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1.

INTRODUCTION

As highways became one of the most importent means of transportation
in the daily life of humen beings, the construction and mmintenance of
road surfacing received gmter attention from peoples in every cauntry.
The use of asphalt as the cementing agent for road aggregates was started
in 1835 in Paris (1). During the past ecentury, inoressed knowledge about
bituminous materials and thelr mixtures has made the so-called "Black Top®
one of the moat popular road surfacing. There are low-cost, medium-cost,
and high-cost types of asphalt roads to meet different demands. Asphaltic
conerete balongs to the high-cost type which has been extensively used in
recent years for primary roads. The success of asphaltic concrete paving
depends upon the sound engineering design of the mix and the road as &
whole, wise choice of materials na#ded, proper preparation of subgrade and
base course (if there is any), controlled plant operation in producing the
mix, careful delivery, laying, and compaction, etc. Among the above factors,
only the plant control will be discussed in this study.

There are two types of asphalt paving plants in common use, namely the
stationary plant and the traveling plant., They can be further classified,
according to their operation, as contimuous and batch type. In either type,
the aggregate and asphalt may be mixed at low or high temperature. In this
study, most of the discussions will be concentrated upon the statiomary
continuous hot-mix plant only. Since the basie principle in operating
either the continuous or batch plant is the same, primary control methods
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which are good for contimious planis can usually be applied equally well for
bateh plants. This is particularly true .wm the application of "Flant
Stability Test®, the development of which forms the main part of this thesis,

The necessity of a wuick plant atablility test is obvious to most
field enginesrs. According to prevailing practice for asphaliie concrete
plant inspeetion, samples are sent by the inspector to & laborstory, where
it will be reheated, molded, and tested, The Inspector cannot get the
results until one or more days afier the delivery of the sample, In case
- the mix was found to be unsatisfactory by laboratory stability test, it
would be too late for adjustment because a large quantity of mix has already
been produced and laid, Furthermore, the delsyed adjustment based upon the
mix of one day might be improper for the mix of other day since it is almost
impossible to keep everything constant especially in continuocus plants,
If a fairly accurate plant test can be run within 10 mémutes right at the
plant, proper timely adjustment for the mix would not be difficult.

Besides the defects as mentioned in the last parsgraph, there might
be even more seriocus trouble which is likely to be encountered at the plant,
let us inagine what happens in an msphaltic concrete plant if no quick
stability test is available., The plant inspector and his assistant are busy
all day in measuring temperature of mix, running rapid fisld extraction tests,
making sieve analysis of heated aggregates, and watching plant operatora
working properly te bring everything possible within specifications. However,
striet control of the above items cannot slways assure the desired stabllity
of the mix, Pinally all the plant inspector can do is to judge the mlix by
eye and wvait for praise or blame from the paving inspector in charge of
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PLANT OPERATION IN MANUPACTURING ASPHALTIC CONCRETE MIXTURES

Manufacturing of mixtures plays &n important role in the whole pro-
cedure of asphaltic concrete paving., Careful work in delivering, laying,
and compaction will be all in vain if the mixture produced is unsatis-
factory. Bateh plants have been used in mamufacturing asphaltic concrete
mixture for years. Contimious plants were introduced with the purpose
of getting faster and larger production., There are advantages and
disadventages in each type. It will be out of the scope of this study to
compare their values and draw any conclusion. 4s it has been mentioned
in the intreduction, only the continucus hot-mix plant will be reviewed,
Descriptions are wmmau.ﬁnm to the recent model ﬂ&a by Barber-Greene Com-
pany.

Plant operation in producing asphaltic concrete mixtures involves the
feeding of cold aggregate to the dryer, heating and drying of aggregate,
screening and proportioning of heated aggregate, and finally mixing the
heated aggregate with hot asphalt cement. It 1s not intended to give
detailed description regarding plent operation as menufecturers usually
do in their hendbooks. The purpose to include plant operation in this
thesis is just to emphasige the need of & rapid plant stability test. It
will be seen later that, in the mamfacturing of asphaliic conerete mixture,
there are many hard-to-control factors which would influence stability of
the mixture. Unless the plant inspector has some means 1o check the |
ptability right in the plant within & short time, he ls not in a position
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to assure the satisfactoriness of any mix (The term "Mix" will be used
with the same meaning as "Mixture® in all subsequent deseriptions).

In order to facilitate discussions about various parts of a continums
hot-mix plant, a flow diegram and some pictures of an actual plant are
shown in Fig. 1-6, Plant operation will be discussed under four unitas,
namely, cold aggregate feeder, dryer, gradation unit, and mixer,

Cold Aggrogate Feeder

In most asphaltie concrete plants, two aggregates, coarse and fine,
are used as rav material, They are introduced by cold aggregate feeder
to the econtimously moving mechanical system., Mineral filler is usually
added to the system at later stage &s shown in the flow diagram, Sineé
the fuction ai,’ gradation unit is gquite limited, it is impossible to preduce
& uniform mix unless cold aggregates are fed: = properly and uniformly.
Varicus factors affecting uniformity of cold aggregate will be listed, It
is understood that only the factors involved in plant operation are in-
eluded. In other words, aggregates delivered from other places are assumed -
to be uniform in gradation, shape, and quality from time to time and free

from segregation in every car-load or truck-load,

Formation of stockpiles

If aggregetes received at the plant are stockpliled in an incorrect
way, segregation of particles will be the result. Rolling of aggregate
along the edge of a stockpile is one reason for such segregation. It can
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material, Such clogging up of gate opening would cause simlilar results
as previcusly described.

Of course, variation in molsture content of aggregate should be taken
into consideration lin determining the gate setting for cold aggregate
feeder,

Dryer

Dryer is considered to be one of the moat important parts in a hot-
mix plant, The success in plant operation depends largely upon the efficient
work of a patient and careful dryer operator. His negligence may cause
& fluctuation in temperature and dryness of aggregate. Consequently, &
bad mix will be produced. As regards type of dryer, there are single
and dual drum in the ?léific Counter Flow model, A single drum dryer is
shown in Fig. 5. | |

Capacity of dryer

Manufacturers usually furnish some tabular information sbout the
capacity of their dmr.v This information is besed upon specific conditions,
Actually, different aggrsggtsa Enva different properties in regard to ease
of drving and size of aggregate would affect rate of drying too. Therefore,
scetual capacity of dryer should be carefully checked.

One thing that occasionally causes confusion is the tempersture and
dryness of heated aggregate. People might think thet two groups of aggre-
gate heated to & certain temperature, say 300° F, should always have the
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same degree of dryness, This is true when these two groups of aggregate
belong to the same kind and they have the same amount of absorbed molsture.
However, if the absorbed moisture of one group is much higher than that

of the other, they might have different degree of dryness even if both

are heated to the same temperature. This is due to the fact that more

time or better condition is needed to evaporate more absorbed moisture.

For example, heated aggregate at 300° F is satisfactory during dry weather.
In csse the aggregate is satureted with moisture during wet weather, 300°
F might not give good result if the dryer carries the same load, (If dryer
carries same load, the burner has to be adjusted in order to heat the wet
aggregate to 300° F). Remedy for this case is to cut down gate setting
for cold aggregate feeder so as to let each individual particle have more
chance to evaporate the molsture during its passage through the dryer.

Control of burner

Since ‘mal oil is used for the burner In aggregate dryer, either
ordimary~pressure or high-pressure injection burner ocan be adepted, Dryer
operator should constantly wateh the burner. If necessary, he has to make
proper adjustments of the oil and steam valve so as to keep the heated
aggregate at desired tempermture and dryness. Furthermore, complete cbm-
bustion of fuel oil should be maintained otherwise heated aggregate will be
coated with free carbon., This will be discussed under next heading.

In general case, temperature alone 1s good encugh to be used as a
guide for dryer control except some particular instance as pointed ocut under
last heading. A pyrometer is usually adopted to indicate the tempsrature.
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It has %o be checked very often to assure its accuracy and its sctive

end must be loceted at the right plaﬂ in the chute between dryer and
gradation unit, When steam 1s used on the burner, ateam pressure recorded
&t the boiler should be kept constant, A fluctuation of steam pressure

would cause many troubles to the dryer operator.

Since dust from dryer can he used as filler in the final mix, it is
usually collected by specially designed stacks, known as dust ecollector,

Of course, the collector would also help to reduce muisance. Material
collected in the dust collector generslly contains more than 75 per cent
fines passing No. 200 sieve. Sometimes, incomplete combustion of fuel oil
in the dryer would introduce free carbon which will mix with the aggregate,
Such dark-colored sggregate impairs stability of mix. Therefore, dryer
operetor should meke proper adjustment of the burner in order to maintain
complete combustion of oil, This is particularly important st the starting
of plant operation in the morning.

The smount of fines collected in the dust collector varies from time
to time, Moisture content of original aggregate, humidity of atmosphere,
intensity of heating, sﬁnﬁ of air current in the dryer, and condition of
dust collector itself would influence the amount st certain extent, Varia-
tion in the amount of fines collected in dust collector should vecelve par-
ticular attention,
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agricultural lime in which there is usually over 25 per cent fines
passing No, 200 sieve., For instance, three bins are furnished in the
gradation unit, No. 1 bin is used for large-size aggregate, 1 in. to
3/8 in., No. 2 bin for intermsdiate-size, 3/8 in. to No. 8, and No. 3
bin for fines passing No. 8 sieve, At the beginning of operation, every-
thing might be under control. After a while, fine particles, which have
been suspended in air, gradually settle out at all possible places in
Ho, 3 bin. When these settled fines accumnlated to a certain degree,
they flow out in an uncontrollable msnner. The result is elogging up
of bucket elevator and, consequently, shutdown of plant. This defect
can be avoided by an entirely new plant design as regards shape and
position of bins, arrangement of discharging and conveying systenm, ete.
Bui, in eass of exlsting plant, mny pmaible efforta have been proved
as fallure, An indirect measure is to by-pass the fines from dust
collector so as to reduce the amount of fines carried by the fines bin,
Separate conveyor system is established to feed dust collector fines
directly to the elevator beside mixer., This arrangement leads to a new
trouble, The fluctuation in the amount of fines gathered by the dust
collector (refer to the paragraph discussing dust collector) would make

plant operation complicated and more difficult to control.

Control of flow

One of the special tea;urss in continuous plant is the propurtioning
of asphalt and aggregate by volume. Since mix design is always based upon
proportion by weight, the change from weight to volume often introduces
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some uncertainty., This is not too qarima so far as the aséhalt; is
concerned, 4 little change in temperature will cause very small
difference in its specific gravity (more discussions will be given later),
Therefore, & properly designed direct-displacement pump is considered as
satisfactory for the supply of asphalt to the mixer., The pump must be
calibrated with the asphalt which will be used for the mix, In the case
of aggregate, volumetric control always causes confusion., In order to
1llustrate this fact, control shout the flow of heated aggregate will be
described briefly,

Since welighing batches are omitted in contimmous plants, the only
possible control applies to rate of flow, Under each hot storage bin,
there are gates to regulate quantity of aggregate flowed out from bins to
amwﬂr. Aggregates are then transported by bucket elevators to the mixer.
Gate setting for each bin has to be calibrated with the same kind of
aggregate {at the same temperature) that will be used for the job. #n
example of calibration curves for a set of three bins is shown in Fig. 7.
With calibration curves on hand, plant inspector can determine what gate
settings are necessary to meet the requiremenis of a given mix formuls,

It iz seen from calibration eurves that, for any particular gate
aettiag; there is & definite weight of heated aggregate which will flow
through the gate when the reference counter has one complete revolution.
However, what the gate really controls is not the weight bul the volume
of aggregate, Volumetric control at continucus plants could be as good
as the control by weighing batch if two conditions are satlsfied. 1In the

first place, the flow of aggregate, expressed in volume per revolution,
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must be constant. Secondly, aggregates flowing through the gate must be
gathered in the same degree of compactness. In other words, it requires
that equal volumes of aggregate (including air voids) should always

have equal weight. Both requirements can be fulfilled if depth of
aggregate in storage bin 1s kept nearly constant and aggregates during
continuous operation are absolutely uniform in every respect. The factor
regarding depth is considered less important when the top level of
aggregate is above the line indicated by & bar outside each bin. But the
influence in regard to uniformity of aggregate deserves great attention.

- Unfortunately, fluctuation in the condition of aggregate is almost
unavoidable, When the fluctuation exceeds certain degree, trouble will
occur accordingly., This is due to the fact that degree of compactness,
as referred to aggregates in the bin, 1s influenced by their gradation,
:ha;pe;, roughness, etc, These factors are nearly impossible to be exactly
constant from time to time, Therefore, the flow of aggregate, expressed
in weight per revolution, will be changed even if there 1s no change in
flow as regards volume per revolution. Actually the flow, expressed in
volume per revelutlon, might also be changed if conditions of aggregate
are different.
In summarising all discussions, it can be stated that fluctuation

in the condition of aggregate may alter the rate in feeding aggregete to
the mixer, Ganuqumtly; percentage of asphalt in the mix will be changed.
On the other hand, non-uniform aggregate would naturally affect the
- stability of mix direetly. This is why uniformity of aggregate has its

double significance at continuous plants,
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Mixer

Mixing of asphaltic concrete has received great attention from
asphalt paving technolégists., The purpose is to get a uniform mix that
is lesst impaired by secondary effects such as oxidation of ssphalt,
degradation of aggregate, ete, PFactors affecting stability of mix during
mixing will be reviewed briefly. Descriptions are referredito pug mixer
ag 1t is always used at asphaltic conerets plants.,

Spraying of asphalt

Asphalt is mppiied to the mixer by a direst.displacement pump
connected to & spray bar, There are two adverse requirements as regards
the size of discharging orifices on the spray bar, In order to get a
unifornm spraying, orifices have to be as small as possible. On the other
hand, they should not be too small if the flow of asphalt is concerned.
Since medium penetration asphalt cementi is generally used at hot-mix
plants, its high viscosity even at ordinary heated condition may interfere
with the flow in case orifices are too amall, Recently, developmentis have
been mede to improve the supply of saphalt by utilizing high pumping pressure
to discharge asphalt thmggh.sgmul nozzle, With such arrangement, ssphalt
can be atomized to ensble the formation of extraordimary thin coating over
aggregates (2). & new fleld in asphaltic concrete paving might be
established in view of this invention.

It has been mentioned under the heading "Control of flow"™ that
volumetric control for asphalt is not likely to cause serious difficulty.
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A change of 15° F in the temperature of agphalt will make & difference
of only about cne~half per cent in its specific gravity. Nevertheless,
temperature variation in asphalt has to be avoided due to additional
reasons, especlally the influence related to oxidation and viscosity,
Higher temperature gives more chance for oxidation, Lower temperature
means higher viscosity and, consequently, more resistance to flow, Both
the spray bar and the pump will be affected by viscosity of asphalt.

Intensity, time and temperature of mixing

In the pug mill type mixer, intensity of mixing is influenced by
shape and diminsion of blades, distance between consecutive blades and
their difference in phase during rotation, clearance beiween blade tip
and mixer 1in1ng; speed of raf.stian; ete. Investigations have been made
to adjust all factors so as to give maximum efficiency without impairing
the quality of cutput. For example, Gerlack (3) found timt, beyond
certain limit, raising speed of rotation does not sccelerate the mixing
process but impairs quality of mix., Actually, among the above factors,
only the difference in phase of consecutive blades can be adjusted by plant
inspector. All the rest are fixed at certain condition. However, occasiomal
inspection is indispensable in order to make sure that everything has been
kept in right order. Very often, rotating blades wear out or even
separate from the axis, If that happens, intensity of mixing will be
sublﬁntiail,y reduced, Furthermore, mixer linings may be wora out so
that steam could get into thes mixing chamber. Of course, thls escaped
steam would affect adhesion between aggregate and upﬁalt. Cleaning of
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mixing chamber is also important, otherwise the clearance between blade
tip and mixer lining will be reduced.

During plant operation, time and temperature of mixing should be
watched carefully. If mixing time is too long or mixing temperature is
too high, loss of penetration in asphalt will be the direct result. On
the contrary, if it is too short in time and too low in temperature, a
non-uniform mix might be produced. Schaub and Parr (4) have made extensive
investigations a&s regards such effects,

In short, a satisfactory and uniform mix can be produced only if all
factors are kept in the right track. Requirements in regard to tempera-
ture, time and intensity of mixing sare somewhat interrelated, For example,
lower temperature has to be combined with longer time or higher intensity.
At this point, 1t seems appropriate to mention thet scme confusion regarding
stability of mix is often caused by high mixing temperature. It is obvious
that penetration and duetility of asphalt will drop down 1f mixing
temperature is too high. This means & reduction in durability of the mix,
However, the immediate atability test at specified temperature ﬁ.ght
record &8 higher stability value due to harder asphalt.

Besides considerations related to quality and uniformity of mix,
there is one more requirement in regard to temperature of output. Since
temperature of asphaltic concrete mat must be within certain range during
initial compaction, arrangements have to be made to meet such constructionmal
requirement. The most ideal temperature of output is such that, after
delivering and spreading, the mix would be just right for initial compaction
without waiting, '
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Degradation and segregation

The term degradation refers to the breaking up of aggregate. For
comparatively soft aggregates degradation in the mixer has to be taken inte
consideration., When aggregates are maintained at wniform quality and
mixing conditions unchanged, the degree of degradation would naturally
stay constant, If there are variations related to intensity, temperature
and time of mixing as well as quality of aggregate, change in degree of
degradation will occur accordingly. Usually such change 1s not big
enough to csuse significant difference in the stability of mix. | However,
it may affect stability at some extreme case. Therefore, & particular men-
tion is warranted.

When mix is discharged from mixer to truck, segragation of coarse
particles might be happened if there is no proper device to avoild it, In
the eontimuous type mixer, & system of extended steel plates can correct
such defscts, Loading of mix to the truck is the last stage in asphaltie

concrete plant operation.
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Figure 4. Greadation Unit.
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technique of manufacturing and testing of road materials and mixtures,
changes in inspection practices during the past decade warrant the
repetition of similar investigation. Therefare, &n up-to-date survey
has been made.

At the end of 1948, sixty questionnaires asking about asphaltic
cuncra‘ka\ plant inspection were sent to highway comission or engineering
department of all states and sowe big cities in this country. Their kind
cooperation in furnishing all related information mekes this nation-wide
survey & success, The succeeding concise summary inviudes answers from
forty states and six ocities,

It has been mentioned before that detalls regarding plant Inspection
are not going to be presented, Descriptions will be concentrated to means
for plant control since they are more clesely related to the main objective
of this study. In view of the different character between military and
civil service, practice for plant comtrol adopted by the Corps of Engineers,
U. 8, Army, is not included in this survey.

Among the 46 ansvers received in this survey, only two states
mentioned that they had no asphaltic concrete or similar bltuminous
paving. 4s regards gensral regulation for asphaltic concrete plant inspec-
tion, amlysis of the 44 answers reveals that there are still a great number
of states and cities having no definite rules for plant inspection. Some
states just mention that trained inspectors are stationed at the plant,
Others have little ssphaltic concrete paving so that no particular
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regulation is necessary., The summary of inspection practices is shoun
in Table 1.

Among 17 states and cities having thelr own regulation for plant
inspection, some have very comprehensive rules to instruct what and how
to do while others briefly point out a few important items, It 1e
interesting to see that more states and cities follow the inspection prac-
tice suggested by the Asphalt Institute (6) but very few directly follows
that recommended by &, S. T. M. (7). Of course, there are many similarities
between these two recommendations,

Since the plant inspector is always kept busy during long working
houre, it is considered as desirable to provide comprehensive inspection
manual with simplified, tabulated informetion in order to help him for the
effective control at asphaltic concrete plant.

Means for plant sentrol

Under this heading, summary and descripiion will be given to three
subjects, namely, plant contrel testis, adjustment of mix formmla by plant
inspector, and laboratory stability tests related to plant control,

The survey reveals that there are different arrangements in different
states as regards control tests performed by the plant inspeector. Only
the sieve analysis of heated aggregate and mineral filler is almost unanimously
adopted as a plant control test. Asphalt content of the mix, specifie
gravity of compsacted mix, and penetration test for asphalt cement are
some common plant contrel tests specified by many states, One state
requires the plant inspector to mold specimens far laboratory atability test.
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To avoid the change in quality of mix due to reheating might be the main
‘reason for such arrangement. In case of cities, it is only natural that
central lahoratory weuld perform more control tests because of the cone
venience in transportation.

In moat states, plant inspector is authorized to make necessary
adjustments, within specification limits, for composition of the mix,
However, no dirsct field test is available to tell when such adjustments
should be made, Visual inspection of the mix, when it leaves plant, und
working condition during laying and rolling are, probably, the only means
for immediate plant control., Since the inspection practice recommended
by dsphalt Institute is the most popular one followed by states and cities,
its suggestion related to adjustiment of mix composition is cited as follows
(6’ j: 1;)3

The Head Inspector should divide his time between plant and
job, He is responsible for most of the visual inspection, for
maintaining close cooperation between plant and job operations,
and for the preparstion of daily summary reports. Within
specification limite, he should make such adjustments in
composition of the mix, and temperature at vhich it leaves the
plant, as he deems advisable to facilitate placement &nd
compaction on the job,

Informstions from visual inspection and actual working condition might
be good enough for the inspector to know when and how to make temperature
adjustments. When the mix composition 1s coneerned, more definite mesns
shall be provided in order to determine correctly when and how to make
the proper modification., Conventional plant control tests such as gradation,
extraction, density, and penetration are good references for the question

"How to make the adjustment?®, However, none of them gives a positive
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direct ansver for the quality of final mix, Let us take, for example,
the gradation of aggregates, usually certain constructional tolerances
are specified by highuay commisslons or engineering departments. Then,
the plant inspector runs sieve analysis, once or several times & day,
for the heated aggregate and filler, He combines the results to get
the gredation of aggregates in the mix or he can get the gradation
directly from a composite sample, In either case, a comparison between
sctual and desligned grading could be made, If the actual gradation is
different from the designed one but still within specifiocation limits,
the plant inspector would not know whether adjustment for mix composition
should be made or not. The same is true for other testing results sueh
as penetration of asphalt cement and asphalt content in the mix, Even &
combination of all these testing results cannot help very mch either,
Some states have prepared charts to use surface area of aggregate
a8 & reference for the adjustment of asphalt content., Particular con=-
stants are assigned to different kinds of aggregate in order to make
further correction for the asphalt content found from charts., Penetration
or specific gravity of asphalt has been taken into consideration too.
The method uaing centrifuge kerosene equivalent (8) is another exsmple of
similar character, Certainly, these mgthods help the plant inspector to
some extent, However, as the aﬂmu.»aw &,. mix can be affected by many
factors other than those represented by surface area or centrifuge kerosene
equivalent methed, walidity of above mentioned practices seems to be
limited to certain conditions only. Furthermore, surface area computed
from aggregate gradation may vary greatly from the actusl value due to the
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mix ssmples regularly to the cenirel laboratory and stability test will
be performed over there. Only one state requires plant lnspector toc mold
the specimen before uz’iéiag to laboratory for testing, Scme discussions
about varicus stability tests will be presented later.

Control Tests at Hot-Mix Plants

Plant control would be difficult unless substantial information
regarding asphalt, aggregate (including filler), and fimal mix are available.
For the purpose of getiing information, all the tests should be run as
often as possible. However, it is limited by the time available 4&'0 the
plant inspector, If two inspectors are stationed in the plant, one can
specialige in running control tesis, while the other would wateh the whole
plant and ocossionally visit the job site in order to cooperate with the
inspector over there, In case one inspector only 1s stationed in the
plant, he can heve very little time to run tests, Therefore, frequency
of testing usually depends i:pm mumber of inspection personnsel. Furthermere,
conditione about raw material and plant operation weuld have some influence
too., It is only matural that less tests will be required if raw materials
are in good condition and the plant operations are proceeding uniformly
and smoothly. |

There are various arrangements as regards housing for plant laboratory.
Some states specify that the contractor bas to furnish a shed to be used
for rumning field tests. Others provide their own., 4 good example of
the latter case is shown in Fig. 8~9. The traller, completely furnished
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Testing and sampling of cold aggregates will not be dessribed here
because they are just ordinary mterial tests,

Penstration of asphalt cement

Standard method for penetration test is desigmated as T79-42 by
A, A, 8, H, 0. and D5~52 by A. 8. T. M. The purpose of making penstration
test i3 not only for verifying grade of aspbalt cement received but also to
check the loss of penetration, if there 1s sny, during storage. Since
steam heat is usually applied continmuously to the asphalt tanks, high
tempsrature of asphalt cement might accelerate its oxldation zo as to cause
hardening. Therefore penetretion teat is desirable in order to assure the

quality of asphalt cement.

Asphalt sentent

In most eases, adjustment for mix formula is usually effected by the
change in asphalt content. Consequenily, the detemination of percentage
of asphelt cement in the mix is of prime importance. Methods for getting
this information can be classified into two general types, namely, the
direct and the indirect method, 1In the direct method, test on the final
mix has to be run and asphalt content can be found directly. In the
indirect method, weight of aggregate, filler, and asphalt cement are
deternined separately and then the asphalt content is computed. Direct
method reveals actual condition of the mix at & certain instant, However,
special eare should be taken in sampling the mix, otherwise the result
would not be representative, Indireet method represents the average
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eondition during & certain period, It gives only a rough 1dea about
asphalt content, A4 brief desecription about both methods will be presented,

Severasl testing devices are avallable for getiing the asphalt content
by direct method., M. A. VerBrugge (19) suggested a rapid field test by
using & Chapman flask to measure the displacements by composite aggregate
and mix of equal weight respectively. Asphalt content can be computed by
simple computation, Although this is & time-saving device, the question
lies upon the degree of accuracy that can be attained by using this method,
On the other hand, A, 4. S, H. 0, specifies the extraction of mix by
centrifuge method which is designated as T758-37. Accuracy of this method
depends largely upon the correection factor for ash., If character of
mineral filler and aggregate are kept unchanged, the ash carrection should
remain constant., Therefore, & constant value can be applied to all similar
samples and the time required for testing can be greatly reduced. Other
extraction methods are more or less similar to the hot muatiaﬁ test
- designated as A. 5. T. M. D762-4,T. Those extraction methods are usually
adopted at central laboratories only. In either case, gradation of
aggregates can be found from the extracted ssmple,

In regard te the indirect method, there are generally two ways in
getting the asphalt content. It has been mentioned before that bink samples
taken ﬁ*om continuous plant can be used to compute asphalt content in the
mix, With one revolution of the counter as a base, the wéight of aggregate,
mineral filler, and ssphalt cement fed to the mixer are determined. Asphalt
content of mix can be computed accordingly. This computed asphalt content
usually does not agree too well with that found by laboretory extraction
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test. The difference might be caused either by segregation of the mix
taken for extraction test or by variations in the rate of flow of
aggregate, filler, or asphalt cement,

 Ancther indirect way in estimating aversge asphalt content in the mix
is to echeck the total quantity of aaphalt cement used for the mamufecturing
of certain truckloads of mix, Since truck seale is usually furnished to
measure the weight of asphaltic concrete shipped from the plant and the
quantity of asphalt cement used can be measured by inserting & calibrated
rod to the asphalt tank below the mixer, the average asphalt content can
be estimated with reasonable accuracy from the available data,

Specific grevity of gompagted mix

This 1s deemed as & valuable information regarding quality of mix.
Sample taken from the pavement is cut to suitable size and then tested far
specific gravity by mter diaphmn% ’mthod. For fine ilextured specimens
it 1s usually conted with paraffin before testing. But the paraffin coating

device 13 not successful for mixtures containing coarse angular aggregates,
Among various stability tests, Marshall method (11) is the only one

that ocan be performed either in the ceniral laberatory or at the plant.

If the teating procedure for Marshall test is studled, 1t seems that every

step is exactly the same as that for ordinary laboratory stability tests

except & portable machine is furnished and the compaction of specimen is
effected by dropping of hammer. The uss of consiant temperature water
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bath in heating the spselmen up to the specified temperature before
testing 1s retained in Marshall method, Therefore, in the opinien of
the author, Marshall test is not to be included in the eategory of rapid
plant stabllity tests., Nevertheless, its testing procedure will be
described briefly in order to facilitate the comparison between this and
the suggested Plant Stability Test.

In the Marshall test, a representative mix weighing 1000 to 1250
grams is introduced to the mold., It is rodded 25 blows with the mixing
trowel, After méding; the surface of the mixture shall be leveled off
approximately } inch above the top of the forming mold. Then the specimen
is compacted by & 10-pound hammer dropping from a height of 18 inches,
Each side of specimen will receive 50 blows., Temperature of mix, immediately
before compaction, shall not be less than 2250 F. If height of specimen,
after the first 50 blows, exceeds the required wvalue, it has to be corrected
by scrapping off the excess material before the second 50 blows are applied
on the opposite end of the specimen, ¥hen aémp&etim is completed, the
mold, together with specimen, shall be cooled under water for approximmtely
two minutes. Then the specimen 1s removed from the mold and its specific
gravity determined by water displacement method. Before stability test,
the specimen shall be immersed in water at 140° F., plus or mimus 1° F., for
a 20 minute period and not to ammé’om hour. At last, the specimen is
placed in the teat mold and tested with a portable machine at the speed 2-
inch per minute. The test mold consists of two segments of & 4~inch
inside diameter ring from which & 3/4-inch sirip has been removed from each
side. The total load required to break the specimen is termed as stabillty



35.
and the deformation of specimen , expressed in hundredths of an inch,
is ealled its flow value,

Besides Marshall test, there is an empirical methed, knowm as ®*Pat
Stain Test® (20), which has been used at sheet asphalt plants, Since it
involves too much personal equation and its validity is limited to
experienced inspectors only, "Pat Stain Test" 1s considered as obsolete
at the present time,

Table 1. Sumpary of Inspection Practices at Asphaltie Concrete Plants

s HNumber of ]
‘ 3 states and eities : P
Having their own inspection
mamal or instruetion to 17 38,7
plant inspectors ‘
Following that recommended
by Asphalt Institte 7 15,9

ha
PN
-

W

Following that recommended

2

L.

z, otal

kB
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Figure 8. Plant laboratory (Huxley Plant,
Iowe State Highway Commission).
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Figure 9. Inside View of Plant laboratory.



LABORATORY INVESTIGATION OF SUGGESTED PLANT STABILITY TEST

From previous descriptions and discussions, it is obvious that there
is an urgent need for a simple and rapid testing device designed primrily
for the use at asphaltic concrete plants, The mein objective of this
research project is to develop such a testing method, ’This method will
be named "Plant Stability Test". Before presenting the origination and
investigation about the suggested test, & briefl review of existing‘mehunim
cal tests seems to be desireble.

Mechanical tests for bituminous mixtures can be clagsified in different
ways, Where the character of their results are concerned, they can be
divided into two groups, the analytical and the empirical, Triaxiasl
compression (13, 14) is a typlical analytical test, while most other tests
are just emplirical methods for indicating the quality of mix., If the
principil property of mix being revealed by the test is considered, again
all tests can be separated into two groups, namely, those involving
plastic properties and others involving elastic properties. For the latter
group, impact test and methods for the measuring of modulus of elasticity
‘and rigidity modulus (21, 22) are iypical examples. Since plastic properties
are considered to be more important in regard to service bebavior of
bituminous paving, tests invelmg elastic properties receive less atten~
| tion from asphelt paving technologists,

Tests involving plastic preperties of mix can be further classified,
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according to their testing method, into several types. The following
classification is suggested by the suthor. This classification is some-
what similer to that recommended by Lomsdale (23) in 1938, There are few
modifications which are deemed necessary in view of the recent develop=-
ments related to mechanienl testa, The suggested classification 1s
1isted as followss

Compreasion tests

Tensile tests

Direct shear tests

Extrusion tests

Bean testis

Bearing tests

For each type of testing, some popular methods will be listed.
Descriptions regarding testing procedure are limited to those which will
be compared with Plant Stability Test.

Compression tests ere popularly used to reveal mechanical properties
of bituminous mixes, They ean be subdivided into three types, namely, the
unconfined, the semi-confined, and the confined compression. For
unconfined compression tests, the specimen is molded either in cylindrical
or cubical shape., Vokae {15) mede extensive investigations in comnection
with this test., On the other hand, Marshall method (11) can be considered
as a type of semi-confined aé.ahuwo_? In the case of confined
compression, Hveem Stabilometer (12) and triaxial compression test shall
be ineluded.
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In the case of iensile test, quantities measured are usually the
breaking load end the elongation at break. Specimen may be either in beam
shape (25) or in figure-of-eight type (20) similar to that used for
Portland cement test. Coheslometer designed by Hveem may be considered
as another type of tenslle test,

In order to avoid confusion, the term direct shear test is chosen
for this group because action of shear is also lnvolved, at 2 more or
less extent, in other testa, For exsmple, triaxial compression test can
be considered as a shear test too. The most popular direct shear test
was developed by Skidmore (26). Test specimen for ashpaltic conerete mix
is 2,5~ to 3~in. high and L-in. in dlameter, It is sheared across a
diametral plane by cylindrical clamps &nd the breaking load is taken as
a measpure for the quality of mix, lLee and Markwick (25) suggested another
shear test. According to their method, & slab 2,5-in, wide, 8-in, long,
and l-in, thick i1s used as the test specimen, Ii is cemented between two
parallel stesl plates and sheared by the relative motion of these plates.

There are seversl kinds of extrusion tests. The first one was
developed by Exmons and Anderton (27). They designed a steel mold with
openings on the sides and bottom., Maxlmum load fur squeezing a specimen
through the openings is recorded sa the stablility value., This test vas
ebandoned afterwards due to the difficulty in pnptrgng the rectangular
shaped specimen. Emmons, then, deviced another type of extrusion test,
known &8 rollsr stability machine (28). The most popular extrusion test
is the Hubbard-Field method (9, 10), According to that method, specimen
for coarse bituminous mix shall be 6~-in, in diameter and approxim tely
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2-in, in height. It is extruded through a conceniric orifiece, 5.75-in.
in diameter, at the bottom of a cylindrieal mold. The maximum pressure
during extrusion is termed Hubbard-Field stabllity. Rate of extrusion
has to be 0.04~in, per sec.

Bean tests were performed in different ways. Ise and Markwick (26)
used beams in the sige of 10-in. by 2-in. by l-in. The beam is rested
on rollar‘mpparu and alloved to sag by its own weight. Rader (21,29) made
similar experiments with beams 8-in. long tested at-70° F. According to
his method, extermal load should be applied at the center. In either
case, modulus of rupture and modulus of elasticity can be computed.
Rader's method is really a test involving elastic properties of mix,

Bearing tests have been used by many technologisis for verifying the
quality of bituminous mixes, The most recent development was contributed
by Campen &nd Smith (30)., Thelr test is somewhat similar to the
Californis Bearing Tesis for soil., The load required to praénée 0.15 in,
gettlement is termed the bearing index.

It is seen from previous descripiions that all mechanicsl teats,
except Marshall method, are performed in the central laboratory. HMarshall
test can be run at the plani, btut its principle testing procedure is just
the same as that for ordimary laboratory mechanical tests. MAs properties
of a mix will be greatly affected by the temperature during testing, the
general practice is to use constant temperature oven or water-bath for
keeping the specimen ati spw:lfimé‘ temperature before testing., However,
in the case of plant test, self-adjusted oven or water-bath wauld not
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only add & big item to the equipment list (which must be as simple as
pmi&ls) but also delay the testing procedure to & great extent. There~
fore, the elimination of oven or water-bath is eonsidered as one of the
most important features for the suggested Plant Stability Test, Ancther
attempt in saving time and labor is the use of a single mold for both
molding and testing of specimen. By such a device, the removal of
specinen from mold can be avoided,

In developing the Plant Stability Test, efforts lmve been made to
furnish all possible experimental backgrounds for every step in the
testing procedure, Of course, there is no necessity to repeat certain
experiments which have been performed by other investigators, In that
case, result of the original experiment will be eited. For the purpose
of clearness, laboratory investigations for test mold and test specimen
are presented separately.

Test Mold

It seems logical that the first step in investigating the suggested
stability test is to study the character of test mold. In order to avoid
the confusion due to mixed influence of teat specimen and test mold,
specimens were prepared by following ordinary procedure which would be
desoribed later. Under this heading, the origination, sensitivity, and
comparative study of test mold are to be included. 48 reproducibility
of testing results can be affected by factors more than test mold alone,
‘i‘b will be described under another heading.
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The purpose of a stability test 1s to prediet service behavior of
mix when it is compacted and subjected to normal traffic. Consequently,
it is necessery to analyze the mechanical properties of a compacted mix
before the type of test ean be properly determined, lLee and Markwick
made & clear analysis about such properties and classified them lnto three
groups. Their classification (25, p. 1467) is quoted as followss
From the point of view of mechanleal propertles
bituminous materimls exhibit the characteristics of (1)
plastic materisls, which flow under a sustained load,
(2) elastic materials, which show the pronounced hardness
and elasticity characteristics of solids, (3) gramular
materials, which are characterized by (a) void content and
porogity, (b) consolidation, (e¢) dilatancy when subjected
to deformation.
Among the three items listed above, elastic properties of bituminous
mix are generally believed to be less important under ordimary conditions.
It is the plastic property which determines the resistance to deformation.
A mix is termed "Stable™ if its resistance to deformation 1s comparatively
_ high. lee and Markwick listed gramuler properties to 1llustrate the
influence of weathering and disintegration. In the case of dense-graded
bituminous surfacing with adequate amount of traffic, the influence of
weathering and disintegration would be less important if aggregete and
bituminous binder are properly selected.
From the above amalysis, it is belleved that a measure about the
resistance to deformetion would give enough information for the predication

of service behavior, Of course, the measuring of specific gravity for teat
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specimen is advisable too, At this stege, 1t seens desirable te know
various elements causing resistance to deformation., Endersby (31, p. 206)
classified these elements as followes

(1) Interlock (mutual interference of the mineral particles with
one another).

(2} Internel friction within the aggregate, between its surfaces.
(3) Cohesion due to asphalt.
{4) Apparent cohesion due to surface temsion effects in asphalt, ste,

Por the above four elements, no clear demarkation can be drawn
because some of them are more or less linked together, Even if the most
typieal amalytical mechanical test - triaxial compression is applied, the
pessible direct answer is coheslon and angle of intemal friction as found
by Mohr circle method. Since it is impractical to sdopt complicated
anslyticel tests at hot-mix plants, the only solution is tc develop a
simple empirieal test which must be sensitive to wvarious elements affecting
resistance to deformation., The merit of the suggested empirical test will
be verified with an indirect method, The four elements as listed before
are affected by varions factors such as gradation and type of aggregate,
content and type of asphalt, density of mix, ete., Therefore, if the test
is sensitive to all these factors, it is reasonable to believe that the
test would be sensitive to all four elements too.

As mentioned before, the suggested test will be empirical in nature.
Nevertheless, in the design of test mold, 1t is intended to simulate the
gotusl loading condition as much as possible, Previous investigations
regarding testing method and correlation of laboratory tests with service
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behavior are considered s valuable references. Of course, & cautious
ménner has to be maintained at sny instant.

Probably the most comwplete comparative study of popular mhmienl
tests was made by Tulsa Distriet, U, 8. Engineer Office, in 1943. Since
it is an unpublished report not available for distributlon, no dirset
access has been made by the suthor. In & correlative study about Hubbard-
Field, Skidmore shear, impact, and compression tesis with service behavior,
Vokae (32, p. 222) criticized most of the tests and finally drew the
following conclusion (the term compression test refers to the unconfined
type): * We, therefore, cannot help but attach great significance to the
substantial agreement of the compression test data with service behavior.®

Because of its simplicity and sensitiveness, aneentinﬁ compresslion
 test is also used by P, R. A, (16) for certain research work concerning
bituminous mixes. In view of the above facts, the new test 1s decided to
be some type of compression., The question, then, is what type should it be.

Considering & block of dituminous pavement under wheel lead, it ls
obvicus thet this bloeck is pressed by the vertical compression from wheel
and resction from base course. These two vertical forces are simulated
in the unconfined compression test. In addition to mée, there is certain
side pressure exerted by adjoining bloeks of pavement. If more close
simlation is wanted, means should be provided to furnish similar slde
pressure. However, diatribution of this side pressure is very uncertain,
When the wheel is affected by acceleration, decerslaiion, or braking,
distribution of side pressure will be influenced acecordingly. Uniform
distribution of side pressure might be true if the wheel was standstill.
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This condition is simmlated in the Hveem Stabilometer and triaxial
.empren‘ion test. Both of them are confined compression tests which are
good for laborstory investigation but too complicated for field application,
As aimplicity is one of the most essential requirements for a plant test,
a type of semi-confined compression 1s chosen as the basic feature far
the test to be developed, In other words, non-uniform side preseure is
furnished in addition to vertical pressure. This srrangement may not
exactly agrees with the sctusl loading condition, but 1t is considered as
good enough for an empirieal test,

Based upon the above econsideration, & test mold was designed (Fig.
10-11), The test specimen abﬁil be 4-in, in dismeter and 4-in, high.
It is exnctly the same as that used by P. R. 4. (16), The height diameter
ratio of test specimen 1s always & subject of great controversy. In Hveem
Stabilometer, & ratio of about 0.6 1s used to simulate actual loading
condition. Vokac {15) made extensive study sbout this ratio and suggested
a maximum value for D/H as 1.33., It ie equivalent to specify a minimum
of 0.75 for the ratio H/D. On the other hand, Pfeiffer (33) criticised
all tests using specimens with low H/D ratic. He pointed out that if such
specimens were used there would be a disturbing effect caused by the
friction between the steel bearing plate and the end of test specimen.
His suggestion ias to use the ratioc 2 as & minimum., No compromise can be

nade between these adverse recoumendstions., For the suggested test, the
ratio is decided to be 1 becsuse it has been used by P. R. 4. (16) without
causing difficulty. However, this H/D ratio can stand further investiga-

tion to verify whether & higher H/D ratio would give even better results
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Even if he should choose to limit himself to the measurement
of compressive sirength alone he would be sble to predict with
slmost 100 per cent accuracy the service behavier of the mixture
to be laid,

At this stage, it must be mentioned that the measured compressive
strangth (total load) shall be called "Stability® for the suggested test.

By making certain assumptions and approximations, it is possible to
mike some analytical study for the specimen tested by the suggested
method, However, such studies are unlikely to be of much help because
so many uncertainties are involved in assumptions and Zappmx‘imt.’mnu.
Therefore, no analytical stady is to be presented. The dependability
of Plant Stability Test will be verified by field applications and
 laboratory investigations which follow immediately,

Sensittvity

- It has been mentioned before that a quality indicating mechanical
test must be sensitive to all factors affecting the stability of bituminous
mixes, cmaqumﬂy, the first step in investigating the validity of a
mechanical test 1s to study its sensitiveness as regards gradation and type
of aggregate (including filler), content and type of asphalt, density
of nix, ete,

In order to concentrate the attention to test mold alone, process in
preparing test specimen has to be the same as that used for ordinary
stability tests. The procedure, therefere, is to mold specimen at 2507 F
by a static load of 3000 pounds per sq. in. (éaubis plunger method) mein~
tained for three mimites. Molding pressure of 1000 1bs. per sq. in. is
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used only for one series of specimen used in studying the sensitivity of
test to variation in density of spaéim. The molding is done with
ordinary molds as used :i.n preparing specimens for P, R. A, unconfined com-
pression test (16). Temperature of mold is also 250° ¥, After molding,
the mold together with specimen is cooled by running water for few
minutes and then the specimen is exiruded from the mold and cured in air
for 24 hours at room temperature, Hot mix used for testing is prepared
by mechanical mixing at 300° F. It is realized tirt individual batch
for each specimen would give more uniform results but, due to limitation
of equipment and time, multi-batches are used with particular care to
avoid segregation.

For each specimen, percentege of air volds and voids in mineral
aggregate are computed from its speciflec gravity which is found by water
displacement method. In the case of some rich mix, certain amount of
asphalt will be absorbed by aggregate. Furthermore, loss of asphalt during
mixing is almoat unavoidable., Since the absorption and loss as described
above are neglected in the conventional method for computing thecretical
maximum density, it is poszible that the computed density may be even lower
than thet found by water displacement method, If that happens, percentage
of air voids appears to be less than zero, Of course, that is impossible,
A blank space in the table will indicate such case,

Right before testing, specimens are immersed in hot water at 140° P
(with a tolerance of 1° F) for one hour. The heated specimen is slipped
into the teat mold which is also at 140° P, 4 tappered ring can be used
to facilitate this operation (Fig. 10). Then, a compression rsm 3 31/32-
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in. in diameter and 5-in. high is placed over the specimen to transmit

the pressure from tastiﬁg machine. The whole assembly is brought back to
140° P water bath for 3 min. in order to keep everything at right
temperature. It is now ready for testing. Speed for deformation shall

be 0.05-in. per min. per in. height of speeimen. In other words, it

has to be 0,2-in. per minute for epecimens with a height of 4-in, This
speed is chosen because it has been proved as satisfactory by P. R. A. (16)
in uneonfined compression test using L-in. specimens,

Before the deseﬁptim about testing resulis for various experiments,
it seems appropriate to list all materials used for such tests., Asphalt
cement (penetration 73) is used ag bituminous binder., Its properties
are shown in Table 2. Crushed gravel and uncrushed gravel are used as
coarse aggregate; sand as fine aggregate; limestone powder and refined fly
a;h as minersl filler, Properties of all mineral materials are shown in
Table 3.

~ PFurthermore, it should be mentioned that all tests are psrformed with
a set of three identical specimens. In testing heterogenecus mterials
like asphaltic concrete mixes, 1t is desirable to have as many specimens
&z practicable, otherwise testing results might not be representative.
Fortunately, fairly uniform results are found at all occasions so that 3-
specinen system is considered as satisfactory. For all tests under this
heading, the maximum size for coarse aggregate is 3/4 in,

In making any investigative tests, the general principle is to keep
everything constant but vary one factor which is to be studied. This
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to grading A and mixed with 73-penetration asphalt cement. Method
for preparing specimen follows that described under last heading. As ”
regards size of apacimn; it is j~in. by 4~in. c¢ylinders for both unconfined “
compression and Field Stability Test, 6~in, in dismeter 2-in, high for
Hubbard-Field test, and 4~in, in diameter, 2j-in, high for both Hveem

and Marshall test.

Testing resultz are shown in Table 9 and Fig, 18, An optimum
stability is indicated in all curves except that for the Hveem Stabilometer
test, *m; is just one of the claracteristics inherited in the Hveem test.
In explaining the use of this test, Hveem (34, p. 6) stated: ®Stabilometer
tests are used primarily to determine the maximum amount of amphaliic
binder which ¢an be introduced in a given aggregate without developing
instability.* There is no remarkable difference in the asphalt content
corresponding to optimum stability eas found from various tests,

Some investigators have tried to correlate the stabllity wvalues of
various tests with one another. Their intention is to find an equation
or a curve representing the relationship of any two tests., As moat
stability tests are empiricel in nature and their sensitivity to various
factors is substantially different, the suggested corrslation has not been
successful. In regard to relative merits of all tests, it iz beyond the
scope of this study to give any admiration or criticism. The cbjective
of this comparative study is simply to indicate that the suggested test
is as effective 83 any other test so far as the type of testing le
concerned,

Since the Plant Stability Test ie somewhat similar to unconfined
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compression test, it seems desirable to compare some of their common
characteristics. In Fig. 18, stabiliiy ocurves for both tests are shown.
The one representing Plant Stability Test magnifies the general character
of the other, When plant application is concerned, this magnification
is very advantageous. 8ince portable testing machines are usually far
leas accurate as compared with laboratory stationery machines, magnified
.; stability readings give more accurate indication regarding the quality of
mix, The sireas-deformation curves for both tests are shown in Fig. 19.
It is seen that the general character of these two curves are somewhat
similar, As compressive strength is the only item to be recarded In
~Plant Stability Test, no further discussion will be devoted to stress-

deformation disgran,

Test Specimen

8ince the most particular feature of Plant Stebility Test is the
way in handling test specimen, it is mwsaaﬁ te investigate all factors
related to such operation. The whole procedure of Plant Stability Test
might be unreliable unless there are experimental backgrounds for each
step involved in the preparation and testing of speclmen. A4gain, no
repetition will be made in case similar experiments have been é&rformd
by other investigstors. In such occasions, the original results are cited.

Guring of specimen

Curing of specimen is absolutely nececssary in the teating of cold
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mixes., When hot-mix asphaltic concrete is concerned, usually there will
be no difference in testing results for specimens with or without curing,
In some extreme case, curing of hol-mix specimen at room temperature
- might be desirable if the coarse aggregate had the property of extra-
ordinary high absorption. Even in such case, the difference due to curing
is probably so small that it cannot be measured by ordinary portable
testing machine. The conclusion made by U. 3. Waterways Experiment
Station (35, p. 50) regarding curing of specimen is quoted as followss
It was found thet the stability and flow of specimens
were not affected by the curing perlod., Specimens which
were tested with no curing perled showed stability and
flow equel to those which had been cured for a period of
24 hrs.
For the Plant Stability Test, no euring perios ls allowed for the

gpecinen,
emperature of mold

There is no universal agreemsnt in regard to temperature of mold
used for preparing specimen., The purpose for using hot mold (same tempers-
ture as hot-mix) is to avold sudden chilling of mix in contact with the
mold, Usually specimens prepared with hot mold will have a more smooth
surface, However, the formation of smooth surface might be the result
of segregation in the mix. In other words, there is a concentration of
asphalt mortar and free asphalt close to the mold and, consequently, &
deficiency of mortar and asphalt in the mearby inside sphere of specimen.
‘The effect of this segregetion may be very small but, anyhow, it can be

considered as an advantage for using cold mold (at room temperature).
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compacting the specimen., Texas Highway Department (37) added a gyratory
motion to the mold besides static load for compsetion., Dynamic leed in
the form of dropping hammer is adopted in the Marshall method and drop
compaction with a cam-operated table hes been investigated by Waterways
Experiment Station (35). Ancther device for preparing specimen is the use
of vibration before compressive load is applied. All these methods have
their particular values, It is hard to say which one gives the most
comparable result to field procedure, The general bellef is that
specimens prepared by static load alone cannot represent the actual condi-
tion of bituminous pavement, However, compaction by pure static load is
#tlll & popular method for the preparation of specimen, This is becsuse
of its simplieity #n& the elimination of persomnel equations which are
often involved in tamping, hammer dropping, and gyratory motion,

In choosing the type of compactive effort for the Plant Stabllity
Test, considerations are given to two factors, namely, simulation to
pavement condition and simplicity in operation,. The final decision is %o
apply certain number of blows with a 10-1b, hammer dropping from & height
of 18-in. followed by 1000 lbs. per sg. in. static load maintained for 1
min, The rate for hsmmer dropping shall be approximately once per second.
If the opsrator 1ifts and drops the hammer t.ee fast, it is likely to
cause some uncertainties, and, conseguently, to introduce personal
equations, Details about the Immmer are shown in Pig, 12, The 2,5~in,
rod attachment at the bottom of hammer seat will be described under the

heading “Tempsrature control®,
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It has been mentioned before that density alone camnot indicate
everything about the condition of consolidation for vwaﬁﬁ»uaﬁn pavements,
Therefore, exact simalation to pavement condition is impossible unless
extonsive correlative studles are made with experimental roads involving
all possible varistions in regard to aggregate, binder, and the mix as 8
whole, A comparison between laboratory prepared specimens and cored samples
from the road will give the answer for proper compactive effort. Since
such construetional project exceeds possibility for college research, the
next choice is to use "Density™ ss a reference,

As mentioned before, & combination of dynamic and static load shall
be used for the preperation of specimen. By such a combined campactive
effort, it is pessible to have & more close simulation as regards effl--
elency of consolidation for bituminous pavements bullt with modern paver
and roller. Had thie objeetive been reached, there would be more sound
background for the use of density as the only correlative factor,

Table 11 shows resulis of all correlative testas, Specific gravity
for laboratory prepared apecimens and samples taken from pavement are
measured by water displacement method. Thickness of layer, from which
samples are taken, is 2-in., The sample is dug out in the form of & slab
(sbout one f£t. square) one day after the pavement lms been laid, It is
then cut into swiller pleces and its specific graviiy measured., This
specific gravity cannot represent the pavement condition in the future
because the density of asphaltic concrete magn«_nuﬁwww increases after
it has been opened to traffic for a certain period, Again, this iz a
subject which deserves long time investigation. For the present purpose,
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it sesms sppropriate to adjust the specific gravity of laboratory mre-
pared specimen to be equal or little higher than that of pavement sample.
Under this consideration, the compactive effort is decided to be fifty
blews by hammer followed by 1000 p. g. 1. static load maintained for one

- min, It is seen in Table 11 that specific gravitics of pavement samples
are very close to or litile lower than that of specimens prepared by the
selected compactive sffort. Tests made with three types of mix as
indicated in the table camnot represent all varieties of asphaltic concrete
paving, However, results from these tgstu are consldered as geod enough
for the experimental application of Plant Stnia;illty Test,

It is very difficult, if not impossible, to prepare specimens with
a2 height exactly squal to 4~in. or other round numbers, The general
practice is to specify certaln tolerance, In order to determine the proper
value for such talarams; specimens of various height were prepared.
Results listed in Table 12 revesl that the difference in stability value
for specimens betwsen 3,85-in., and 4.l4-in. high is very small, Therefore,
it is decided that the height of specimen for Plant Stability Test shmll
be 4-in, plus or mimus 0,10-in, .

In the suggested test, the height of specimen can be measured without
extruding 1t out of the mold. In other words, & combined height of specimen,
compression ram, and base plate shall be measured, It is advisable to make
the thickness of base plaie sand compression ram & round mumber so that the
hcight of specimen can be found very easily. The measurement for combined
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condition of mix. When the transmission of heat is concerned, it seems
appropriate to consider the case of conduction only. Heat transmitted
in linear steady state conduction is determined by the formla:

R kA (t2-4) T
Where B = Amount ofdhat transmitted by conduction,
k = Thermal conductivity of the substance,
A * Oross sectional area of the body.
(t5-t3) = Temperature difference between two cross sections.
d = Distance between the two cross sections.
9 =» The Time of flow.

In radial steady state flow, the formmla is modified in geometrical
factors, but considering small portions of the medium the above formula
is etill valid. In the case of non-stesdy state flows, specific heat of
materials must be alsc considered in conduction formulas. In the equip-
ment used for the Plant Stability Test, the thermal conductivity of the
nold and all dimensicnal factors for both the mold and the spscimen are
always constant. In order to minimize the variation in amount of heat
transmitted from the assembly to the air, a l-in. insulating sleeve ias
used to cover the mold, This sleeve preserves heat of the whole assem~
bly and eliminates influences caused by variation in wind veloeity and
alr temperature.

Prom previous descriptions, it is seen that temperature difference
between center and outside portion of specimen depends prineipelly upon
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is attached at the bottom of hammer seat in order to reserve a hole for
armored thermometer which is connected with the compression rem. This
rod has exactly the same shape as that of the lower section of armored
thermometer. The armor for proteotion the glass thermometer should be
fairly strong. An alternate way is to use metal stem thermometer which
is also avalilable in the market. 1Its trade name is Weston All-Metal
thermoneter,

The armored thermometer is placed at the center of specimen after
the compaction by hammer. It is kept there during compaction by statie
load and at the time of testing, When the specimen iz tested under com~
pressive load, the shortest distance from the plane of fallure to the
center of specimen is approximately one inch, At center portion of
specimen, the condition during testing is somewhat similar to that during
cozpaction by static load, Therefore, 1t is belleved that no significant
influence to stability value will be caused by the insertion of thermometer,
This has been verified hy tests to be deseribed later.

Temperature for testing shall be 160° F as indicated by the inserted
thermomster. This decision is based upon the fact that tests using
thermometer contrdlled specimens at this temperature give approximately
the same stability value as that found from tests using water heated
specimen at 140° ¥ (Table 15).

Density of specimen

Specific gravity of specimen is usually determined by water dis-
placement method, For Plant Stability Test, this method ¢amnol be used
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because specimen is not extruded from the mold after molding. 4s the
height of specimen is measured to one-hundredth of an inch (refer to
"Height of specimen®) and ite cross sectional area is constant, it 1s
simple to compute the volume. Consequently, density of specimen can be
found since 1ts weight is known., This computed densily 1s usually a
little lower than the specific gravity found by water displacement
method, At asphaltic concrete plants, what the inspector wants to know
is the relative variation in density of specimen prepared at different
timea. Therefore, indication given by this computed density 1s as good
as that given by the other,

Table 2, Properties of Asphalt Cement Used for Semsitivity Tests
Specific gravity at 770 F/7° F e - o e e e e e e m == - - 1,0016
Plash point (open cup) e e e e e e e m e m e ——- GIO°F
Loss on heating (5 hours at 3252 F) = = = = = ~ = - = ===~ 0,128
Soft point (Rend Bmethod) = - = = = cm e - e o wmw == 121°F
Ponetration 8t T° F v e v m m c e m e mm e e mm == = = 73
99.75%

'
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Table 3. Properties of Minsral Materisls Used for Sensitivity Tests

. Absorption 1.7%, Wearing
gravel 2.67 3/4~in. to No. 8 (L. A. abrasion, grading B)
Linestone 2,68  Passing No. 50 70.5% passing No. 200
Refined 2.46 Pagsing Ho. 50 69.0% passing No. 200
L1y ash ; ,

Table 4. Gradation Ciart

2 , Per ¢ Pass

Designation: 3/4~in, 34~ins 3/8~1in :
PO RN s ' s

Grading A 100 $88.43 77.1 156.1343.8: 37.1p 28.4: 19.1: 12,35 7.8
$ 3 : 4 ] H E S 3 4

&ﬁag B 100 31&9 3 85-? 3%01‘ 51.63 ant 35.23 25049 16‘.6 13.3

B:No. 483 0o, 100: Ko, 200

% 3 : s s ) 3 $ :
100 179.8: 66.9 :147.4:36.3: 29.43 20,9: 12,13 6.6 : 3.7
s $ —d z 3 3 P S |

Grading C

[ W e R M A4S B
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Table 5. Testing Results Regarding Sensitivity to Gradation of Aggregate®

' 3 ' s ; 3
PresmtofdCe 4 . 05 . & ‘

: L, 4 « ¥ £ 3 t $ EH w 3 H i
Gred, of age, 3 4, B, €, A B, ¢, 4,8, 0, 4;8,°¢

3

N T :  r 5 : : :
Stability in 1bs:3340:430013340:4720: 5660 384014340 508052230114 30: 2660: 1850
: s z " P t : 2 t : t 3
Per cent of air s 5.8: 8,13 T.68 2.35 5.08 4.21 <= 3 1.53 14t -5 =3 =
volds 3 % 3 tH 3 1 % s ] H 3 H
V. M. A2 215,2:17.6¢16.9:14.3317.1216,0114.5:16,2515,8316.5:16,7:17.4
. , - i i S 3 b RO N k H ) L4 L S—

1 Grushed gravel is used for coarse sggregate, sand as fine aggregate, and
limestone powder as mineral filler, All data are the average of testing
results from three specimens,

2 ¥, M. A, means percentage of voids in mineral aggregate,

Table 6, Testing Results Regarding Sensitivity to Type of Aggregatel

‘ 3 2
Iype of Bgg, 3 LEUBeC grayel 3
3 s % S |
Percmtof A, Co g % 3 5 6 3 T s 4
Stability in lbs, 3340 4720 A340. 1430 2229 2280 2680 1560
Per cent of sir ﬁ.a 2.3 - - 9.9 éos 2.1 006
volds ‘ ’
V. M. A, 15.2 14.3 14.5 16,5 15.0 13.4 13.0 1.0

1 8and 1s sued ss fine aggregate, limestone powder as mineral filler,
Grading A is adopted for all mixes, A4ll deta are the average of test~
ing results taken from three specimens.
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Table 7. Testing Results Regarding Sensitivity to Type of Mineral Filler?

s
pegtone po o 3 W——”
1 ' T | 3 '
Per cent of A, ¢ Ao 5 3.6 2 7 s Lo s 5 3 6 37
Stability in 1bs, 4300 5660 5080 3390 3740 3660 760

Per cent of alr 8‘}. 5:‘3 1‘5 - ?03 3.2 196 0q3
volds

Ve Mo A, 7.6 171 16,2 16,7 16,3 151 15.2 16.8

1 grushed gravel is used as coarse aggregate, sand as fine aggregate,
Grading B 1s adopted for all mixes, All data are the average of
testing results taken from three specinmens,

Table #, Testing Results Regarding Sensitivity to Demeity of Mixturel

Percentof Ao Cp 3 4 3 5 ¢ 6 ¢ 7 3 4 3 5 3 6 5 7

Stability in lbe. 33&9 4720 4340 1430 (1630 1950 1656 166&

Por cent of air 5:3 2.3 - - 9‘& 5.6 2.9 3.6
volds

V. M, A, 15,2 4.3 1.6 16,5 18.4 17.2 17.0 17.2

1 Crushed grevel is used as coerse aggregate, sand as fine aggregate, lime-
stone powder as mineral filler, ading A 1s adopted for 8ll mixes,
All data are the average of testing results taken from tihree specimens.
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Table 9, Testing Results for Comparison of Various Mechanieal ?uta‘.l
' v k B 3 P , 3
Per cent of A, C. I 3 4 3 5 3.6 3 7
' « :

Hvoom

:
H
Sﬁhﬂ.@,;r ;‘-_‘f>; =

1 Crushed gravel, sand, and limestone powder are combined according tck
grading A and mixed with 73-penetration asphalt cement. All data
are the average of testing results taken from three specimens,

Table 10, Stability Value for Specimens Prepared in Different ﬁayl.j‘

1 :...Sp. Gr. i...An lbs,
2000 p. s. i. static load maintained for }’

3 min, | | 2,38 35700
75 blows by 10~1b, hammer dropped from & \
height of 18-in, followed by 1000 p.s.i. 2.3 4190

static lond maintained far one minute,

1 411 data are the average of testing results taken from three specimens,



71.

Teble 11, Study of Compmctive Effort for 4-in. by 4~in. Cylindrical

&m&ml
Type  18p, Gr. of hbmtmy pwaparaﬁ smim ~t Semple taken from
of mix runde: pect DE. 4 ‘_mﬁ—-—-—-—-«—

+75 blows followsd:50 blows Followed:35 Siows
t by static load 3 bgr mﬁn load :followed 3 Ep. Gr. :Pcr cent of

: 1000 p, s, £, ¢ 1000 p. s, 1. by staties sair volds
% 3 sload 1000; H
2 i $ PaB.i, 3 i
A 2,32 2.30 2.28 2,30 5.0
2,38 2,35 2.32 2.34 5.5

¢ 2.37 2.3 2.31 2.33 6.5

1 211 data are the aversge of testing results taken from three specimens.
Mix A contains erushed gravel (maximum size l-in.) as cosrse aggregate,
sand and agricultural lime as fine aggregate and filler. Mix Bend C
contain crushed stone, sand, and limesione powder. Maxlmum sisze for
aggregate 1s l-in, for Mix B and 0.75-in. for Mix C,

Table 12, Relation Between Height and Stability of Test Spscinens.®

:;
, 5.3 4 1.4
Stability in Hué&ng: 2 4970 2 4490 : 3840 3 3790 3690
H
Per cent of stability 3 3 3 3 :
(?ukim aﬁaMlity !‘m‘ &-&n. s 132.1 ¢ 119.4 : 101.6 ¢+ 100 3 98.4

3 3 3 S |
1 Muximum sise of aggregate in mix is 3/4-in.
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Table 13, Temperature of Specimen as Affected by Veriations in Air Voids

\ : | T iTemperature (UF) at outside
Gmpwﬁw effort sPer m‘k af air sywt&m txf lpwim vhen 1t is
3960 p.a.i. st&ﬁa 2.3 132

50 biows followed by ' ' -
1000 p.s.1, statio load A7 134
25 blows only w7 13

Table 14, Temperature of 8pwimn as Affected by Varistions in Asphalt
Content, Initial Temperature of Mix, and Original Temperature
of Mold

im;:mwture {@5 at mﬁ&: pnrt&en

§- 00110 &

R 3 3 t 136
, - 4t
Initial temp, of 3 250 3 134
Bix (°F) i...260 s 1%
s .
Original temp. 3 70 s 134
- of mold (°F) I b {1 129
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Pigure 20, Comparison of Specimens Prepared with
Holds at Different Temperature.
Specimen A -~ - ~ -« Cold Mold,
Specimen B - - ~ - Hot Moldd,
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Equipments used for Plant Stability Test are listed as follows:
Portable testing mechine
Camplete set of test mold
Compression ram with thermometer
Compaotion hammer and accessories
Insulated weighing pan eand thermometer
Funnel
Spatula
Raler (or dial with stand)
Balance sensitive to grams
Two pails, one for sampling, the other filled with water,

All above items except the balance and psils are shown in Pig, 22-27,
Descriptions about some of them have been included in previocus da:ci‘gptiom.
The portable machine and few other items are to be explained,

In designing the portabls machine, the primary consideration is
sconomy in cost. Since the machine will be used just for first triel,
it is not justified to build an elaborate one. 4s shown in the picture,
8 medimm~duty Journal jack (capeeity 15-ton) is used to furnish the
required pressure for compaction and testing. The speed in raising the
head ia controlled by that in turning the level bar inserted in the
ratchet system. A reference circle 1s provided to facilitate the control
regarding turning speed of the bar. By such 8 device, 1t is possible to
get & speed of 0,2-in. per min. for the testing of specimen. If more
accurate control is desired, a system of transmission gear is necessary
or the journmal jack can be replaced by s complete goaf box made specially
for this machine, Furthermore, a smell battery motor can be added to this

unit in order teo have 2 mare sccurate control for testing speed,
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For the purpose of i'mr.ding pressure, & proving ring is used. The
ring shall be 8-in, outside diameter, 6-in. inside diameter, and 2-in. wide.
If it is mde with special high-strength steel, 1its capacity could be higher
than 8-ton. With such & ring, the machine can be used either for compaction
or for testing of specimen., Unfortumtely, special steel was not available
vhen the machine was made, The only possible way is to use structural
steel, Therefore, capacity of proving ring is much lower than what is
expected, In thet case, the machine is good for testing only. Specimens
must be compacted by anocther hydraulic pertable machine which is not
necessary if the desired proving ring is available,

The calibration curve for proving ring i1s shown in Fig. 21. There are
ball bearings at top a.nd bottom of the ring, In order to avoid the side-
wise motion of the ri&{\ it is advisable to add & horizontal plate between
the ring and the ao:apmuiea ram. This plate, extended beyond the four
verticsl rods, is restricted *99 vertical motion only. The dial used for
mm'ﬁng the deformation of proving rs.ng has divisions representing

0.0001 inch,

Fig. 10-11 show the details of test gaz.é, Before mldihg, the exten-
sion ring and two renovable wells are attached to the mold by two one inch
wide adjustable steel rings. Between these two rings, an insulation
sleeve is placed. There are two curved blocks which can be placed between
the base plate and bottom of the mold, They shell be removed later in
order to get a double plunger action during compaction. When compaetion
of specimen is finished, the extension ring, insulation sleeve, adjustable
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rings, and removable walls are detached from the mold and the system ls
ready for testing. |

Details of compaction hammer and compression ram are shown in Pig,
12, The éiﬁmt&r at top of hammer is little larger so that it is easier
to 1ift. 8ince there is & 2,5-in, rod attached at the botiom of hammer
seat, 2 stesl tube 3.5-in. in dlameter and 4~in. high serves as a stand
for the hammer (Fig, 22). A ecircular metal sheet is to be placed between
the hammer seat and the mix in order to avoid the sticking of asphalt
mortar to the hammer seat, This metal sheet is left there dur;ng testing,
Compaction with hammer must be done on a concrete stand about 30-in. high,

Pig., 25 shows the weighing pan which is covered with & thick paper
board and completely insulated on sides and botiom with ashestos paper,
Temperature of mix ecan be measured with a thermometer inserted in the pan.
The purpose for such arrvangement is to keep the temperature of mix as
uniform as possible.

Procedure in meking the Plant Stability Test has been discuased
separately under previous headings. At this stage, it seems eppropriate
to give a systematic description for all steps from sampling of mix %o
the end of testing. |

Before test 1s to be run, all equipments must be arranged in right
order, In case the test mold is still warm after uasing or if the air
mpgmtuéa is above 80°F, it has to be cooled in water bath (temperature
7é°~aa°) for one mimte, wiped until dry, and lightly ciled over its inside
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surface. Since most of the steps in making the teat must be done at
proper time, orderly arrangement for equipments is doubly important for
Plant Stability Test.

At continuous plants, the mix shall be sampled right under the dis-
eharging end of the mixer, 4 pail is used to collect an integral streanm
of mix discharged through the gate sc that the sample csn be representative.
Quantity of sample must be roughly as much as required to prepare one
specimen, It is advisable to put the thermometer into the mix right
after sampling because ordinary mercury thermometers are slow in action,

~ The mix is then taken to the plant laboratory and seraped into the
weighing pen, It shall be covered instantly and the thermometer placed
st the center. Weight of mix required to prepare the specimen can be
estimted from results of previous tests. Usually it is more or less
than 1850 gu, 4s the temperature of output at hot-mix plants is
usually somewhere arcund 290° F, temperature of mix in the pan after
welghing would not be muech higher than 260° F. This temperature must be
watched very carefully. Whem it drops to 260° F, molding operstion shall
be sterted. The mix is scraped from weighing pan through funnel to the
mold, Loading and unloading of weighing pan must be done with extreme
care in order to avoid segregation of aggregate particles,

After the mold is filled, a spatula shall be used to spade around
inside surface of the mold so as to reduce the possibllity for forming
large surfece voids. Then the mix has to be leveled off and a circular metal
sheet placed on the tup. The mext step is to apply dynamic load with the
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hammer, When the specimen has received tem blows, curved blocks under
the mold must be removed in order to get & deuble plunger action for the
remeining forty blows., Hammering should be done steadily at the rate

" of one blow per secend, The guiding rod for hammer must be always kept
wvertical without slant, otherwise the top of speciman would not be lasvel,

Compression ram together with armored themter shall be placed
over the specimen after it has received a total of fifty blows (Thermome-
ter is inserted into the hole in the specimen), 1000 p. s. i. static loed
is then applied for further compsction. The preparation of specimen is
finished when this load has maintained for ome minute.

The combined height of specimen, compression ram, and base plate
shall be measured to 0.01-in. with either a right angle ruler or a dial
fixed at definite position on a stand. At this stage, the extension ring
must be removed so that the reading on inserted thermometer can be seen.
When the temperature of specimen drops to 170°F, the insulating sleeve
and two one-inch rings are mmva& and the test mold together with the
specimen smi be placed on the portable testing machine, Now the ther-
mometer reading must be watched very carefully. ¥hen it is 160° F, the
removable plates are detached and the specimen must be tested immediately.
Testing speed shall be 0.2 in. per mimute, The highest reading is recarded
and its equivalent stablility value in pounds can be found from the
calibration eurve (Fig., 21). The time from beginning of molding to this
stage is usually ten mimutes,

The specimen together with the mold shall be weighed to grams and
| density of mix can be computed., Since tempervature of specimen at this time



90,

is still high, there will be no difficulty in removing the specimen from
the mold, The last thing to do is general oleaning,

Comparative Tests

The dependability of Plant Stability Test has been verified by
laboretory experiments, However, there are two more questions concerning
the effectiveness of this test. (&) Is the testing results reproducible?
(b) It bas been shown that the test is sensitive to various factors if
specimens heated by constant-temperature water bath are used. Would the
test still be sensitive if tempereture of specimen is indicated by
inserted thermometer? The above questions will be answered under the
next two headings,

Reproducibility of results

Reproducibility of resulis can be seen in Table 12 and 19, In Table
12, specimen were made with 3/4 in. mix; vhile in Table 19, one inch mix
was tested., As ssphaltic conerete mixtures are heterogeneaus in character,
test results can not be as uniform as those for homogeneous materials such
as steel, aluminium, etc., Therefore, variations as shown in both tables
are considered as within allowable limits. In other words, Plant Stabillty
Test can be used for testing mixes with maximum size of aggregate equal to

or smaller than one inch.
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The most direct way to verify the sensitivity of Plant Stability
Test towards warlous factors 1s to repeat the sensitivity tesis as
described before, The only modification to be made is the method for
preparing and conirolling test specimen. On the other hand, such extensive
experiments would not be necessary if it is possible to indicate that the
sensitivity of test 1s not influenced by the difference asg deseribed in
regard to conditions of specimen, In order to get such an indication,

a series of correlative tests should be performed.

A mix composed of crushed gravel (maximum size 3/4 in.), sand, lime-
stone powder, and 65 penetration asphalt cement 1s used for this experiment.
Again, no description about gradation and properties of materials is
deemed necessary., Three set of specimens are prepared from the same mix;
each set includes three specimens. Set A 1z prepired mecording to the
ordinary procedure which has been used in the lsboratory investigation
of test mold, Compaction of Set B and C follows the particular method
for Plant Stability Test as deseribed in the previms article., Curing
peried of 24 hours is allowed for Set A and B; of course, none for Set C.
As regards method for tempersture control, 140° F water bath is used for
Set A and B and inserted thermometer method for Set C. Testlng speed is
Q.2-in. per min., in each case,

Table 15 end Fig. 28 show all testing results. It is seen that
stability values for Set C are almost the same as that for Set B. In
other words, thermometer controlled apwimm» give the same result as that
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given by specimens heated in constant temperature water bath for one hour,
This definitely indicates that tempertiture control with inserted thermometer
is as effective as the control by using water bath.

On the other hand, Fig. 28 reveals that sensitivity of test is nearly
the same for Set A and C. For more clear description, it can be stated
that thers would be no grest influence upon sensitivity of test if
specimens prepared and tested according to ordinary laboratory method are
substituted by those treated with procedures involved in Plant Stabllity
Test., Therefore, all nnsitivity studies desecribed under the heading
*Test Mold" are valid for Plant Stability Test as a whole.

Application for Plant Control -

The best way to study the application of Plant Stability Test for
plant control is to corrslate test results with service behavior., If there
are experimental roads built for investigative purposes, & trial applice-
tion of the suggested test would be desirable, Due to limitations
regerding authority, equipment, and time, neither of the above experimenis
can be covered under this study. Plant experiments described under the
next heading were made just for verifying testing method. Before this
method can be applied for routine plant control, it is necessary to
- establish certsin minimum stability values. A discussion far such minimum
requirements will be given later.
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Experimental application of Plant Stability Test was made at an
asphaltic conerete hot-mix plant of the continuous type. The maximum
size of coarse aggregate 1s one inch and the asphalt content 5.25 per
cent., Properties of aaphalt cement and mineral materials are shown in
Table 16-17. Gradation of mix 1s listed in Teble 18, |

It was found from several days' trial at the plant that the suggested
teat could be very conveniently applied for plant testing. Time from
beginning of molding to the end of testing 1s about ten minutes, Table 19
showe results of testing performed in one day. Time interval between
consecutive tests 1s generally one hour, It 1s seen from the table that
stability values for all tests are fairly uniform in that day, Exeeption
to this is the stability value for Test no. 4. When mix for Test no. 4
was sempled, the plant had been shutdown and just started again. Probably,
the higher stability value for Test no. 4 1s due to higher percentage of
fines in the mix, A4t continuous plants, it is not unusual that when plant
has been shutdown and starts again there is always a little higher content
of fines in the mix mostly due to the sction of dust collector.

In the same day, four specimens were molded at the plant and brought
back to the centrel laboratory, The next day, they were heated to 140° F
by submerging in water bath for one hour and, then, tested on stationmary
machine., Data for these four specimens are shown in Table 20, Thelr
stability values are very close to those found from plant tests and their

specific gravities are nearly the same as the one for pavement sample
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(refer to note below table),

The author realizes that plant experimsnts as described above are
certainly not sufficlent to indicate any minimum requirements in regard
to stability value for mix. No further experiments can be made because
the plant is running st fixed mix formula under the authority of Iowa
State Highway Commission. The purpese of these plant tests is just to
check whether the suggested testing method can be convenlently applied at
the plant to give same results as found from laboratory tests, When this
objective has been attained, there must be more correlative experiments
which vill be described in the next paregraph,

Investigations to be mede

Minimm requirement regarding stability walue of an asphaltic concrete
miz may be specified in two ways. One way is to require a minimum stabllity
value in pounds , regardless of the characters of bituminous and mineral
material, Although such a definite and simple requirement can be very
emrly included in the specification, one might criticize that the effects
due to asphalt and aggregate wleé outweigh that due to mix composition and
plant operation, For example, ‘3009 pounds has been specified as minimum
stadbility value. When 120.penetretion asphalt cement and soft erushed
atone are included in the mix, everything must be under strict control in
‘order to meet the apecified requirement. However, if 60-penetration asphalt
cement and bard crushed stone are used, 3000 ;ba, stability can be very
easily reached even 1f the mix compesition is ‘mt the 1deal one or if the

manufacturing of mix is not under proper contrel. For the purposs of
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eliminating effects due to individual constituents, the other way for
specifying minimum requirement of mi;: is %o require the stebility value
of plant mix to be not lower than & certain percentage of the stability
value found from laboratory prepared ideal mix, In either case,
eorrelative experiments are necessary in order to specify the minimum
stability value or the minimum percentage of ideal stability wvalue.

The most ideal case for such correlative experiments 1s to cooperate
with & series of experimentsl roads including all possible variations in
regard to type of constituents, mix composition, method of laying and
compaction, type and volume of traffic, ete, It has been mentioned befare
that correlative tests are also necessary in determining the proper com-
paration of test specimen, Since such constructional projects are beyond
the poseibility of college research and no similar projects operated by
highway commissions or engireering departments are available in the near
vieinity, these necessary investigations have to be made in the future.

Up to the present moment, only the testing method of Plant Stability Test
has been found as dependable and satiafactory., More correlative experiments
are necessary before the suggested test can be formly applied for routine
plant control.

In the Plant Stability Test, compressive stirength alone has been con-
sidered as sufficient to indicate quality of mix. However, it might be
advantageous to study the cleracter in regard to defarmation of specimen
during testing ae & further investigation for the suggested test. Again,
such investigation should be correlated with experimental rosds in order
to check the practical value for this additional information,
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Table 15, Correlative Tests Ey Using Specimens Prepared and Controlled
by Various Methods

Specimen ' T 3‘§ability Tn 1bs.
Fer t !

:3@9@ p.a.i.a Ya‘&cr bﬂhs
A sstatie 38t 1,00 P 3270
3 . Jload 1 . | ‘
:50 blows : Water bath:
B sfollowed 3 at 140° P : 2960
: by 1000 H
3 Da8yl, 8 :
3150 blows :lnserted '
c tfollowed sthermometer: 2920
s by 1000 at 1600 F
st p.s.d. 3 ; 3

1 411 data are the average of testing results taken from three specimens.

.

3430

”»«h»»uh»unng

Table 16, Properties of Asphelt Cement Used at Hot-Mix Plant

8Specific gravity &t 77° F/77° F = = = = = = = = = = = = = = 1,0024
Flash point (open cUp) = = = = = o - v = - - - = -~ = 500

Loss on heating (five hours at 325° F) « = = = « = =« = = « 0,12%
Soft point (Rand Bmethod) = = = = = = = m = = v = e o = 1209F

i

Soluble NG Cl, == == mmomoome— e oo ==« 99,814
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Table 17. Properties of Minersl Materials Used at Hot-Mix Plant

;Pmammte glze

- _ ‘ _
‘ s Absorption 4. 5§

< s . :-a ; . . ,
Crushed 3 2'59 ¢ 1 in. to No. ‘ 3 ﬁﬁm {Lc A, V‘Mﬁﬁng
~dimestone 3 F , 3 _greding By 41,23
H 3
Sand L 3
Limestone s s
~poider 3

Table 18, Gradation Chart for Asphaltic Concrete Mix

3
. 3
3 3
3 3 $ tPirat H 3 H ]
Remark t = 3 = 3 = gtruckloads « 3§ - 1 ~ 3 =
3 ) ] s after 3 H :
i H 1 sshutdown s 3 i H
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Table 20, Iaboratory Teating Results for Spscimens Prepared at Hot-Mix
Flants

W£La3=3*,é

gpecimen <in

Density {(gm./c.c.) 2.19 2.17 2.16 2,17
Sp. Gr. 2. 2.29 2.28 2.29
Stability (ibs.) ' ' "

by P.S.T. method 2480 2350 2300 2420
using 140° F water

bath

Note: Testing results for seamples taken from two inch binder course,
8?0 Gtt ot -~~~2.29
Adr Volds «~ - « ~ 2,8 per cent
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Figure 22. Complete Set of Equipments for Plant
Stability Test.
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Figure 23, Close View for Center Partion of
Portable &ﬁxm.
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Figure 25. Insulated Weighing Pan.
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Figure 27. Specimen Ready for Testing.
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specimen is recorded. Compressive strength is congidered as 2 measure

of resistance to deformation. For any bituminous mixtures, resistance to
deformation is affected by type and gradation of aggregate (including
filler), type and content of bituminous binder, density of mixture, ete,
Therefore, the first step for investigeting the effectiveness of this
test 1s to verify its semsitivity to all these factors. Experiments
indicate that the suggested test has a deairable character of high sensi-
tivity,

In order to have maﬁa iden about the standing of this test among
common mechanical tests, a comparative study bas been mmde. Speclmens
prepared with similar compactive effort are used for Hveem Stabilometer,
Hubbard-Field, Marshall, unconfined compression, and the suggested test.
Results disclose that the suggested test 1s as effective as any other
tests so farva;sf the type of testing is concerned.

The most particular feature for Plant Stability Test is the elimimation
of constant temperature oven or water bath used for heating the specimen
before testing. Since it is absolutely necessary to tesi specimens at &
definite temperature, #n armored thermometer inserted in the specimen
serves for this purpose. ”hrim experiments lmve been performed to
verify the dependability of this device. By controlling the tempsrature
for both the mold and ‘mixtnru Just bnfam molding, 1t i1s possible to get
8 positive temperature cantrel for tha specimen during testing.

Another feature of the suggested test is the use of the same oylindrical
mold for both melding and testing., By such a device, time and labor for
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the extrusion of specimen from the mold can be saved. Other laboratory
investigations inkraglré to test specimen include compactive effort,
temperature of mold, height of speeimen, etc. All laboratory tesis act
as experimental background for the development of the suggeated tesi.

As Plent Stability Test was designed for the use of hot-mix plants,
it muat be actually spplied at the plant in order to verify its practieal
value, A porta’bla: testing machine and other equipment were built for this
purpose. Results indicate that this test can be very conveniently
applied for plant control. Time from the beginning of molding to the end
of testing is usually ten mimutes., With such a rapid control test, plant
inspector knows the quality of mix. He can make any necessary adjust-
ment if the stability value found from this test is below the minimum
requirement. By applying the suggested test at hot-mix plsnts, effective
control of asphaltic concrete mixtures would not be diffieult.
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