Outline of Research Proposed
for
Project B-15

ADHESION OF BITUMINOUS MATERTIALS TO MINERAL AGGREGATES

Objective:

Materials:

The primary object of this vroposed research is to
investigate existing procedures or develop new means
for evaluating the adhesive capaclity of bituminous
materials when avplied to mineral aggregates. This
includes bituminous materials in combination with
additives or so-called anti-stripving agents; hence,
the scope of the project includes:

1. A study of aggregates for hydrophyllic or
hydrophobic proverties as related to different tynes
of bitumen, and the selection of a standard aggregate
by which the adhesion of bituminous materials them-—
selves may be Jjudged.

2. GComparison of grades and sources of bitumi-
nous materials with respect to vower of adhesion %o
(or tendencies to strip from) different aggregaties.
both when used sevarately and when combined with
anti-striponing agents.

3. Tvaluation of different products sold com-
mercially as additives to prevent striponing.

The ultimate aim 1s to establish accentance =*esfu
and specifications that can be apnlied %o both Uh=
bituminous materials and the additives.

Three tvpes of aggregates from as many as seven

sources will be taken as follows:

1. Limestone - from four sources, selected for
wide distribution geograpvhically but mainiy
for varia*ion in characteristics that couid
be expected to affect bituminous adhesion.
In each instance, complete informatioi tz-
garding physical, chemical, and mineralogi-
cal properties wlll be complled in ordier %o
correlate results wi+th current studics of
aggregstes ~ Project (-—22.

2. Slag - from one source.

3. Gravel - from three sources, Chlo River below
Louisville (Owensboro), Ohio River above
Louisville, and western Kentucky (Tertiary’
pit.



Procedures:

Five types of bltumlinous materials will be
considered, and these will be obtalned from at
least four separate sources, the three sources of
asphalt belng representative of the Apnalachilan.
Southern Illinois, and Ozark fields. The grades
of bituminous materials will be: MC-3, RC-2,
RT-6, MC-5, and PAC-&.

To these & minimum of four different additiwes
will be applled for a portion of the tests. All
biltuminous materlals will be tested for character-
1stics 1in accordance with standard speciflcations,
and when trea®ted with an additive, a sample of the
mixture will be analyzed to determino changes 1n
characteristics thet may have occurred. Additives
will ba combined wilth biltumlnous materlials in
accordance wlth methods recommended by the manu-
facturer 1n each lnstance.

The research will he conducted 1n stages 1n order
to minimize the number of tests required to resch
the objective. The different stages, materlals
involved, end objectives will be:

1. Stage 1 = A single aggregate with esphalt fron
a single source (all grades) and tar from
a single source, and additives from four
sources all subjected fto comnlete set of
tests. Objectlive - elimination of testing
techniques.

2. Stage 2 - A second aggregate with asphalt froo
the same single source (all grades) one
tar from a single sourcs, and additivse
from four sources subjected to the grourn
of tests selected 1n Stage 1. Objectivoe -
elimination of grades of bltumen as beirg
inconsequential (if such 1s so).

3. Stage 3 - All other aggregates tested with ge-—
lected grades of asnhalt from the szcoacd
and third sources and %ar from a singie
source, and additives from fowr sources
all subj=cted %o the selected teshs.
Objective - eragtavlishment of the test rc
cedures as bvinp universally epplicatle t
any aggregate, =.1 grades and sources of
biltumen, and to Ditumjnoue materials n
combination wilth additives.



...3._.

Through correlation of results from the three steps
1t is nrobable that a test or combinsation of tes*%s
will be found valid in differentiating bituminous-
aggregate and bituminous-additive-aggregate comblna-
tions on the basis of adhesion.

The test procedures which will be apvplied in Staze
1 and investigated for applicebllity may be clsssed
ast (1) Immediate Immersion, (2) Delaved Immersion,
(3) Three Minute Boiling, (L5 Immersion-Agi%tation,
(5) Immersion-Axial Commression, (6) Immersion-Radial
Compression, and (7) Tension. In the first four tyoes
the rating will be visual and expressed as a percentage
(by weight) of particles completely coeted; in the
remaining tests the rating will be expressed as per-
centage loss of stabllity or tensile strength as
effected by immersion in water. Results from tes*ts
on three separate samples repres=enting ceach combi-
netion of materials and test conditions shall be
averaged to obtain a rating for that combination.

Specific amd detailed accounts of proposed
methods follow,

PREPARATION OF SPECIMENS AND PROCEDURES FOR TESTS
(1), (2), (3), and (4)

The aggregate shall be crushed* and separated by size o
that onlﬁ that vortion nassing the 3/8" sieve and retained or
the No. sieve 1s used for test purposes. This matericl shelil
be washed to remove all dust, and stored in accordance witn uho
uses to which 1t is to be avvlied.

Material for tests with the aggrega*te wet shall be im-
mersed in dilstilled water (immszdlately after washing) in a
container suitable for storage for & mneriod of at lesst L4
hours. Aggregate for samples of this fyne umon removal from
storage shall be allowed to drain on absorbent cloth o rasoer
for a period of 5 minutes at room temverature before heling
mixed with the bituminous material.

For tests, with the aggregote dry, %he weshed matirial
shall be spread uniformly (not more %than 1 inch in de»nth) ia =
place free from dust and exposed at room t:i:moerature for a
period of U8 hours. Subsequent gtorsge shall b2 In a weslsd

container frec from dust.

* Some tests will be made on uncrushed gravel of *ths slze
specified.



Test snecimens with both wet 2nd dry aggregate shall be
made only with MC-3, RC-2, and RT-6; in tests on mixes con-
taining MC-5 and PAG- -8, the pggregate will be pre-heated as
in plant mix oporations, hence, only the dry aggregate shall
be tosted. The procedures used in oreparing specimens con-
taining the first group of bituminous materials* shall be as
follows:

Immediate ITmmersion: A 50 gram sample of the wet or dry
aggregate (as the case may be) shall be placed in an & ounce
seamless tin box and thoroughly mixed until completely coatcd
with 2 grams of the bituminous MC-3 (heated to 175°F.), RC-2
(hzated to 150°F.), or RT—6 (heated to 120°F.) as the case
may be. Immediately af ter mixing, the sampnle shall be im=
mersed in 400 cc. of dlstilled water at room temnerature and
allowed to remain for 24 hours.

The sample shall then be removed carefully from the
beaker and placed on absorbent vaper for air-drying. When
dry, particles completely coated shall be se¢parated from
thosec only partially coated. Both shall be weighed, and the
percentage of completely coated particles computed on the
basis of total weight.

Delayed Immersion: The procedures in this test shall bHe
the same as that for the Immedlate Immersion test excent that
after mixing, the material shall be cured for 24 hours in air
at room temperature before being immersed in watcr for 2L
hours. Rating of the materials shall be the same as bhefore.

Three Minute Boiling: The procedure for this test chall
be the same as that for the Delayed Immersion e¢xcept that
after the material has cured for 24 hours in alr, it shail
be immersed in 400 cc. of distilled water and brought %o 2
vigorous boil for e period of 3 minutes. Air drving and
rating shall then be done as before,

immersion-Azltation: A 200 gram samnle of aggregate
shall be mixed with 8 grams of the bituminous material heatec
to temperatures. specified under the heading Immediats 7m~
mersion test above. Arfter the mixing, curing for 2l houvs
in air shall be allowed, after which the semvle shall be
vlaced in a pint jar and covered with distilled watcr having
2 temmereture of 77°F. until the jar is sbout 3/4 fuli. The

“*The only variations in proceduresz annlied for mixes w! h
MG~5 and PAC-& are as follows: Aggregates Ffor tests with
11G-5 shall be heated in an oven at 1LOCF. for 30 minu*cs
before being mixed with the asphal® heated to 225°F. Pov
mires with PAC-8 both the aggregate and the asphalt shall
be heated to 250°F. immediastely before mixing.



jar shall be capped and placed in the rotating frame of an
aglitation machine which will cause about 55 rotations wer
minute. After 30 minutes of agitation, the mechine shall be
stopped, the aggregate placed on porous vapver and allowed to
dry before being separated and rated for nercentage of var-
ticles completely coated.

If the weight of narticles comnletely coated eguals more
than &0 nercent of the total welght, the sampnle shall be
placed in the jar 3/4 full of distilled water at 100°F. and
agitstion resumed for 15 minutes, after which the semnle shall
be dried and rated as before.

PREPARATION OF SPECIMENS AND PROCEDURES FOR TESTS
(5), (6), and (7)

The aggregate shall be crushed*, separated into different
sizes and recombined in vproportions "that will provide either
gradation No. 1 or gradation Nn. 2 (as defined below), which-
ever the test shall require. No attempt shall be madé to
eliminate dust either initially or in storag=. The gradations
mentioned above shall be:

Gradation No. 1 Gradation No. 2
Sieve Pct. Pct. Sieve Pct. Dot
Size Ret. Passing Size Ret. Pagging

1" 0 100 1/2" 0 ele
3 /Ln 10 90 3/8" 0 10c
1/2v 20 70 No. 4 35 &5
3/8" 10 , 60" No.8 15 50
No.U 25 35 No.16 10 10
No.8& 10 25 No.50 20 20
No.50 15 10 No.100 10 10
No.200 10 0 - No.200 5 v

In tests with RC-2, MC-3, and RT-6, only gradation Iis
shall be used, but both gradation No. 1 and grada?t lcn o, 2
shall be used in tests with MC-5 and PAC-8&.

Material for tests with the aggregete wet (which anplies
only %o gradation Nn. 1 in combinstion with RO-2, MC~3, or
RT-€) shall be immersed in distilled wathcr iv a contalinor
suitoble for storage for a meriod a4 Lwﬁ:t LZ hours. Aggre-
gate for somnles of this tyne, uvon remcval from siucrage
gh2il he vlaced in a 200 mesh gleve in a uniformiy thin lays:

*Some Tests will bhe made on uncrushed gravels from thx
different sources.



and allowed to drailn for & nerlod of 10 minutes at room
temperature, before being mixed with the bituminous material.
Preparation for tests with dryv aggregate 1n combination with
RC-2, MC-3, or RT-6 shall require no advance trestment of the
aggregete after crushing and grading and before mixing with
the bitumlnous material. Temweratures to which the biltumen
shall be heated before mixing with elther wet or dry aggrecgate
shall be:

RC-2 ——-—-———= 150°F.
MC-3 —-—-=—=-= 175°F.
RT-6 —-—---=-= 120°F.

Aggregate of both gradations Nsp. 1 and No. 2 for combi-
nation with MC-5 and PAC~8 shall be heated vrior to mixing
with the bitumen, the temmeratures ani time of heating to be
as follows:

Bitumen |  Aggregate
Type Temperature Gradation Temnerature Time
MC-5 225°F, No.l or No.2  200°F. 30 min.
PAC-8 250°F. No.1l or No.2 250°F, Constan’;

Temn,
Procedures for the different tests shall be as followg:

Immersion-Axial Compnression. Mixes containing MC-5 and

PAC-8 shall be molded immediately after mixing; all cthers
shz1l be curcd loose in sir for 24 hours before mnlding.

The obJjective in molding materlals shall be to cbtain
specimens 4" in dlameter by 4" in height, all specimens of a
given aggregate gradation heving a given welight of the mix in
order to keep a constant density thrcughout 211 tests on
samples of that category. Hence, the pressure requlred may
vary slightly, out a besic density for each gradaticn de%or-
mined under a loazd of 3000 1lbs. per square inch sheall go7ern
and thereafter the load shall be of secondary impecrtancea. The
remaining steps shall be:

1. Specimens 4" in diameter by 4" high shall be molded
¢ the prescribed density under a2 inad anvrexima*cly 3000
1Le, wer square inch annlled dyv »lunge: at hott “rdés o1
"M anecimens. The load shall bre meid congsent feor 2
nirases . and then released.

s

Z. 4£11 mnlded specimens shall be cured for 2+ hours in

an. oven at 1LO°F.

3. After oven curing, the snecimens shell o 1low2d to
cool in alr, then welghed in alr, measured with celinem,



for height and dlameter, and weighed in water for volume
and denalty determinations.

4. One set of specimens shall be tested in comnres-
slon at room temmerature, and a companlon set shall be
subpmerged in water before belng tested in comnression.
The temperature of the water and the length of exposure
in water for different mixes shall be:

Bitumen Temperature Time
RC-2, MC-3, RT-6 77°F. 4 davs
MC-5, PAC-8 1UpeF, 1 hour

5. In the comnression test, the rate of verticsl de-
formation shall be C.2 inch mer minute 2s measured by an
Ames Dial.

Rating of materials shall be on the basls of nercent-—
age loss of stabllity (pounds ner square inch in com-
pression) of the immersed samnles as compared with the
atablllity of those not lmmersed nrior tn the compression
test.

Immersion—-Radlal Compression. This nrocedure shall be
similar to the stabllity analyses which have been made in the
laboratory for some time under the designation of Marshall
Stability. As in the Immersion-Axlal Comnression test, mixes
containing MC-5 and PAC-8 shall be molded immedlately st te-
mixing, and all others shall be cured loose in air for 24
hours before molding.

Samnles UM in diameter and 2-1/2" in height shall be
prepared and tested as follows:

1. Initial compac*tion with 15 blows of an 18 nound
welght dropped for & distance of 18 inches.

2. Levelling of samnle and 10 additionsl blows of
the tamper.

3. ‘Apolication of & atatlic losd of apnroximately
550 1bs. ner square inch or that 1load necessary to
bring the sample to exectly a 2-1/2" height.

Y. Snecimens shall be cooled in the molds 7or at
leasgt two hours before belng extiruded and nkeced in an
oven at 1LMO9F. to cure for 24 hours.



5. Upon removal from the oven, the specimens shall
cool to room temvwerature, and then be weighed in air,
measured for dlameter and height, and weighed in water
for volumetric and density detsrminations.

6. One set of specimens shall be tested in radial
comnression at room temperature, and a comnanion segt
shall be submerged in water before being tssted. The
temnerature of the water and the length of immersion in
water shall be as specified in nart under Immersion—
Axial Compression above.

7. In the radial comnression test, loads shall be
apnlied a% & rate such that the rate of deformation
shall be 0.1 inch wmer minute as measured by a Strain dial.

Rating of materials shall be on the basis of ner-
centage loss of stability expressed in pounds of load
for the immersed sammles as commared with the stability
of those not immersed nrior to the comnression test.

‘Tension. The equinment and w»nrocedure will, of necessity,

be developed as the investigetion w»nrogresses.,
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