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SOME BASIC FACTORS AND THRIR EFFECT ON THE DESIGN
OF BITUMINOUS MIXTURES

By F. N. Hveen
Senior Physical Testing Engineer

Any attempt to discuss fundamentals or basic factors seems
to lead sooner or later to a definition of terms and a consldera-
tion of nomenclature. Une of the necessary steps in the process of
Analysis is the grouping together of related phenomena or observa-
tions., Many observations and much valuable data have not been
correlated because they seem to apply to unrelated fields. It is
here that the question of nomenclature requires scrutiny, as it is
a fairly common habit to accept withoﬁt question an object or
phenomenon which has been accorded a name. ‘The engineer is as
guilty as the layman in assuming that he knows a great deal aboutb
a matter because he knows what to call it.

if all pavements composed of mineral aggregate bound to-
gether with some asphaltic product were considered under the one
heading of bituminous mixtures, I do not doubt that we would have
fewer Aifferenceg of opinion as to what constitutes fundamentals.
in a condition, however, where we have distincetive names, each of
which conveys a somewhat different impression and covers a differ-
ont group of experiences, we have wide divergences of ideas and
much evidence that appears to Ee contradictory. Asphalt paving
technology has been developed by a group of men who are individually
acquainted with asphalt macadam, sheet asphalt, Yopeka, asphalt
goncrete, rock asphalt, pitulithie, warrenite, willite, and other

patented types too numerous to mention, to say nothing of the more
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recent oil mixes, plant and road mix type, armor coat, multiple
1ift, retread, etc., ‘'l'hese various names do have their useful
purpose, but they also tend to leave our knowledge in separate
pigeon holes. Lf all the known data are assembled and correlated,
it is possible to detect any general principles which apply to
all types. For example, one generalization common to all bitum-
inous pavements is that they are composed of two essential in-
gredients - one of granular mineral aggregate and the other a
liquid bituminous product of variable viscosity. <The second
universal condition is that all of these pavements, regardless
of composition, must carry similar moving loads in the form of
motor traffic on rubber tired wheels. 'he fact that bituminous
pavements coming under any one of the above classifications can
be constructed to carry considerable traffic without distortion
indicates that the fundamental reguisites for stabllity are suf-
ficiently realized in every stable bituminous road surface regard-
less of type or designation.

By this simple process, it is then possible to decide
which properties or factors ars of fundamental importance and
which are not. ''his approach immediately eliminates any particular
gradation of aggregates as belng essential to stability. 1t also
indicates that the viscosity of the bltuminous binder may vary
greatly without losing the necessary stability. By considering
all types to determine those requirements which are absolutely
necessary, we can eliminate from consideration any particular

aggregate grading, consistency of the bituminous binder, necessity
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for dense mixtures, the need for filler dust, hardness of aggre-
gates, and any other condition or ingredient which is peculiar to
some one type of bituminous pavement and does not exist in others.
it is realized, of course, that each of the various types of
asphalt pavement have their individual advantages and disadvantages,

and beyond doubt we will continue to see asphaltic materials used

in many different types of pavement construection, and for sound

engineering reasons. IFor example, sheet asphalt pavements have the

advantage in construction for securing smooth r@ding gualities, but
frequently develop a dangerous skid hazard. Macadam construection,

on the other hand, is nearly always safe when wet, but smooth riding
qualities are difficult to attain. ‘here are many such pros and
cons which might be enumerated at great length for the various types,
and there is relative economy always to be considered.

Ln this light, it appears that a so-called fundamental, i.e,

a basic essential requirement, is restricted to a particular property

of the finished pavement. 1Lln other words, a fundamental requirement

for stability may not be a fundamental requirement for impermeability.
Steps to provide a workable mixture will not necessarily enhance
the stability, and so on. ‘Lherefore, each esteemed property of the

pavement must be secured by attention to its peculiar fundamentals,

-~ whese various basic considerations are sometimes in direct conflict.

As an illustration of the application of fundamentals to a

particular problem, the matter of stability will be discussed in

some detall,
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une property possessed by all masses of granular materials,
regardless of size or shape, is some degree of internal friction
which tends to resist movement or deformaticn of the total mass.
‘'he frictional resistance of solid particles under a gilven condition
varies directly with the pressure to which they are gubjected, is
relatively independent of the speed of action, and independent of
the area in contact. ‘he observation that bituminous mixtures may
develop stability regardless of variations in grading of the mineral
aggregate is entirely compatible with this principle.

wrom this law it could have been deduced that bituminous
pavements would be benefited by an increase in consolidation. Ths
more effective the consolidation that is developed in the pavement,
the greater will be the resistance to distortion. Experimental
evidence and actual experience confirms this assumpbtion,

¥rictional resistance between two solid bodies may be lessened
by separating taem with a £41m of viscous liquid. Viscosity 1s a
highly important quality of a1l lubricating oils. JIf the solld
particles are completely separated by viscous liquid, any resistance
to movement is then due only to the Tlow characteristics of the liquid,
in this case the asphalt, and the law of liquid friction states that
the resistance to movement of a viscous liquid between two parallel
plates is relatively independent of the pressurse, but varieg directly

with the speed of action and directly with the areas in contact.

kxamination of all types of bituminous mixtures offers no contra-

diction of this statement. However, a mixture of mineral aggregate
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and asphaltic binder forms a mass whose deformation characteristiecs
will follow neither set of laws exactly, inasmuch as the surfaces
in contact are neither wholly dry nor completely lubricated, and
the difference between instability and stability of asphaltic pave-
ments is almost without exception the difference between lubri-
cated and unlubricated surfaces. Lubrication of pavement may

be brought about by a sufficient amount of asphalt, oil, water,

or a combination of two or more liquids, and is frequently enhanced
by an excess of filler having unctuous characteristies,

¥rom a consideration of this one quality of stability, 1t can
now be conecluded that bituminous mixtures possess only two funda-
mental properties which combine to produce stablility of the mixture.
vune property is fractional resistance between the solid particles
of mineral aggregate, and thé other is frictional resistance in
the films of bituminous binder. Ligquid friction contributed by the
asphalt may be variously designated as viscosity, cohesion, or
tensile strength.

Both liquid and solid friction are variable, and in a pave-
ment mixture may veory independently of each other, as the conditions
which affect one may affect the other in an unrelated manner. For
example, frictional resistance between the rock particles is en-
hanced by rough surface and angularity and by the degree of con-
solidation. 1t is not greatly affected by changes in grading or by
dengsity of the mass. Uohesion due to the asphalt is to some extent
influenced by the character of particle surfaces, increases generally
with increased surface area, and reaches its maximum for a given

asphalt at the point of maximum density of the mixture. in bituminous
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pavements, the cohesion varies in a wide range with the ftemperature,
with the consistency of the asphalt, and with the presence or
absence of fine dust or filler.

Unfortunately, these two basic factors, which will hence-
forth be called simply friction and cohesion, do not contribute

to stability either in equal degree or in kind, and it becomes

necessary to decide whether to aim at increasing the frietion or
the cochesion or a combination of both, when designing the bitumin-
ous pavement,

High frictional resistance is obtained by selécting aggregates
having a sandpaper-like surface texture, and with the quantity of
asphalt maintained definitely below the total void volume. ‘lhe per-
centage of voids which may be filled with asphalt is positively a
variable, and differs for each type of grading and asphalt used. Iin
other words, knowing only the voids in a mixture and with no other in-
formation it is not possible to determine the quantity of asphalt
binder which will give the best results,

High cohesional strength can be obtained by use of low penetra-
tion asphalts and by increasing the quantity of fine sand and filler
dust. Sheet asphalt mixtures, for example, develop very much higher
cohesion than is the case with asphalt concrete. Asphalt concrete
surface mixtures containing filler dust show much higher tensile
strength than do base and leveling course mixtures without filler.

in order to decide how much of these two properties to. incer-
porate in the design of a pavement, 1t is necessary to form some idea

of their relative importance. FoOT this purpose, the valifornis
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Laboratory used two separate instruments. ''he Stabilometer¥* is
sensitive primarily to internal friction of the mixture and is
affected to only a small degree by the cohesion. ‘Lhe otherl
instrument, the Cohesiometer*, measures primarily the cohesion
of a compact specimen, and is affected not at all by the frictlion-
al resistance of the aggregate. yor example, a sample of sheet
asphalt mixture compacted equivalent to pavement density has shown
no difference in the stabilometer value when tested at any tempera-
ture between 70° and 140°F, The same specimen in the Cohesiometer,
however, showed a great increase in cohesion at colder temperatures.
rhese two instruments have been used to test samples taken
from exlisting pavements representing practically every type of
bituminous surface, with the exception of asphalt macadam using
very large aggregate. The conclusion is inescapable that cohesion
tests alone cannot be correlated with pavement performance under
traffic. Samples of fuel oil mixtures that have withstood traffic
for 10 years without any sign of deformation or instability, when
tested in the Cohesiometer at 140°F show values so low as to be
barely measurable.

In our scale for measuring cohesion, the highest obtainable
values are approximately 1000. 1n this scale, many stable fuel oil
mixes commonly range from 50 to 100, whereas asphalt concrete and
sheet asphalt specimens ranging as high as 500 have been taken from
pavements that had distorted badly under traffic. It is true,

however, that when cohesion values are below 50, there is a tendency

for the surface to scuff or tear under traffiec.

ClibPD

WA FASTIOCO


http://www.fastio.com/

~g.

On the other hand, there is a distincet relationship between
low Stabilometer values and unstadble pavements. It, therefors,
appears that the most important basic factor in securing the
stability of a bituminous mixture is to maintain the frietional
resistance between the aggregate particles sufficiently high.

Thus far in the discussion we have been dealing primarily
with the property of stability, and I may say here that I agree
that there has been a tendency to exaggerate the importance of
stabllity at the expense of other necessary properties of the
pavement, I believe that this tendency always occurs when we have
means of measuring and expressing some particular quality, and
lack means of assigning a numerical value to others,

Everyone dealing with the design of pavements should realize
that the best design is not simply a matter of getting the great-
est stability, or considering any one quality to the exclusion of
others. The pavement should be regarded as a structure, and when
planning a structure the engineer usually has more than one property
to be incorporated, and must include all the essential needs as
economically and as efficiently as possible. A good pavement should

satisfy many requirements, some of which might be enumerated here.

© For the bituminous pavement, sufficient stability and freedom from

raveling; resistance to weather action, including moisture, heat
and cold, oxidation; a non-skid surface to eliminate driving hazards;
a tight impermeable surface to protect the subgrade when necessary;

or sufficient porosity to permit suspiration of ground water when

that is necessary. The pavement should utilize economically
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the most availlable aggregates and lend itself readily to con-
struction of a smooth riding surface with the available eguipment.
In order to incorporate all of these desirable properties
in one simple mixture, it is necessary for the designer to know
something about the basic factors and how each particular effect
can be achieved, and mogt important, to what extent he might com-
promise the several considerations. For example, in order to
resist weather action, a relatively rich mixture is desirable.
The heavier the film coating on the particles of aggregate, the
greater will be the resistance to aging and deterioration of the
asphalt. However, if this consideration is allowed to dominate
the design, there is considerable danger that an unstable mix will
ve developed. Reslstance to abrasion, raveling, and impact also
increases as the quantity of asphalt.is increased. But unfortunate-~
1y, while we are improving the mixture to increase cohesion and
"malleabllity™ which are in themselves desirable, increasing the
thickness of lubricating films beyond a certain point will simultane-
ously reduce the frictiom on which stability so largely depends.
When we approach the subject of durability and weather resist-
ance, we are entering a large and complex field which merits the
attention of a specialist in this line. It is no longer simply a
matter of mechanics and fixed proportions; it is necessaTy to con-
sider obscure properties of both the mineral aggregate and the
asphalt. Sad to relate, all asphalts do not have egual ability to
resist detrimental change and all mineral aggregates do not have the

capacity to retain a coating of asphalt in the presence of water.
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1t is hardly within the scope of this paper to enter into a discus-
asion of the ramifications of hydrophilic and hydrophoblc aggregates,
as a great deal has already been written, and much work remains to

be done on this subject. This is also true of the important propert-
ies of the various oils and asphalts. whether an asphalt should be
heterogeneous or homogeneous, and whether ductility at 77°E.lis or

{s not important, are matters which may ultimately be thrashed out,

The weathering of asphalts and their susceptibility to harden-
ing during the mixing process and after being incorporated in the
pavement is a subject now receiving considerable attention, and its
importance can hardly be over-estimated. 1t appears, however, that
separate tests on the various ingredients of a mixture can easily be
misleading. L think that this has been well demonstrated throughout
the history of asphalt tests, and it seems that after many years of
applying the standard identification tests we are still not sure
whether a given asphaltic product will make & good road or not.

I am tempted to venture into the hazardous field of prophecy,
and express the oplnion that in all likelihood the only satisfactory
tests for either asphalts or aggregates will be performed after
mixing the two materials in approximately the same proportions as
are used in actual practice. 1t should thus be possible to detect
the tendency of an asphalt toward premature aging and brittleness,
and it is already possible to detect nydrophilic tendencles of
aggregates with a falr degree of assurance by means of tests on the

complete mixture, although procedures for this purpose no doubt will

be improved.
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Lf the pavement mixture is to be rendered tight or im-
permeable so that moisture will not readily pass through, the
most effective means is to provide a dense graded mixture in

which the pore sizes are small enough to prevent the passage of

water. I might call attention to the fact that the gize of the
pores cannot be determined by measuring the void volume. A fairly
dense pavement with a few large pbres will permit the passage of
water, whereas a fine graded mixture moderately well oiled will
not, even though the relative density is not particularly high.
Briefly, then, the requirements of a pavement and the im-
portant fundamentals might be summarized as follows. For the
best stability, a harsh, crushed stone with some gradation, mixed
with only a sufficient asphalt to permit a high compaction with
the means available. ror greatest resistance to abrasion, raveling,
aging, and deterioration, and imperviousness to water, a high
asphalt content, broadly spreading the richer the better. ror im-
permeability, a uniformly graded mixture with a sufficient quantity
of fine sand (fine sand is more important than filler dust). For
non-skid surfaces, a large quantity of the maximum size aggregate
within the size limits usged., For workability and freedom from
segregation, a uniformly graded aggregate. 1O reduce the above
factors to as simple a consideration as possible, it seems to be
the best rule to use a denss, uniformly graded mixture without an

excess of dust and add as much oil or asphalt as the mixture will

tolerate without losing stability.
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*Por deseription see "Role of the Laboratory in the Preliminary
Investigation and Control of Raterials for Low Gost Bituminous
Pavements" by T. E. Stanton and F. N. Hveem, published in the
Proceedings of the Fourteenth Annual Meeting of the Highway
Research Board, Lecember, 1934, Part II.

AExperimental Asphalt Uoncrete Pavement Using Hard and Soft

Asphaltv

In view of the rapidly accumulating evidence pointing to
the detrimental effect of hardening and oxidizing of asphaltic
cement in service. California has recently constructed several
miles of experimental pavement in which asphalts of varying
penetration were used in standard asphalt concrete construction.
Each section was approximately one-half mile in length. 'The
asphalts used included 55, 76, 110, 170, and 225+ penetration, this
latter grade being designated as 90-95 road oil.

vhe standard construction procedures were followed through-
out, with the exception that plant mixing temperatures werse
reduced with the softer grades of asphalt, and in some cases
final rolling operations were delayed one or two days after the
materiasl was spread. ''he percentage of asphalt was reduced from
5.3 in the case of the 50-60 grade to 4.8 with the 90-95 oil.

This road has been under very heavy traffic for about two
months. The temperatures in this area are quilte high, frequently
reaching 110°F, At the present time, it is not possible for the
casual observer to detect any difference in appearance between the

several types used.,

No construction difficulties were encountered, with the
exception that with the very soft grades it was necessary to delay
the final rolling operations until the following morning, when
the pavement was cool. Stabilometer tests on all types of mixtures
were amply high, and there seems to be little reason to fear any
lack of stability in the pavement. Whether or not this pavement
will have any greater resistance to cracking can only be determined
with time. However, thus far results appear to be quite encouraging.
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