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Aggregates for Radiation-Shielding Concrete
This standard is issued under the fixed designation C 637; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the Department of Defense.
1. Scope 3. Classification

1.1 This specification covers special aggregates for use in 3.1 Aggregates covered by this specification include:
radiation-shielding concretes in which composition or high 3.1.1 Natural mineral aggregates of either high density or
specific gravity, or both, are of prime consideration. high fixed water content, or both. These include aggregates that

1.2 The values stated in Sl units are to be regarded as theontain or consist predominately of materials such as barite,
standard. The values given in parentheses are for informatiomagnetite, hematite, ilmenite, and serpentine.
only. 3.1.2 Synthetic aggregates such as iron, steel, ferrophospho-

1.3 The following precautionary caveat pertains only to therus and boron frit or other boron compounds (see Descriptive
test method portion, Section 8, of this specificafidns = Nomenclature C 638).
standard does not purport to address all of the safety concerns, 3.1.3 Fine aggregate consisting of natural or manufactured
if any, associated with its use. It is the responsibility of the usesand including high-density minerals. Coarse aggregate may
of this standard to establish appropriate safety and healthconsist of crushed ore, crushed stone, or synthetic products, or
practices and determine the applicability of regulatory limita- combinations or mixtures thereof.

tions prior to use. . o .
4. Composition and Specific Gravity

2. Referenced Documents 4.1 Table 1 gives data on chemical composition and specific
2.1 ASTM Standards? gravity of aggregate materials covered by this specification.
C 33 Specification for Concrete Aggregates 4.2 The purchaser shall specify the minimum specific grav-
C 127 Test Method for Density, Relative Density (Specificity for each size and type of aggregate.

Gravity) and Absorption of Coarse Aggregate 4.2.1 Uniformity of Specific Gravity-The bulk specific
C 128 Test Method for Density, Relative Density, (Specificgravity (saturated surface-dry) of successive shipments of
Gravity) and Absorption of Fine Aggregate aggregate shall not differ by more than 3 % from that of the

C 131 Test Method for Resistance to Degradation of Smallsample submitted for source approval tests. The average
Size Coarse Aggregate by Abrasion and Impact in the Lospecific gravity of the total shipment shall be equal to or greater

Angeles Machine than the specified minimum.
C 136 Test Method for Sieve Analysis of Fine and Coarse 4.3 The purchaser shall specify the minimum fixed water
Aggregates content of hydrous ores. If the design temperaturg,is

C 535 Test Method for Resistance to Degradation of Largedifferent from that given in 8.1.3.5, the purchaser shall specify
Size Coarse Aggregate by Abrasion and Impact in the Loshe value ofT.

Angeles Machine 4.3.1 Uniformity of Fixed Water ContertFor hydrous
C 638 Descriptive Nomenclature of Constituents of Aggre-aggregates the fixed water content of successive shipments of
gates for Radiation-Shielding Concrete aggregate shall not be less than 95 % of the specified minimum

value. The average fixed water content of the total shipment
shall be equal to or exceed the specified minimum value.
1 This specification is under the jurisdiction of ASTM Committee C09 on
Concrete and Concrete Aggregates and is the direct responsibility of Subcommitteg; Aggregate Grading
C09.41 on Concrete for Radiation Shielding. i . i
Current edition approved May 10, 1998. Published December 1998. Originally 5.1 Sieve Analysis-Fine and coarse aggregates for conven-
approved in 1969. Last previous edition approved in 1998 as C 637 — 98a. tionally placed concrete shall be graded within the limits given
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, in Specification C 33 except that with the approva| of the

contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM o . .
Standardssolume information, refer to the standard’s Document Summary page orpurChaserv as much as 20 % of the material passing the 9.5-mm

the ASTM website. (¥s -in.) sieve may also pass the 150-um (No. 100) sieve, with
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TABLE 1 Composition and Specilc Gravity of Aggregates Covered by This Speciflcation

Predominant

Chemical Composition of Specific Gravity of

Constituent Class of Material Principal Constituent”® Available
Aggregates

Serpentine® crushed stone, hydrous siliente Mg3Si,O5(0H), 2.4 to 2.65
Limonite© crushed stone, hydrous iron ore (HFe0,),(H,0), 3.41t03.8
Goethite® crushed stone, hydrous iron ore HFeO, 3.5t04.5
Barite gravel or crushed stone BaSO, 40to 4.4
lImenite crushed stone, iron ore FeTiO4 4.21t0 4.8
Hematite crushed stone, iron ore Fe,O4 4.61t05.2
Magnetite crushed stone, iron ore FeFe,O, 461t05.2
Iron manufactured from iron/steel Fe 6.5t0 7.5
Ferrophosphorous? synthetic Fe, P 5.8106.3
Boron Frit® synthetic B,03, AlL,Og, SiO,, CaO 261028
Boron Carbide synthetic B,C, B,O3, C 25

Calcium Boride synthetic C.Bg, C 25

A When it is necessary to minimize the production of long-lived secondary radiation in the shield, or to avoid using materials having inherent radioactivity, the purchaser
should specify limits on the contents of objectionable elements.

B The fixed water content of serpentine ranges from 10 to 13 percent by weight.

€ The fixed water content of limonite and goethite ranges from 8 to 12 percent by weight.

P Ferrophosphorus when used in Portland cement concrete will generate flammable and possibly toxic gases which can develop high pressures if confined. See
Clendenning, T. G., Kellam, B., and Maclnnis, C., “Hydrogen Evolution from Ferrophosphorous Aggregate in Portland Cement Concrete,” Journal of the American Concrete
Institute, No. 12, December 1968. (Proceedings, Vol 65, pp. 1021-1028), and Mather, Bryant, discussion of Davis, Harold S., “Concrete for Radiation Shielding—In
Perspective,” and closure by author in “Concrete for Nuclear Reactors,” Journal of the American Concrete Institute SP-34, Vol 1, 1972, pp. 11-13.

E The fixed water content of boron frit is less than 0.5 %.

up to 10 % passing the 75-um (No. 200) sieve if the material 5.2 Fineness Modulus-If the fineness modulus of the fine
passing the 75-um (No. 200) sieve is essentially free of clay oaggregate varies more than 0.2 from the value corresponding to
shale. that of the sample submitted for acceptance, the fine aggregate

5.1.1 Fine and coarse aggregates for preplaced aggregatkall be rejected unless suitable adjustments are made in
concrete shall be graded according to the requirements of Tabt®ncrete proportions to compensate for the difference in
2 and as follows: grading.

6. Deleterious Substances
Grading of Aggregate

Specific Gravity Coarse Fine 6.1 Fine and coarse aggregates shall meet the requirements
of Fine Aggregate Aggregate Aggregate of Speciﬁcaﬂon C 33.
Up to 3.0 Grading 1 Grading 1 . . 0
Greater than 3.0 Grading 1 Grading 2 6.2 Boron frit shall not contain more than 2.0 % of water
Full range Grading 2 Grading 2 soluble material.

. . Note 1—This limit is based on concrete mixtures containing no more
5.1.2 When boron frit is used as part of the fine aggregatenan 300 kg/M(500 Ib/y) of boron frit.

the grading shall be such that 100 % passes the 4.75-mm (Ng.

4) sieve and not more than 5 % passes the 600-um (No. 3d) APrasion Resistance of Coarse Aggregate
sieve. 7.1 Coarse aggregate shall have an abrasion loss not greater

than 50 % when tested in accordance with Test Method C 131,
or Test Method C 535, as applicable. Coarse aggregate failing
to meet this requirement may be used, provided it can be
shown that it produces satisfactory strengths in concrete of the

Grading 2 proportions selected for the work.
For 25-mm (1-in.) Nominal
Maximum Size

TABLE 2 Grading Requirements for Coarse and Fine Aggregates
for Preplaced Aggregate Concrete

Percentage Passing

Sieve Size Grading 1
For 37.5-mm (1%2 -in.)

Nominal Maximum Size Aggregate

8. Methods of Sampling and Testing

Aogregate 8.1 Sample and test the aggregates in accordance with the
Coarse Aggregate methods cited in Specification C 33 as applicable, except as
omm () )95 0100 100 follows.
5.0-mm El_ii_) ) 0 to 80 95 to 100 8.1.1 Specific Gravity-Determine the bulk specific gravity
19.0-mm (% in) 20 to 45 40 to 80 (saturated surface-dry basis) of fine aggregate in accordance
ézéi'n%m(;/_zi;';-) g :g ;0 8:3 ;5 with Test Method C 128, and of coarse aggregate in accordance
: bl _ with Test Method C 127, except that the weight of the test
Fine Aggregate sample for fine and coarse aggregate shall be approximately the
i-ig:m Esg % ;goto 100 o specified weight multiplied by the ratio:
ebo-pm (No. éO) 55 to 80 75 to 95 specific gravity of aggregat2.65
igg:m 222 igé) ig IE 23 ;‘3 Eg 23 using for specific gravity the higher value given in Table 1.
75-um (No. 200) 0to 10 0to10 8.1.2 Grading — Method C 136, except that the weight of
Fineness modulus 1.30 1o 2.10 1.00 to 1.60 the test sample for fine and coarse aggregate shall be approxi-

mately the specified weight multiplied by the ratio:
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specific gravity of aggregat2.65 W,
using for specific gravity the higher value given in Table 1. W gain in weight of sample, g, and

8.1.3 Fixed Water ContertWhen 90 % or more of the V.7 - Sample heated to constant weight, g. .
weight loss on ignition of the aggregate is due to fixed water 8:1.3-5 Water vapor driven from the sample by heating at
content, determine the fixed water conteftby the loss-on- tempgrature'l’ is considered as part pf the nonhydrous volatile
ignition test according to 8.1.3.1. When less than 90 % of thdnaterial. Absorbed water at 110°C is not considered as part of
loss on ignition is due to fixed water content, determine thdhe nonhydrous volatile material. Determine percent absorption
fixed water content by the train method (8.1.3.2). In case ofY Tést Methods C 127 and C 128.
dispute, use results obtained by the train method as the basis8.1.3.6 Temperature values shall be as follows:
for acceptance or rejection of the aggregate. Use the train

dehydrated weight of sample, g,

method to demonstrate that 90 % or more of the weight lost Design Ignition

during ignition is fixed water. When loss-on-ignition tests are o\ Jemperatre, T femperawre, £
being made on aggregate samples from t.he same source, alSQron ore 230 110 032 500
determine the fixed water content of the first sample and each Serpentine 572 300 1652 900

tenth sample thereafter by the train method.

8.1.3.1 For the loss-on-ignition test crush a representative
sample of aggregate weighing 20 to 50(\y) to pass the
4.75-mm (No. 4) sieve. Heat the sample to constant weight
a temperaturer, in a furnace, open to the atmosphere. Cool th
heated sample in a desiccator and then weigh\i). Place the
sample in the oven again, heat at the ignition temperature,
cool in a desiccator, and determine the final weigWL).
Constant weight may be considered to have been attained wh
further heating at the design temperatreauses or would
cause less than 0.1 % additional weight loss.

8.1.3.2 In the train test, heat approximately {(V{g) of the
finely ground sample to constant weidlt’ ;) at a temperature
of T. Then heat the sampM/'; in a stream of argon gas at the
ignition temperature. Pass water vapor and gaseous material W;5=[(5.00-s)/s| X100
driven from the heated sample through magnesium perchloratg o e-
The gain in weigh{W',) of the magnesium perchlorate is an _
indication of the fixed water content of the sample at tempera- S = residue, g
ture T. Also determine the dehydrated weigfv',) of the

Heat the sample until it reaches constant weight at the
pecified temperature, unless otherwise approved. Determine
eights after sample has been cooled in a desiccator to room
emperature. Duplicate determinations of fixed water content
should check to within 0.3 %.
8.1.4 Water-Soluble Material in Boron FritPlace a 5.00-g

gmple passing a 600-um (No. 30) sieve and retained on a
00-pum (No. 50) sieve in contact with 100 mL of distilled
water at 20+ 5°C for 16 h. Filter, wash with about 200-mL of
hot (70+ 5°C) water, and dry at 125 10°C for 1 h. Weigh
the residues, to the nearest 0.01 g. Calculate the percentage of
water soluble materig\V,) to the nearest 0.1 % as follows:

sample at the ignition temperature 9. Precision and Bias
8.1.3.3 Compute the fixed water content at temperafime 9.1 Precision — The following precision statement ad-
one of the following equations: dresses the test of the water-soluble material in Boron Frit. The
- precision for fixed water content by either the loss on ignition
Ignition Test: test or by the train test method has not been evaluated.
F, percent=[ (Wy—W,)/W;]x 100 (1) 9.1.1 Data from one laboratory was available for estimating
where: the precision of water-soluble material in boron frit, therefore,

only a within-laboratory estimate of precision is made. The

WT - ﬁamtplg hﬁgted tlo dconsr,rgallwt weight, g, and estimate is based on 15 replicate analyses of 5 lots of frit
¢ = heated and cooled sample, 9. produced by one company. The 15 replicates were determined
. ) on 5 separate days, 3 replicates per day. The mean water
Train Test: soluble material ranged from 1.23 to 1.75 % among the 5 lots.
F, percent:[(W'y—W'y)X100 @) 9.1.2 Within-laboratory Precisior-The within-laboratory
where: standard deviation among individual determinations of water-
W, = gain in weight of sample, g, and soluble material in boron frit is 0.224 %‘I’herefore, two
W; = dehydrated weight, g. analyses_of the same material should differ by no more than
8.1.3.4 Determine the percent of nonhydrous volatile mate®-627 % in 95 % of cases.
rial, V, as follows: 9.2 Bias—Since there is no accepted reference material
suitable for determining the bias of this test method, no
Train Test: statement on bias is made.
V, percent={[W —(W'+W' ) W'} <100 3)
where: -
wW — sample Weight, g, ®These numbers represent, respectively, the 1s and d2s limits as described in

Practice C 670.
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10. Keywords

10.1 aggregates; boron frit; calcium boride; high-density
aggregates; high water-content aggregates; hydrous aggre-
gates; radiation shielding concrete

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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