111 be exposed to freezrng and t-hawrﬁg—thehraﬂge—thawmg Whlle wet, the air content of the reference concrete and

test concrete shall be 6.0 = 1.0 %. Inboth-eases—the-The difference between the average air content from the batches of the
reference mixturesconcrete and the average air content from the batches of the eoncrete-containingthe-admixtare-under-test-shat
not-exeeed—0-5%-test concrete shall not exceed 0.5 percentage points. Air contents of individual pairs of batches of test and
reference concretes are not required to fall within the 0.5 % requirement. Tests for resistance to cyclic freezing and thawing shall
be conducted in accordance with Test Method C666/C666M, Procedure A.

13. Mixing
13.1 Machine mix the concrete as—presertbed-inin accordance with Practice C192/C192M.

14. Tests and Properties of Freshly Mixed Concrete

14.1 Samples of freshly mixed concrete from at least three separate batches for each eenditioncategory of concrete shall be
tested in accordance with the methods described in 14.2 — 14.5.

14.2 Slump—Test Method C143/C143M.
14.3 Air Content—Test Method C231/C231M.
14.4 Density of Fresh Concrete—Test Method C138/C138M.

14.5 Time of Setting—Test Method C403/C403M, except that the temperature of each of the ingredients of the concrete
mixtures, just priorto-before mixing, and the temperature at which the time-of-setting specimens are stored during the test period
shall be 73—=-3-°F123:6-=2:0-2€1:23.0 = 2.0 °C [73.5 * 3.5 °F]. Compare the average of the results from the specimens of the

test mixturesconcrete with the average of the results from the specimens of the reference mixtures:concrete.

14.6 Water Content:
14.6.1 Report the water-cement ratio of the concrete, computed to the nearest 0.001, as follows: Determine the net water-content
eﬂf—mass of water in the batch as the wetg-h-tmass of water in the batch in excess of that present as absorbed water in the aggregates

Mefhed—@B%%GBSM—Determme the water-cement ratio by d1V1d1ng the net wetg-h-tmass of water by the wetg-h-tmass of cement
in the batch.

14.6.2 Calculate the volume of concrete in the batch by dividing the total mass of the materials in the batch by the density
measured in accordance with Test Method C138/C138M. Record the volume to the nearest 0.001 m> [0.1 ft3].

14.6.3 Calculate the water content, in units of ke/m> [Ib/ft’], of each batch by dividing the net mass of water in the batch by

the volume of the batch. Calculate the relative water content of the eonerete-containingthe-admixtare-ttnder—test-test concrete as
a percentage of the water content of the reference concrete as—follows:—Divide-by dividing the average water content of atithe

batches of concrete—containingthe—admixtareunder-test-the test concrete by the average water content of althe batches of the
reference concrete and multiptymultiplying the quotient by +66:100 %.

15. Preparation of Test Specimens

15.1 Make-As required by Section 16, make specimens for tests of hardened concrete, representing each test and age-oftest-and

each-condition-of conerete-being-compared;-test age from at least three separate batches;-and-the-minimtumnumber-of speeimens
shattbatches for each category of concrete. Table 2 be-as-preseribed-tnshows the minimum number Fable 2-On-agiven-day make

of specimens to be made from three batches of each category (see Note 8). Make at least one specimen for each test and test age
oftest-from each eonditionbatch of concrete, except make at least two specimens for the freezing and thawing test from each
eonditionbatch of concrete. H-desired;-the-The preparation of all specimens can be completed in one, two, or three days of mixing,
provided the same number of batches of test concrete and its-reference concrete are made on the same day.

Note 8—More than the minimum number of specimens should be prepared for tests of hardened concrete to provide replacements for specimens that
may be found to be faulty or not consolidated properly (see 15.2).

15 2 ﬁfmrtfesﬂ-y—Fa-wl-ty xamination 0( Spectmens—Vrsually examine each—gr

a-ny—speermeﬁ—all spec1mens after removal from their molds. If any spec1men is found to be mam-fest—l-y—fau-}t-y—by—weh—ex&nﬂﬂa&eﬂ
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TABLE 2 Fypes-and-Minimum Number of Specimens and-Tests

Num-
¢ . Number Num-Batches for
b% of Gen-Categories ber-Each Category of
Test sef Test ditions Speei- Number of ¢
. Ages of Gen-Concrete RERs;
A cretel min-Concrete
Water-content = + 2 <
Water content 1 2 3 A
Slump + + 2 <
Slump 1 2 3 A
Air-content + + 2 <
Air content 1 2 3 A
Firne-of-setting + L 2 —6
Time of setting B 2 3 6
Compressive strength
G5 + 5 2 30
Types B, C, E, and S 5 2 3 30
B + ] 2 36
Types A and D 6¢ 2 3 36
—TypesFand-G + 7 2 42
Types F and G 7° 2 3 42
Hexurat-strength + 3 2 18
Flexural strength 3 2 3 18
Freezingand-thawing + + 2 12
Freezing and thawing 1 2 3 12°P
tength-ehange + + 2 -6
Length change 1 2 3 _6
A -
éee-SechenM-and—LS-.'?_-B 2.
A Determined on each batch of concrete mixed.
5'See 14-414.5.

S Includes test ages for demonstrating provisional compliance.
D Two specimens per batch. For other tests of hardened concrete, one specimen per test age for each batch.

witheutfaulty, it shall be discarded (see Note testing—Vistally-examine-alt-speetmens-—representing-). In addition, measure and

record the mass of each type of specimen. Note any specimen that appears to have a low mass, which may indicate inadequate
consolidation. Visually examine specimens after testing and note any unexpected conditions. If test results for such noted
spec1mens are statlstlcal outllers dlscard the results for those spe01mens Use Practice El78a—gweﬂ—tes~t—at—a—g1-veﬁ—ageaﬁeﬁesﬁﬂg-

§ y y—the S he to establish if a test
result is a statrstlcal 0utl1er It is perm1tted to substitute outliers W1th test results from replacement specimens. The test result
reported for each category of concrete and test age shall be the average of the individual test determinations of the specimens
tested. If one specimen or one test determination is discarded without replacement, it shall be the average of the remaining test
determinations. If more than one specimen representing a given test at a given age beis found manifestly-faulty either before or

after test-mg—t-h&enﬁre—test—testrng and replacement spe01mens are not avarlable the test results shall be d1sregarded and fepea-ted-

ns-the test shall be repeated.

Note 9—Examples of faulty specimens include specimens with evidence of incomplete consolidation, specimens damaged during mold removal, or
defective placement of gage studs in length change prisms.

16. Test Specimens of Hardened Concrete

16.1 Number of Specimens—Six-or-more-Make at least three batches for each category of concrete to be compared. For each
batch, make at least two test specimens for the-freezing and thawing test-and-three-or-more-test-speetmenstests and at least one
test specimen for each other type of test and age-oftest-speeified-test age indicated in Table 2-shalt-be-madefor-each—condition
of-conereteto-be-compared:. The number of test ages for compressive strength includes test ages for demonstrating provisional

compliance.

16.2 Types of Specimens—Specimens made
in accordance with the following:

16.2.1 Compressive Strength—Make and cure test-speeimens—150 by 300 mm [6 by 12 in.] or 100 by 200 mm [4 by 8 in.]
cylinders in accordance with Practice C192/C192M.

16.2.2 Flexural Strength—Make and cure test-speeimens-beams with a cross-section of 75 by 75 mm [3 by 3 in.] in accordance
with Practice C192/C192M.

16.2.3 Resistance to Freezing and Thawing—Test—specimens—shatconsist-of prisms—Prisms shall be made and cured in
accordance with the applicable requirements of Practice C192/C192M. Fest-speetmen-Prism dimensions shall be as required by

shall be prepared
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