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ABSTRACT
A recent investipgation conducted by the Bituminous Concrete
Section of the Materials Division has vesulted in a more accurate

ocedure for recovering asphalt cement from asphaltic test mix-

tures. This procedure will insure more meaningful Harshall

Method design results in the future,
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INTRODUCTION

) ¥

ne primary design method for Bituminous Concrete Mixtures

1

used by the Vermont Department of Highways is the Marshall Method.
Zmploying this method requires the design and examination of

various types of bituwminous concrete trial mixtures at the

T T

Department's Materials Laboratory. The equipment used in

the Laboratory to produce these mixtures is similar in theory

to the apparatus used in the field at an actual hot mix plant.
The Laboratory mixing device is a 12 quart capacity electric
T

mixer (Fig. 1) and the asphalt cement used is heated electrically

and added to the aggregate through a single nozzle (Fig. 2). The

9

y

2000 - 4000 gram test batches produced in the laboratory are in
consistency, temperature, and substance, the same as the one to six
ton batches produced by contractor's full sized plants in the field.
4n important function of this method is the addition and recovery
of & known amount of asphalt cement. This function has not been

consistent in the

gl

ast due to various difficulties encountered
during the mixing process.
Because of the many variables incolved in weighing, mixiﬁg,
and extracting the asphalt cement, this veport outlines the numer-
cus procedures involving these steps that were used until the
nargin of error was reduced to an acceptable level. The deviation
butween the amount of asphalt added and recovered had previously varied

from 0.0% to approximately 0.5%, which in a 4000 gram batch would be from

[N
1]

ero to 20 grams. It has been shown that a lower deviation can be achiev-

ed by using a specific sampling procedure.
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“he Iivst avea checked for possible error was the extraction process. A

known amount of Ottawa sand and known awounts of asphalt cement were put unmixed

into a large extractor bowl and extracted. This partiec

o

lar procedure was carried
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&)
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out four times. For ¢ ivst test (A) the asphalt cement added to the Ottawa

cand was 4.8%, after the extraction (Aa) 4.9% asphalt was recovered. In the
second sawple (B) the asphalt cement added was 5.4%, after beinyg extracted
(bL) S.4% was recovered. Tor the third test (C) the asphalt cement added was

Ny

7.9%, after being extracted (Ce) 8.0% was obtained. For the last te
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;) 8.3% asphalt cement was added, and after being extracted (Dd) 8.3% asphalt

was obtained. From these tests the average deviation® was .05% indicating th

process is not the primary source of error.

ton as relerenced to here is the amount of digcrepancy between the per-

added to create.the test mixture and the amount recov-

The following refers to Table 1I1: )
fu Step 2 there were two tests that were performed. Kaown quantities of

O
D

ment were put iato the electric mixer and mixed for one
ot vy b Too size 0" scoons e e matrerial sra 1 s . Bist o ane
minute. Two size scoops ol this material were vemoved from the mixing ap

1

paratus cud pul inco a small extractor bowl and extracted. Tn test
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wiz and only 4.6% (Le) was recovered.

sand and 4.3% (FI) was vecovered. The resulis were not

eviation was 0.43% or 4.3 grams in a 1000 gram sample.
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Uocowment anc vitawa sand were put in the mixing
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ng wasuvashed clean with wwlol. Care was taken to put all of the mixture

equipment) into the small extractor bowls

o ted. In thils step a total of five tests wervre performed. In tests
(G) and () six zrams were unaccounted for in the vecovery of a 2000 gram
. -~ . 1 PSRN 11 N
loss of six in both tests (6) and (I were never accounted

v, the balance was checked and zeroed, everything was reweighe

[&]
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and three wmore tests were processed. The average deviation for the next three

testes was 0.02% which was vevy satisfactory. With test (I) the same amounts

of send and asphalt as were used in tests {G) and (H) the amount recovered was
tha In test (J) the sand recovered was the same amount as was

D

starcted with but the asphalt content had increasged from 7.25% actual asphalt

N

content to /.32%. In test {(K) the results were very good with 8.09% asphalt

sl romauered
ana recovereda,

The following refers to Table IV: ’

For the next phase of the experiment specific‘quantities of bank run sand
and cement were placed in the mixer and mixed for one wminute. As in
Step 3, all implements and apparatus were washed clean. Again, all the mixture

wag extracted. In test (L) 6.09% asphalt was asked for and (L1) $.09% asphalt

was recovered. In test () 800% asphalt was added and (mm) 8.14% was recovered.

© s

deviation was 0.07% which is acceptable. It is mentioned at this

3

was overloaded when the bowl and ingredients were weighed together. A new

will have the capacity and accuracy to do
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the deviation may be attributed 2t some times to the fact that the balance
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in known quantities with a known amount

from the mixing bowl and placed on

taken from opposite sides of the circular

.

step 8.00% asphalt (N) was designed with 7.4%%

<,

{In; vecovered. The deviation was -056% which 1s unacceptable, so no more samples were
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lowing refers to Table VI

Newt, 8.00% asphalt (0) was added to the bank run sand. The sand and asphalt

<

cement were then combined in the electric mixer. After mixing for cne winute, the

sides of the bowl were scrapped when the mixture was stlll hot. After being scraped
: the bowl was inverted and slammed agaiunst the sampling board t i 8 much of
,g‘ > bowl was nd slammed agailunst the sampling boar o remove as much of
Scoops were then taken from opposite sides of the cir-

n a small extraction bowl. The asphalt cement was

was recovered. ILan test (P) 8.02% asphalt was added

For the last test (Q) in Step 6, 8.00% asphalt
was added and £.0% (Qq) was vecovered. The average deviation in this case was 0.11%

which in & 1000 gram sample would equal 1.1 grams. This is an acceptable figure.

The following refers to Tables VII A,B and C: .

in testing the materiais used were asphalt cement and some kind of
sand. Tor the next phase of experimentation differvent sizes of aggregates were graded.

ned and blended to create an actual sample of Bituminous Concrete as
it is used on Vevmoat Highways. The types of mixes made were Types IL, TII1 and 1V.
o &

For Type LI wix, which contains agcregate of 3/4" maximum size, aggregates were

nY [ S

ives were designed with 5.0%, 5.5% and 6.0% asphalt and batch weights
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same procedure was followed fov Types I1I (4" maximum size aggregate) and

(3/8" maximum size aggresate) with three 4i

ferent percentages of asphalt cement

P
-

Staep 6 was the metnod that was used in

For Type LT with 5.0% (B-1) asctual asphalt content called for, 5.1%
B=2 and B-3 were discredited aftrer it was found out that

the mixiag bowl after being used on B~1 was not rewelghed, giving us unpredictable

cesulte.  Tast Z-4 and B-5 were then run with 6.0% and 5.5% actual asphalt respective-
ly. The recovered results were 6.0% and 5.4% thus giving an acceptable average de-

e acutal asphalt content for Type IIL was 6.0%, 6.5% and 7.0% and&.1%, 6. 5%

and &. 8% respectively were recovered giving an acceptable average deviation of 0.10%

o BT « ~ s

In Tyve IV, 6.5%, 7.0% and 7.5% asphalt were asked for and &.4%, 8% and 7.1%
asphalt was recovered. The average deviation was .2%, which is unacceptable. Re-
alizing that the 6.4% was only a 0.1% deviation and the other two tests were outside

ided that new Type IV mix with another source of aggre=

x...

this deviation, it was dec

jo
o

3 .

gate should be tested (another source of aggregate only because the original aggregate

was vsed up in the preceeding steps). The asphalt content of 6.5%, 7.0% and 7.5%

o

asked for aad 6.5%, 7.0% and 7.06% were recovered, the average deviation

e
a3}
jaid
o]
o
o

the three testes was 0.03% which

Some flwmportant steps in the test mixwing procedure that should be mentioned

,._.x

are heating of the miwing bowl, paddle, and sampling scoops. These implements are

e test batch to help maintain



T T T S S I S e O R, o
pralt cemsnt 1s added to the miwing bowl containing the pre-

is dona 80 while the bowl containing the

direct welghing of the aggre-

o

sate, wowl, aud asphalt. In previous experiments, test batches using &
separate contalner to measure out specific amounts of asphali cement was not

considered accurate enough. The reason was that some of the asphalt remained

sides and bottom of the container it was emptied into the mixing

a result, the exact percentage of Ac that was desired was not beins
lntroduced. 2y using the new procedure the margin of error involved in adding

ount of asphalt to the test batches, is practically eliminated.




COMNCLUSION

4fter completing all seven steps in the recovery procedure,
it was felt that the most efficient and accurate method used was
iu steps nuwber six and seven. Here the mixing bowl is scraped
and slammed foreibly on the sampling board after which two scoops
are taken from opposite sides of the pile of hot mix just emptied

‘he average deviation from the desired value for

1

method also takes the least amount of time without sacrificing
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