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DEVELOPMENT OF A NEW TEST METHOD FOR MEASURING BULK SPECIFIC
GRAVITY OF FINE AGGREGATES

Prithvi S. Kandhdl, Rgjib B. Mallick, and Mike Huner*
ABSTRACT

Bulk specific gravity of the fine aggregate is used in hot mix agphdt (HMA) volumetric mix
design (including Superpave) to determine the amount of asphat binder absorbed by the aggregate and
the percentage of the voidsin the minerd aggregate (VMA). The current test method (AASHTO T84)
uses a cone method to establish the saturated surface dry (SSD) condition of the sample, which is
necessary to conduct the test. This method does not work satisfactorily for fine aggregates which are
very angular and have rough surface texture, and, therefore, do not dump readily when in SSD
condition.

This research project was undertaken to develop an automated equipment and method of
establishing the SSD condition of the fine aggregate. The wet sample of the fine aggregateisplaced in a
rotating drum and is subjected to a Seady flow of warm air. The temperature gradient of the incoming
and outgoing ar and the rlaive humidity of the outgoing ar are monitored to establish the SSD
condition.

Two prototypes devices were constructed. The test results obtained with the second prototype
device are encouraging and have been reported in the paper. Further improvements to be made to the
second prototype device to improve the repeatability and reproducibility of the test, have been
identified.

KEY WORDS: bulk specific gravity, fine aggregate, saturated surface dry, Superpave, hot mix
agphdt, mix design
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DEVELOPMENT OF A NEW TEST METHOD FOR MEASURING BULK SPECIFIC
GRAVITY OF FINE AGGREGATES

INTRODUCTION AND OBJECTIVE

Bulk specific gravity of the fine aggregate is used in Superpave volumetric mix design
caculations to determine the amount of asphalt binder absorbed by the aggregate and the percentage of
the voidsin the mineral aggregate (VMA). The current test method of measuring the bulk specific
gravity of fine aggregate (AASHTO T84 or ASTM C128) does not have satisfactory reproducibility.
This method does not work satisfactorily for certain fine aggregates which are very angular and have
rough surface texture. These materids do not dump readily when tested by the cone method specified
in these sandard tests to determine the saturated surface dry condition (SSD). Thislack of precisonin
obtaining the bulk specific gravity of fine aggregate affects the Superpave volumetric mix design. The
optimum asphat content can be underestimated resulting in lean and brittle mixture (raveling and
cracking) or can be overestimated resulting in rich and plastic mixture (flushing or rutting). Thereisan
urgent need to develop an accurate and more reproducible test method for determining the bulk specific
gravity of the fine aggregates.

This study was undertaken to develop an automated equipment and method of determining the
saturated surface dry condition of the fine aggregate so that its bulk specific gravity can be measured

with satisfactory precison and accuracy.
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REVIEW OF LITERATURE

Bulk specific gravity isthe ratio of weight in ar of a given volume of a permesble materiad
(including both permeable and impermesble voids norma to the materid) at a sated temperature to the
weight in air of an equa volume of digtilled water a a ated temperature. The bulk specific gravity of
an aggregate, as defined by the ASTM, equas the oven-dry weight of the aggregate (A) divided by the
sum of the aggregate solid volume (Vs), the volume of the permegble voids (Vp), and the volume of the
impermegble voids (Vi) times the unit weight of water ((w). Those voids that cannot be filled with

water after a 24-hour soaking are referred to asimpermesble.

A
(Vs% Vp% Vi) (w

bulk specific gravity *

The bulk specific gravity of an aggregate is determined in the |aboratory using the following formula:
bulk specific gravity * I?AC'

where A isthe oven-dry weight of the aggregate, B is the saturated surface-dry weight (in grams) of the

materid in ar, and C isthe weight (in grams) of saturated materid in water.

Bulk specific gravity of both coarse and fine aggregate are used in hot mix asphat (HMA) mix
design to caculate the amount of asphalt binder absorbed by the aggregate and the percentage of voids
in the minerd aggregate (VMA). Accurate determination of bulk specific gravity of the aggregatesis,
therefore, necessary to calculate the redlistic volumetric properties of the compacted HMA mixtures.

Experience has shown that, for some materids, the results of bulk specific gravity are very
difficult to reproduce. Thisis mainly caused by the persond eement involved in judging the point at

which the wet aggregate has dried out sufficiently to reach the “ saturated surface-dry (SSD) condition”



Kandhal, Mallick, and Huner 3

which istheoreticaly the point a which dl the surface moisture has gone from the particles but with the
permesable pores remaining completely filled.

ASTM Standard Methods C 127 and C 128 outline means for determining absorption and
bulk specific gravity of coarse and fine aggregates, repectively. These standards call for immersion of
materid in water, followed by drying until the surface-dry state is attained. Coarse aggregates are rolled
in an aosorbent cloth until al visble films of water are gone. The establishment of the SSD condition of
coarse aggregates is smple and reasonably reproducible. However, the same is not true for fine
aggregates.

Fine aggregates are spread on a pan and exposed to a gentle current of warm air until afree-
flowing condition is reached. The aggregate is then lightly tamped into a specified conica mold. If the
cone stands when the mold is removed, the fine aggregate is assumed to have moisture on its surface,
and it isdried further. When the cone just begins to dump after remova of the cone, it is assumed to be
in asaturated surface-dry state. In addition to variation caused by individua judgement, the fact that
large particles tend to dry more quickly than smal particles may lead to overdrying of the larger
particles, unless the precaution is taken of recognizing and handling these particles separately. These
variations become significant in the case of aggregates having arough and porous surface.

For natural, well-graded fine aggregates, the saturated surface-dry condition is usudly
reproducible. The end point is more erratic for crushed fine aggregates because the angularity of the
particles does not permit a definite dump condition as do the rounded surfaces of natura sands.
Besides, the higher percentage of material passing the 0.15 mm (No. 100) sieve aso poses aproblem

in achieving the dump condition.
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Various attempts have been made in the past to pinpoint the saturated surface-dry condition of
the aggregates to improve the reproducibility of the bulk specific gravity test results. Theseinclude
Howard' s glass jar method (1, 2), Martin’ swet and dry bulb temperature method (3), Saxer’s
absorption time curve procedure (4), and Hughes and Bahramian’s saturated air-drying method (5).
However, the various modifications ether offer little improvement or are too eaborate to be of practica
vauein thefied or average laboratory.

Kandhd and Lee (6) developed a colorimetric procedure, aso mentioned in ASTM C 128, to
edtablish the SSD condition of both coarse and fine aggregates. This method involves soaking the
aggregate in water containing aspecid chemica dye. On remova from water, the aggregate acquires
the color of the wet dye. However, this dye changes color when dry (for example, cobalt chloride
changes color from red to blue). As soon as the fine aggregate particles change color (when subjected
to drying with afan), the saturated surface dry condition (SSD) has been reached. However, the
following problems are associated with this method:

@ The dyes do not show well on dark colored aggregates,

(b) An efficient method of mixing the fine aggregate during the drying operation is needed

S0 that larger particles do not dry out sooner than finer particles, and

(© Detection of the color change needs to be automated so that the subjective judgement

of the operator is diminated.

Dana and Peters (7) of Arizona Department of Trangportation directly measured the surface
moisture conditions of minerd aggregate using basic principles of thermodynamics. The wet fine

aggregate sample was placed in asmal rotating drum. Hot air was blown into one end of the drum to
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dry the tumbling aggregate uniformly. Thermocouples mounted in the inlet and outlet tubes of the
prototype rotating drying drum monitored the temperatures of the incoming and outgoing hot air. A
millivolt strip chart recorder displayed the difference in temperature (therma gradient) of the
thermocouples. As long as there was free surface moisture on the aggregate a steedy value of the
therma gradient was observed. As soon as the saturated surface dry (SSD) condition was achieved,
the therma gradient reduced suddenly. At that time, the sample is taken out of the drum and tested. The
preliminary prototype equipment gave encouraging results, however, the development of the equipment
was not findized and it was recommended to test awide variety of fine aggregates.
Krugler, Tahmoress and Rand (8) have reported four procedures to establish the saturated-
surface-dry (SSD) condition of fine aggregates:
1. An oven-dry aggregate sample is placed side-by-sde with the test sample which is being
dried. The SSD condition is defined as the point when the test sample has the same color as the
oven-dry comparison sample. It is preferred to err on the dry side of the SSD condition
because the bulk specific gravity does not change sgnificantly with additiona drying.
2. Observe how the test sample dides down the bottom of atilted pan. When the test sample no
longer adheres to the bottom and flows fredly, it is judged to be surface dry.
3. Observe how the test sample flows off atilted masonry trowd. When the test sample no longer
adheresto the trowd and flows off fredy asindividua particles, it is consdered surface dry.
4, Use a gtrip of packaging tape (Supreme Superstandard Gummed Paper Tape, two-inch
medium duty) attached to a small block of wood. The tape is placed on the test sample for five

seconds and lifted. The SSD condition is reached if not more than one test sample particle
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adheres to the tape on two consecutive checks. (The water-soluble glue of the tape is activated

by moisture in the test sample.)

The SSD condition must be established by using & least two criteria of the four Texas DOT
procedures described above. Obvioudy, some subjectivity isinvolved in al procedures.

The review of literature on establishing the SSD condition of the fine aggregete indicates thet the
concept used by the Arizona Department of Transportation (7) had the most potentid of developing an
automated equipment to accomplish this. The difficulties encountered in the Arizona experiments are
likely to be surmounted with the modern day € ectronic technology. It was aso decided to measure the
humidity of the outgoing warm air in addition to the temperature gradient used in those experiments.

Thiswas atempted in this Sudy.

EXPLANATION OF TEMPERATURE AND HUMIDITY GRADIENT APPROACH

If awet sample of fine aggregate is subjected to drying with hot air, then the free moisture on
the surface of the aggregate evaporates firg, followed by the absorbed water. If the aggregates are
dried uniformly, past studies have indicated that a sharp bresk point can be obtained in a plot of time
versus temperature difference (gradient) of incoming and outgoing air at the saturated surface dry
condition (Figure 1) (7). The different phases can be explained as follows. At the beginning of the test
there is a sharp difference between the incoming and outgoing air temperature, since the temperature of
the incoming ar is extremely high. In the second phase, the entire chamber or drum is a a congtant high

temperature, and the free water from the surface of the aggregatesis driven off at ardatively constant
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Figure 1. Typica time versus temperature gradient plot

rate. Thisisindicated by the relatively congtant temperature gradient. In the third phase thereis an
increase in the temperature gradient. This happens because at this point there is a very thin layer of
surface water surrounding the aggregate particles, and the rate of evaporation is very high, higher than
that in Phase 2. In the fourth phase, there is a sudden break in the curve, indicating that there is no more
free surface water on the aggregate, and hence no more high evaporation rate and cooling reate.
Therefore, the sudden break point indicates the point of saturated surface dry (SSD) condition. After
this point, the aggregates absorb more hest, to drive off the absorbed water, causing an increase in the
temperature of the outgoing air. The increase in the temperature of the outgoing air therefore decreases
the temperature gradient. Hence, the key thing isto stop the test when the aggregate reaches the

saturated surface dry condition, by looking at the temperature gradient plot and capturing the peak.
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However, one important thing is that if the test is opped at the pesak, the aggregate undergoes some
additiona drying whileit is being taken out and tested. Hence, a better method will be to stop the test
aufficiently ahead of the peak, S0 that the aggregate, when tested for weight and volume, is a the same
date asit would have been at the peak of the temperature gradient plot.

Another possible gpproach that was tried by the researchers of the Nationa Center for Asphalt
Technology (NCAT) sudy isthe andyss of humidity of outgoing ar. An example of humidity of

outgoing air versustime plot is shown in Figure 2. 1t is seen that in generd the humidity of the outgoing
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Figure 2. Typica time versus humidity plot

ar ishigh at the beginning of the test, then it drops off rapidly as the aggregate loses moidture. In the

next phase the humidity increases dightly, and ultimately reaches a pesk and then drops off. This point
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where it drops off is considered to be the saturated surface dry condition. The different phases can be
explained asfollows. At the beginning of the test, alarge amount of moisture is driven off because of the
high inlet air temperature. The humidity of the outgoing air falls and becomes congant as the entire
chamber heats up, and there is a constant rate of evaporation from the entire aggregate mass. In the
next phase, because of the presence of areatively thin layer of moisture around aggregate particles, the
rate of evaporation increases, and the resultant humidity of the outgoing air also increases and reaches a
peak, and then drops off. The peak indicates the point of SSD, beyond which there is no free moisture

on the surface.

DEVELOPMENT OF THE FIRST PROTOTYPE TEST EQUIPMENT

The first equipment was developed essentidly on the basis of the equipment that was used by
the researchers a Arizona DOT (7). Figure 3 and Figure 4 show a schematic and a photo of the
equipment. Basically, the device consisted of arotating Plexiglas drum, mounted on caster whedls, and
driven by abelt through a motor. Air was blown with adryer fan (a hair dryer was used) a one end of
the drum, and sensors for temperature were ingtaled at either end of the drum for measuring
temperature of incoming and outgoing air. The drum was made out of Plexiglas for convenience of
viewing the aggregate ingde the drum during testing.

Two flightsin the rotating drum provided reasonably consistent drying of the test sample. This
drum aso utilized a“bumping” devicein itsrollers to reduce the amount of fines gicking to the walls of
the drum. The sample of fine aggregate was confined in the dryer drum by utilizing screens on baoth the

inlet and outlet Sdes of the drum. A sample of about 1300 grams was used in dl experiments. This
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Figure 4. Photograph of the first prototype test equipment

gives at least 500 grams for determining the weight and volume of the SSD sample, and at least 500
grams for obtaining the oven-dry weight of the SSD sample. The temperature sensors were monitored
and recorded on a 30-second cycle during testing for establishing the SSD condition.

Initidly, natura sand was subjected to the drying process in the first prototype equipment.
Temperature gradient versus time plots from tests with eight samples of naturd sand are shown in
Figure 5. The plots show expected trends as discussed earlier. However, the data was not very
consgtent, and the pesks indicating SSD condition are not within asmall range of time for the different
samples. The samples were taken out at the observed peak and tested for specific gravity. Comparison
samples of the same natural sand were tested with the sand cone method (ASTM C128) for specific

gravity. The results from both tests are shown in Table 1 (first set). The observations were that the
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Figure 5. Time versus temperature gradient plots for eight samples of natura sand (first prototype test

equipment)

Table 1. Comparison of specific gravity and absorption data (first prototype test equipment)

Sample New Method (Drum) Sand Cone Method Observation
Absorption  Specific Absorption Specific
Gravity Gravity
First Set
1 0.482 2472 0.583 2.616 Too wet
2 3.219 2.443 0.624 2.618 Too wet
3 2.311 2.501 Too wet
4 0.040 2.650 Too dry
5 0.664 2.605 Sightly wet
Second
Set
1 0.09 2.649 0.583 2.616 Too dry
2 0.10 2.649 0.624 2.618 Too dry
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samples were mostly too wet when taken out, indicating that the SSD condition had not been reached

yet, or the samples were too dry, indicating that the samples were past the point of SSD. It seemed that

the SSD condition was being affected by the inlet air temperature, and the amount of sand that was

gticking to the sides of the insgde wall of the rotating chamber. It was decided to stop the test at the

base of the peak of the temperature gradient plot and take out the sample and test them. The criterion

for determining the base of the peak was at least a 1-degree increase in temperature. However, specific

gravities and absorption of samples run thisway did not match with specific gravities and absorption run

by the sand cone method (Table 1, second set ) and in both cases the samples were found to be over

dried. The conclusion was that to use this method successfully, the results should be more consstent,

and there should be arationd and practicd method of identifying the gpproaching SSD condition and

stopping the test &t the right time for specific gravity determination. From the results of this phase of the

study, the following conclusions were made:

1. The temperature gradient versustime plot, although consstent with theory, did not seem to be
ardiable method of predicting the SSD condition.

2. There was too much gticking of fine particles on the insde of the drum, which could affect the
results Sgnificantly by resulting in non~uniform drying of the sand.

3. Some of the sand was being blown out near the SSD condition, resulting in loss of materids.

4, The drum has to be re-designed in such away that the sample can be taken out immediately
after achieving the SSD condition for measuring its weight and volume. With the firgt prototype,

it took 3-5 minutes to disassemble the drum and get the sample out.
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SECOND PROTOTYPE TEST EQUIPMENT

To rectify the problems encountered with the first prototype equipment, the second prototype

(Figures 6 and 7) was made with the following changes and modifications:

1.

The dryer drum was made out of polished duminum rather than plexiglass. Gears and rollers
improved the rotation system. This made the overall device sturdier, more durable, and easier
to work with.

The drum consisted of three segments with “quick-sngp” clampsto hold it together. Also, the
configuration of the second prototype device alows the drum itsdf to be quickly mounted or
removed from the roller/dryer system. These two changes enable the operator to break down
the system and drum in gpproximately 20-30 seconds, minimizing the time between achieving
SSD condition and physicaly obtaining the SSD sample for testing.

The firg prototype had screens glued into the drum and these screens could not be changed
eadly. The second prototype utilizes screen inserts that can be changed quickly. Since this
device is dill under development, the ability to change screen Szesis necessary.

A “tapping” device contacting the outsde wdl of the duminum drum was ingaled in the second
prototype to shake off fines sticking to the interior of the drum. The first protoype used a
“bumping” device. The auminum drum was aso coated with teflon to reduce the sticking of
finesto thewall of the drum.

A variable speed mechanism was provided to vary the rotationd speed of the drum during the

developmenta stage.
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Figure 7(a). Photo of the second prototype equipment

Figure 7(b). Photo of the second prototype equipment with the data acquisition
system
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Prdiminary testsindicated that there was no significant sticking of sand on the indgde surface of
the new drum. However, there was some significant blowing of fines which blinded the screen resulting
inarisein the ar temperature insgde the drum. It was interesting to note that the screen blinding
problem was occurring at about the same time the sample was achieving the SSD condition. Because of
the blinding problem, the tests were completed on plus 0.6 mm materia only to prove that the concept
works.

Since the plots of temperature gradient versus time did not provide a digtinct way of identifying
the SSD condition in the firgt set of tests, it was decided to observe both temperature gradient and
relative humidity of the outgoing air. Typica plots of time versus rdative humidity for five different fine

aggregates are shown in Figure 8. The data was anadyzed, and it was observed that the trend of the
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Figure 8. Typica time versus humidity plot for seven different aggregates (second prototype
equipment)
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humidity plot is more consstent for a particular aggregate than the trend of the temperature gradient
plot. As Table 2 shows, the point a which the peak humidity was reached is significantly more
consigtent than the point at which the peak of the temperature gradient was observed. A SSD criteria
was established to take the aggregate out when there were two successive decreasesin rdlative
humidity. The magnitude of these two successive decreases generaly ranged from 1 to 2 percent as
shown in the fifth column of Table 2. Specific gravities were run with this aggregate, and the vaues
were compared to the values obtained by the sand cone test method. Tables 3 and 4 show the data of
water absorption and bulk specific gravity of samples, respectively, tested by the new (drum) method
and by the sand cone method. Comparisons of average vaues and standard deviation of water
absorption vaues are shown in Figures 9 and 10, respectively. Comparison of average vaues and
standard deviation of bulk specific gravity vaues from both tests are shown in Figures 11 and 12.

The average bulk specific gravity value of the natural (Shorter) sand obtained from the drum
test method (proposed new method) is not sgnificantly different from the value obtained from tests with
the cone (currently used) method. The sand cone method is believed to work best with natural sands
and, therefore, it is encouraging to see that both methods give smilar test results (Table 4, Figure 11).
The water absorption vaues of crushed fine aggregates (Table 3, Figure 9) are generally lower in case
of sand cone method compared to drum method. This obvioudy results from over drying of the
crushed, angular fine aggregates to cause the dump. The resulting bulk specific gravity vaues are,

therefore, higher in case of sand cone method compared to drum method (Table 4, Figure 11).
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Table 2. Time versus peak humidity and pesk temperature gradient data (second prototype test
equipment)
Fine Sample  Peak Peak ) Between Two  Pesk Time Peak ) Between
Aggregate Time Humidity — Successive Versus Temperature  Two
Versus (percent)  Humidity Temperature  Difference Successive
Humidity Readings After  Difference (EO Temperature
(minutes) Peak (-ve (minutes) Readings
indicates drop), After Peak
% (EC)
Granite 1 10.0 54 -1-2 11.0 20.7 Test Stopped
2 85 57 -1-1 80 193 -0.3,01
3 95 52 -1,-2 95 20.1 -0.1,-0.55
4 9.0 54 -1-1 10.0 20.2 Test Stopped
5 95 4 -2-2 95 209 -0.2,-0.2
6 85 52 -1-1 7.0 20.8 -0.30.1
7 9.0 53 -2,-2 9.0 20.2 -0.2,-0.1
8 95 53 -1,-2 95 218 -0.55,-0.9
9 85 53 -1-1 85 20.7 -0.2,01
10 9.5 54 -1,-2 9.0 20.3 -0.1,0.1
Shorter 1 115 52 -1,-2 115 20.1 -04,-0.1
Sand 2 130 50 -1-3 14.0 204 Test Stopped
(Natural) 3 1 50 -1,-2 11 20.1 030
4 125 52 -1-1 135 201 Test Stopped
5 120 51 -1-1 130 20.3 Test Stopped
6 125 51 -1-1 120 20.2 -04,0
7 11.0 49 -1-1 120 188 Test Stopped
8 130 53 -1-1 140 20.3 Test Stopped
9 110 52 -1-1 115 20.0 -0.2
10 12.0 52 -1-1 13.0 20.8 Test Stopped
Sandstone 1 100 49 -3 105 195 Test Stopped
2 85 49 -1,-2 75 182 -04,-0.1
3 6.0 47 -10 6.0 185 -05,0.1
4 80 48 -1-1 80 179 -0.7,-0.1
5 75 51 -1,-2 80 191 -0.6,0.3
6 70 50 -10 6.5 188 -0.2-01
7 70 54 -10 6.5 186 -0.3-0.1
8 80 51 -1-1 85 169 -0.6
9 75 51 -1-1 85 17.6 Test Stopped
10 75 53 -1,-2 6.5 184 -0.5,0.2
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Table 2. Time versus peak humidity and pesk temperature gradient data (second prototype test
equipment) (continued)

Fine Sample  Peak Peak ) Between Two  Pesk Time Peak ) Between
Aggregate Time Humidity — Successive Versus Temperature  Two
Versus (percent)  Humidity Temperature  Difference Successive
Humidity Readings After  Difference (EO Temperature
(minutes) Peak (-ve (minutes) Readings
indicates drop), After Peak
% (EC)
Diabase 1 85 49 -2,-2 75 208 -0.55,-0.6
2 75 47 -2,-3 75 192 -03-0.1
3 75 49 -1,-2 75 20.1 -05,0.1
4 70 50 -1,-2 6.0 203 -01,-14
5 7.0 51 -2,-4 55 20.7 -0.3-0.1
Dolomite 1 10.0 4 -1-1 105 205 -0.6
2 95 53 -1-1 105 202 Test Stopped
3 9.0 53 -1,-2 100 211 Test Stopped
4 85 52 -1,-1 80 204 -0504
5 8.5 52 -1,-1 7.5 20.2 -0.1,-0.5
Limestone 1 95 57 -1-1 75 20.3 0.2-01
2 9.0 56 -1-1 75 195 -0.7,0
3 105 56 -1-3 9.0 196 -01,-01
4 110 55 -1,-2 85 185 -0.3-0.2
5 7.5 53 -1,-1 7.5 20.7 -0.8,0.5
Quartz 1 80 4 -1,-1 85 209 -0.55
Sand 2 70 56 -1-1 80 204 Test Stopped
3 70 53 -1-1 75 197 -02
4 6.0 53 -1,-1 55 196 -01,-05
5 7.5 53 -1,-2 8.0 21.3 -0.6

Tables 3 and 4 d =0 give the fine aggregate angularity (FAA) vaues for the seven fine
aggregates used. It isinteresting to note that the average water absorption and bulk specific gravity
va ues obtained from both methods are not sgnificantly different for three fine aggregates (shorter sand,
limestone, and quartz sand) with FAA vaues of 46.0 or less. The differences are sgnificant for the
remaining four fine aggregates with FAA vaues of more than 49. Higher FAA vauesindicate more
angular and rough textured aggregate. Therefore, the gpparent bulk specific gravity values obtained by

the sand cone method for aggregates with high
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Table 3. Comparison of absorption data (second prototype test equipment)
Shorter Sand Granite Limestone Fine Agg #2 FineAgg #4 Fine Agg #5 Fine Agg #9
Sample (46.0)* Screenings Screenings Quartz Sand Sandstone Dolomite Diabase
Number (49.3)* (45.8)* (42.6)* (49.7)* (50.3)* (50.2)*

Cone Drum Cone Drum Cone Drum Cone Drum Cone Drum Cone Drum Cone Drum

1 046 060 058 076 077 080 320 220 133 181 062 110 121 155
2 052 032 042 100 068 074 273 269 144 172 068 105 127 156
3 048 040 052 115 070 0.75 3.02 260 138 184 064 09 115 159
4 038 054 064 093 070 062 28 327 136 162 072 112 140 164
5 036 048 040 118 083 083 279 249 145 124 068 132 115 147
6 038 050 062 0.99 156 170
7 040 042 056 084 148 149
8 038 046 058 115 158 171
9 042 036 056 0.88 123 192
10 026 056 064 0.96 15 1.70

Average 040 046 055 098 074 075 292 265 144 168 067 111 124 156

Std. 0.07 0.09 008 014 0.06 0.08 019 0.39 0.11 0.19 0.04 0.14 0.10 0.06
Dev.

* Thevauesin parentheses are fine aggregate angularity (FAA) vaues in accordance with AASHTO T304, Method A.
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Table 4. Comparison of specific gravity data (second prototype test equipment)
Shorter Granite Limestone Fine Agg #2 Fine Agg #4 Fine Agg #5 Fine Agg #9
Sample Sand Screenings Screenings Quartz Sand Sandstone Dolomite Diabase
Number (46.0)* (49.3)* (45.8)* (42.6)* (49.7)* (50.3)* (50.1)*

Cone Drum Cone Drum Cone Drum Cone Drum Cone Drum Cone Drum Cone  Drum

1 2608 2607 2661 2645 2692 2691 2428 2484 2691 2668 2809 2693 2895 2861
2 2607 2600 2668 2629 2694 2694 2429 2455 2688 2672 2783 2705 2.892 2.860
3 2623 2608 2663 2618 2694 2694 2446 2461 2689 2667 2800 2728 2891 2.857
4 2.62 2617 2653 2633 2701 2699 2444 2421 2691 2677 2785 2688 2874 2.852
5 2614 2605 2668 2616 2690 2690 2461 2467 2678 2694 2798 2641 2907 2.869
6 2612 2612 2652 2.629 2682 2673
7 2607 2613 2666 2.640 2.683 2.683
8 2624 2602 2654 2618 2681 2673
9 2615 2597 2661 2637 2692 2.664
10 2600 2620 2651 2631 2.675 2673

Average 2613 2608 2659 2630 2694 2694 2446 2458 2685 2674 2795 2691 2891 2.860

Std. 0.007 0.007 0.006 0.009 0.004 0.003 00136 0.023 0.006 0.008 0.010 0.0320 0.011 0.006
Dev.

* Thevauesin parentheses are fine aggregate angularity (FAA) vaues in accordance with AASHTO T304, Method A.
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Figure 9. Comparison of average water absorption data (second prototype test equipment)
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Figure 10. Comparison of standard deviation of water absorption data (second prototype test
equipment)
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Figure 11. Comparison of average bulk specific gravity (second prototype test equipment)
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Figure 12. Comparison of standard deviation of bulk specific gravity (second prototype test
equipment)
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FAA vaues may not be the true or actud bulk specific gravity vaues.

However, the standard deviation vaues from the drum method are dightly greeter than the
standard deviation vaues from the cone test method in case of four out of seven aggregates (Table 4,
Figure 11). This can probably be attributed to the fact that the stopping of the test at the SSD condition
is done manualy, and the time taken to observe the humidity data, stop the test, and transport the
materid for testing can cause sgnificant variation in the subsequent testing. An ideal approach would to
be to automate the test completely, so that the drum stops automatically once the SSD condition is
reached.

It is proposed to build a third prototype equipment to accomplish the following:

1. Prevent the screen from blinding so thet the entire fine aggregate (retained on 75 um sieve) can
be tested. One suggestion isto increase the surface area of the screen by using a spherical
screen.

2. Automate the equipment so that it shuts down when the SSD condition is reached.

3. Enhance the capability of the personal computer aready in use to automate the data acquisition

system.

Equipment manufacturers were invited to build the commercid verson of the NCAT’s SSD
device reported in this paper, which will be evaluated by NCAT. If the commercid verson hasthe
cgpacity of continuoudy monitoring the mass of the fine aggregate while it is drying in the drum, the
sample does not have to be taken out of the drum for weighing when it reaches the SSD condition. The

drying can then continue until the sample is completely dry to obtain its dry mass while in the drum. The
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difference between the SSD mass and the dry mass is the water absorption of the fine aggregate. The
gpparent pecific gravity of the aggregate, which does not involve the SSD condition and is reasonably
reproducible, can be measured in a separate test. The bulk specific gravity of the fine aggregate can be

caculated by aformulausing its percent water absorption, obtained in the NCAT SSD device and its

gpparent specific gravity.

CONCLUSIONSAND RECOMMENDATIONS

It has been demongtrated that the concept of monitoring the temperature gradient of incoming
and outgoing arr or rlative humidity of the outgoing air, while a sample of wet fine aggregateisdried in
arotating drum, can be used to establish the saturated surface dry (SSD) condition of the fine
aggregate. The humidity of the outgoing air gppears to establish the SSD condition more digtinctly than
the temperature gradient.

The second prototype device built by the Nationd Center for Asphat Technology (NCAT)
surmounted many problems encountered in the first prototype device. However, blinding of the screen
as soon as the SSD condition is achieved still remains to be a problem. Also, the device needsto be
automated further so that it shuts down as soon as the criteriafor the SSD condition is met. Thiswill
enhance the repeatability and reproducibility of thetest. A third prototype device, therefore, needs to
be congtructed and evaluated as soon as possible. If the device has the capacity of continuoudy
monitoring the mass of fine aggregate whileiit is drying in the drum, the sample does not have to be

taken out of the drum for weighing when it reaches the SSD condition.
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