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INTRODUCTION

During the processing of mineral aggregates for use in asphalt
concrete, dust size particles are generated, mostly from drying
operations. In and around large metropolitan areas, the use of
bag houses as an effective means of minimizing air pollution
assoclated with this production of hot asphaltic mixtures 1is
rapidly becoming commonplace. The disposal of dust collected
by thls system, however, has created a problem. It was proposed
to reintroduce this material into the mix as an inert filler.
This dust is exceedingly fine - in most cases finer than that
permitted by Callfornia's current specification for filller dust
(L). Because excessive amounts of very fine materlal such as
filler dust have been known to cause an AC mixture to become
"eritical (very sensitive to a slight increase in asphalt),
field personnel have been apprehensive about permitting the
return of the bag house dust to the mixtures. The Contractor
argues, however, that the dust is part of the natural aggregate
and, thus, that he should be permitted to use it in the mixture,
as a disposal problem will occur if the bag house dust cannot be
returned to the mix. Testing was therefore needed to determine
the effect of various amounts of different bag house dust on
asphalt concrete.

CONCLUSIONS

The following conclusions have been formulated based upon the
results of this study:

1. The surface area of bag house dust will generally range
between 800 and 1200 sq f£t/1b. '

www . fastio.com

———


http://www.fastio.com/

2l ‘Use of 1imited amounts of bag house dust wili have no signi~
flcant adverse affect on Caltrans' Types A and B asphalt concrete
under the following conditions: '

a. If the aggregate contalns no mope than 2.0% bag house
dust (when the surface area of the dust does not exceed
1200 sq ft/1b, as determined by Test Method No. Calif. 340).

b. If the total amount of passing No. 200, including bag
house dust, does not exceed limits in the January 1975
Standard Specifications for Types A and B asphalt conerete.
¢.- If the optimum asphalt content determined in the
Laboratory (Test Method No. Calif. 367) is not exceeded.

RECOMﬁENTATIONS AND TMPLEMENTATION

1. It is recommendéd-that asphalt concrete plants equipped
with bag houses be permitted to add as much as 2.0% bag house
dust, by dry wt of aggregate, to the asphalt concrete when the
following conditionsiare met:

a. The dust 1s added by accurate measurement.

b.  The dust ig:placed Into either the weigh box or pug
mill to assure uniformity of distribution within the mix.

c. The dust is submitted along with the other mineral
aggregate from the bins for AC design. (An amount equliva-
lent to that to be added by the Contractor should be used
for mix design purposes.)
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2. Prior to the addition of bag house dust to any asphalt

concrete at the plant, laboratory testing of the mix Including
bag house dust should be completed.

3. The surface area requirement should be ellminated for
filler dusts in order to permit consideration of bag house
dust as a filler. When the passing No. 200 fraction of an
aggregate grading is "O", then an amount of filler (bag house
dust ete.) equlvalent to a maximum of 3.0% may be permitted.

DISCUSSION

A, Genefal

Bag houses are typlcally large metal rectangular enclosures (see
Figures 1 and 2) that house two or three hundred cloth bags. Each
bag is approximately 8 inches in diameter and 6 to 10 feet long.
Dirty air moving through the enclosure 1s filtered as 1t moves
among and through the walls of the suspended bags with the dust
collecting on the bag fabric. The bags are cleaned by alr pulses
which remove the dust and permit it to fall to the bottom of the
bag house from where 1t 1s transported from the bag house to a
plant or storage silo. Although there are many manufacturers

of bag houses, the principles of operation are essentially the
same.,

The use of bag houses i1s rapidly‘becoming commonplace, especlally
in large metropolitan areas, Also, discussions wlth plant opera-
tors have revealed that approximétely 1.5 to 2.0% of the aggregate
processed 1is collected as dust in the bag house. As a consequence,
finding methods of disposing of the collected dust 1s becoming

a problem unless it can be used in the mix., Most all owners of
"bag houses" are now returning the dust to the mix; hOWever; their
methods of returning it, such as the location of the return and
the quantlty returned, vary conslderably.

www . fastio.com
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J In January 1974, a telephone survey of the City of Los Angeles,
E the County of Los Angeles, and Dlstricts 03 and 04 of the Depart-
| ment of Transportation revealed the followlng:

The City of Los Angeles owns and operates two plants of their

own and controels ali operations very accurately. Mr. George
Snelling, Staff Engineer of the Bureau of Structural Maintenance
of the City of Los Angeles, stated that bag house dust was being
put back into the mixture as a requirement. Approximately 1.0

to 1.5% was belng returned to the mixture using a screw conveyor
system. It was returned directly to the welgh hopper. He stated
that the City of Los Angeles did not permlt the dust to be inftro-
duced at the hot elevator and that commercial plants in the

general area were also processing thelir bag house dust in a
similar manner.

Mr. Lillich, Materials Engineer of Los Angeles County, commented
that the County was returning about 2.0% dust and in the same
manner as indicated by the City of Los Angeles (a screw metering
system to place the dust into the welgh hopper).

Mr. Stan Bruzza of Caltrans District O4 in San Francisco come
mented that bag house dust in hils area was not as closely
monitored. Amounts ranging from 1.0 to 2.5% were being returned
to the mix and more frequently than not at the hot elevator.

As a result, on some projects "fat" spots were appearing in the
roadway, apparently caused by excess dust in an occaslonal batch.
In the Sacramento area (District 03), introducing bag house dust
back into the "hot" elevator has also produced mlxtures similar
to those encountered in District 04,

Although the original intent of this study was to measure the
effect of all the filler dusts submitted on asphalt concrete
containing both rounded and angular aggregates with both 3/4"

ClihPDF - www .fastio.com
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“and 1/2" maximum size aggregate, the cost became prohibitive.
Therefore, only six samples (Table 1) of bag house dust were
tested using only the 1/2" maximum size aggregate. However,
‘both the rounded and-angular aggregate were included. AR 2000
and AR 4000 paving gfade asphalts from both Douglas 0il and the
Golden Bear 0Oil Company were used for the study. The dusts
selected for study included samples of the finest and coarsest
gradings from those submitted.

Information received:frcm some projects in the San Francisco Bay
"Area and around Sacramento indicated that the surface flushing
and 1nstabllity that were occurring may have been caused by
excessive amounts offbag house dust. In each case, investiga-
tion revealed that the dust was being returned to the "hot"
elevator of the planﬁ. This method of introducing bag house
dust back into thefaggregate apparently was causing inconsis-
tencles in the mix. 'On the other hand, no problems involving
flushing or instability were belng reported when the dust was
being metered into the mix at the pug mill. Thus, it was
decided that this st@dy Wculd include a determination of the
effect on optimum asphalt content when bag house dust was added
to a "dust-free" mixture. However, the results of this testing
(Table 2) indicated that the difference in asphalt demand due

to bag house dust wasfnot significant when 2% dust was added so
the asphalt content used to Subsequently study the effect of bag
house dust was confincd to the optimum asphalt content for a mix
without bag house duét; In other words, no adjustment in asphalt
content was made to compensate for the addition of the dust. In

reality, this is what actually 1s taking place during production
at the present time.’
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B. Analysis of Test Data

Dust Analysis

The six samples of dust selected for this study varled somewhat
In the chemical and physical makedp (Table 3). All the samples,
however, contalned 20 to 40% quartz and 10 to 25% plagloclase.
The specific gravities of the dusts ranged from 2.62 to 2.69.
The flneness, as defined by Test Method No. Calif. 340, ranged
from 450 to 1180 square feet per pound.

Stablilometer Value

The stabilometer wvalue used was determined per Test Method No.
Calif. 366. Stabllity, as used here, is the abllity to resist
plastic deformation under a vertlcal load. The Calilfornia
stabllometer test 1s performed on a test speclmen compacted with
a Kneading Compactor (Test Method No. Calif. 304). . The specimen
is heated to 140°F prior to testing to minimize the effect of
coheslon on the resistance to deformation exhlbited by the mix.

‘Thus, the stabllometer value is primarily a measure of the inter—

particle friection of the aggregate. This measure of frictional
resistance can be Influenced by the amount of asphalt used in the
mix, the particle shape of the aggregate, the aggregate gradation
and, in many Instances, by the fineness of the passing No. 200
fraction of the aggregate. In this study, the fineness of this
fraction (-#200) was the prime variable under consideration.

Previous experience with both the fineness of the passing No,
200 fractlon and the amount used In the mixture, relative to
the maximum size aggregate, has indicated that either or both
may affect the stabilometer values and/or the asphalt demand
for an otherwise well-designed mixture.
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Generally,'but not in all instances, extremely fine material
added to an asphaltic mixture as a filler to correct a deficiency
in the aggregate gradation has requlred a reduction in the asphalt
content to prevent a loss of stabllity or a bleeding pavement.
Although the surface area in the overall gradatlion increases
with the addition of filler, the filler is so fine that it com-
bines with and acts like the asphalt binder and ilncreases the
volume of "asphalt" in the mix. In many cases, the amount of
asphalt used must be reduced to maintain the integrity of the
mix. A maximum specification for fineness, as defined by Test
Method No. Calif. 340, is designated in Californla's 1975
Standard Specifications to minimize the adverse effect of filler
material. Bag house dust, however, 1s generally much finer

than the specifiéd limlits for filler dust. When a quantity

! equivalent to 2.0% by weight was added to gradations that were

[ deslgned with and without sufflclent minus No. 200, very little
i effect on stabllity was noted until the total minus No. 200
reached 8.0% (with relationshlp to the 1/2" max. size gradation,
Table 4). There were indlcatlons, with both angular aggregate
and rounded aggregate, that immersion compresslon values began
to drop with an increase in the resilient modulus (Table 5).
This reflectibn, however, appears to be associated with asphalt
source and thus 1is not consldered a significant observation
relative to the behavior of bag house dust.

Also, as was expected, stablilometer values In general were lower
for the rounded aggregate than for the angular aggregate (Table
5 B-G and 6 B=E). This 18 a reflection of the interparticle
frietion which is reduced with rounded partlcles. In several
instances, however, it was noted that the stabllometer value
slightly increased when 2.0% bag house dust was added., Thils
phenomena was attributed to a slight influence of cohesion.

As stated earlier, coheslon 1s minimized in the stabilometer

11
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“test by testing at2140°F; however, it is not completely elimin-~
ated. Thus, factors influencing coheslon will also reflect
slightly in the stabilometer test and will be most evident in
materials of a rounded nature.

In summafy,‘it appears that with the addition of 2.0% dust very
little effect on stability will be noticed, if the total passing
No. 200, including the dust, is kept within the tolerances
provided for the varlous aggregate gradings listed in the 1975
Californis Standard Specifications (Tables 7 and 8).

Cohesiometer Value

The coheslometer value reflects, to some degree, a measure of

the tensile strength of an asphaltic mixture. While a value

has never been agreed upon for classifying an asphaltic mixture

as good or poor relative to roadway performance, it is generally
agreed that values of 50 or less indicate a friable mixture,
highly susceptible'fo surface raveling. However, for most any
gradation utilizing“paving grades of asphalt (AR 2000 to AR 16000),
cohesion values of 100 to 300 are easily obtalnable in the
laboratory after 15 hours of curing at 140°F,

Cohesion 1s influenced by the viscoslty of asphalt, the amount

of asphalt, the aggregate total surface area (a function of
gradation), test témperature, and rate of loading. In thils study,
the objJectlve was to measure the influence of the addition of
2.0% bag house dust of varying fineness, It appeared that the
additlon of the dust to the mixes beilng tested had no detrimental
effect on cohesion; in fact, the cohesion was improved in most
cases wlth the finer dust (Flgures 3, 4, 5, and 6). This tends
to substantiate the theory previously dilscussed that extremely
fine maéerials tend to combine with the asphalt, increase its
volume and apparent vlscoslty and thus act somewhat as an asphalt
extender. ‘
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6.0% # 200 = 4% NATURAL + 2% BAGHOUSE DUST

ANGULAR AGGREGATE
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6.0% # 200 = 4% NATURAL + 2% BAGHOUSE DUST

ANGULAR AGGREGATE
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In summary, the additon of 2.0% bag house dust with a glven
asphalt content is beneficial from the standpoint of cohesion.

Optimum Asphalt Content

The optimum asphalt content for an asphaltic mixture is deter- _
mined in accordance with Test Method No., Calif. 367. The method
involves considerations of stabilometer value, void content, and
visual observation for surface flushing of a laboratory-compacted
test specimen using the kneading compactor. .

Due to the limited avallabllity of personnel and funds, only a
limited number of test "sets" were prepared (Table 2) and only
the finer size dust samples were used, wlth 2.0% added to a
gradation consisting of 4,0% natural -200 material.

As was expected, the optimum asphalt content was significantly
less for the rounded aggregate (1 0%) than the angular, and
there was also a slight difference between grades of asphalt.
(The AR-2000 required about 0.3% less asphalt than the AR-1000.)
However, there appeared to be no significant change in asphalt
"demand" between gradations consisting of 4.0% or 6.0% =200
natural or a- combination of 4.0% natural -200 and 2. 0% bag house
dust. Because the gradation dld not appear to affect the optimum
asphalt content greatly (Figure 7), an average of 4.8% and 5. 7%
asphalt (by dry weilght of the aggregate) was used wlth the '
rounded aggregate and the angnlar‘aggregate, respectively.
Accuracy at a plant 1s generally accepted to be within + 0. 27

of the desired asphalt percentage. Thus, the influence of bag
house dust on asphalt demand appeared to be within normal plant
variation. o | e
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Speeific Gravity

The addition of 2.0% bag house dust, regardless of fineness,

had no significant effect on the specifilc gravity of the asphalt
concrete. - However, the addition of 4.0% dust did increase the
density and thus the specific gravity. (An increase in cohesion
and decrease in stability were also noted.) Due to the fact
that the addition of 4.0% dust increased the amount passing the
#200 sieve to 8.0%, which exceeded grading limits for this
gradation, only token testing was completed. Reducing the
amount of passing #200 natural material sufficlently to permit
the use of 4.0% bag house dust was not considered to be a
practical way to increase the use of bag house dust.

Surface Abrasion -Test

The surface abrasion test (Test Method No. Calif., 360) involves
bouncing small. rubber or steel balls on the surface of a com-
pacted test specimen (compacted with a double plunger and static
load) to measure surface abrasion. High surface abrasion loss
is a condition indicative of mixtures with film stripping
tendencies, deficlencies in asphalt, or, in the case of mixtures
subjected to tire chains, a possible lack of compaction.' '
Mixtures tested wilth rubber balls havé been given a tentative
maximum loss of 15 grams and for those abraded with steel balls,
a maximunm loss of 35 grams has been set. The addition of bag
nouse dust did not significantly affect the abrasion loss;
however, the asphalt source did show a significant effect

(see Tables 5 and 6).
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" The Resilient .‘Médaj..ﬁfhsp---(-MH)." Co e

This 1s a relatively new test and is sttll under study. Its
values are yet to be related to field performance; however,
1t 1s expected that a correlation with fatligue, and thus dur-
abillty, may soon be established. This modulus 1S & measure
of the capacity of the material to absorb energy without
being permanently deformed. - As was noted‘with the surface
abraslon test, the amount and'fineness.of the bag house dust
did not significantly affect the resilient modulus of the
asphalt concrete. fhe grade and source of asphalt did,
however, influence this characteristic (see Tables 5 and 6).

~

The Immersion Compréssion Test

Although not a test commonly used In Califeornia, the Immersion
Compression test was indluded for general information. ASTM '
Test Procedure Nos. D=1074 and D-1075 were followed, Test
results indicate that the addition of 2.0% bag house dust had
little or no influence; however, the values dropped conslderably
when . 4,0% dust was gsed.“

é. Summary

There appears'todbe very llttle efféct on an asphaltlie mixture if
2,0% bag house dust is added to an asphalt conecrete mix providing
the maximum amount- passing the No. 200 sleve, including the added
bag house dust, does not exceed the limlts established in the
1975 Standard Speciflcations.

Limited funds prohibited extensive addltilonal testing; however,
there were indications that the addlition of 4.0% bag house dust
may adversely influence some of the propertles of an asphaltic
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mixture. It appears from fleld 1ﬁformation that thils much dust
is generally not accumulated ih the normal operation of asphalt_
concrete plants., Fleld reports of occasional problems such as
flushing, bleeding and ihstability in conjunction with the test
results reported herein Justify fhe following conclusions
regarding the use of bag house dust:

1. No more than 2.0% bag housé dust should be added to an
asphalt concrete mixture contalning 1.0% or more ~200 material.

2. The addition of no more than 3.0% bag house dust should be
permitted 1f the -200 fraction of the aggregate before addition
1s equal to "Ov.

3. Under no clrcumstances should the use of bag house dust be .
permitted 1f the flnal gradation, ineluding the dust, would exceéd
the limits on the passing No. 200 sieve.

T A method of uniformly and accurately adding the dust should "
be used at the plant. Adding the dust at the hot elevator should
not be permltted. ' :

The ultimate declsion on the permissible amount of dust to use
Will necessarlly have to be based upon the results of tests with
the aggregate in queStion. Very little effect was noted due to
the addition of 2.0% dust with any of the aggregate or asphalt
combinations studied. These combinations represent only,é small
percentage of the asphalts énd aggregates used in state WOrk;
With the addltlon of 4.0% some problems related to stability

and other properties were noticed (erratic test results). It
would appear that, as a rule of thumb, the addition of 2.0%

bag house dust may be consildered safe in most cases; however,

a design verification in the Lab with the proposed dust should
be performed,
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Although some bag house dusts may be utilized without apparently
damaging the mix, the amount used should be closely monitored.
As indicated by the 1ab work reported herein, the addition of
dust equivalent to 4.0% begins to have an adverse effect on

the mixture; thlis,"addihg dust indiscriminately may result 1in
quantities exceedling H.b% occasionally and will most 1ikely
cause problems. The practlce of adding the dust at the hot
elevator results in variable amounts entering the mix. This
sometimes results in poor roadway performance; thus, this
construction practice should be avolded.
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