Standard Method of Test
far

Centrifuge Kerosene Equivalent and Approximate Bitumen Ratio

1. SCOPE

1.1 This procedure is used to deter-
mine an approximate bitumen ratio
(ABR) for a bituminous mix. The centri-

2. REFERENCED DOCUMENTS

2.1 AASHTO Standards:

M 231 Weighing Devices
Used in the Testing
of Materjals

T 27  Sieve Analysis of Fine
and Coarse Aggre-
gate

T 84  Specific Gravity and
Absorption of Fine
Aggregate

T 85  Specific Gravity and
Absorption of
Coarse Aggregate

_—
' This method is similar but not identical to ASTM
DS (48-90.

3. APPARATUS

3.1 Cenmifuge, power driven; capa-

AASHTO DESIGNATION: T 270-94!
(ASTM DESIGNATION: D 5148-90)

ble of exerting a force of 400 times

gravity (400 G) on a 100 g sample.

funnel slightly above the orifice (see Fig-
ure 7). '

3.5 Glass beakers (1500 mL).

3.6 Timer accurate to * 2 seconds.

3.7 60 % 3°C (140 = 5°F) oven.

3.8 Hot plate or 110 = 5°C (230 =
9°F) oven.

3.9 Round tn pans. 114 mm (4'/,in.)
diameter, 25 mm (! in.) deep.

4. MATERIALS

4.1 Kerosene. (Kerosene is flamma-
ble. and therefore caution should be used

In its storage and yse.)
4.2 0Qil, AW Hydraulic Oil No 10.

NOTE 2—Sheli Sgindle Oil No. 10 meets
this requirement,

4.3 Filter paper, 55 mm diameter,
medium porosity, medium flow rate, and
5 pm particle retention.

NOTE 3—Van Waters and Rogers No. 413

~ fuge kerosene equivalent (CKE) is used meets this n:qurcmcm.
to make this determination. The CKE Required r/min of centrifuge head
furnishes an index designated as the “K” _/25.4 (14,000.000)
factor, that indicates the aggregate parti- - \/ - . 5. NOMENCLATURE
cle roughness and surface capacity based :
on porosity. where: 5.1 “C" = coarse aggregate portion
1.2 The values stated in SI units are o . of the sample which passes the 9.5-mm
to be regarded as the standard. ro= radlqs i millimeters to center of  (,-in.) sieve and is retained on the 4.75-
13  This standard may involve haz- gravity of the sample. mm (No. 4) sieve.
ardous materials, operations, and equip- . 52 “F" = fine aggregate porton of
ment. This slandarp(;: does not pu?poi -32. (kic;r_mgfugcdc_l{gs;ﬂ.ct m;r,l/ (2f3/‘° the sample which passes the 4.75-mm
to address all of the safety problems Am_.; 12.1 BHC an ;. mgn (2% lm.) (No. 4) sieve. _
associated with its use. It is the responsi- m's[;} ¢ ;famcmé l(:ce 1lgure0 ; compiete 53 “K" factors are values deter-
bility of whoever uses this standard 10 .| ui‘e kom.!t; rass piate ; 1‘(7)18";01'03 mined as described below and are ideati-
consult and establish appropriate safety llns) ¢ (ngﬁ ina)rzléxglplurrlto 645 c;cs‘ fied as Ke, Kf, and Km.
and health practices and determine the '.um[ ) s 1;arc ) a:;x)e ek square 53.% Kcis fictel.'m.ine(‘i from L!}c per-
applicability of regulatory limitations mxjgnc gr:jange mc(::on.fonnin o cent of Hydraulic Qil retained. This rep-
pricr to use. For specific hazard state- AASHTO M 23‘1 Class G2 & resents the total etfect of the coarse ag-
ment, see Section 4.1 - ass bz, gregate’s absorplive properties and sur-
3.4 Metal funnels, top diameter 98.4 face roughness.
NOTE 1—Unless otherwise sated, ail gi- ™™ (3% in.). height 109.5 mm (4% in.), 53.2 Kfis determined from the fol-
mensions and measurements given herein gnﬁce 12.7 mm ('/; in.), with a piece of lowing factors: i
o are nominal, 2-mm (No.10) sieve soldered inside the 53.2.1 CKE, Percent of kerosene re-

tained. This represents the total effect of
the fine aggregate's absorptive properties
and surface roug! ness.

53.22 Computed surface area,
based on particle size as obtained in
Section 5.4 below.

53.23 Percent passing 4.75-mm
(No. 4) sieve.

533 Km represents the “mean” or
composite value of K for a given combi-
nauon of coarse and fine materials on
which Kc and Kf have already been de-
termined.

NOTE 4—When there is 20 percent or
less coarse material in a sample., Kc is not
used: therefore, Kf and Km are the same.

5.4 S.A. = Surface Area. The sum,
in square meters per kilogram obtained
by adding the products of the percent
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Correcled CKE

CKE Fine Aggregate
tor Aggregale = |(% Kerosene| X |Specific Gravity
Specific Gravity, Retained) —_—

it Required

2.65

NOTE: Do not contuse this correction to C.K.E. with that used in Figure 4,

Metric Equivalents

m2kg 20 41 61 82

©21b 10 20 30 40

10.2 205 307 410 61.4
50 100 150 200 300

FIGURE1 Chart for Determining K, from C.K.E.

passing each sieve and its comresponding
factor, and dividing by 100.

S.A.
Sieve Factors

Course aggregate constant .......... 2
Pass 4.75-mm (No. 4) ...... . 2
Pass 2.36-mm (No. §) .. 4
Pass 1.18-mm (No. 16) .... " 8
Pass 0.600-mm (No. 30) ............ 14
Pass 0.300-mm (No. 50) ............ 30
Pass 0.150-nim (No. 100) .......... 60
Pass 0.075-min (No. 200 .......... 160

All surface area factors must be used
thus, if 100 percent passes the 4.75-mum
(No. 4) sieve, include 100 X 2 for coarse
aggregate constant as well as 100 X 2
for passing 4.75-mm (No. 4) sieve.

6. PREPARATION OF SAMPLE
6.1 Determine the oven dry bulk spe-

cific gravity of the coarse aggregate (re-
tained on 4.75-mm (No. 4)) and the ap-

parent specific gravity of the fine aggre-
gate (passing 4.75-mm (No. 4)) using T
85 and T 84, respectively.

6.2 Design aggregate grading 1o
meet desired tolerances.

6.3 Calculate the average Sp Gr for
the average agpregate based upon the
design grading.

Average Sp Gr
100

% fines
Sp Gr fines

% coarse
Sp Gr coarse

6.4 Use surface area factors desig-
nated in Section 5.4 of this procedurc
and calculate surface area based upon
design grading.

6.5 Separate the aggregate into “C"
material (passing the 9.5-mm (%y-in.) and
retained on the 4.75-mm (No. 4) sieve)
and “F" material (all passing the 4.75-
mm (No. 4) sieve).

7. TEST PROCEDURES

7.1 Procedures for fines “F"

7.1.1 Quarter or split out 105 * 2
&, representative of the material passing
4.75-mm (No. 4) sieve.

7.1.2 Place on hot plate or in 110
* 5°C (230 = 9°F) oven and dry 10
constant 1mass.

7.1.3  Allow 10 cool.

7.1.4  Place 100.0 * 0.1 g in tared
centrifuge cup fitted with the perforated
metal disk underlying a disk of filier
paper. '

7.1.5  Place centrifuge cup and sam-
ple in pan containing sufficient kerosene,
approximately 12 mm ('/, in.) deep, to
saturate the sample. When specimen is
thoroughly sawrated (by capillary ac-
tion), place cup with sample in centsi-
fuge.

NOTE 5—A counterweight is required
when testing a single sample to balance the
centrifuge, or an additional sample may be
prepared and both placed in the centrifuge.
If an additional sample is used, the average
of the two percent kerosene retained values
(expressed in percent) shall be the CKE.

7.1.6  Spin the centrifuge for 2 min-
utes at a force of 400 G.

7.1.7 Reweigh cup ‘with sample 10
nearest 0.1 g and subtract original mass.
The difference is the percent kerosene
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retained (based on 100 g of dry aggre-
gate). This value is recorded as the CKE.

72 Procedure for coarse “C.”

7.2.1 Quarter or split out 105 = 2
g, representative of the passing 9.5 mm
(fy in.) and retained 4,75-mm (No. 4)
sieve material.

7.2.2 Dry sample on hot plate or in
110 = 5°C (230 * 9°F) oven to constant
mass and allow to cool.

723 Weigh out 100 + 0.1 g and
place in funnel (described under “Appa-
ratus,” Section 3.4). .

72.4 Completely immerse specimen
in hydraulic oil for 5 minutes.

NOTE 6—The hydraulic oil may be reused
for several samples, but should be replaced
every 3 months. :

7.2.5 Drain for 2 minutes with the
funnel axis vertical.

7.2.6 Place funnel containing sample
in 60 * 3°C (140°F) oven for 15 minutes
of additional draining with the funnel
axis verucal.

7.2.7 Pour sample from funnel into
tared pan, allow (o cool and reweigh
sample to nearest 0.1 g. Subtract original
mass and record difference as percent
oil retained (based on 100 g of dry aggre-
gate).

7.3 Determination of approximate
bitumen ratio.

7.3.1 Use chart shown in Figure I
for determination of “Kf.”

7.3.1.1 If specific gravity for “F” is
greater than 2.70 or less than 2.60, the
value for CKE is corrected using the
equation given in Figure 1.

7.3.1.2 Start in the lower left side
of Figure 1 with the value for CKE
(corrected for aggregate specific gravity,
if required}; follow straightedge horizon-
tally to right to the intersection with

calculated surface area, hold point, move ‘
vertically upward to the intersection with
the percent passing the 4.75-mm (No. 4) |

sieve, hold point, and follow straightedge
horizontally to right. The vaiue obtained
will be the surface constant for the pass-

ing 4.75-mm (No. 4) fraction “F" and |

is known as “Kf.”

7.3.2 Use chart shown in Figure 2 -

for determination of “Kc.”
7321 If specific gravity for “C" is
greater than 2.70 or less than 2.60, the

percent oil retained is corrected using

the equation given in Figure 2,
7.3.2.2 * Start at the bottom of chant
in Figure 2 with the percent oil retained

(corrected for aggregate specific graviry, -

if required); follow straightedge vert-

cally upward to intersection with the di-

agonal line, hold point, and follow the

straightedge horizontally to the left. The "

value obtained will be the surface con-
stant for the retained fraction “C,” and
is known as “Kc.”

7.3.2.3 Figure 2 is the only chart
needed to complete the determination of
the approximate bifumen ratio for open
graded mixes. Use the following equa-
tuon:

Approximate Bitmen
Ratio for open
graded mixes

= (Ke X 1.5) + 4.

No comrection need be applied to the
approximate bitumen ratio for heavier
liquid or paving asphalts (Figure 5).

7.33 Use chart shown in Figure 3
to combine Kf and Kc for determination
of “Km."

73.3.1 Km = Kf + “correction to
Kf.

The “‘correction jo Kf* value obtained-

from Figure 3 is positive if (K¢ — Kf)
is positive, and is negative if (Kc — Kf)
is negative.

7.3.3.2 The determination of Km is
shown in the following example:

Ke = 1.0
Kf= 1.8
S.A. = 5.1 m¥/kg (25 fifib)
passirig 4.75-mm (No. 4) sieve = 60 percent.

Using Figure 3; start in the [ower left

" hand comer with S.A. = 5.1 m¥kg (25

f/1b), follow straightedge horizontally
to percentage of coarse aggregate (40
percent), hold point, follow straightedge
vertically upward to intersection with the
difference between Kc and Kf (0.8), hold
point, and follow straightedge horizon-
tally to right to a “correction to Kf.”
In this example the correction is 0.20.
Because K¢ ~ Kf is negative the correc-
tion is negative; therefore, Km = 1.8 —
0.2 = 1.6. If Kc bad been 1.8, and Kf
1.0, Kc ~ Kf would have been positive
(+ 0.8), and the correction (0.2) would
have been posidve. In this case, Km
would be 1.0 + 0.2 = 1.2,

7.3.4 Use Figure 4 to determine the
Approximate Bitumen Ratio. The value
obtained will be the approximate bitu-
men ratio for liquid asphalts SC-250,
MC-250, and RC-250.

7.3.5 Figure 5 is used for determin-
ing the corrected approximate bitumen
rauo for heavier liquid asphalts and pav-
ing grade asphalts.

8. REPORT
8.1 Kf.
- 8.2 K.

83 Approximate bitumen ratio
(ABR), in terms of percentage of dry
weight of aggregate, corrected if neces-
sary.

8.4 Grade of liquid asphalt or paving
grade asphalt for which ABR has been
determined.
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