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Determining Density of Structural Lightweight Concrete
This standard is issued under the fixed designation C 567; 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

1.1 This test method provides-methods procedure dry densities

feHhe—pu*pese—e#de&gn—eeWel#esHﬁeﬂ%ed—&l%B—shaH—be—used to detern‘rrﬁe—the—deﬂsﬁy—ef—#eshtyhmneedmﬁerght concrete
for-placement-eontrol.

oven- dry—uﬁrt—wefght and equmbnum densmes of structural Ilghtw'
weightis-modified-to-estimate-the-eguilibrivm-air-dry-unit-weight. concrete.

1.2 The values stated-irnreh-peund Sl units are to be regarded as the standard. The values given in parentheses-are provided
for information only.

1.3 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 and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
C-88—FestMethed 31/C 31M Practice

Sulfate Making

1 This test method is under the jurisdiction of ASTM Committee C-9 C09 on Concrete and Concrete Aggregates and is the direct responsibility of tBebcogait
on Lightweight Aggregates and Concrete.
Current edition approvee-~eb. July $6:-3999. 2000. Publishee-Apri-1999. September 2000. Originally published as C 567 — 65 T. Last previoustdditi®®aC 5
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and Curing Concrete Test Specimens in the Field
C 88 Test Method for Soundness of Aggregates by Use of Sodium Sulfate or Magnesium?Sulfate
C 125 Terminology Relating to Concrete and Concrete Aggrefjates
C 138 Test Method for Unit Weight, Yield, and Air Content (Gravimetric) of Conérete
C 172 Practice for Sampling Freshly Mixed Concfete
C 192/C 192M Practice for Making and Curing Concrete Test Specimens in the Labératory
C 470/C 470M Specification for Molds for Forming Concrete Test Cylinders Vertically
E 104 Practice for Maintaining Constant Relative Humidity by Means of Aqueous Soltitions

3. Terminology

3.1 Terminology used in this test method is defined in Terminology C 125.
3.2 Definitions of Terms Specific to This Standard:

= = t
3.2.1 equilibrium density n—the density as determined in 8.2 reached by struetural- lightweight concrete after exposure to
relative humrdrty of 50+ 5 % and a temperatureef—7-3 4 233—l‘—62—3::—1—7—e) 2°C (73 5t 3 5°F) for a period of trme sufﬁcrent
to rea 6—{gain or loss)

constant mass.

3.2.2 oven-dry density-the density as determined-in-suceessive-weighings-28-days-apart. 8.3 reached by structural lightweight
concrete after being placed in a drying oven at #1%°C (230+ 9°F) for a period of time sufficient to reach constant mass.

4. Summary of Test Method

4.1 This test method provides procedures for determining-the-unit-weight oven-dry and equilibrium densities of structural
lightweight-eenerete-invelves-the-preparation—euring, concrete, by calculation or measurement. The calculated oven-dry density
is determined from batch quantities ane-measurement volume-of-lightweight-structural-conerete-specimens. a given batch of

concrete. The—eenerete calculated equilibrium density-is—ixed,—placed—and-tamped-in—concrete—cylindermolds—and cured in
approximated by adding-a-preseribed-meistreem for fixed quantity to the oven-dry density. Measured densities are obtained from

determinations of the mass of cylindrical specimens after specified-curing-period. treatments.

5. Significance and Use
‘ 5.1 The-testforair-dried—weight measured or calculated equilibrium density of structural lightweight concrete determines

whether-desigr-weight specified density requirements have been met. Unless otherwise specified, determine equilibrium density
by calculation using the procedures in 9.2.

5.2 Test Method C 138 shall be used to determine the density of freshly mixed lightweight concrete for compliance with
concrete placement specifications.

Note 1—The fresh density of lightweight aggregate concrete is a function of mixture proportions, air content, water demand, and the specific density
and moisture content of the lightweight aggregate. Decrease in density of a specific lightweight concrete is due to moisture loss that, in tctionis a fun
of aggregate moisture content, ambient conditions, and the ratio of the surface area to the volume of the concrete member. For most strudagintal lightwe
concretes, equilibrium density is approached at about 90 days. For most high-strength lightweight concretes, equilibrium density is appltoaahed at
180 days. Extensive tests demonstrate that despite variations in the initial moisture content of lightweight aggregate, the equilibriumlidessity wi
approximately 50 kg/th(3.0 Ib/ft®) greater than the oven-dry density.

6. Apparatus

range—ef—useTamprnq Rod, Mallet Measure Balance and Molds—These—ehall—be—eensrdered contema—te—extenel—ﬁremthe weight
egurrements eHhe—eentameeenWe%ﬁergh%eHhe—een%ameeplﬂs—&s—eentents

6—5— standard (see Note 3).
6.2 Controlled Humidity Enclosure——'Fhe—pre#er—red—eer—tdrﬂen—rs a—A room controlled at 505 % reIatrve—h&mrdrty—ln—the
eventthat humidity and 23 2°C (73.5* 3°F) or 8 ;

the-condition-can-be-maintainredHn a smal+ehambeeeuel+as—aﬂﬂe%akeentamewﬁtkr&gaskeehd—9eeemaﬂon of the—ehamber method
is-deseribed-HnPractice-£104.

idity,

2 Annual Book of ASTM Standardgol 04.02.
1 3 Annual Book of ASTM Standardgol-34-62. 11.03.
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A at-etesiccant for meeting the
atter days equrremm@ef the st

6—6— Practice E 104.
6.3 Drying Over—Fhe—An oven-shall-be of appropriate size capable-efbeing-heated-continvoushy-betweemblitaining

a uniform temperature of 11#05°C (230=+ 9°F), and-the an average evaporation rate-ef-evaperation-shall-average at least 25 g/h.
Determination-of-evaporating Determine evaporation-rate-is-described in accordance with Test Method C 88.

7. Sampling, and Making, and Curing Test Specimens

7.1 Sampling—Sample field-mixed concrete in accordance with Practice C 172.

7.2 PSpecimens for Deptermining Equilibrium Density and Oven-dry Denrditgtermine the equilaib-rium densixty and
oven-dry density on 150 by 300-mm (6 by 12-in.) concrete cylinders.

7.2.1 Make test cylinders in accordance with Practice C 192/C 192M or C 31/C 31M, whichever is applicable. Make three
cylinders for equilibrium density measurements, and make three cylinders for oven-dry density measurements.

7.3 Curing Specimens

7.3.1 Unless otherwise specified, test cylinders used for the determination of equilibrium density shall be cured in accordance
with Practice C 192/C 192M or the standard curing procedure in Practice C 31/C 31M for six days.

Note 2—Cylinders may be stripped after 24 h and wrapped securely with a plastic sheet or bag to prevent loss of moisture, or may remain in covered
molds until the time of test.

7.3.2 Unless otherwise specified, for the first 24 h or until the time of test, store the test cylinders used for the determination

of oven-dry density under conditions that maintain a temperature adjacent to the cylinders in the range from 16 to 27°C (60 to
80°F) and that prevent loss of moisture from the cylinders.

8. Procedure
8.1 Measurement of Freshly Mixed Concrete Dens@etermrne the—uﬂrt—waght density of the freshly mixed concrete in

oncrete in

8&—3%&ne%wergh%eﬁhe—samﬁ+e—shaH49e—reeefdedﬁe—ﬂe&neafest—03% C 138.

Note-3—CEB-FP-Mantat-of Design-& Technotogy-197#eports 3—Numerous observations indicate-that-egtitibrium the same compactive effort

used on smaller concrete specimens will cause the fresh densities to be hrgher The fresh densrty as determrned from measurements on 150 by 300-mm
(6 by 12-in.) cylinders of-struetural lightweight concrete e y Atent at 5 % ednisplidat
velume-whieh-eguals50 rodding, in accordance with Practice C 192/C 192M or Practrce C Sl/C 31M WI|| average%@-l@ﬁa

8.2 DPetermine(2.5 IbM higher than the

fresh density as measured using a 14-L (035rfteasure in accordance \AHH%—PraeHee—&lQﬂ&}g%M—eever—test—speermens made
te—eheek—the—adeqtracy Test Method C 138

store
of 60 to 80°F
Froeeaf wrapped securely
he specin i rai-in the mold

8-3-On-the-sixth-day, equilibrium density, remove-the-speetmens cylinders from-their-molds or curing condition on the sixth day
and immerse in water at73.4 23-3°F23=3-7°€) 2°C (73.5+ 3°F) for 24 h-—DPetermine Measure the-saturated-surface-dry

weights.

Note-5—Where-specimens-are-stripped-after24 h apparent mass-efage-they-may-be-tsed-atthattimefordetermining the cylimmnders while suspended
and-saturated-sutface-ery-weights (C completely submerged in water and B record as “C,” the-mass-6f84). Return the suspended-immersed cylinder.

Remove from the water ansd allow to drain for 1 min by placing-the-euring-condition-unti-they-have-reached cylrnder ona %Em)mr(coarser
sieve cloth. Remove visible water with a damp cloth, determine-the age mass and record as “B,” the-mass-of 7 days.

8-4-Pry the saturated-surface-dry cylinder. Dry the cylindersfer21-days-ata-temperature-af 3F423+1-7°C) with all
surfaces exposed, ina-relative controlled humidity enclosure as described in 6.2 until the mass5e#E8eigh the specimen

changes not more than 0.5 % (gain or loss) in successive determinations of mass 28 days apart. Determine the mass of the dried

cylinders and-ealeatate record as “A,” the-air-dry-weight-percubic-foot-{or-eubic-metre) mass of the dried cylinder. Calculate the
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I equilibrium density of the concrete from-the-fellewing-eguations: Eq 1 and 2.

H + 1l /- A -~ L
WeIgnt 107t — (A 0z 97(b—C) (1)

1)
=)

E,,,(Density kg/m®) = (A X 997) / (B—C)

I AL s — (A QOAUR_C) (2)
W-eight, kgt A<99-HHEB—C)

~

E,, (Density Ib/ft®) = (A X 62.3 / (B—C)) )

s
=
)
@
®

measured equilibrium density, kg#tb/ft>,

28-day-weightmass ef-econerete-eylinder, cylinder as dried-+tb-(kg), kg (Ib),
saturated—surface-dry-weightmass of saturated surface-dry cylinder-b (kg), kg (Ib), and
suspended-immersed-weightapparent mass of suspended-immersed eylinder, b (kg). kg (Ib).

Ow>lsm
[T TR

- should

8.3 Measurement of Oven Dry Densrt\After 24 h but notb to exceed 32 h, remove the cylinders from the mold (see Note
4). Measure the apparent mass of the cylinders while suspended and completely submerged in water and record as “G” the mass
of the suspended-immersed cylinders. Remove from the water and allow to drain for 1 min by placing the cylinders on a 9.5-mm
(¥s-in.) or coarser sieve cloth. Remove visible water with a damp cloth, determine the mass and record as “F,” the mass of the
saturated surface-dry cylinders. Place the cylinders in the drying oven-fer-aeeeptance-#2-h-er-desighn-controk—This-test method

sheu+d—be—used—eﬁly—when—raprd—rrﬁermatlon untll constant mass—rs—eleswed

Malntaln oven temperature at 13105°C (230+ 9°F) AIIow cyllnders to cool to room temperature and determrne—Hae—apprexrmate

method-where-all-bateh-quantities, mass and record as “D;ythe-moisture-content mass-ofthe-aggregates, oven-dried cylinder.
Repeat oven-drying and-the-velume determination of mass at 24-h intervals unti-the batch-mass-ef-conerete-are-known from the

following-eguation: specimen changes not more than 0.5 % in successive weighings 24 h apart. Determine the oven-dry density
from Eq 3 and 4.

0,,(Density kgym®)= (D X 997)/ (F—G) ()
O,,(Density Ib/ft)= (D X 62.3 / (F—G)) (4)

s
=
)
®
D

" measured oven- -dry density, kgiib/ft®),

mass of oven-dry cylinder, kg (Ib),

mass of saturated surface-dry cylinder, kg (Ib), and
apparent mass of suspended-immersed cylinder, kg (Ib).

IOITIIUIEO

Note 4—Determination of oven-dry density may be specified to begin at an age other than 24-h.

9. Calculation

9.1 Calculation of Oven-Dry DensityyWhere mixture quantities, aggregate moisture content, and the volume of the concrete
batch are known, calculate an oven-dry density using Eq 5.

O—— I s V VY oy (5)
¢ \vvdf t vvdc T LZVV o

O, = (Mgs + Mge + 1.2Mg) / V- )

1.2v
where:
O, = approximatecalculated oven-ary-weight-Ib/ft density, Kkg/m(Ib/ft),
WMy = weightmass of dry fine aggregate in bateh—tb—ékg), kg(lb),
WM,. = weightmass of dry coarse aggregate in bateh Ib (, kg(lb),
WM, = werghtmass of cement in bateh—tb—(kg)_q_(l ),
1.2 = ydrationfacter—te—be—20 % of

pproxrma e the—werght mass of cement) plus chemlcallv comblned water and
= volume of concrete produced by the-bateh, ft batch@m(ft>).

932 Calculation of Approximated Equilibrium-bnit-WeightUsing Density—Using the-proeedure-and-definitions oven-dry
density determined in accordance with 8.3 er 9.21, calculate the approximate equiibriuvmunitweightmay-be-caleulated by: density

from Eq 6 and 7.

E=0+3 (6)
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E. = O, + 50 kg/n? (3 Ib/ft®) 6)

E. = O, + 50 kg/n? (3 Ib/ft®) 7

where:
E. = calculated equmbrlum—uﬂﬁ—welght densny (see Note 1).

10. Report

mclude foIIOW|ng—eeruaHen

N O (E_ON\D [N
D= O T (r—9jr J)

whefe

B = approximate-air-dry-weight1b/ft information:
10.1.1 Fresh density, kaftkgtm(Ib/ft);

F = freshunitweight1b/t).
10.1.2 Mass of suspended-immersed cylinder, kg (Ib).
10.1.3 Mass of saturated surface dry cylinder, kg (Ib).
10.1.4 Mass of cylinder after reaching equilibrium, kg (Ib).

10.1.5 Equilibrium density reported to nearest 10 kiyfkg/m (0.5 Ib/ff)-determined-in-accordance-with-9.1,
O = even-dry-weight1bft).

10.1.6 Age at which equilibrium was reached, days.

10.1.7 Mass of oven-dry cylinder, kg (Ib).

10.1.8 Oven-dry density rounded to the nearest 10 Rekaym(0.5 Ib/if)-determined-in-accerdance-with-9-2-er9:3;-and
P = aconstant-whieh-is).

10. 2 When oven-dry and approximate equilibrium densities are determined by calculation, repertthe-deeimal portion following
information:

10.2.1 Fresh density, kgfflb/ft3).

10.2.2 Mass of-the-differential-between-the-fresh cementand-even-dry-weights-that-approximates—the weight dry aggregates,
batched, kg (Ib).

10.2.3 Wolume ofretained-meisture-in-the concrete-when-itis-air-dry—The-value-ranges produced-from-6-75 to 0.25.
Note—6—Observations-indieate-that the batcl?,

. f (EB)
10.2.4 Calculated oven-dry density, to the
absence-of-a-speciak-vatue-for nearest 10 I?d?ﬁ?ﬁ“a"m

10— Precision-and-Bias

10-1-At present, there-is insufficient data-available(0.5 p/ft

10.2.5 Calculated approximate equilibrium densityte-justify-a-precision-and-bias-statementforthistestmethod. the nearest 10
ka/m® (0.5 Ib/ft).

agyregate may

11. Precision and Bias

11.1 Precision—The precision of this test method has not yet been determined, but an industry-wide multilaboratory testing
program is being coordinated. The precision statements will be included when the data is compiled and reviewed.

11.2 Bias—Bias for this test method cannot be determined since there is no reference standard available for comparison.

12. Keywords

H-Aair-dry-unitweight;
12.1 equilibrium density; lightweight concreteunit-weight oven-dry density
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
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).



