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Before discussing the usé of the Stabllometer as
applied to the design of flexible road surfaces in
California, it might be sopropriate ¥o glve an outline
of the steps which led to the development and use of the
instrumend,

The tyne of flexible pavement which 1s probably of
grostest interest to the Westernew ls the welleknown oll
mix, using a dense-~graded aggrepgete with either slow
curing or medium curling Liquid sephalt as e binder. The
Pirst oll mix surface on a stato nighwey in California
was songtructed in 18926, and the wsocess appearsd sSo
promising that addiiional mileage increased rapidly. By
1929 thare were at lesst a Jdozen scotlons goatteraed
shroughous the state whicn rod been surfaced by eliher
plant or road mix wmethods ueing the eouivalent of an 8C-2
road oll,
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developed through nscessity to mesl the very serlousg problem
of censtructing a suitable road gurface through an arid
country where the older methods ware virtually lmpossible due
to lack of water, It was early made evident that proper
proportlons of oil and aggregate were eagentlal, and many
supnogedly signifiéant digna such as color of the mixturé,
tendency to crawl, and so on, were used as guldas by the
engineer,

Generslly speaking, the design of the mixture was
largely up to the man on thas Job, and much of the work done
by such rule~of-thumb methods hae never been bettered. Howe
ever, regardless of how skilled and infallible an individusal
may become as a rosult of long experience, 1t is usually
imposslible for him to psss on his experience to another, and
thus construction work becomes an art rather than a anlence,
and es such 1t ie difficult to orofit by mistekes and to
make conslestent progress. It might also be polnted out that
mwost people prefer to remember their successes rather then
their failures, and most of us who price ourselves on our
abllity to Judge good concrete or good bitumlnous mixtures
by visual lnspection have conveniently forgotten the cases
where 1% 414 not woxrk out go well.

Whlle the early history of ©il mlix development lncluded
many succesées, it soon ﬁecame evident that the quality of
the work depended on several factors which were not at all
undsratood. The same engineers worklng under the sanme
speclflications produced both good and bad results without

the cause beilng apparent; 1t therefore appeared necesgsary o
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study the work already done and determine in the Lavoratory,
1f poeslble, Just what factors were lmportant, and how they
could hest bhe controllied,

Studies along thess lines mede both in the Laboratory
and in the fleld have brought to Light a grest deal of
evidence, and modern specifications now lnclude & number of
requirements as a resguli of these investlgations. Some br
the factors now Aldentified which were hardly théught of in
1927 include: tests for the rejeztion of definitely hydro-
?hhilic apsiregates; limitation on the moisture content; grading
;specifieations for the mineral sggregate; and pinimum values
‘for the stability of the mixture, In additlon, a number of
formulas or methods have bsen proposed for est.mating in
advance the amount of asphaltic binder required, Tests for
preferentisl wetting have been fully described elsewhere,
and are not pertinent %o this discussion. A conslderstlon
of stability measurement, however, does encrcach upon and
involve most of the other vonsidervaitions., Therefore, it ia
necessary to enumerate fome of tne properties which a bitum-
inous pavement should have.

Anyone djiscussing the design of bituminous pavemente
svparently must do so frem elbher the practical viewpoint or
Prom theoretical considerabions. Occasional dlsparaging
remavks have indicated a definite lack of enthuslasm for
either theorists or experts, and one hastens to dlsclalm
being either. Apparently the practlcal men must actually
enjoy seeing a beautiful theory deatroyed by an ugly fact.
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While mos%t engineers connected with constructlion regard them-
gelveg as eminently practical, and profess to prefer faocts
to theory, a careful study of the record will demcnstrate
that many unsound beliefs persist in gpite of contradictory
evidence.

For example, 1t has beeh often stated and widely
believed that meximun denslity is sssentlial for a good pave-
ment mixbure, whether hydraullc of asvhaltioc concrete. It
can be shown that many of the most satlsfactory mixtures have
considerably less than maximum density.

Mathematical formulas based on theory have been put
forth to calculate the thlckness of pavement necegsary to
carry traffioc over a given subgrade. One such formula
indicated that it would requlre from 18 to 20 inches of
bituminous pavemen?t to reduce the subgrade pressure to an
amount edqual to that under a 7-inch concrete sleb. Rggard-
less of formulss, many thousands of cars are being carried
by less than 3 inches of bituminous surfacing over such
subgrades.

Another belief held by many englneers, which 13, how-
ever, not a theory gponsored by many asphalt technologlsts,
1 that hard asphalt is necesgary to secure gtebility in
bituminous mixtures., This notlon persiste erern lin the face
of successfyl behavior of oll mix roads. One could enumerate

many such ineonsletenciea between theoretical considerations

and actual facts,

When the study of oil roads wad firet undertalken in

Cplifornia to find out why certain sections had rutted and
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grooved under trarfic and why others had raveled and dlsin-
tegrated from abrasive actlon, and why still others become
gsoft and muddy in wet weather, various sectlons were snalyzed
to find out what common factors were present in the good
gections and also which conditione were common to the falled
areas,

One of the easlest, hence the flrat item oompéred,
wes the grading of the aggregate. It d1d not take long to
find out that almost every conceivgble combination of particle

' 8lzes had been used tc produce a successful road in some

section or other, and that the aggregate in the.falled sectlons
apparently covered about the same range of variation, so
far as sleve analysis was concerned. It was imposalble to
belleve that some particular grading of aggregafte was
either reesponsible for fallures or cesentizl to success.
The malntenance and conetruction engineers had ruined some
very good theories about the importance of greding.

Another concept that was once universally accepte&,
and which appeared ae a matter of couree in virtually all
specifications, was the atipulation that the aggregate must
be hard, sound, and durable, and free from flat or elongated
particlesa. When sectlons of both good and bad pavements
were studied, the only trend that came to light seemed to
show that a grester percentage of unstsble sections contalned
very hard stone, and that taking everything into conslders-
ti&n, the roads built with soft aggregate were most stable,

Therefore, if stability could be achieved regardless
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of density, gracation, hardness of the aggregate, or grade
of asphaltic binder, and if lnstabllity was most frequently
esnoountered with hard, smooth aggregetes and an excess of
o1l or water, then it wae a simple deduction to conclude
that high frictional resistance between the particles of
aggregate 18 one of the essentials for good atabillty,

Unstable pavements have a tendency to flow in the

~direotion of trafflc as evidenced by the displacement of

traffic lines, etc; therefore displacement 18 due to the
welght of the vehicle, which tends to nush the surface
downward, and aseuming that the subgrade l1s firm enough to
carry the loads, rutting or grooving of the surface itesell
can only occur as a result of lateral displacement of the
mixture beneath the wheel. f

In order to prove that rough stone partiocles would
have less tendency to move than smooth polished gravel, a
simple device was built in the fowm of a split steel cylinder
which could be Ffilled with loose sand or gravel, and the
aggregate submitted to load. The split cylinder would expand
according to the tendency of the aggregate to be squeezed
out under pressure, and a few tests demonstraved that there
18 n wide variation in the tendency of varlous dry aggregates
to move under load. As the same tyne of movment oceurs ln
an unstable pavement, the next atep was to find out whether
this tendenoy persisted when the aggregate was mixed with
bituminous material and comoressed to pavenent density.

A more sultable apvaratus was constructed and tests on

typicel paving mixtures ademonstrated that there 18 conslderable
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varlation depending on the type of aggregete, and an even
greater varlation depending on thé quantity of asphsalt uaed,
As the over-rich mixtures are usually unstable in practioe,
and the same over-rich types indicated low stedbllity when
tested, 1t appeared that the test method was a step in ths
right diveotion, '

After some preliminary study of oil mix types, a
specimen of asphaltic concrete was tested at & tezperature
of 1409 P, and we were astonlshed to fAnd that at that
temperature 1t had as much tendency to displace under load
as did some of the o0ll mix ganples. This tendency was
verified by further expeﬁiments, and at first it seemed so
much at variance with what is often called Ycommon sense"
that the validity of the test was serlouely questioned.
There 1s no doubt, however, that & compressed mixture of
sephaltic conerete or sheet asphalt does have hardnesgs chav.
acterlstice witich are not found in the average oll mixture,
and in order %o measure these differences, s test for
coheslon or tensils strength was developed,

Taking all the avallable evidence from both fleld
and laboratory studlies, it wmay be conecluded that the abillty
of a pavement to remain mooth and to reslst the destructive
effeocte of traffic ie dependent on four proverties., These
four properties are virtuslly independent varlsbles, and the
various comblnations of the Tour elements are responsible for
ver lations in the quality of the pavement, These propertlies

are:
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Firet, internel friction, or more acourately,

gliding resletance between the partioles

ol mineral aggregate,

Segond, & properivy whicﬁ may be various deeorilbed
as cchesion, tensile strength, or more
preocisely in the case of hituminous pave=
mente, as liquid friction, which varies |
according tc the amouat and character of
the bituminous binder predent, and 1s
affected by the density of the mix, the
amount and hype of filler, and varies
with the tempsraturs,

Third 4s the inertia, which depends on the mass of
the pavement.

ffourth, the angle of shear, which produces &

varleble effeot when the ratio of depth
to the dlameter of the loaded area 18
lees than one.

Thege faotors resnond differently to the area of the
applied loed and to the sgpeed or duration of contact; for
example, vhen a heavily loaded vehicle with large tires
moves very slowly over a bituminous pevement, the resistanocs
to deformation depends almost entirely on the 1nternal
frietion, only elightly on the cohesion, and while the
effect will vary definitely depending on the thickness of
the surfacing layer, resulis will be only slightly modified
due to inertis of the mass, On the other hand, when a

1oaded vehicle travels at a high speed, the dlstorting effeot
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will also be resisted by the internal friction, but in this

case the cohesion between the particles and the inertia of
the mass are increasingly important in resisting dsformation.
It appesrs, however, that the chlef value of slab
inertis is to reduce the stress on the subgrade which would
otherwilse result from rapidly moving loads. Nevertheless,
for all typeé of traffic and for service over a long period
of time, the actual stebility value of the pavement wlll
depend on the friction and coheslon, and as stated above,
the friction ie the only property which operates equally to
resist both slow moving and rapid moving loads. This value
18 little affected by time, speed of travel, or temperature.
Experimental date indicates that Stabillometer results
depend almost entirely on lnternsl friction of the mase, and
are influenced to only a slight degree bf the so-called
cohesion, or the viscous resistance of the pavement, The
oll mix type of surface, using a low nercentage of slow
suring road oil, must depend for g8tebllity almost entirely
on friotion between the particles, as the coheslon 1is usually
very low. In this case, Stabllometer values represent
almost the entire stability value of the mixture., At the
other extreme, however, 1s the sheet asvhalt type using a

relatively large amount of hérd paving asphalt, in which the

. cohesion or viscosity furnished by the asphalt is an important

factor. For such materials, Stabilometer values may renre-
gent only & part of the true stability of the pavement, and

for accurate measurement, the ccheslon value must aldo Dbe
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included.

Stabilometer tests ere used primarily to determine the
maximum amount of asphaltic binder whiech can be introduced
in a given aggregete without developing instablility. Im
view of the fact that richer mixtures have longer 1life, and
resistance to water action and ability to withetand cracking
and raveling are improve@ by additional asphelt, design is
based on the principle that the richer mixtures are preferred.
The only limiting fsotor is danger of instabllity, and this
point is determined by Stabllometer measurements. AS
Stabllometer results show in practically all cases that
when enough asphalt is added the resistance to deformation
is reduced, it is merely a question of finding out by trisl
how much asphalt can be added without over-lubricating the
mass. Many detsils of operation have been worked out to ex=
pedite this procedure and glve acourate results, In order
to reduce the number of trial mixes, the proper amount of
asphelt can be closely estimated in advance by means of
surface area analysis of the varticular aggregate, grading
tolersnces can be fixed to provide the necessary degree of
workability, permeabllity, and surface ﬁexturé, and the
Stabllometer then used to debermine how much asnhalt can be
added with safety. With these stlpulations, it is possible
to utilize a wide range of aggregates with practically any
gradation desirable, so far es gtability alone 18 concerned.

There 18 no evidence that the grading of the aggregete heas
any direct or predictable effect on stabllliy.

Stability of the oll mix type appears to depend almost
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concrete mixtures with 25% stability or lower will probebly
be equally satisfaclory in ssrvice. Fuprther modlfiocations

of these values may aome with wider experlence,
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