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ABSTRACT

Mineral fillers of pulverized limestone and fly ash, high
and low carbon, were compared. ©Specimens of asphaltic concrete, sim-
ilar in all respects except for the fillers, were tested for (1) sta-
bility and flow by the Marshall method and (2) compressive strength,
dry and after periods of immersion in water.

On the average, mixtures containing limestone dust gave the
highest stabilities, followed in order by those containing high-carbon
fly ash and low=-carbon fly ash, although some characteristic other
than carbon content seems to be responsible for differences in beha-
vior of the fly-ash fillers.

Mixtures within the range of Michigan State Highway Depart-
ment criteria and current practice can be prepared with any of the
fillers studied, although those containing fly ash from some sources
seem to be more critical with respect to mixture control requirements.

The compressive strengths of the mixtures were not materially
affected by any of the fillers and all mixtures containing the several
fillers were highly resistant to water action.

OBJECTIVE

This project has as its obJjective the determination of
relative efficiencies of fly-ash fillers and asphaltic concrete pav-
ing mixtures.

iii
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INTRODUCTION

The specifications for dense-graded asphaltic concrete of the Michi-
gan State Highway Department require the use of a fine mineral filler. Pulver-
ized limestone is the most widely used material for this purpose, but fly ash
is available in some areas and is acceptable if it meets certain requirements,
including a carbon content between 7 and 12% by weight. These limits of car-

“bon content were established some years ago and a large amount of fly ash con-
forming to them has been used from plants of The Detroit Edison Company. Two
plants of the Company now produce fly ash containing considerably less than %
carbon. It is the objective of this investigation to compare the characteris-
tics of asphaltic concrete mixtures in which are used as fillers: (1) limestane
dust, (2) low-carbon fly ash, and (3) high-carbon fly ash. The sources of fil-
lers were as follows:

National Lime and Stone Co. limestone
Waukesha Products Co. limestone
The Detroit Edison Co. fly ash
Marysville (10.3% carbon)
The Detroit Edison Co. fly ash
Conners Creek (9.9% carbon)
The Detroit Edison Co. fly ash
Trenton Channel (2.9% carbon)
The Detroit Edison Co. fly ash
St. Clair (3.05% carbon)
SCOPE

Since the principle use of filler is in the dense-graded asphaltic
concrete employed in surfaces constructed under Michigan State Highway Depart-
ment specifications, the mixtures used in this study were prepared in accord-
ance with these requirements. The typical composition is as follows:

Asphalt 5.5% by weight
Filler 6.0% by weight
Fine aggregate 33.5% by weight
Coarse aggregate 55.0% by weight
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The current design is based on density-stability studies made a num-
ber of years ago and modified by experience on past construction of this type.
This design conforms closely to the following criteria when tested by the Corps
of Engineers Marshall stability method:¥

Stability (Marshall) 1500 1b or above
Voids 3 to 5%
Flow (Marshall) - 20 (max)
Percentage of voids of the aggregate
filled with asphalt 75-85%
MATERTALS

With the exception of the two low-carbon fly ashes, all the materials
used conform to Michigan State Highway specifications for use in dense-graded
asphaltic concrete. In order to preserve uniformity, the coarse aggregate was
divided into sizes and recombined for each batch of mixture to a typical gra-
dation within the State specifications. Tests of the aggregates, fillers, and
asphalt are given in Appendix A.

TESTS EMPLOYED

In addition to tests on the constituent materials, compacted mixtures
were tested for (1) strength or "stability," (2) flow or deformation, and (3)
strength retention after immersion in water. Details of specimen preparation
and testing procedures are described in Appendix B.

For determinations (1) and (2), the Marshall method of specimen prep-
aration and testing was used. In this method mixtures are prepared of identi-
cal composition except for the asphalt content which is varied in 0.5% steps
from very lean to'very rich. Cylindrical specimens are compacted by the pre-
scribed procedure and the density of each is determined. From the known spe-
cific gravities and percentages of the constituent materials and the specific
gravity of the compacted specimen, there are computed (1) the voids in the
specimen, (2) the percentage of voids of the aggregate filled with asphalt,
and (3) the weight per cubic foot of the compacted mixture. Each of these com-
puted characteristics is plotted against asphalt content.

*
Described by Gayle McFadden and Walter C. Rickets, Proceedings Assn. of As-
phalt Paving Technologists, 17:92-113 (1948).
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The compacted specimens are tested for "stability" or strength and
"flow" or deformation in the Marshall apparatus. The specimen on edge is
pressed between upper and lower testing heads conforming to the curvature of
the specimen but spaced 5/& in. apart, thus permitting deformation. An attach-
ment permits measurement of deformation, recorded as "flow," as the load is ap-
plied at a standard rate. The "stability" of the specimen is the maximum load
which the specimen will sustain, and the "flow" value is read as the amount of
deformation at the instant the maximum load value is obtained. Curves of both
stability and flow are plotted against asphalt content. These constitute two
additional characteristic curves.

Mixtures were prepared and tested with three filler contents (4%, 6%,
and 8%) by weight for each of the six fillers-of this investigation. The five
sets of characteristic curves and the data from which they were plotted for
each of the six fillers are presented in Appendix C, Tables I through V and
Figs. 1 through 30. »

The relative resistance to water of the six fillers was determined
by the immersion-compression test developed by the U. S. Bureau of Public
Roadsﬂ* In this test, test specimens of the mixtures are prepared by double-
plunger direct compression without tamping. The specimens are tested in uncon-
fined compression at 77°F, three without exposure to water, three after 4 days'
immersion in water, and three after 14 days' immersion in water. The compres-
sive strength of the specimens after water immersion divided by the compressive
strength of the specimens which are not exposed to water gives the percentage
of retained strength or index of resistance.

SELECTION OF MIXTURES FOR COMPARISON

Asphaltic paving mixtures are so designed that when laid the pavement
will contain some air voids. One in which the voids of the aggregates are en-
tirely filled with asphalt will deform under heavy traffic and prove unsatis-
factory. Thus, the Michigan State Highway Department designs its mixtures to
contain 3 to 5% voids when compacted in the laboratory by the methods used in
this study.

For the purpose of selecting comparable mixtures conforming to State
Highway Department practice, compositions, compacting to 4% voids were chosen.
From the characteristic void-asphalt (Appendix C) curves for mixtures contain-
ing 4, 6, and 8% of filler from each source, the asphalt content resulting in
4% voids (average of the 3-5% limits of the State Highway Department) was de-

*
"Standard Method of Test for Effect of Water on Cohesion of Compacted Bitumi-
nous Mixtures," ASTM, D1075-54.

3




—— The University of Michigan « Engineering Research Institute

termined. At this asphalt content the remaining properties (stability, flow,
weight per cu ft, and percent aggregate voids filled with asphalt) were picked
from the corresponding characteristic curves. The required amounts of asphalt
to give 4% voids did not vary a great deal for the several fillers as will be
noted in Table I.

The water-immersion tests were made on mixtures typical of Michigan
State Highway Department practice with 6% filler and with the asphalt contents
which would give 4% voids when compacted by the Marshall method. The asphalt
contents were those of Table I, for 6% filler.

DISCUSSION OF TEST DATA

The following comments are based on the test characteristics of mix-
tures containing h% voids and are identical in composition except for the var-
iation in asphalt content needed to produce 4% voids and, also, for the sources
of filler. The test characteristics of those mixtures containing 6% filler are
considered most significant, since most Michigan State Highway Department mix-
tures carry close to this amount.

STABILITY

The Marshall test for stability is one of a number of arbitrary
strength tests. It has been developed for dense-graded mixtures containing
coarse aggregates and its use is rather widespread. Test results are not ex-
pressed in terms of shear or compressive stress, but are merely the maximum
total load in pounds which a specimen is able to resist under the conditions
of the specified test procedure. The criteria of satisfactory behavior of
mixtures in this test are established by the observations on test tracks and
highways. ZExact duplication of test results is not possible.

As shown by Table I and Fig. 1, all mixtures containing the six fil-
lers at 4% void content possess stabilities over 1500 1lb, with the exception
of that one with 8% of the low-carbon fly ash from the St. Clair plant. The
stability of the mixture containing high-carbon fly ash from the Marysville
plant is similar to those of the two limestone mixtures. The mixtures contain-
ing Conners Creek fly ash, also high carbon, is similar in stability to the
two low=-carbon fly-ash mixtures. The average of the stabilities of the high-
carbon fly-ash mixtures is a little below the average of those containing lime-
stone dust, and the stability of mixtures in which low carbon is used is lowest,
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COMPRESSIVE STRENGTH

In discussing the strength or stability of the mixtures, attention
should be directed to the unconfined compressive strengths of dry specimens
which were determined in connection with the immersion-compression test series.
The specimens were identical with those containing 6% filler in Table I, except
that they contained somewhat higher percentages of voids. These test results
are given in the first column of Table III. ’

Whereas in the Marshall stability test the specimen is partially con-
fined, the specimens whose strengths are reported in Table III were entirely
without lateral support. The unconfined compressive strength is often regarded
as a valid criterion for design. In this study, the unconfined compressive
strengths of all mixtures, regardless of the source and nature of the filler,
were not significantly different, indicating that perhaps the mineral filler
in the amounts used in such mixtures is less significant with respect to
strength than the other components.

FLOW

Flow measurements are made as deformation progresses in the Marshall
stability test. The deformation at maximum load is recorded. Plastic mixtures
deform more and rigid mixtures deform less. A certain degree of plasticity is
desired although no correlation exists between the laboratory results obtained
on this test and the service behavior of a mixture. The Michigan State Highway
Department practice is to design mixtures which have flow values of 20 or be-
low. All the mixtures at 4% voids possessed flow values well under this limit
as shown in Table II and Fig. 2.

UNIT WEIGHT

Figure 3 shows the unit weight of mixtures containing the six fillers
at 4% voids. These weights do not vary greatly and are not significant in this
study. They should be closely similar since the mixtures are compacted to the
same percentage of solid density. The only variables are the minor variations
in asphalt content and the specific gravities of the several fillers.

PERCENT VOIDS IN AGGREGATE FILLED WITH ASPHALT

The set of values, shown in Fig. 4, is of interest only in indicating
that compaction to 4% voids, and with the typical 6% filler used by the Michigan]
State Highway Department, the aggregate voids are likely to be a trifle less
than 75% filled with asphalt.
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RESISTANCE TO WATER ACTION

When mixed with asphalt and stirred in water under the conditions of
the water-asphalt preferential test, all the six fillers proved to be satis-
factory.

For the water-immersion compression tests, mixtures were chosen which
contain 6% filler and the appropriate asphalt content to compact to h% voids
by the Marshall method. These mixtures are identical with those whose Marshall
stabilities and asphalt contents are shown in the middle columns of Table I.
However, under the double-plunger compressioh method of compaction prescribed
for the preparation of immersion-compression specimens, the voids could not be
reduced to h%. Rather, the average voids of the specimens were as follows:

Average Voids of
Immersion-Compression

Filler Nature Specimens, %
National Lime and Stone  Limestone 6.70
St. Clair Low-carbon fly ash 6.02
Trenton Channel Low-carbon fly ash 5.64
Conners Creek High-Carbon fly ash 6.11
Marysville High~carbon fly ash 5.39
Waukesha Products Limestone 6.41

The higher percentage of voids above h% is not of consequence. The two strength
tests (Marshall stability and direct compression) are so different that they
cannot be expected to produce comparable results. The higher percentage of
voids might be expected to facilitate the penetration of water to the interior
of the specimen and in this manner somewhat increase the severity of the test.

Actually the results of the compressive-strength tests of each series were
remarkably uniform. They are shown in Table III and Figs. 5a and 5b. There i:
no significant decrease in strength in mixtures containing any one of the six
fillers. The retention, after 14 days' immersion, of 75% of the dry strength
has been suggested as indicating satisfactory resistance to water action. All
mixtures were above this limit.

INTERRELATIONSHIPS

With increases in asphalt content beyond a certain point, the sta-
bility and voids of a mixture decrease and the flow increases. There are in-
dications in this study that the balance between the minimum Marshall stability
of 1500 1b, the asphalt content, minimum desired voids, and percentage of fil-
ler as expressed by the current Michigan State Highway Department practice may
be somewhat critical when fly ash from some of the sources is used as filler.

6




r—— The University of Michigan +« Engineering Research Institute

For some reason, perhaps shape of the particles, mixtures containing 6% fly
ash from St. Clair, Trenton Channel, and Conners Creek gave 1500-1b stability
with 5.5% asphalt, and, at this point, contained 3.1, 3.5, and 3.1% voids,
respectively. An increase in asphalt would reduce the stability below 1500 1b
and also would reduce the voids below the design limit. The two limestone fil=
lers and the Marysville fly ash tolerate 6%, or a little more, asphalt while
still maintaining 1500-1b stability, although at this asphalt content the voids
also would be critical. The following data, picked from the charts of Appendix
C, indicate these relationships:

Approximate Maximum Asphalt Content, with Corresponding
Voids to Give Marshall Stability of 1500 1b

g &% &

Filler Asph. Voids Asph. Voids Asph. Voids

% % % % % %

National Lime and Stone 5.8 3.2 6.0+ 2.6 6.4 2.9

St. Clair 5.8 3.0 5.5 3.1 4.6 k.2

Trenton Channel 6.0 3.0 5.5 3.5 5.5 3.2

Conners Creek 6.1 2.6 5.5 3.1 5.1 3.7

Marysville 6.5+ 2.6 6.2 2.3 6.0 2.7

Waukesha Products 6.2 2.9 6.1 2.5 5.9 2.5
CONCLUSIONS

The following conclusions are based on this rather limited study de=-
signed to investigate the relative effects of certain fillers when used in a
single, typical, dense-graded asphaltic concrete mixture.

1. The Marshall stabilities are somewhat affected by the fillers from the
several sources. The limestone dusts gave highest stability values, followed
in order by the high-carbon fly ash and the low-carbon fly ash. However, all
the fillers do produce mixtures under current Michigan State Highway Department
practices which possess stabilities of above the minimum design limit of 1500
1b.

2. In the unconfined compressive-strength test the source of filler was
not a significant factor. Mixtures containing high-carbon fly ash and low-
carbon fly ash possessed strength at least equal to those containing limestone
dust.

3. Flow values of the mixtures determined by the Marshall test procedure
show no significant difference attributable to the source of filler when other
design criteria were satisfied.
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L. All the mixtures tested, regardless of the source of filler, were sa-
tisfactory with respect to resistance to water action as determined by the
immersion-compression test.

5. There were some indications that mixtures containing fly ash from
three sources are more critical with respect to design relationships between
asphalt content, voids, stability, and flow than are those containing the lime-
stone dusts and the fourth (Marysville) fly ash.
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Fig. 1. Stabilities of mixtures at 4% voids.

TABLE I. STABILITIES OF MIXTURES AT 4% VOIDS, 1b

Fi11 Filler Asphalt Filler Asphalt Filler Asphalt
e L% % 6% % &% %
National Lime and Stone 2060 5.4 2260 5.1 2080 5.25
St. Clair 1840 5.2 1820 4.9 1360 .75
Trenton Channel 1740 5.3 1760 5.2 1660 5.15
Conners Creek 1660 5.2 1880 4.8 1840 4.9
Marysville 2300 5.25 2200 5.1 2300 5.1
Waukesha Products 2160 5.25 2500 5.0 2490 4.8
Average Stabilities of Mixtures at 4% Voids, 1b
2 limestones 2110 2380 2285
2 high-carbon fly ash 1980 2040 2070
2 low=-carbon fly ash 1790 1790 1510
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Fig. 2. Flow values of mixtures at 4% voids.
TABLE II. FLOW VALUES OF MIXTURES AT 4% VOIDS
(1/100 in.)

Filler L, 6% 8%
National Lime and Stone 11.6 10.8 10.8
St. Clair 12.5 12.9 11.5
Trenton Channel 12.0 12.8 13.5
Conners Creek 11.0 12.2 12.h4
Marysville 11.h4 11.3 12.5
Waukesha Products 10.8 11.2 12.7

10
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TABLE IITI. COMPRESSIVE TESTS OF DRY AND IMMERSED SPECIMENS

Fig. 5a. Strength of mixtures tested dry and after immersion.

Ratio of strength of mixtures tested dry and after immersion.

Compressive Strength, psi

Ratio of Str., Immersed and Dry

Tested
. 4 -Day 14 -Day 4 -Day 14 -Day
Filler Dry Dry . .

Immersion | Immersion Immersion | Tmmersion

National Lime and Stone 349 365 336 1.00 1.05 0.96
St. Clair 328 323 327 1.00 0.98 1.00
Trenton Channel 355 379 367 1.00 1.07 . 1.03
Conners Creek 339 342 300 1.00 1.01 0.89
Marysville 375 366 359 1.00 0.98 0.96
Waukesha Products 292 299 277 1.00 1.02 0.95
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SOURCES OF MATERTALS

FILLER

The fly-ash fillers used in this investigation were the by-products
of the combustion of powdered coal from The Detroit Edison Company plants at
St. Clair, Trenton Channel, Conners Creek, and Marysville, Michigan.

The limestone fillers used were the standard products of the National
Lime and Stone Company, Carey, Ohio, and the Waukesha Products Company, Waukesha,
Wisconsin.

FINE AGGREGATE

The fine aggregates used were obtained from the Whittaker and Gooding
pit in the viecinity of Ann Arbor, Michigan, and were being used as a fine ag-
gregate in the production of bituminous concrete by the Ann Arbor Construction
Company .

COARSE AGGREGATE
The coarse aggregate was crushed natural gravel from American Aggre-

gates Corporation, Green Oaks, Michigan. It was furnished as coarse aggregates,
meeting Michigan State Highway Department requirements for 25A coarse aggregate.

ASPHALT
The asphalt was a standard 85-100 penetration asphalt from the Lion

0il Company, Eldorado; Arkansas, and obtained from the Wayne County Road Com-
mission from their supply on hand.
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TABLE I-A. TESTS OF FILLER MATERIALS

Fly Ash
st. Clai Trenton Conners Ve 111
Chemical Properties - Lradr Channel Creek rysvilie

(percent by weight, water-free bésis)

Silicon Dioxide, SiOs 39.1 46.0 40.7 bl .5
Aluminum Oxide, Als03 25.0 27.7 21.9 -
Ferric Oxide, FesOs 23.1 17.0 - 21.9 .
Calcium Oxide, CaO -- 2.6 1.7 -
Magnesium Oxide, MgO 1.1 0.9 0.9 1.5
Sulfur Trioxide, SOs 0.7 0.7 0.7 0.5
Loss on Ignition 3.05 2.9 9.9 10.3
Moisture 0.1 0.2 0.3 e
Specific Gravity 2.634 2.42 2.47 2.28
Water-Asphalt

Preferential Test Satisfactory Satisfactory Satisfactory Satisfactory

Limestone Dusts

Chemical Properties National Lime and Stone Co. Waukesha Products Co.
Specific Cravity 2.83 2.83
Water-Asphalt

Preferential Test Satisfactory Satisfactory
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TABLE II-A. GRADATIONS OF AGGREGATES

Coarse Aggregate

Gradation Used Michigah State Highway Department

Sieve ifi i
% Retained % Passing Specifications

% Passing
5/8 in. 0 100.0 100
1/2 in. 5.0 95.0 90-100
3/8 in. h1.2 53.8 -
No. k4 41.3 12.5 10-25
No. 10 12.5 0 : 0-10

Fine Aggregate

Michigan State Highway
Gradation

Sieve Department
Used Specifications
Pass no. 4 0 100
Pass no. 4, ret'd no. 10 2.6 0-5
Pass no. 10, ret'd no. 40 25.6 5=35
Pass no. 40, ret'd no. 80 46.2 30-60
Pass no. 80, ret'd no. 200 25.6 15-35
Pass no. 200 0 0-5

TABLE III-A. ANALYSTIS OF ASPHALT CEMENT

General Characteristics Semi-solid
Specific Gravity at 25°C/25°C 1.018
Penetration at 25°C, 100 g, 5 sec 8L
Flash Point, Cleveland Open Cup, C. 352
Loss on Heating at 163°C, 5 hr, 50 g, % 0.184
Penetration of Residue from Loss on Heating,

25°C, 100 g, 5 sec T3
Ductility at 25°C, cm 110+
Solubility in CClg, % 99.93%
Oliensis Spot Test Negative

17
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MARSHALL PROCEDURES FOR STABILITY AND FLOW TESTS

PREPARATION OF AGGREGATES

A sufficient quantity of aggregates, to make the required number of
specimens, was air-dried to substantially constant weight and then separated
into the required size ranges by means of mechanical sieving. To maintain uni-
formity of gradation of the test specimens, the separate size fractions were
recombined by weight into individual batches of sufficient volume to mold three
specimens, 4 inches in diameter by 2-1/2 inches compacted height.

PREPARATTION OF MIXTURE AND COMPACTION OF SPECIMENS

The weighed aggregate fractions of each batch were heated to 300°F
and thoroughly mixed dry by stirring with a spatula. The l2-quart-capacity
mixing bowl of a Hobart mechanical mixer was then charged with the batch of
heated aggregate and a crater formed in the dry blended mixture; the required
amount of bitumen, at a temperature of 300°F, was then weighed into the mix-
ture. Mixing of the aggregate and bitumen, using a wire, or bird-cage-type
mixing paddle, was immediately started, and, after a mixing period of 1-1/2
minutes, the mixer was stopped and the mixture of fines and bitumen adhering
to the sides of the bowl and to the paddle was scraped back into the mixing
area, after which mixing was continued until a total mixing time of 3 minutes
was completed. The mixture was then placed in a shallow pan, covered, and
placed in the oven until the compaction temperature was attained. Compaction
was accomplished, with the mix at a temperature of 280 + 5°F, using standard
Marshall test apparatus, with 50 blows applied with the compaction hammer on
one side of the specimen, removing the base plate and collar, reversing the
mold, reassembling, and applying the same number of blows to the opposite side
of the specimen. After compaction, the mold containing the specimen was placed
in cool water for a minimum of 2 minutes after which the sample was removed,
by means of the sample extractor, from the mold and identified as to mix and
specimen number. The specimens were allowed to cool to room temperature in
air for approximately 24 hours, after which they were weighed in air and in wa-
ter for specific-gravity determinations. In order to maintain close control,
a maximum tolerance of 0.03, between the maximum and minimum range of specific
gravities of the three specimens of each mix, was used and mixes not complying
to this tolerance were repeated.

STABILITY AND FLOW DETERMINATION

The test specimens were brought to the test temperature of 14O°F by
immersing them in a water bath at 140°F for a period of one hour. Using the

19
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Marshall-type specimen mold holder, breaking head, loading jack, proving ring
assembly, and flow meter, specimens were subjected to load applications at a
constant rate to produce a uniform vertical movement of 2 inches per minute
until failure of the specimen occurred. The maximum reading of the dial in
the proving ring assembly, converted to pounds, is the stability value for the
individual specimen, and the flow meter reading, expressed in hundredths of an
inch, is the flow, or deformation under stability loading, value of the speci-
men. The stability value varies directly with the thickness, or height, of
the specimen. Therefore, it was necessary to correct the stability values for
specimens of a thickness varying from the standard 2—1/2 inches. Flow values
do not vary appreciably with change in thickness of the specimen and therefore
no corrections were made for the flow value.

SELECTION OF MIXES

From the test results obtained, and the values computed, the average
results of the three specimens for each filler, at each bitumen and filler con=-
tent, were plotted and shown in Figs. 1 through 30, Appendix C. On the basis
of these curves, the median of the standard void range, 3 to 5%, with 6% filler
content was selected as the basis for determining the bitumen content for each
of the six fillers.,

WATER-TMMERSION AND UNCONFINED COMPRESSION-TEST PROCEDURES

Mixtures with bitumen contents as determined from the 4% void curves
with 6% filler were used for the water-immersion test series.

PREPARATION OF AGGREGATES

A sufficient quantity of aggregates, to make the required number of
specimens, was air-dried to substantially constant weight and then separated
into the required size ranges by means of mechanical sieving. To maintain uni-
formity of gradation of the aggregates, the separate size fractions were re-
combined by weight into individual batches of sufficient size to mold one spec-
imen, 4-1/2 inches in diameter by h—l/E inches compact height.

PREPARATION OF MIXTURE AND COMPACTION OF SPECIMENS
The weighed aggregate fractions of each batch were heated to 300°F

and thoroughly mixed dry by stirring with a spatula. The 12-quart-capacity
gixing bowl of a Hobart mechanical mixer was then charged with the batch of
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heated aggregate and a crater formed in the dry blended mixture; the required
amount of bitumen, at a temperature of 300°F, was then weighed into the mix-
ture. Mixing of the aggregate and bitumen, using a wire, or bird-cage-type mix-
ing paddle, was immediately started, and, after a mixing period of 1-1/2 min=-
utes, the mixer was stopped and the mixture of fines and bitumen adhering to
the sides of the bowl and to the paddle was scraped back into the mixing area,
after which mixing was continued until a total mixing time of 3 minutes was.
completed. The mixture was then placed in a shallow pan, covered, and placed
in the oven until the compaction temperature was attained. Compaction was ac-
complished, with the mixture at a temperature of 280 %X 5°F, by placing it in a
molding cylinder which, together with the top and bottom plunger, had been pre-
heated in the oven maintained at the molding temperature. With the bottom
plunger in place and the molding cylinder supported temporarily on brass bars,
the mixture was spaded around the inside of the mold with a spatula to reduce
surface "honeycomb." It was then compressed between the top and bottom plungers
under an initial load of approximately 150 psi to set the mixture against the
sides of the mold. The support bars were then removed to permit full double=
plunger action and the full molding load of 3000 psi, or 48,000 1b, was applied
and maintained for two minutes.

After removal from the mold, specimens were oven cured 24 hours at
140°F and thereafter brought to test temperature, 77°F, by storing in air at
this temperature for approximately 18 hours.

COMPRESSION AND WATER-IMMERSION TESTS

Nine specimens for each of the six fillers were prepared, and, after
determining the oven-dry weight, the surface-dry weight, and the weight in wa-
ter for each specimen, the nine specimens were divided, at random, into groups
of three specimens each. One group was immediately tested in axial compression
without lateral support at a uniform rate of vertical deformation of 0.05 inch
per minute per inch of height. The compressive strength for each specimen was
computed in pounds per square inch by dividing the maximum vertical load ob-
tained during deformation at the rate specified by the original cross-sectional
area of the test specimen. The second group of specimens was immersed in dis-
tilled water for four days at 120°F, then transferred to a second water bath,
maintained at 77°F, for a period of two hours. The compressive strength was then
determined. The third group of specimens was immersed in distilled water for
14 days at 120°F, then transferred to a second water bath, maintained at 77°F,
for a period of two hours. The compressive strength of the third group was
then determined

RETATINED STRENGTH

The numerical index of resistance of the bituminous mixtures to the
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possible detrimental effect of water was determined by dividing the strength
of the specimens after immersion by the strength of the specimens which have
not been immersed.

WATER-ASPHATT PREFERENTIAL TEST"

This test is used to determine the relative affinity for water or bi-
tumen of a mineral filler which is to be used in a bituminous mixture.

Fifty millileters of asphaltic oil (SC-3A), heated to 140°F, was placed
in an eight-ounce sample bottle with wide mouth and screw cap. Ten grams of
material passing no. 200 sieve was added to the bituminous material. The bot-
tle was placed in a hot-water bath maintained at a temperature of 1LO°F and
the mixture stirred for five minutes with a mechanical mixer, which revolved
at a controlled speed of 1500 rpm. The mixer was equipped with a stirring ap-
paratus containing paddles and a specially designed dispersion cup equipped
with baffles. After five minutes, 100 ml of distilled water at 1LO°F was added
and the mixture stirred for a second five-minute period.

After the sample was allowed to settle for approximately 24 hours
the amount of clean dust in the bottom of the bottle was observed.:

If the mineral filler is of satisfactory quality it will remain in
the bituminous material and the water will remain clear. If the dust is of a
poor quality, showing a strong affinity for water, the dust will be concentra-
ted in the bottom of the bottle having separated from the oil. If the dust is
entirely satisfactory there will be 0% separation; if entirely unsatisfactory
there will be 100% separation. A separation of up to an estimated 25%, based
on the total sample is considered satisfactory for this test.

Q

e

*ST_55 method of test for water-asphalt preferential of mineral filler. W.
Housel, Applied Soil Mechanics, Laboratory Manual of Soil Testing Procedure-,

1948,
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Fig. 1-C. Characteristic curves: % asphalt vs void in mix.

Filler: National Lime and Stone Co.
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Fig. 2-C. Characteristic curves: % asphalt vs voids in mix.

Filler: ©St. Clair Plant
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Fig. 3-C. Characteristic curves: % asphalt vs voids in mix.

Filler: Trenton Channel Plant
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Fig. 4-C. Characteristic curves: % asphalt vs voids in mix.

Filler: Conners Creek Plant
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Fig. 5-C. Characteristic curves: % asphalt vs voids in mix.

Filler: Marysville Plant
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Fig. 7-C. Characteristic curves: % asphalt vs stability.
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Fig. 8-C. Characteristic curves: % asphalt vs stability.

Filler: St. Clair Plant
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Fig. 10-C. Characteristic curves: % asphalt vs stability.

Filler: Conners Creek Plant
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Fig. 11-C. Characteristic curves: % asphalt vs stability.

Filler: Marysville Plant
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Fig. 12-C. Characteristic curves: % asphalt vs stability.

Filler: Waukesha Products Co.
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Fig. 14-C. Characteristic curves: % asphalt vs flow.

Filler: St. Clair Plant
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Fig. 15-C. Characteristic curves: % asphalt vs flow.

Filler: Trenton Channel Plant
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Fig. 17-C. Characteristic curves: % asphalt vs flow.

Filler: Marysville Plant
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Fig. 19-C. Characteristic curves: % asphalt vs unit weight.

Filler: ©National Lime and Stone Co.
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Fig. 20-C. Characteristic curves: % asphalt vs unit weight.

Filler: St. Clair Plant
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Fig. 22-C. Characteristic curves: % asphalt vs unit weight.

Filler: Conners Creek Plant
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Filler: Marysville Plant
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Fig. 25-C. Characteristic curves: % asphalt vs % aggregate voids filled.

Filler: National Lime and Stone Co.
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Fig. 26-C. Characteristic curves: % asphalt vs % aggregate voids filled.

Filler: St. Clair Plant
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