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1. SCOPE

1.1. Thi= method covers the defermination of specitic gravity and absorption of coarse aggregate.
The specific gravity may be expressed as bulk specific gravity, bulk specific gravity (saturafed
surface-dry (550010, or apparent specific gravity, The bulk specific gravity (5500) and absorpiion
are kased on aggregate atier 1519 h of soaking in water. This method 1= not intended o be used
with lightweight aggregates,

1.2, The walues stated in 51 unils are 10 be regarded as the standand

1.3, Thiz stondard may fovedve hazardomis moterials, operations, and equipment. This standard doves
st prrpord fo addvess all of the safety concerns associaled with ity ase. i i e responsihiline of
the sewer of this procedure fo consult and establizh appropriarte safety and health practices and 1o
eteraning The applicability of regulatory Fmifalions prior fo s wse,

1.4. The qualiny of the resilis prodheced by this sranderd are dependenr on the competence of the
perzonnel perforaiing e procedure and e cagrability, calibration, and mainierance of the
enuipment weed, Agemcies Bt owel the oriteria of B T8 are generally considered capalile of
compretent and olyective restngSamplingdnspeciionieic. Users of this srandard are cautioned thar
compiiagnes with B 18 alone does nold completely assure veliable vesults, Reliable reanlis depend
et ey Jeretors, following The sgnresttons of B 18 or some similar acoeptable edeline provides
o means af evaliaiing and conmrodling some of those factors,

2. REFERENCED DOCUMENTS

21, AASHTC Standards:

W M A3, Sizes of Aggregate for Road and Bridge Consiruciion
b R0, Coarse Aggregate for Hydraulic Cement Concrete
M 231, Weighing Devices Used in the Testing of Materials

B 18, Establishing and Implementing a Quality Management System for Consiruction
Materials Testing Labosatories

B 76, Reducing Samples of Aggregate to Testing Sire

B 90, Sampling Aggregate Products

T 198T 19, Bulk Density {“Unit Weight™) and Voids in Aggregate
T 27, Sieve Analysis of Fine and Coarse Aggregates
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2.2,

B T &4, Specific Gravity and Absorption of Fine Aggregate
B T 255, Total Evaporable Modsture Conient of Aggregate by Dirving

ASTM Srandards:

O, Standord Practice for Prepanng Precision ond Bios Statements for Test Methods for
Construction Materials
B Ell, Standard Specification for Waoven Wire Test Sieve Cloth and Test Sieves

3.1,

4.1.1.

3.2

3A.1.21,

3.1.2.2,

3.1.2.3.

TERMINOLOGY
Definitions:

erbworplion—ihe increase in the mass of aggregate due o water in the pores of the material, but no
including water adhering to the eutside surface of the particles, expressed as a percentage of the
dry mass. The ageregate is considered “dry™ when it has been maintained at a temperature of

I 590 (230 £ 9°F) for sufficient time o remove all uncombined water by reaching a constant
[HECTS

sprecific graviiy—ithe ratio of the mass {or weight i air) of a unit volume of a matenal to the mass
of the same volumes of gos-free distilbed water of stated temperstures, Yalues are dimensionless,

apparenl specific graviie—the ratio of the weight i air of 3 unit volume of the impermeable
portion of aggrogaie at a stated femperature to the weight in air of an equal volume of gas-free
distilled water at a stated temperature.

Buiik specific gravity—the ratio of the weight s of 2 wmt volume of sggregate (including

the permcable and impermeable voids in the particles, but not including the voids between
particles) ot a stated temperature to the weight in air of an equal volume of gas-free distilled water
at o stoted femiperaturs,

Buedke sprecifie gravity (R5D—the rafio of the mass in air of o unit volume of aggregate,
including the mass of water within the voids filled to the extent achicved by submerging in
witker for 153-19 b {but nod imchuding the voids between particles) at o stoted femperature,
compared o the weight in air of an equal volume of gas-free distlled water al a stated
temperature.

4.1,

SUMMARY OF METHOD

A samiple of aggregate 5 immersed in water b essentially fill the pores, I8 s then removed from
the water, the water dried from the surface of the particles, and weighed. Subsequently the sample
i5 weighed while submerged in water. Finally, the sample is oven-dried and weighed a third time.
Using the moss ond weight measurements thus obisined and formulas in the method, it 15 possible
i caleulate three tvpes of specific gravity and absorption.

8.1

SIGNIFICANCE AND USE

Bulk specific gravity is the charactenstic generally used for calculation of the volume ocoupied by
the aggregate in various mixiures containmg aggregate, including portland cement concrete,
hituminous concrete, and other mixtures that are proportioned or analyzed on an absolute volume
basis, Bulk specific gravity 15 also used in the computation of voids in sggregate im T 19807 19,
Bulk specific gravity (5500 is used if the aggregate is wet, that is, i its absorpiion has been
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8.2,

5.3

8.4

5.5

satisfied. Conversely, the bulk specific gravity (oven-dry) is used for computations when the
aggregate is dry or assumed to be dry.

Apparent specific gravity pertains 1o the relative density of the solid material making up the
constituent particles, not including the pore space within the partiches thot 15 accessible o water,

Absorplion values are used o calculate the change in the mass of an aggregate due 1o water
abgorbed in the pore spaces within the constituent particles, compared 1o the dry condition, when it
i5 decmed that the aggregate has been in contact with water long enough to satisfy most of the
absorption potential, The laboratory standard for absorption is that obdained after soaking dry
aggregate in water. Aggregates mined from below the water table may have a higher ahsorption,
when used, if not allowed to dry. Conversely, some aggregates when used may contain an amount
of absorbed modsiure less than the required amount of Bime o achieve the seaked condition, For an
aggregate that has been in contact with water and that has free moisture on the panicle surfaces,
the percentage of free mosture can be defermined by deducting the sbsorption from the fofal
medsture content determined by T 255,

The general procedures described in this method are suitable for determining the absorption of
aggregates that have hod conditioning other than the required soak, such as boiling water or
vacuum saturation, The values obtained for absorption by other methods will be different than the
values obtained by the required soak, as will the bulk specific gravity (350

The pores in lightweight aggregates may or may not beoome essentially filled with water aficr the
reguired sooking period, In foct, mony such sgprepoies can remaim immersed imowater for several
davs without satisfying most of the aggregates” absorplion potential, Therefore, this method is not
infended for use with lightweight aggregaie.

6.1,

6.2,

6.3,

6.4,

6.5.

APPARATUS

Seleee—Conforming o the requirements of M 231, Class G 5, The balance shall be equipped
with suitable apparatus for suspending the sample container in water from the center of the
weighing platform or pan of the balance.

Fample Container—A wire basket of 3,35 mmi (Mo, &) or finer mesh, or & bucket of approximately
equal breadth and height, with a capacity of 4 10 7 L for 37 5-mm (1 "/=in.) norminal maximum size
apggregate or smaller, and a larger container as needed for testing larger maximum size agoregate.
The container shall be constructed so as o prevent trapping wir when the container 15 submergesd,

Woter Tank—A watertight tank into which the sample and container are placed for complete
immersion while suspended below the balance, equipped with an overflow outlet for maintaining a
constant water level.

Sespevded Apparatis—Wire suspending the confainer shall be of the smallest practical size b
minimeze any possible effecis of a variable immersed length,

Sieves—A 4.7 5-mim (No. 4) sieve or other gizes as needed (Sections 7.2, 7.3, and 7.4), conforming
o ASTM ELL.

1.1,

1.2

SAMPLING
Sample the aggregate in accordance with B 90,

Thoroughly mix the sample of aggregate and reduce it to the approximate guantity needed using
the applicable procedures in B 76, Reject all material passing a 4.73-mm {Mo. 4) sieve by dry-
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7.3.

sieving and thoroughly washing w remove dust or other coatings from the surface, [T the coarse
aggregate containg a substantial quaniity of material finer than the 4.75-mm (Mo, 4) sieve (such as
for Size Mo, 8 and 9 aggregates in M 43), use the 2.36-mm (Mo, 8) sieve in place of the 4.75-mm
(Mo, ) sieve, Allernatively, separate the matenial fner than the 4,7 5-mm (Mo, 4) sieve and fest the
finer material according 1o T #4.

The minimum mass of test sample fo be used is given below. In many instances, it may e
desirable fo test a coarse agprepate in several separate stee fractions; and if the somple contains
miore than 13 percent retained on the 37.5-mum {1 Ve-in.) sicve, test the material larger than

37.5 mm in one or more size fractions separately from the smaller size fractions. When an
aggregate is tested in separate size fractions, the minimum mass of test sample for each fraction
shall be the difference between the masses prescribed for the maximom and minimum sizes of
the fraction.

Mominal Maximum Belimamum Mass of

Size, i {in.) Test Sample, kg (Ib)

12.5 (') aor Bess {44y
150 (g EX{oN
250013 (4.4}

ATE(LS) LN

02

G2

5 (%)

e e B

(L&}
b 12 {26}
1% {di)
] 25433}

LR 40 {33}

LRZ (%

zh 01

123 15) TA{Led)
1506} 125 {276}

T4

[f the sample is fested in two or moee size fractions, determine the grading of the sample in
accordance with T 27, including the sieves used for separating the size fractions for the
determinations in this method. In colculating the percentoge of material in sach size froction,
ignore the quantity of material finer than the 4.75-mmm (Mo, 4) sieve or 2_.36-mm {Mo. §) sieve
when that sieve is used in accordance with Section 7.2,

a.1,

8.2,

PROCEDURE

Dy the test sample 1o constant mass according 1o T 255 at 110 £ 370 (230 £ 9°F), cool in air al
room femperature for 1 io 3 b for iest samples of 37, 5-mom (15-in) nominal maximum size, or
longer for lorger sizes, uniil the aggregate has cooled o o femperstune thot i= comforiable to
handle (approximately S0°C (122°F). Subsequently immerse the aggregate in waler al room
temperature for a pericd of 15 to 19 b

Maobe 1—When testing coarse aggregate of large nominal maximum size requiring large test
samples, it may be more convenient o perform the test on two or more subsamples, and the values
obtained combined for the computation described in Section 9.

‘Where the absorption and specific gravity values are to be used in proportioning concrede miiunes
in which the sggrepates will be in their naturally mosst condition, the requirement for initial drving
T constant mass may be eliminated, and, iFithe surfaces of the particles in the sample have been
kept contimuously wet until test, the reguired soaking may also be eliminated.

Mobe 2—%alues for absorption and bulk specific grovity (550 may be significantly higher for
aggregate not oven dried before soaking than for the same aggregate treated in accordance with
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Section 8,1, This is especially true of pariicles larger than 75 mim (3 in.) because the water may
ot be able to penetraie the pores to the center of the paicle in the reguired soaking persed.

8.3 Remove the test sample from the water and roll it in a large absorbent cloth until all visible films
of waler are removed, Wipe the lorger particles individually, A moving stresm of sir may be used
T asgist in the drving operation, Take care io avodd evaporation of water from aggregale pores
during the operation of surface-drying. If the test sample dries past the S50 condition, immerse in
wiler for M) man, then resume the process of surface-drving. Determine the moss of the test
sample in the 350 condition. Record this and all subsequent masses o the nearest 1.00g or
{1 percent of the sample mass, whichever 15 greater.

5.4, After determining the mass, immedistely ploce the S50 fest somple m the sampls container and
determine its mass in water a1 23.0 + 1.7°C (73.4 £ 3°F), having a density of 997 £ 2 kg/'m’. Take
care to remove all entrapped air before determining the mass by shaking the container while
immersed. Mamtain the woter level in the bath ot the overflow depth to obiain o constant water
lewel throughourt the est,

Maobe 3—The container should be immersed o o depth sufficient to cover it and the fest sample
during mass determination, Wire suspending the contwiner should be of the smallest praciical stz
T mimimize any possible effects of a vanable immersed lengih.

8.5 Diry the test sample to constant mass according to T 235 at 1100+ 5%C {230 + 9°F), cool in air at
room terperature 1 o 3 b, or uniil the ageregate has cooled 1o a temperature that = comforable 1o
handle (approsimately S0°C), ond determime the mass. Use this weight for A m the calculations in
Section 9.

9. CALCULATIONS

9.1, Epecilic Gravine

9.1.1. Bl Bpecilic Gravine—Calculate the bulk specific grovity, 232370 (73.473.4°F), as follows:
bulk sp gr = A/ (B -C) £l
where:

A = mass of oven-dry test sample in air, g;
& = mass of 550 test sample in air, g2 and
C = mass of soturated test sample in water, g,

9.1.2. Bk Specific Gravity (EEIN—Calculate the bulk specific gravity, 23 23°C (73,47 3.4°F), on the
hasis of mass of 350 aggregaie as follows:
bulk sp gr {soturated surface-dry) = 8/ (8 -] 2

89.1.3. Apparen Specific Graving—Caleulate the apparent specific gravity, 2323°C (T3.4/71.4°F),
as follows:
apparent spgr= A(A-0) (&)

9.2, Average Specific Gravity Falves—When the sample 15 tested in separate size fractions, the
aversge value for bulk specific gravity, bulk specific grovity (3519, or apparent specific gravity
can be computed as the weighted average of the values as computed in accordance with
Section .1 using the following equation:

I
= 4
8 5h gy b
+ + -
[0ebEr,  DENME, [0Er
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where:

0 = average specific gravity (All forms of expression of specific gravity can be
averaged in this manner. );

PP Py = mass percentages of each size fraction present in the original sample; and

0y, 72 Gy = appropriaic specific gravity values for cach size fraction depending on the type
of specific gravity being averaped.

Mote 4—Some users of this method may wish o express the resulis in terms of density. Densry

may be defermined by multiplying the bulk specific gravity, bulk specific gravity (S50, or

apparent specific pravity by the density of water (9975 kg/m’ or 09975 Mg/m’ or 62.27 Th/fit’

at 23°C), Some authorities recommend using the density of water at 4°C (1000 kg'm* or

L0030 Mg'm® or 6243 W) as being sufficiently accurate. The density ferminology

corresponding to bulk specific gravity, bulk specific grovity (S50, and apparent specific

gravity has not been standardized,

9.3 Abgarptios—Calculate the percentage of absorpiion, as follows:
absorplion, percent =|_[E—,-ﬂ.'.-i:|x 1040 i

9.4, Average Absorptfon Value—When the sample is tested in separate size fractions, the average
absorption value is the average of the values as computed in Section 9.3, weighted in proportion to
the mass percentages of the size fractions in the original sample as follows;
A=({FA 100)+({FA, (100)+-( P A 100) i
where:
A = average absorphion, percent;
PP Py = mass percentages of cach size fraction present in the original sample; and
A dz... A, =  absorption percentages for each size fraction.

10. REPORT

10.1. Feport specific gravity resulia w the nearest 0,001 (Coarse Aggregate meeting M 30 requirements
may be reporied to the nearest (001}, and indicate the type of specific gravity, whether bulk, bulk
{550, or apparent.

10,2, Feport the absorption result e the nearest 001 pereent,

10.3. [f the specific gravity and absorption values were determined without first drving the aggregate, as
permitied in Section 82, i shall be noted in the repori

11. PRECISION AND BIAS

11.1. The estimates of precision of this test methed listed in Table | are based on resulis from the
AASHTO Materials Reference Laboratory Reference Sample Program, with testing conducted
by this fest method and ASTB C127. The significant difference between the methods is that
ASTM C127 regquires o sofuration perod of 24 £ 4 b, while T 85 requires o sofuration peood of
L3 o 19 b This difference has been found o have insignificant effect on the precision indices,
The data are based on the analvses of more than 100 paired test resulis from 440 to 100
Iaboratones
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Table 1—Precizion

Acceptable
Stamdard Range of
Deviabion Tty Results
1=y {d2s)*
Single-opirlor previson
Bulk specific gravity (dry) AL (25
Bulk specific gravity (5513) 11,107 i, 00
Apparend specific gravily 0047 (0
Absorption,” percent L [k
Mulitlabomiory precision:
Hulk spexific gravity (dry) NI (1
Builk apegifie: graviry (5500 ILIFL] ILINET
Apparest specific gravily (il | (EREL
Absorpion.” percent (143 41

Ihese mumbers represent, respecoreely, the 151 and (d2s) limiis as descnbed m ASTM COM0. The
precishon estimanes wene obmaited from the asolysis ol combineg] AASHTO Minerials Relensaoe
Labmiony referssce: samiphs dats fhom lesbormonies ssing 15-h minmsm sawon 1 and
other Iebosahories using 14 + 4-h saluratson lime. Tesbey was pedforsed on aggregales of norsal
wpecilie graviics and slarad wilk ageregies in the oven-dey comdilion.

Precimn esimoies ae bosed on agpregaies with ahsopiiens of less than 2 percent

11.2. Hias—Because there is no accepied reference material for determining the bias for the procedure
in thiz test method, no statement on biss = being mads,
12. KEYWORDS
121, Absorpiion; coarse aggregate; saturated surface-dry (S50 specific gravity.
APPENDIXES
{Monmandatory Information)
X1, DEVELOPMENT OF EQUATIONS
X1.1. The derivation of the equation iz apparent from the following simplified cases usimg two soluds,
Solid 1 bas a mass W) i grams and a volume Fy in millilieers; its specific gravity (0] is therefore
W'V Solid 2 has a mass s and volume 35, and G = B/ Py [ the two solids are considered
together, the specific gravity of the combination 15 the iofal mass in grams divided by the tofal
valume in milliliters:
G=(W,+W,)/(F+F) XL
Manipulation of this equation vields the following:
I 1
= = Xz
o A 4
H+W, W +W, W+W
G=—o i (XL3)
- N
W+ W, | ¥ W+ B, | W,
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However, the mass fractons of the two solids are;

o Wl X104

[H’, + W, } 1l

and:
¥___& X135

(W, +H,) 100

and:

e gl o P (X165

therefora:

¢ | ——— (X7
BV ()L
100 M G, 'Im.rNE,J

An example of the computation is given in Table X1.1.

Table X1.1—Example Calculation of Average YValues of Specific Gravity and Absorption for a Coarse
Agprepate Tested in Separate Sizes
Size Fraction, Percent in Balk Specific Sample Mass Ahbsorption,
1 i} Oragaisal Sample Giravity (S50 Used in Test, g o
4. T840 |03 44 1T 22150 {4
(Mo 4 i)
1251 37.5 15 156 5462.5 2.5
{ain 1N
ITS5w 6 Il .54 12593.0 LRI
{1%: 10 2z

Average specali grnaiy (5500}

Gy = ! =262 FE ]

T 44 035 021
272 Y84 2584

Average absorpiion:

A=(0.44)(0.4)+(0.35)(2.5)+(0.21)(3.0) = 1.7% (X9

X2, INTERRELATIONSHIPS BETWEEN SPECIFIC GRAVITIES AND
ABSORPTION AS DEFINED IN METHODS T 85 AND T 84

K21, Let:
Bi = bulk specific gravity (dry basis),
5 = bulk specific gravity (551 basis),
& = opparent specific gravity, and
A = absorption in percent,
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A2
- 1 __ 4 3
i B e e
5, 100 100
1 5
S"_h— IM 20
510
= S"'
A
8 P
{52505,
L
J,d=['ﬁ‘-_a_]Jm{| X240
S
5 -8
= —=——2_ | |0{] X225
! [S.{S.—I}J' '
' Thiz method is technically equivalent to ASTM C127-12.
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