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Standard Specification for
1
Concrete Aggregates
This standard is issued under the fixed designation C 33; 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 Department of Defense.
1. Scope* C 40 Test Method for Organic Impurities in Fine Aggre-

1.1 This specification defines the requirements for grading _dates for Concrefe _ o
and quality of fine and coarse aggregate (other than lightweight C 87 Test Method for Effect of Organic Impurities in Fine
or heavyweight aggregate) for use in concrete. Aggregate on Strength of Mortar

1.2 This specification is for use by a contractor, concrete C 88 Test Method for Soundness of Aggregates by Use of
supplier, or other purchaser as part of the purchase document Sodium Sulfate or Magnesium Sulfate
describing the material to be furnished. C 117 Test Method for Material Finer than 75-um (No. 200)

Sieve in Mineral Aggregates by Washihg
Note 1—This specification is regarded as adequate to ensure satisfac- ¢ 123 Test Method for Lightweight Particles in Aggreg’ate

tory materials for most concrete. It is recognized that, for certain work or C 125 Terminology Relating to Concrete and Concrete
in certain regions, it may be either more or less restrictive than needed. For Aggregate% y

example, where aesthetics are important, more restrictive limits may be . .
considered regarding impurities that would stain the concrete surface. The C 131 Test Method for Resistance to Degradation of Small-

specifier should ascertain that aggregates specified are or can be made Size Coarse Aggregate by Abrasion and Impact in the Los
available in the area of the work, with regard to grading, physical, or Angeles Machin&
chemical properties, or combination thereof. C 136 Test Method for Sieve Analysis of Fine and Coarse

1.3 This specification is also for use in project specifications ~ Aggregate$
to define the quality of aggregate, the nominal maximum size C 142 Test Method for Clay Lumps and Friable Particles in
of the aggregate, and other specific grading requirements. Aggregate$
Those responsible for selecting the proportions for the concrete C 150 Specification for Portland Cemént
mixture shall have the responsibility of determining the pro- C 227 Test Method for Potential Alkali Reactivity of
portions of fine and coarse aggregate and the addition of Cement-Aggregate Combinations (Mortar-Bar Metfod)
blending aggregate sizes if required or approved. C 289 Test Method for Potential Alkali-Silica Reactivity of
1.4 The values stated in Sl units are to be regarded as the Aggregates (Chemical Method)
standard. The values given in parentheses are for information C 294 Descriptive Nomenclature for Constituents of Con-
only. crete Aggregatés
1.5 The text of this standard references notes and footnotes C 295 Guide for Petrographic Examination of Aggregates

which provide explanatory material. These notes and footnotes for Concreté
(excluding those in tables and figures) shall not be considered C 311 Test Methods for Sampling and Testing Fly Ash or

as requirements of this standard. Natural Pozzolans for Use as a Mineral Admixture in
Portland-Cement Concréte
2. Referenced Documents C 330 Specification for Lightweight Aggregates for Struc-
2.1 ASTM Standards: tural Concretg
C 29/C 29M Test Method for Bulk Density (“Unit Weight”) C 331 Specification for Lightweight Aggregates for Con-
and \Voids in Aggregate crete Masonry Units

C 332 Specification for Lightweight Aggregates for Insulat-
ing Concreté
1 This specification is under the jurisdiction of ASTM Committee C09 on C 342 Test Method for POtF‘fntlal Volume Change of
Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee  C€Ment-Aggregate Combinatidns
C09.20 on Normal Weight Aggregates. C 441 Test Method for Effectiveness of Mineral Admixtures

Current edition approved June 10, 2003. Published July 2003. Originally or Ground Blast-Furnace Slag in preventing Excessive
approved in 1921. Last previous edition approved in 2002 as C 33 — 02a.

2For lightweight aggregates, see Specifications C 331, C 332, and C 330; for
heavyweight aggregates see Specification C 637 and Descriptive Nomenclature————————
C 638. 4 Annual Book of ASTM Standardgol 04.01.

3 Annual Book of ASTM Standardépl 04.02. S Discontinued; se€001 Annual Book of ASTM Standardel 04.02.

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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Expansion of Concrete Due to the Alkali-Silica Reaction 4. Ordering and Specifying Information
C 535 Test Method for Resistance to Degradation of Large- 4 1 The direct purchaser of aggregates shall include the
Size Coarse Aggregate by Abrasion and Impact in the Logyformation in 4.2 in the purchase order as applicable. A project

Angeles Maching

specifier shall include in the project documents information to

C 586 Test Method for Potential Alkali Reactivity of Car- gescribe the aggregate to be used in the project from the
bonate Rocks for Concrete Aggregates (Rock CyIinder;mpncame items in 4.3.

Methody’
C 595 Specification for Blended Hydraulic Ceménts

C 618 Specification for Coal Fly Ash and Raw or Calcined 4 5 1 Reference to this specification, as C 33
Natural Pozzolan for Use as a Mineral Admixture in ’

Concreté

C 637 Specification for Aggregates for Radiation-Shielding

Concreté

C 638 Descriptive Nomenclature of Constituents of Aggre-

gates for Radiation-Shielding Concréte

C 666 Test Method for Resistance of Concrete to Rapi

Freezing and Thawirig

C 989 Specification for Ground Granulated BIast—Furnace0

Slag for Use in Concrete and Mortars

C 1105 Test Method for Length Change of Concrete Due t

Alkali-Carbonate Rock Reactién

C 1157 Performance Specification for Hydraulic Cerfient
C 1240 Specification for Use of Silica Fume as a Mineral
Admixture in Hydraulic-Cement Concrete, Mortar, and

Grout

C 1260 Test Method for Potential Alkali Reactivity of

Aggregates (Mortar-Bar Methotl)

C 1293 Test Method for Concrete Aggregates by Determ
nation of Length Change of Concrete Due to Alkali-Silica

Reactiord
D 75 Practice for Sampling Aggregafes

D 3665 Practice for Random Sampling of Construction

Material$

E 11 Specification for Wire—Cloth and Sieves for Testing

Purpose$

TABLE 1 Limits for Deleterious Substances in Fine Aggregate
for Concrete

Mass Percent

Item of Total Sample,
max
Clay lumps and friable particles 3.0
Material finer than 75-um (No. 200) sieve:
Concrete subject to abrasion 3.01
All other concrete 5.04
Coal and lignite:
Where surface appearance of concrete 0.5
is of importance
All other concrete 1.0

AIn the case of manufactured sand, if the material finer than the 75-pum (No.
200) sieve consists of the dust of fracture, essentially free of clay or shale, these
limits are permitted to be increased to 5 and 7 %, respectively.

3. Terminology

4.2 Include in the purchase order for aggregates the follow-
ing information, as applicable:

4.2.2 Whether the order is for fine aggregate or for coarse
aggregate,

4.2.3 Quantity, in metric tons or tons,

4.2.4 When the order is for fine aggregate:

4.2.4.1 Whether the restriction on reactive materials in 7.3

d’;\pplies,

4.2.4.2 In the case of the sulfate soundness test (see 8.1)
which salt is to be used. If none is stated, either sodium sulfate
r magnesium sulfate shall be used,
4.2.4.3 The appropriate limit for material finer than 75-um

?No. 200) sieve (see Table 1). If not stated, the 3.0 % limit shall

apply,

4.2.4.4 The appropriate limit for coal and lignite (see Table
1). If not stated, the 1.0 % limit shall apply,

4.2.5 When the order is for coarse aggregate:

4.2.5.1 The grading (size number) (see 10.1 and Table 2), or
alternate grading as agreed between the purchaser and aggre-

i_gate supplier.

4.2.5.2 The class designation (see 11.1 and Table 3),

4.2.5.3 Whether the restriction on reactive materials in 11.2
applies,

4.2.5.4 In the case of the sulfate soundness test (see Table
3), which salt is to be used. If none is stated, either sodium
sulfate or magnesium sufate shall be used, and

4.2.6 Any exceptions or additions to this specification (see
Note 1).

4.3 Include in project specifications for aggregates the
following information, as applicable:

4.3.1 Reference to this specification, as C33___ .

4.3.2 When the aggregate being described is fine aggregate:

4.3.2.1 Whether the restriction on reactive materials in 7.3
applies,

4.3.2.2 In the case of the sulfate soundness test (see 8.1)
which salt is to be used. If none is stated, either sodium sulfate
or magnesium sulfate shall be used.

4.3.2.3 The appropriate limit for material finer than the
75-um (No. 200) sieve (see Table 1). If not stated, the 3.0 %
limit shall apply, and

4.3.2.4 The limit that applies with regard to coal and lignite
(Table 1). If not stated, the 1.0 % limit shall apply.

4.3.3 When the aggregate being described is coarse aggre-
gate, include:

4.3.3.1 The nominal maximum size or sizes permitted,

3.1 For definitions of terms used in this standard, refer tdased on thickness of section or spacing of reinforcing bars or

Terminology C 125.

¢ Annual Book of ASTM Standardgpl 04.03.
7 Annual Book of ASTM Standardgyl 14.02.

other criteria. In lieu of stating the nominal maximum size, the
specifier shall designate an appropriate size number or numbers
(see 10.1 and Table 2). Designation of a size number to indicate
a nominal size shall not restrict the person responsible for
selecting proportions from combining two or more gradings of
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TABLE 3 Limits for Deleterious Substances and Physical Property Requirements of Coarse Aggregate for Concrete

Note 1—See Fig. 1 for the location of the weathering regions and Note 9 for guidance in using the map. The weathering regions are defined as follows:
(S) Severe Weathering Region—A cold climate where concrete is exposed to deicing chemicals or other aggressive agents, or

where concrete may become saturated by continued contact with moisture or free water prior to repeated freezing and thawing.
(M) Moderate Weathering Region—A climate where occasional freezing is expected, but where concrete in outdoor service will not

be continually exposed to freezing and thawing in the presence of moisture or to deicing chemicals.
(N) Negligible Weathering Region—A climate where concrete is rarely exposed to freezing in the presence of moisture.

Maximum Allowable, %

Sum of Clay
Class Type or Location of Concrete Clay Lumps, Friable Material Finer Magnesium
Designation Construction Lumps and Particles, and Than 75-pm Coal and Abrasion® Sulfate
Friable Par- Chert (Less (No. 200) Sieve Lignite Soundness
ticles Than 2.40 sp ’ (5 cycles)?
gr SSD)
Severe Weathering Regions
1S Footings, foundations, columns and 10.0 1.0¢ 1.0 50
beams not exposed to the weather, in-
terior floor slabs to be given coverings
2S Interior floors without coverings 5.0 1.0¢ 0.5 50
3S Foundation walls above grade, retaining 5.0 7.0 1.0¢ 0.5 50 18
walls, abutments, piers, girders, and
beams exposed to the weather
4sS Pavements, bridge decks, driveways 3.0 5.0 1.0¢ 0.5 50 18
and curbs, walks, patios, garage floors, y
exposed floors and porches, or water- E%
front structures, subject to frequent =
wetting ®)
58 Exposed architectural concrete 2.0 3.0 1.0¢ 0.5 50 18
Moderate Weathering Regions 8
iM Footings, foundations, columns, and 10.0 1.0¢ 1.0 50 I
beams not exposed to the weather, in- o
terior floor slabs to be given coverings w
2M Interior floors without coverings 5.0 1.0¢ 0.5 50
3M Foundation walls above grade, retaining 5.0 10.0 1.0¢ 0.5 50 18
walls, abutments, piers, girders, and
beams exposed to the weather
aM Pavements, bridge decks, driveways 5.0 7.0 1.0¢ 0.5 50 18
and curbs, walks, patios, garage floors, exposed floors
and porches, or water-
front structures subject to frequent wet-
ting
5M Exposed architectural concrete 3.0 5.0 1.0¢ 0.5 50 18
Negligible Weathering Regions
IN Slabs subject to traffic abrasion, bridge 5.0 1.0¢ 0.5 50
decks, floors, sidewalks, pavements
2N All other classes of concrete 10.0 1.0¢ 1.0 50

A Crushed air-cooled blast-furnace slag is excluded from the abrasion requirements. The rodded or jigged bulk density (unit weight) of crushed air-cooled blast-furnace slag shall be not less than 1120 kg/m 2 (70 Ib/ft3).
The grading of slag used in the bulk density (unit weight) test shall conform to the grading to be used in the concrete. Abrasion loss of gravel, crushed gravel, or crushed stone shall be determined on the test size or
sizes most nearly corresponding to the grading or gradings to be used in the concrete. When more than one grading is to be used, the limit on abrasion loss shall apply to each.

B The allowable limits for soundness shall be 12 % if sodium sulfate is used.

€ This percentage under either of the following conditions: (1) is permitted to be increased to 1.5 if the material is essentially free of clay or shale; or (2) if the source of the fine aggregate to be used in the concrete
is known to contain less than the specified maximum amount passing the 75-um (No. 200) sieve (Table 1 ) the percentage limit (L) on the amount in the coarse aggregate is permitted to be increased to
L=1+[(P)/(100 - P)] (T — A), where P = percentage of sand in the concrete as a percent of total aggregate, T = the Table 1 limit for the amount permitted in the fine aggregate, and A = the actual amount in the fine
aggregate. (This provides a weighted calculation designed to limit the maximum mass of material passing the 75-um (No. 200) sieve in the concrete to that which would be obtained if both the fine and coarse aggregate

were supplied at the maximum tabulated percentage for each of these ingredients.)
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aggregate to obtain a desired grading, provided that the Note 4—Relevant properties are those properties of the concrete that

gradings are not otherwise restricted by the project specifie® i_mportan't to thfa parti_cular application being considered. STP869C

and the nominal maximum size indicated by the size number j8"0Vides a discussion of important concrete properties.

not exceeded, 6.4 For continuing shipments of fine aggregate from a given
4.3.3.2 The class designation (see 11.1 and Table 3), source, the fineness modulus shall not vary more than 0.20
4.3.3.3 Whether the restriction on reactive materials in 11.4rom the base fineness modulus. The base fineness modulus

applies, shall be that value that is typical of the source. The purchaser
4.3.3.4 In the case of the sulfate soundness test (see Talde specifier has the authority to approve a change in the base

3), which salt is to be used. If none is stated, either sodiunfineness modulus.

sulfate or magnesium sulfate .Sha" be used, .and Note 5—The base fineness modulus should be determined from
4.3.4 The person responsible for selecting the ConcretErevious tests, or if no previous tests exist, from the average of the

proportions if other than the concrete producer. fineness modulus values for the first ten samples (or all preceding samples
4.3.5 Any exceptions or additions to this specification (seef less than ten) on the order. The proportioning of a concrete mixture may
Note 1)_ be dependent on the base fineness modulus of the fine aggregate to be
used. Therefore, when it appears that the base fineness modulus is
FINE AGGREGATE cqnsﬂerab!y dlfferer_1t from Fhe value used in the concrete mixture, a
suitable adjustment in the mixture may be necessary.
5. Genel’a| Chal’acteristiCS 7. De'eterious Substances
5.1 Fine aggregate shall consist of natural sand, manufac- 7.1 The amount of deleterious substances in fine aggregate
tured sand, or a combination thereof. shall not exceed the limits prescribed in Table 1.
. 7.2 Organic Impurities
6. Grading 7.2.1 Fine aggregate shall be free of injurious amounts of
6.1 Sieve Analysis-Fine aggregate, except as provided inorganic impurities. Except as herein provided, aggregates
6.2 and 6.3 shall be graded within the following limits: subjected to the test for organic impurities and producing a
Sieve (Specification E 11) Percent Passing color darker than the standard shall be rejected.
9.5-mm (¥-in.) 100 7.2.2 Use of a fine aggregate failing in the test is not
S émg g oo prohibited, provided that the discoloration is due principally to
1.18-mm (No. 16) 50 to 85 the presence of small quantities of coal, lignite, or similar
600-pm (No. 30) 2510 60 discrete particles.
300-um (No. 50) 5to 30

7.2.3 Use of a fine aggregate failing in the test is not
o ] o prohibited, provided that, when tested for the effect of organic
Note 2—Concrete with fine aggregate gradings near the minimums fof,  rities on strength of mortar, the relative strength at 7 days,

percent passing the 300 pm (No.50) and 150 pm (No.100) sometimes have . . .
difficulties with workability, pumping or excessive bleeding. The addition calculated in accordance with Test Method C 87, is not less

of entrained air, additional cement, or the addition of an approved minerdinan 95_%- ) ) )
admixture to supply the deficient fines, are methods used to alleviate such 7.3 Fine aggregate for use in concrete that will be subject to
difficulties. wetting, extended exposure to humid atmosphere, or contact

6.2 The fine aggregate shall have not more than 45 opvith mpist ground.shall_ not contain_ any materials thgt are
passing any sieve and retained on the next consecutive sieve @tleteriously reactive with the alkalies in the cement in an
those shown in 6.1, and its fineness modulus shall be not leggnount sufficient to cause excessive expansion of mortar or
than 2.3 nor more than 3.1. concrete, except that if such materials are present in injurious

6.3 Fine aggregate failing to meet these grading require@Mounts, use of the fine aggregate is not prohibited when used
ments shall meet the requirements of this section provided th3{ith @ cement containing less than 0.60 % alkalies calculated
the supplier can demonstrate to the purchaser or specifier tha¢ Sodium oxide equivalent (Ma + 0.658K,0) or with the
concrete of the class specified, made with fine aggregate undafldition of a material that has been shown to prevent harmful
consideration, will have relevant properties (see Note 4) agXPansion due to the alkali-aggregate reaction. (See Appendix
least equal to those of concrete made with the same ingre 1)
ents, with the exception that the reference fine aggregate sh@l

i Soundness
be selected from a source having an acceptable performance ) ) )
record in similar concrete construction. 8._1 Except as provided in 8.2 and 8.3, fine aggregate
subjected to five cycles of the soundness test shall have a

Note 3—Fine aggregate that conforms to the grading requirements °\f/veighted average loss not greater than 10 % when sodium
a specification, prepared by another organization such as a state tranSngIfate is used or 15 % when magnesium sulfate is used
tation agency, which is in general use in the area, should be considered a58 > Ei te failing t t th - ¢ f 8.1
having a satisfactory service record with regard to those concrete ~- Ine aggregate tal mg 0 mee ,e requlremen,s 0 N
properties affected by grading. shall be regarded as meeting the requirements of this section

provided that the supplier demonstrates to the purchaser or

150-um (No. 100) 0to 10

8 Significance of Tests and Properties of Concrete and Concrete Making
Materials, STP 169CASTM, 1994.
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specifier that concrete of comparable properties, made fror0. Grading

similar aggregate from the same source, has given satisfactory10.1 Coarse aggregates shall conform to the requirements

encountered.

8.3 Fine aggregate not having a demonstrable service recordNoTe 7—The ranges shown in Table 2 are by necessity very wide in

and failing to meet the requirements of 8.1 shall be regarded g80¢" 0 accommodate nationwide conditions. For quality control of any
Specific operation, a producer should develop an average grading for the

meetlng the requirements of this section pl’OVIdgd that _th%articular source and production facilities, and should control the produc-
supplier demonstrates to the purchaser or specifier it givegon gradings within reasonable tolerances from this average. Where
satisfactory results in concrete subjected to freezing andoarse aggregate size numbers 357 or 467 are used, the aggregate should

thawing tests (see Test Method C 666). be furnished in at least two separate sizes.
COARSE AGGREGATE 11. Deleterious Substances
o 11.1 Except for the provisions of 11.3, the limits given in
9. General Characteristics Table 3 shall apply for the class of coarse aggregate designated

9.1 Coarse aggregate shall consist of gravel, crushed graveéh the purchase order or other document (see Note 8 and Note
crushed stone, air-cooled blast furnace slag, or crushe8). If the class is not specified, the requirements for Class 3S,
hydraulic-cement concrete (see Note 6), or a combinatioM, or 1N shall apply in the severe, moderate, and negligible
thereof, conforming to the requirements of this specification.weathering regions, respectively (see Table 3 and Fig. 1).

Note 6—Although crushed hydraulic-cement concrete has been used Note 8—The specifier of the aggregate should designate the class of
as an aggregate with reported satisfactory results, its use may require somearse aggregate to be used in the work, based on weathering severity,
additional precautions. Mixing water requirements may be increasedbrasion, and other factors of exposure. (See Table 3 and Fig. 1.) The
because of the harshness of the aggregate. Partially deteriorated concréimijts for coarse aggregate corresponding to each class designation are
used as aggregate, may reduce freeze-thaw resistance, affect air vadpected to ensure satisfactory performance in concrete for the respective
properties or degrade during handling, mixing, or placing. Crushedype and location of construction. Selecting a class with unduly restrictive
concrete may have constituents that would be susceptible to alkallimits may result in unnecessary cost if materials meeting those require-
aggregate reactivity or sulfate attack in the new concrete or may bringnents are not locally available. Selecting a class with lenient limits may
sulfates, chlorides, or organic material to the new concrete in its poreesult in unsatisfactory performance and premature deterioration of the
structure. concrete. While concrete in different parts of a single structure may be

Severe [
Moderate [:,

Negligibld #5%

Weathering Regions

FIG. 1 Location of Weathering Regions
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adequately made with different classes of coarse aggregate, the specifigot prohibited to use the same test specimen for sieve analysis
may wish to require the coarse aggregate for all concrete to conform to thgnd for determination of material finer than the 75-um (No.
same more restrictive class to reduce the chance of furnishing concre@oo) sieve. The use of separated sizes from the sieve analysis

with the wrong class of aggregate, especially on smaller projects. - . .
Note 9—For coarse aggregate in concrete exposed to weathering, tHg acceptable for soundness or abrasion tests, however, addi-

map with the weathering regions shown in Fig. 1 is intended to serve oni{ONal test specimen preparation is required (see Note 10). For
as a guide to probable weathering severity. Those undertaking construéther test procedures and the evaluation of potential alkali
tion, especially near the boundaries of weathering regions, should consuteactivity, when required, use independent test specimens.

local weather bureau records for amount of winter precipitation and ) ) o
number of freeze-thaw cycles to be expected, for determining the NOoTe 10—The material used for the soundness test requires resieving

weathering severity for establishing test requirements of the coarst® allow proper test specimen preparation as specified in Test Method
aggregate. For construction at altitudes exceeding 1520 m (5000 ft) aboVe 88-
sea level, the likelihood of more severe weathering than indicated by the 12.1.1 Sampling—Practice D 75 and Practice D 3665.

map should be considered. In arid areas, severity of weathering may be . .
less than that indicated. In either case, the definitions of weatherin 12.1.2 Grading and Fineness ModulusTest Method

severity in Table 3 would govern. If there is doubt in choosing between ) )
two regions, select the more severe weathering region. 12.1.3 Amount of Material Finer than 75-um (No. 200)

11.2 Coarse aggregate for use in concrete that will bel€ve—Test Method C 117.
subject to wetting, extended exposure to humid atmosphere, or 12.1.4 Organic Impurities—Test Method C 40.
contact with moist ground shall not contain any materials that 12.1.5 Effect of Organic Impurities on StrengthTest
are deleteriously reactive with the alkalies in the cement in aMethod C 87.
amount sufficient to cause excessive expansion of mortar or 12.1.6 Soundness-Test Method C 88.
concrete except that if such materials are present in injurious 12.1.7 Clay Lumps and Friable Particles Test Method
amounts, the coarse aggregate is not prohibited when used wifh142.
a cement containing less than 0.60 % alkalies calculated as 12.1.8 Coal and Lignite—Test Method C 123, using a liquid
sodium oxide equivalent (N® + 0.658K,0) or with the of 2.0 specific gravity to remove the particles of coal and
addition of a material that has been shown to prevent harmfuignite. Only material that is brownish-black, or black, shall be
expansion due to the alkali-aggregate reaction. (See Appendoonsidered coal or lignite. Coke shall not be classed as coal or
X1.) lignite.

11.3 Coarse aggregate having test results exceeding the12.1.9 Bulk Density (Unit Weight) of SlagTest Method
limits specified in Table 3 shall be regarded as meeting th&€ 29/C 29M.
requirements of this section provided the supplier demonstrates 12.1.10 Abrasion of Coarse AggregateTest Method C 131
to the purchaser or specifier that concrete made with similapr Test Method C 535.
aggregate from the same source has given satisfactory service12.1.11 Reactive AggregatesSee Appendix X1.
when exposed in a similar manner to that to be encountered; or, 12 1.12 Freezing and Thawing-Procedures for making

in the absence of a demonstrable service record, provided thﬁbezing and thawing tests of concrete are described in Test
the aggregate produces concrete having satisfactory relevagiethod C 666.

properties (see Note 4). 12.1.13 Chert—Test Method C 123 is used to identify
METHOD F SAMPLING AND TESTIN partigl_es in a sample of coarse aggr(.agate. Iightgr than 2.40
ODS OF S G STING specific gravity, and Guide C 295 to identify which of the
12. Methods of Sampling and Testing particles in the light fraction are chert.

12.1 Sample and test the aggregates in accordance with the
following methods, except as otherwise provided in thist3: Keywords
specification. Make the required tests on test specimens that13.1 aggregates; coarse aggregate; concrete aggregates; fine
comply with requirements of the designated test methods. It inggregate
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APPENDIX
(Nonmandatory Information)

X1. METHODS FOR EVALUATING POTENTIAL FOR DELETERIOUS EXPANSION DUE TO ALKALI REACTIVITY OF AN
AGGREGATE

X1.1 Introduction cussion of which have been associated with deleterious expan-

X1.1.1 Laboratory Methods-Many test methods for evalu- Sion due to alkali reaction.
ating the potential for deleterious expansion due to alkali X1.2.1.2 Guide C 295 (Petrographic Examination of
reactivity of an aggregate have been proposed and some hafggregates)-This guide outlines the procedures for examin-
been adopted as ASTM standards. However, there is no genetl an aggregate sample or a sample from a potential aggregate
agreement on the relation between the results of these tests agfeurce to determine whether substances that are potentially
the amount of expansion to be expected or tolerated in servic@eleteriously reactive are present; and, if so, in what amounts.
Therefore, evaluation of the suitability of an aggregate should X1.2.1.3 Alkali-Silica Reactior—Certain materials are
be based upon judgment, interpretation of test data, and resuksown to be potentially deleteriously alkali-silica reactive.
of examinations of concrete structures containing the sam&hese include forms of silica such as opal, chalcedony,
aggregates and similar cementitious materials having similaridymite, and cristobalite; cryptocrystalline and microcrystal-
levels of alkalies. Results of the tests referred to in thidine, strained, or highly fractured quartz; and intermediate to
appendix may assist in making the evaluation. When interpretacid (silica-rich) volcanic glass such as is likely to occur in
ing expansion of laboratory specimens, consideration shoulthyolite, andesite, or dacite. Determination of the presence and
be given not only to expansion values at specific ages, but alsuantities of these materials by petrographic examination is
to the shape of the expansion curve, which may indicatdelpful in evaluating potential alkali reactivity. An aggregate
whether the expansion is leveling off or continuing at acan be potentially deleteriously reactive when some of these
constant or accelerating rate. materials, such as opal, are present in very small quantities (for

X1.1.2 Service Record EvaluatierValid, comparable con- example, 1 %).
crete service record data, if available, should take precedencex1.2.1.4 Alkali-Carbonate Rock ReactienThe reaction of
over laboratory test results in most cases. To be consideragblomite in certain carbonate rocks with alkalies has been
valid, a record of satisfactory service should be available for agssociated with deleterious expansion of concrete containing
least 10 years for aggregates, cementitious materials, anglich rocks as coarse aggregate. The most rapidly reactive
exposures sufficiently similar to those in which an aggregate igarbonate rocks possess a characteristic texture in which
being considered for future use. Longer periods of documentegé|atively large crystals of dolomite are scattered in a finer-
service may be required for proposed work designed for grained matrix of calcite and clay. These rocks also have a
particularly long service life in moist conditions, or if labora- composition in which the carbonate portion consists of sub-
tory test results show that the aggregate may be deleteriousitantial amounts of both dolomite and calcite, and the acid-
reactive. insoluble residue contains a significant amount of clay. Certain

X1.1.3 Mitigation of Alkali-Aggregate Reactierlf an ag-  purely dolomitic rocks also may produce slow expansion in
gregate has been judged to be potentially deleteriously reactiencrete.
in concrete either through laboratory or service record evalu-
ation, use of the aggregate should be considered with measurgs 3 Alkali-Silica Reaction

known to prevent excessive expansion due to alkali-aggregate .
P P Joreg X1.3.1 Test Method C 289 (Chemical Methed] he results

reaction. See the mitigation sections in this appendix under . : .
X1.3 Alkali-Silica Reaction and X1.4 Alkali-Carbonate Rock of the test are values for the quantities of dissolved silica (S
nd reduction in alkalinity (B for each of the three test

Reaction and References cited for discussion of preventioﬁ .
strategies for new concrete portions from the prepared aggregate test sample. Aggregates

represented by plotted points ((SR,), which lie on the
X1.2 Background deleterious side of the solid curve of Fig. X1.1 of Test Method
_C 289 usually should be considered potentially reactive. Three
tion can be found in Refl)°, Descriptive Nomenclature C 294, _regions are delineated in the fig_ur&) eggregaftes considered
and Guide C 295 as discussed as follows. Additional discussiofi0CUOUS; %) aggregates considered potennally deleterious;
is included in Refs(2) (3). These references address both@nd ©) aggregates gon§|dered deletgrlous. Aggregates repre-
alkali-silica reaction and alkali-carbonate rock reaction. sented by points Iymg. n .the potentially deleterious region
X1.2.1.1 Descriptive Nomenclature C 294 for Constituentsa.bove tlhf. da}shled line in F|g. Xlil of Te;st Method C ?89 may
of Concrete AggregatesThis nomenclature provides descrip- 9'V€ F€lalively low expansions In mortar or concrete even

tions of constituents of mineral aggregates and includes di hough they are extremely reactive with al_kalles. The test can
e made quickly and can provide helpful information, except

for slowly reactive rocks such as some granitic gneiss and
° The boldface numbers in parentheses refer to the list of references at the end g,uartzne. Also, as pomtEd out in the append|x to Test Methqd
this standard. C 289, the results may not be correct for aggregates containing

X1.2.1 Background information on alkali-aggregate reac
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carbonates or magnesium silicates, such as antigorite (serpemethod should not be used for rejection of aggregates unless it
tine), or constituents producing late-slow reactivity. See thénas been established using the sources of supplementary
appendix to Test Method C 289 for a discussion of theinformation cited in the test method that the detected expansion
interpretation of results and applicable references. If test resulis actually due to alkali-silica reaction. There is good agree-
indicate deleterious or potentially deleterious character, thenent in the published literature cited in the test method for the
aggregates should be tested in accordance with Test Methodgpansion limits: 1) expansions of less than 0.10 % at 16 days
C 227 or C 1293 to verify the potential for expansion in after casting are indicative of innocuous behavior in most
concrete. cases; ?) expansions of more than 0.20 % at 16 days are

X1.3.2 Test Method C 227 (Mortar-Bar Method for Cement- indicative of potentially deleterious expansion; agylé€xpan-
Aggregate Combinations)The results of this test method, Sions between 0.10 and 0.20 % at 16 days include both
when a high-alkali cement is used, furnish information on thedggregates that are known to be innocuous and deleterious in
likelihood of potentially deleterious expansion occurring. Thefield performance. If test results indicate expansion greater
alkali content of the portland cement should be at least 0.8 %¢han 0.10 % at 16 days, the aggregate should be tested in
expressed as percent sodium oxide equivalent (%Na0.658  accordance with Test Method C 1293 unless appropriate field
X %K,0). Combinations of aggregate and cementitious maexperience demonstrates that it does not cause deleterious
terials that have produced excessive expansions in this tegkpansion in concrete. (See X1.3.7.)
method should be considered potentially reactive. While the X1.3.5 Test Method C 1293 (Concrete Prism Method for
line of demarcation between innocuous and potentially deleteAlkali-Silica Reactivity}—The test method evaluates the aggre-
rious combinations is not clearly defined, expansion is genermgates for potential alkali-silica reaction expansion using con-
ally considered to be excessive if it exceeds 0.05 % at 3 monthsrete prisms. The test method is accelerated by using an
or 0.10 % at 6 months. Expansions greater than 0.05 % at 8levated alkali content and Test Method C 227 exposure
months should not be considered excessive when the 6-montonditions. The appendix to Test Method C 1293 provides
expansion remains below 0.10 %. Data for the 3-month testguidance on interpretation of the results. Aggregates with
should be considered only when 6-month results are noéxpansions equal to or greater than 0.04 % at one year are
available. The limits may not be conservative for slowly considered potentially deleteriously reactive. This test method
reactive aggregates. Test Method C 227 is not suitable fas considered to be the most reliable procedure among ASTM
slowly reactive aggregates, and its use for this purpose is ndtest Methods for the evaluation of aggregates for alkali-silica
advised(1, 2). Aggregates suspected of being slowly reactivereaction.
should be evaluated using Test Method C 1260 or Test Method X1.3.6 Test Method C 441 (Mortar-Bar Method for Effec-

C 1293. Test Method C 227 is also used with a specific reactivBveness of Mineral Admixtures or Ground Blast-Furnace Slag
glass aggregate to verify the mitigation effectiveness ofn Preventing Excessive Expansion of Concrete Due to the
blended cements meeting Specification C 595, with the Table Z|kali-Silica Reaction}-In general, the potential for expansion
optional mortar expansion requirement, and meeting Perfoidue to alkali-silica reactivity can be controlled by using a
mance Specification C 1157 with Option R. These proceduresyfiicient amount of an effective pozzolan or ground granulated
are similar to the provisions of Test Method C 441 discussed agjast-furnace slag as a portion of the cementitious material
follows for mineral admixtures and ground slag. component in concrete, or by using a cement of a low alkali
X1.3.3 Test Method C 342 (Mortar Bars Subjected to content. In the case of pozzolan, it is necessary to establish its
Changes in Moisture and TemperatureJhis withdrawn test effectiveness using a standard test; and the only ASTM test
method was intended for research concerning the potentiahethod that evaluates the effectiveness of pozzolan or slag is
expansion of cement-aggregate combinations involving sefest Method C 441. This test method uses mortar bars as in
lected aggregates found in parts of Oklahoma, Kansas, Né&est Method C 227. Specification C 618 provides a criterion
braska, and lowa. Due to the specimen conditioning procefor its use as applied to fly ash and raw or calcined natural
dures, the expansion of mortar bars in this test method may n@ozzolans when sampled and tested in accordance with Test
be related to alkali-silica reaction under normal-temperaturd/ethods C 311. Specification C 1240 provides criteria for the
conditioning. Data on the use of this test method are given imuse of Test Method C 441 to evaluate silica fume for control-
the references cited in a footnote in the test method. It iding expansion. Appendix X3 to Specification C 989 describes
indicated that cement-aggregate combinations tested by thits use for ground granulated blast-furnace slag.
procedure in which expansion equals or exceeds 0.20 % at anx1.3.7 Mitigation of Alkali-Silica Reactior-Normally if an
age of 1 year may be considered unsatisfactory for use igggregate is shown to be nonreactive or innocuous by produc-
concrete exposed to wide variations of temperature and degreey little or no expansion in Test Method C 1260 or Test
of saturation with water. This test method is not recommendegiethod C 1293, no mitigation is necessary. Similarly, if the
for use in regions other than previously cited. aggregate has a long satisfactory service record with similar
X1.3.4 Test Method C 1260 (Mortar-Bar Method for Poten- cementitious materials having similar or higher alkali levels,
tial Alkali Reactivity of Aggregate}-This test method is an no mitigation is necessary. On the other hand, use of aggregates
accelerated screening technique developed for the detection pfdged to be potentially deleteriously alkali-silica reactive
materials that develop deleterious expansions slowly over ahould be considered with the use of measures known to
long period of time. Some aggregates that perform well in theorevent excessive expansion. These include measures such as:
field have been shown to fail this tddf, 5). Results of this test low-alkali cement (Specification C 150 with the low-alkali
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option); blended cements (Specification C 595 with the Table Zrete when the aggregate is regarded as susceptible to delete-
optional mortar expansion requirement or Performance Speciious expansion in service due to the alkali-carbonate rock
fication C 1157 with Option R); pozzolanic materials (meetingreaction. The appendix to Test Method C 1105 provides gen-
the optional physical requirement on effectiveness in controleral information and references concerning the interpretation of
ling alkali-silica reaction in Specification C 618 or reactivity results. A cement-aggregate combination might reasonably be
with cement alkalies in Specification C 1240 for silica fume); classified as potentially deleteriously reactive if the average
or ground slag (shown to be effective in preventing excessiv@xpansion of six concrete specimens is equal to or greater than:

expansion of concrete due to alkali-aggregate reaction &§015 % at 3 months; 0.025 % at 6 months; or 0.030 % at 1
discussed in Appendix X3 of Specification C 989). The effec-year_ Data for later ages are preferred.

tiveness of the cementitious materials or admixtures, or both, X1.4.3 Mitigation of Alkali-Carbonate Rock Reaction

chosen to mitigate a potentially reactive aggregate should bﬁormally if a carbonate rock does not show the characteristic

demonstrated through tests of the individual materials, or tes Sexture and composition associated with this tvpe of reaction
of the proposed combination in concrete. P yp '

or if it does not produce expansion in rock cylinders (Test
X1.4 Alkali-Carbonate Rock Reaction Method C 586) or concrete prisms (Test Method C 1105), no

X1.4.1 Test Method C 586 (Rock Cylinders Method for Mitigation is necessary for alkali-carbonate rock reaction.
Alkali-Carbonate Rock Reactior)Rocks that are capable of Similarly, if the aggregate has a long satisfactory service record
potentially deleterious carbonate rock reaction are relativelyVith similar materials and conditions, no mitigation is neces-
infrequent and seldom constitute a significant proportion of &ary. On the other hand, use of aggregates judged to be
deposit of rock being considered for use in making aggregatgotentially deleteriously alkali-carbonate reactive in concrete is
for concrete. Test Method C 586 has been successfully used fipt recommended unless it can be shown that mitigation
research and in preliminary screening of aggregate sources faethods will be effective. Pozzolans generally have not been
indicate the presence of material with a potential for deleterifound to control alkali-carbonate rock reaction. Measures
ous expansions when used in concrete. suggested for mitigation includes: avoiding reactive carbonate

X1.4.2 Test Method C 1105 (Concrete-Prism Method forrocks; selective quarrying; diluting reactive rock to less than
Alkali-Carbonate Rock Reaction)This test method is in- 20 % of the aggregate in the concrete; use of smaller maximum
tended to evaluate specific combinations of materials in consize; and the use of very low alkali cement.
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SUMMARY OF CHANGES

Committee C09 has identified the location of selected changes to this standard since the last issue (C 33 — 02a)
that may impact the use of this standard. (Approved June 10, 2003.)

(1) Revised Appendix X1.3.6 to clarify the term pozzolans and
to include Specification C 1240 in references to Test Method
C 441.

Committee C09 has identified the location of selected changes to this standard since the last issue (C 33 — 02) that may impact
the use of this standard. (Approved July 10, 2002.)

(1) Revised paragraph 12.1.9. 2) (Revised Footnote A of Table 3.

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
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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