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INTERNATIONAL
Standard Test Method for
. . . 1
Centrifuge Kerosine Equivalent
This standard is issued under the fixed designation D 5148; 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.
1. Scope 3.1.1 C—coarse aggregate fraction, that portion of the

1.1 This test method determines the centrifuge kerosin§@Mple which passes tfg-in. (9.5-mm) sieve and is retained
equivalent (CKE) of aggregate used in bituminous mixtures. ON the No. 4 (4.75-mm) sieve. _

1.2 Units of Measure 3.1.2 F—fine aggregate fraction, that portion of the sample

1.2.1 With regard to sieve sizes and size of aggregate a¥hich passes the No. 4 (4.75-mm) sieve. _
determined by the use of testing sieves, the values in inch- 3.1.3 SA—surface area. The sumfkg (ft7/Ib), obtained by
pound units are shown for the convenience of the user, but th@dding the products of the percent passing each sieve and its
standard sieve designation shown in parentheses is the stand&Rjresponding factor, (see 11.1) and dividing by 100.

value as stated in Specification E 11. 3.1.4 K factors—values determined as described in 3.1.5
1.2.2 With regard to other units of measure, the valuedhrough 3.1.8 and identified a§;, K;, or K, _

1.3 This standard does not purport to address all of theretained_, which represents the total effect of the aggregate’s
safety concerns, if any, associated with its use. It is théPsorptive properties and surface roughness of the aggregates
responsibility of the user of this standard to establish appro-coarse fraction.

p_ri.ate safety and h_ea}lth.practiqes and de'[ermin? _the applica- Nore 1—Based on comparative testing in California, the same results
bility of regulatory limitations prior to usefFor specific hazard can be obtained substituting Shell Tellus No. 100 oil for SAE No. 10 oil.

statements, see 7.1. 3.1.6 K,—determined from the following factors:

3.1.7 Percent of kerosine retained, which represents the total
effect of superficial area, the aggregate’s absorptive properties
and surface roughness of the aggregate’s fine fraction.

3.1.7.1 Computed surface area, based on particle size.

3.1.7.2 Percent of aggregate passing No. 4 (4.75-mm) sieve.

3.1.8 K, —the “mean” or composite value &f for a given
combination of coarse and fine materials on whichand K;
%have already been determined independently.

2. Referenced Documents

2.1 ASTM Standards:

C 127 Test Method for Density, Relative Density (Specific
Gravity) and Absorption of Coarse Aggregate

C 128 Test Method for Density, Relative Density (Specific
Gravity) and Absorption of Fine Aggregéte

C 702 Practice for Reducing Samples of Aggregate t
Testing Sizé

D 75 Practice for Sampling Aggregates 4. Significance and Use

D 4753 Specification for Evaluating, Selecting, and Speci- 4 1 The CKE furnishes an index designated asifiactor

fying Balances and Scalesﬁfor Use in Soil, Rock, andiat indicates the aggregate particle roughness and surface
Construction Materials Testifig capacity based on porosity.

E 11 Specification for Wire-Cloth and Sieves for Testing 4 5 The CKE is used as part of the Hveem mix design

Purposes _ procedure to determine the approximate bitumen ratio (ABR),
E 832 Specification for Laboratory Filter Pagers as shown in Appendix X1. However, there are other applica-
tions such as determining the coarse aggregate fraction con-
stant K.) for use as an aid in selecting a bitumen content for
open-graded friction courses.

3. Terminology
3.1 Symbols:

1 This test method is under the jurisdiction of ASTM Committee D04 on Road 5. Apparatus
and Paving Materials and is the direct responsibility of Subcommittee D04.51 on . . .
Aggregate Tests. 5.1 Centrifuge power driven, capable of exerting a force of
Current edition approved Aug. 10, 1997. Published February 1998. Originally400 * 8 times gravity (400 G) on a 100-g sample.

published as D 5148 — 90. Last previous edition D 5148 — 95. . Lo .
2 Annual Book of ASTM Standardgol 04.02. The required r/mir{= 10) of the centrifuge heae-

3 Annual Book of ASTM Standardgol 04.03. \/(25.414 000 000r)
4 Annual Book of ASTM Standardgol 04.08.
5 Annual Book of ASTM Standardéol 14.04.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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wherer =radius to center of gravity of sample, mm.

rn- 98.4mm
!

5.2 Centrifuge Cups71.4+ 1.6 mm (2% * %16 in.) in
height and 52.4- 1.6 mm (216 = %16in.) inside diameter (see
Fig. 1) complete with perforated brass plate 0.280.03 mm
(0.031 = 0.001 in.) thick with a minimum of 15 holes, 1.575
mm = 0.03 mm (0.062 0.001 in.) in diameter, per square
centimetre (100 holes/if).

5.3 Balance—A balance having a minimum capacity of 500
g and meeting the rquirements of Specification D 4753, Class
GP2.

5.4 Metal Funne] top diameter 98.4- 1.6 mm (3s*+ Y16
in.), height 109.5+ 1.6 mm (416 * Y1ein.), orifice 12.7+ 1.6
mm (Y2 £ Y16 in.), with a piece of No. 10 (2.0-mm) sieve
soldered slightly above the orifice (Fig. 2).

5.5 Tin Pan round, 114.3*= 1.6 mm (42 =
diameter, 25.4- 1.6 mm (1= Yisin.) deep.

6. Materials
6.1 Kerosine '

/09 5am

Y1e-in.)

1

76.2mm

6.2 Lubricating Oil, SAE No. 10 (see Note 1).
6.3 Filter Paper, size 5%2-cm diameter, Type 1, Class B.

Note 2—VWR Guide No. 613 satisfies ASTM grade Type 1, Class B,
Specification E 832.

7. Hazards
7.1 Warning—Kerosine is flammable, and therefore cau-
tion should be used in storage and use.

L/;.?,.
mm

29°
=2°

u::ndna #10sieve,

sgidar in pigce

All dimenuians £ [/ Gmm

FIG. 2 Detailed Drawing for Metal Funnel

8. Sampling
8.1 Sampling is done in accordance with Practice D 75.
8.2 Reduce the sample in accordance with Practice C 702.

DETAIL DRAWING OF
CENTRIFUGE CUP
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FIG. 1 Detailed Drawing of a Centrifuge Cup
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9. Preparation of Sample 10.2.3 Weigh out 100.0 ¢g- 0.1 g and place in funnel (see

9.1 Determine the bulk specific gravity of the coarse aggre5-4)- ) ] ] _
gate (4.1) and apparent specific gravity of the fine aggregate 10-2.4 Completely immerse specimen in SAE No. 10 lubri-

(4.2), using Test Methods C 127 and C 128, respectively. ~ cating oil for 5 min (see Note 1). S _
10.2.5 Place the funnel in a container, maintaining the axis

Note 3—Apparent specific gravity is used for the fine aggregatejn 5 vertical position and allow to drain for 2 min.
because it is easier to determine than the bulk specific gravity, and its use 10.2.6 Place funnel containing sample in 60°C (140°F) oven
does not affect the CKE results. P o, L .
for 15 min of additional draining, remembering to keep the
9.2 Specific Gravity—Calculate the average specific gravity funnel axis in a vertical position.
for the aggregate based upon the design grading by the 10.2.7 Pour sample from funnel into tared pan, cool to room

following formula: temperature, and reweigh sample to nearest 0.1 g. Subtract
1 original weight and record difference as percent of oil retained
C=—p—p (1) (based on 100 g of dry aggregate).
100G, " 100G ot
c f 11. Determination of K Factors
where: 11.1 Use the following surface area factors to calculate
G = average specific gravity, surface area based upon design grading as follows:
P. = coarse aggregate present in the original sample, Sieve Size
weight %, Passed m2/Kg ft2/lb
— fi H i i Maximum size 0.41 2
P = zlne aggregate present in the original sample, welghtNO_ 4 (4.75 ) 041 5
%, - . No. 8 (2.36 mm) 0.82 4
G, = bulk (oven dry) specific gravity of the coarse aggre- No. 16 (1.18 mm) 16 8
gate, and No. 30 (600 um) 2.9 ég
.\ . . No. 50 (300 6.1
G; = apparent specific gravity of the fine aggregate. o0 (150“5‘%) 123 s

9.3 Separate the aggregate into two size groups, “C” matevo. 200 (75 pm) 32.8 160

ngl (used foqu determinations) passing tr%-m..(g.s-mm) W 11.1.1 All surface area factors must be used in calculations;
S|eve_and retained on the No. 4 (4_.75-mm) sieve, and thus, if a sample passes No. 4 (4.75-mm) sieve 100 %, include
materlal (forK; determination) all passing the No. 4 (4.75-mm) in calculations 100< 0.41 nf/kg (2 f2Ib), for passing maxi-
Sieve. mum size as well as 108 0.41 nf/kg (2 ft?/Ib) for passing
No. 4 (4.75 mm) sieve.

11.2 Use the chart shown in Fig. 3 for determinatiorkef
10.1 Procedure for Fine F 11.2.1 If the apparent specific gravity fBris greater than

10.1.1 Quarter or split out approximately 105 g for each2 70 or less than 2.60, make correction for percent of kerosine
sample, representative of the material passing No. 4 (4.75-mmgtained, using the following formula:

sieve.

10. Procedures

Percent of kerosine retained

10.1.2 Place on hot plate or in 1#05°C (230+ 9°F) oven X (apparent specific gravity F/2.55
and dry to constant weight.

10.1.3 Allow to cool. = CKE corrected for specific gravity

10.1.4 Place 100.@ 0.1 g in each of the tared centrifuge (2
cups fitted with the perforated metal disk underlying a disk of 11.2.2 Start in lower left hand corner of chart in Fig. 3 with
filter paper. value for CKE corrected for specific gravity, following

10.1.5 Place centrifuge cups containing samples in pan witBtraightedge horizontally to right to the intersection with
sufficient kerosine 12.% 3.2 mm 2 + %sin.) deep to saturate calculated surface area, hold point, move vertically upward to
the sample. When specimens are thoroughly saturated (hyie intersection with the percent passing the No. 4 (4.75-mm)
capillary action), place the cups with samples in centrifugesieve, hold point, and follow straightedge horizontally to right.
Samples should be tested in pairs, placed opposite of eade value obtained will be the surface constant for the passing
other to avoid damage to the centrifuge. No. 4 (4.75-mm) fractiorF and is known a;.

10.1.6 Spin in centrifuge for 2 min at a force of 400 G. 11.3 Use chart shown in Fig. 4 for determinationkqf

10.1.7 Reweigh each cup, containing samples, to nearest 0.111.3.1 If the bulk (oven dry) specific gravity f@is greater
g and subtract original weight. The difference is the percent ofhan 2.70 or less than 2.60, apply correction to oil retained,
kerosine retained (based on 100 g of dry aggregate). Thasing formula at top of chart in Fig. 4.
percent of kerosine retained is the CKE value. Record the 11.3.2 Start at the bottom of chart in Fig. 4 with the
average of the two values for duplicate samples. corrected percent of oil retained, follow straightedge vertically

10.2 Procedure for Coarse C upward to intersection with the diagonal line, hold point, and

10.2.1 Quarter or split out approximately 105 g for eachfollow the straightedge horizontally to the left. The value
sample, representative of the material passim. (9.5-mm)  obtained will be the surface constant for the retained frac@ion
and retained on No. 4 (4.75-mm) sieve material. and is known ax..

10.2.2 Dry sample on hot plate or in 1305°C (230+ 9°F) 11.4 Use the chart shown in Fig. 5 to combkeandK . for
oven to constant weight and allow to cool to room temperaturedetermination oK.
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CHART FOR DETERMINING Kf FROM C.K.E. MATERIALS USED: aggregate passing 3/8in(7.5mm) sieve, ret. #4(4.75mm)

sieve.
0i1 - SAE 10 or Shell Tallus # 100.
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12. Report
NOTE: C.K.E.Corrected for S.G. = % ker.ret.(C.K.E.) x app.S.G.{f) P ) ) ) )
2.65 12.1 Report percent kerosine retained, percent oil retained,
FIG. 3 Chart for Determining K; from CKE K, K and Ke.
Km = K; + correction toK; 13. Precision and Bias
@) 13.1 Precision

11.4.1 The “correction t&;” value obtained from Fig. 5 is 13.1.1 Estimates of variations within a laboratory cannot be
positive if (K, — K;) is positive and is negative iK( - K;) is = made with available data because in several cases the same

negative. operator did not conduct all the tests from which the data were
11.4.2 No correction needs to be applied for asphalt viscosgenerated. However, the following is an estimate of variation
ity. between laboratories based on a test result that is the average

Note 4—When there is 20 % or less coarse material in a samplé the of two samples.

is not used; therefore, thH¢, andK,, are the same. Variation Between Laboratories
. . . . . Standard Acceptable Range
11.4.3 The determination df, is shown in the following Deviation of Two Results
. Kerosine retained, % 0.34 0.962
example: Oil retained, % 0.416 1.206

K.=1.0,K; = 1.8,SA - . .
¢ o ' 13.1.2 The precision statement is based on an interlabora-

= 5.12 nf/kg (25 f¥Ib), passing No. 4= 60 % (4)  tory study of 19 laboratories that tested two aggregates twice

11.4.3.1 Using the chart in Fig. 5 start in lower left cornerwith an interval of one week. The same operator conducted the
with SA = 5.12 nf/kg (25 f&/Ib), follow straightedge horizon- first series of tests on both aggregates but did not necessarily
tally to percent of coarse aggregate (40 %), hold point, followconduct the second series of tests. More specifically, the results
straightedge vertically upward to intersection with the differ-are based on using an SAE No. 10 oil.
ence betweel, andK(0.8), hold point, and follow straight- 13.2 Bias—The procedure in this test method has no bias
edge horizontally to right to a “correction ti;.” In this  because the values of the kerosine retained and the oil retained
example, the correction is 0.2. Becauég— K,(1.0 - 1.8) is  are defined in terms of this test method.
negative, the correction is negative; therefore,
K,=1.8-0.2=16. IfK, had been 1.8, ank; 1.0, K.~ K, 14 Keywords
would have been positive (+ 0.8), and the correction (0.2) 14.1 aggregates; bitumin content; centrifuge kerosine
would have been positive. In this cas&,, would be equivalent; surface roughness
1.0+02=1.2.
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APPENDIX
(Nonmandatory Information)

X1.

X1.1 Scope X1.1.3 Fig. X1.2 is used for correcting the bitumen require-

X1.1.1 TheK; andK_ constants for an aggregate are used inMent for paving asphalts. _
bituminous mix design procedures to determine an approxi- X1.1.4 The ABR for open-graded mixtures can be calcu-
mate bitumen ratio (ABR). When used in this manner in thdated from ABR =X +4.0 and correcting for aggregate
Hveem mix design procedure for dense-graded bituminou§Pecific gravity>’
mixtures, other mix properties are also considered such as
appearanc,e (fOI’ flushlng Condltlon)’ voids, and Hveem St?‘b!“ty ® Federal Highway Administration, “Design of Open-Graded Asphalt Friction
and cohesion. The ABR calculated for open-graded frictioncourses,” Report No. FHWA-RD-74-2, January 1974, Washington, DC, Suppl. No.

courses from acceptable relations should also be verified by July 11, 1975.
conducting an asphalt drainage test ”White, Thomas D., “Field Performance of Porous Friction Course,” miscella-

. . . . _neous paper S-76-13, April 1976, US Army Engineer Waterways Experiment
X1.1.2 The ABR for dense'graded bituminous mixtures ISStation, CE, Vicksburg, MS; and Report No. FAA-RD-73-197, February 1975,

determined by use of Fig. X1.1. Federal Aviation Administration, Washington, DC.
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ABR from Figure X1.1

X1.1 Chart for Computing Approximate Bitumen Ratio (ABR)
for Dense-Graded Bituminous Mixtures

(2} Paving Grades (AR,AC,pen)
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FIG. X1.2 Chart for Correcting ABR for Grade of Asphalt

PROCEDURE

Find surface area on scale A. Proceed
horizontally te curve carresponding to av. sp
gr. of aggregate, then down fo curve
corresponding to Km then horizontaily to scale
B for Approximate Bitumen Ratio.

ABR = lbs. of oil per 100 Ibs. of aggregate
and applies directly to oil of SC-250 MC-250
and RC-250 grades. A correction must be made
for heavier liquid or paving asphalts. Fig. 5.

ABR
(Corrected for Viscosity)
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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).



