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PREFACE

The recent war has caused considerable deterioration of
highways in Michigan, due to neglect and lack of materials.
Lack of adequate funds prohibits the rebullding of new rein-
forced concrete highways, so that the Highway Department 1is
forced to resurface the over-age concrete roads with bitumi-
nous materials. Research with rubberized asphalt pavement
seems in order.

Hot bituminous plant mix has given good results in the
Michigan climate. Deviations from the regular procedure must
be made when adding crude rubber, such as lowerling the tem-
perature while mixing, to prevent damage of some of the rub-
ber properties. Albeit, synthetic rubber, as devised by
Goodyear, permits normal operations.

The writer is deeply indebted to the Goodyear Tire and
Rubber Company for their invaluable data and pilctures, and
to Mr. Finney of the Michigan State Highway Department.



In spite of the general trend in recent magazine articles,
the idea of introducing rubber into asphalt for road surfac-
ing 18 not new. The first patent that could be found by the
writer was that of Cassel, in 18l); (British patent #10,327).
In 1899, de Caudemberg patented a product (German patent
#116,126) which he called Kautschuk-asphalt. This material
was to be used to surface roads and any other applicable sur-
face, such as terraces, sidewalks, tennis courts, etc. To
obtain this product he permeated a solution of rubber in ben-
zene, petrol-ether, or turpentine into powdered asphalt. The
resultant powder could be collected into a mass, lending an
elastic surface when rolled at a low temperature.

The technique of combining rubber and asphalt has made
important advances in certain foreign countries between 1930
and 1946, namely Malaya, Holland, and England.

The Rubber-Foundation of Amsterdam, Holland employed
natural rubber in asphalt for paving quite extensively before
1936. The rubber used was in the form of a powder produced
from natural rubber latex, and employing a process patented
by the Dutch. A mixture of hot asphalt and rubber powder was
heated and agitated for several hours. The heating took place
about 200 degrees F. above the softening point of the asphalt,
causing the volatile oils of the asphalt to be absorbed by

the rubber; the result was an increased softening point and



a reduced penetration. These factors explain why the asphalt
1s more ductlle and less susceptible to temperature changes;
and since swollen, elastic rubber particles are present, the
material is less brittle.

The rubberized asphalt was then mixed with ground lime-
stone and sand to form a top dressing over a course asphaltic
concrete base. The numerous sections of roadway produced in
this manner, in 1936, held up very satisfactorily under Hit-
ler's invasion of Holland, and are still in excellent condi-
tioh.

France, although having done extensive research in this
field, has few rubberized asphalt roads. This may be due to
the tremendously high cost of rubber before the war which
made such roads prohibitive. Moreover, asphalt without such
an additive gave satisfactory results.

In normal times, the ratio of the price of asphalt to
the price of rubber on the world market varies between 10:1
and 15:1. This ratio determines to what extent rubberized
asphalt pavements willl be used.

A satisféctory method has not yet been found whereby
scrap or reclaimed rubber can be used to produce an advanta-
geous surface.

As one may expect, the largest user and producer of as-
phalt 1s the United States. 1Its average output during the
last decade has been eight million tons per year. During the
next five years, this output may rise to ten or twelve mil-

lion tons per year.



Before 1940, natural and synthetic rubber was produced |
at a rate up to about 800,000 tons per year. So far, any ex-
tensive use of rubber for paving in the United States has not
occurred. As yet, it has been employed on city streets only.
The general trénd has been to employ rubber for this purpose
when rubber prices were low, However, Goodyear at the pres-
ent time 1s encouraging the use of synthetic rubber.

The main problem in France, and everywhere (though in
the United States rubberized asphalt pavements about one inch
thick can be produced for less than ten cents per square yard)
is the high cost of the rubberized roads; and the only solu-
tion i1s for extensive research, in the prospect that a more
economical method can be reached. Until then, only those
countries which have a large supply of rubber can hope to re-
alize a widespread use of this lmproved type of road, which
has numerous advantages over those asphalt roads wlithout rub-
ber. It 1s difficult to say whether rubberized asphalt roads
and all thelr Indisputable advantages overbalances the higher
cost of producing them, in these countries. It must be kept
in mind, throughout this thesis, that numerous other materi-
als and methods can be used to incorporate the rubber admix-
tures. The writer will attempt to group the different fac-
tors involved under rubberized asbhalt pavements, as outlined
in the table of contents.

I. Expedient Characteristics of a Hydro-Carbon Road Binder.

Any type of completed pavement surface 1s composed pri-

marily of a rock aggregate which is held in place by a bin-



der. The binder may be water, as used in concrete; it may
be a fine limestone silicate-sand, such as that used in Mac-
adam; or 1t might be a hydro-carbon binder, for example, such
as that used in asphalt and tar-bound surfaces. Following
are some of the qualities which a good binder should possess.
(1) The material should be able to hold the aggre-
gate solidly in place under normal conditions of temperature
and climate; in other words, it must be able to hold up un-
der conditions to which 1t is to be subjected. In order to
do this it must possess the following qualities: (a) so that
water action on the road surface will not separate the aggre-
gate from the binder, there must be excellent adhesion be-
tween the rough rock aggregate and the binder; (b) an 1ﬁter-
nal adhesion sufficlent to overcome the shock of normal traf-
fic so as to prevent cracking, and also a sufficient rigidity
of the road surface as a whole, so that the binder maintalns
thé aggregate in original position; (c¢) it must demonstrate
an appreciable plasticlity so that it may absorb the shocks
of normal traffic.

- The aggregate pieces will become separated from each
other and the road surface will rapidly deteriorate 1f the
conditions are not met. Moreover, these qualitlies must be
realized under extreme temperature changes, which are common
in the temperate zone. If the binder becomes too soft in the
summer months, it looses its cohesion, and as a result the
road becomes plastic, and soon the surface becomes wavy; in-

terfering with traffic and proper road maintenance. However,



if the binder becomes brittle in cold temperatures, cracks
will soon appear. These cracks will introduce water, and
successfully spoll off particles, and as a result, a rapldly
disintegrating surface will appear. The shock of passing
traffic will further break up the hard and brittle road sur-
face.

The cohesion, adhesion, and the plasticity must remain
fairly constant. Therefore, a binder possessing excellent
aging qualities should be used. Sufficient impermeability
is necessary to prevent water from entering the road, and as
mentioned beforg, the binder must resist extreme temperature
changes.,

(2) It seems evident that the road should not be
slippery. The technique employed prior to 1939 was the in-
troduction of a motley of small stones. With thls arrange-
ment, the binder must not ooze between the small stones and
eventually cover them. Frequently, through pressure, and
capillary action, the oily part of the binder rises to the
surface and creates a hazardous surface. The binder should
contaln as little as possible of these oily integrants.

(3) Lastly, the binder used should be able to be
easlly introduced into the aggregate, and should not require
complicgated machinery, nor unbearable temperatures. Asphalt,
even wifhout admixtures meets these requirements, and is, by-
in-large, the most satisfactory hydrocarbon binder available
in the road construction field, A complaint common to asphalt

is that it 1s too susceptable to temperature variations, and

\n



that the caplllary sweating of the oily purts of tie binder
is a drawback; however, these defects are present, and much
more pronounced in coal tar pitch.

Fillers have been incorporated, mcinly powdered carbon
and colloidal, to overcome these defects. BRlown asphalt also
is inclined to overccnie these undesirable tendencies. How-
ever, as we shall soon see, the best solution to all of these
problems 1s accomplished by the addition of rubber to the as-
phalt.

II. The Action of Rubber on Asphzlt.

The addition of powdered rubber to asphalt has been report-
ed to cause the following improvements in the asphalt:
| 1- improved impact resistance
2~ Increased elastieity
3- Increased softening point
4~ Increased viscosity
5- reduced penetration
6- reduced penetration
Perhaps the best theoretical explanation of the property
changes caused by the addition of rubber to asphalt is this:
photomicrographs show that the observed property changes do
not occur because of the formution of homogeneous solutions
of asphalt in rubber, or vice versa, since particles of rub-
ber can be seen distinctly i1n the mixture., The improvernents
are caused by the presence of rubbter particles, swollen up
five times their originul volume, by the selective absorption
of the oily constituents of the asyhalt, thus forning an elas-

tic gel.
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Asphalt may be considered to be a colloidal system con-
taining asphaltenes or particles that are dispered in
high molecular weight aromatic hydrocarbon resins, and

low molecular welght oils. When powdered rucber is

added to thils system it appears as thought the low mole-

cular weight oils are slowly absorbed by the :ubber, a

process whclh may be hastened by heating. In thils man-

ner, the rubber particles are converted into gel struct-
ures which are dispered with the asphaltenes in the resin
constituents of the asphalt, These resins are hardened

by the abstraction of the low molecular weight oils which

are thought normally to be plusticizers for the resins.

It rust be remembered that to the naked eye, this mix-
ture appears to be perfectly homogencous.

If the afore-mentioned premises are what actually happens,
reasonable explantion for the improvements necessarily follow.
Removal of the plasticizing oils from the resins which are the
continuous phase of the system, would tend to increase the vic-
osity and softening point and decrease the flow and penetration,
The presence of highly swollen, elastic particles of rubber gel
should impart rubbery characteristics to the mi:iture, hence im-
proving elasticity and resistance to impact. Similar phenonena
have been observed in combinations of rubber and several of the
synthétic resins and polymers that are currently available.

Several types of fillers are used in conjunction with the
rubberized asphalt pavement., Some of them are: sand, limestone,
asbestos powder, sawdust, tron slag, cement, lime, plaster of
Paris, clay, magnesia, carbon black, zinc oxide, and pulverized
coal, The kind of rubber are equally vePled: latex rubber,
rubber in crumb form, "Nitrite" rubber, chlorinuted rubber,
waste rubber, baluta pitch, gutta percha, and synthetic rubber.

ILet us now investigate the influence that the addition of

rubber has on the finished road surface.



1. Adhesion

There are many diversified opinions in regard to the
question of adhesion, Many believe that the rubber has no
influence whatever, while some maintzin that it actually im-
proves this gquality, while still others point out that it de-
creages the adhesion already possessed by the binder. Maurice
Pancel in his article states that he believes that the ad-
hesion is reduced considerably by the addition of rubber. This
is the explanation he advances.

The asphaltenes and the resins of the bitumen, in order to

develop their full adhesive power, reguire a full degree

of elasticity wiich they develop only in the presence of
the proper amounts of the oily conztituents. It is poss-
ible, an account of the absorption of part of the oils by
the rubber, that the resins .nd asphaltenes are robbed of
some of their plasticity and, as a result, have also lost
some of thelr adhesive qualilties.

For lInstance, bituminous rubber emulsion, on a road sur-
face, "breaks" rapidly and the aggregate separates., Individual
grains of sand can be seen cutting thrcugh the surface layer
of the binder,

However, several experinenters maintain that adhesion 1is
actually gained by the addition of rubber, among them are Fol
and Plaizer, and Van Haageh.

In order to utilize all of the numerous advantages of
rubberized-asphalt, it is necessary to prevent the loss in ad-
hesion, if any., This can be done by the intelligent seiection
of production proceduresi these,later in this paper, will be

discussed.

2. Internal Cohesion

With the addition of rubber, the internul cohesion is
definitely improved. This 1s because the absorption of the



oils by the rubber increases the viscosity and as a result
of the paring of the intemmicellar liguid, a bond evolves
between the micells (a unit of structure built up from com-
plex molecules in colloids of the resins; These factors allow
us to produce a road surface in which the rock particles are
geld firmly in place. Furthermore, if the problem of adhesion
is also encountered, the separation of the binder from the ag-
gregate surfaces will be hindered by this added internal co-
hesion.

S. Plasticity

Certain indications suggest that the addition of rubber
does not app?eciably alter the plasticity of the asphalt ( al-
though several authors maintain that the additive actually in-
crease the plasticity). Although one might expect a lower
plasticlity because of the losS of the olly constituents, this
is compensated, at least partially, by the fact that the rubb-
er-o0il gel created is of a plastic nature, Howbelt, this rub-
ber additive lends to the acphalt a property which is not pre-
~sent in the pure asphalt. This quality 1s road surfaces which
will have a greater resistance to deformation, will much more
effectively absorb the shocks and vibrations which will even-
tually lead to noisless travel.,

4, Susceptibility to Temperature Variations

One of the most important effedts of the additieén of
rubber on the binder is deereased susceptibiltiy of temper-
ature changes., If wmodified asphalt is subjected to high
temperature, the low molecular weight oils distill out; chang-
ing the entire composition of the asphalt. The rubber, is

present, absorbs these oils and forms the rubber gel structurs
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and the escaping of the oils by volatilization is greatly de-
creased., Liquid plasticizers are highly susceptible to temp-
erature varlations, being very active at high temperature, and
inactive at low temperature. Because of this, unmodified as-
phalt, containing low molecular welght plasticizing olls, are
very sticky at high temperatures, and brittle at low tempera-
ture. These olls are bound in the rubber gel structure, and
the oily constituents which are so susceptible to temperature
changes are virtu.lly eliminated.

This quality overcomes the possibility of waves appear-
ing in the road surface; and instead of cracks forming in cold
weather, the binder 1s actually supple.

5. Aging Qualities

Because of the lack of a sufficient number of tests, no
safe conclusion can be drawn concerning the aging gqualities
of a rubberized asphalt binder; however, it seems evident, be-
cause of the absorption of the oily constituents, the rubber
must improve the aging gqualities of the asphalt, assuming that
the rubber gel ages normally.

6. Imperrieability

Since the asphalt itself is sufficiently impermeable under
nornal conditions, one cannot say that the impermeabllity is
actually improved with the addition of rubber. However, as
already stated the forrmation of cracks by cold weather is hind-
ered; therefore the impermeability, is, in a sense,, increased.
Here again, rubver has a favorable efiect.

7. Sweating and glipreryness

A rubber-asphalt mixture hus a definite advantage with
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respect to sﬁeating and slipieryness. DBecause of the fixetion
of the oily constituents of the binder, there i1s no tendency
for capillary sweating; hence, no slippery oils to cover the
rocky surfaces of the road,

8. Fase of Working the Material

Of course, the process selected to lay the road slab con-
trols the ease in which it is worked.

The small addition of rubber ((5%-10%) creates indisput-
able improvements in the rubberized asphalt. These improve=-
ments are really induced by the expansion of the rubber mater-
ial by the olls of the asphalt, These improvenents should com-
pensate for the increased prive of this binder, although these
qualities must be utilized to the fullest extent.

Using pure rubber, a 5% rubber content will cost at least
twice as much as an ordinary mix, although using synthetic rub-
ber powder, the cost is considerably reduced.

This utilization can be accomplished only by perfecting a
homogeﬁeous mixture, and by compensating for the lack of adhes-
ion induced by the rubber admixture. Finally, as we know,.crude
rubber can be improved by vulcanizatlong it necessarily follows
that the maximum gualities can only be obtained by effecting
a kind of vulcanization of the road surface on the basis of a
rubber asphalt binder, We will now see by which processes we
are able to solve these various problems.

III processes for the Incorporation of Rubber into Asphalt for

Road Surface Construction

The numeérous publications and research concerning these

processes consist essentially of the followlng categories.
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These procedures have been used mainly in the Far East, Eng-
lénd, and Holland, and more recently, in the United States.

1. The Use of Vulcanized Scrap Rubber

The use of wvulcanized scrap rubber as the additive may
at first seem attractive because of the reduced cost of the
material,

The Dussek process (English patent #465,598; French
patent #811,750) will be cited ..s the first excmples

Dussek uses such scraps as bags (hot water bottles),
rubber, and balloons, and such other scraﬁ rubber that are
very elastic, He heats for one minute, in an ordinary as-
phalt mixer, at a temperature of 150 degrees C., a mixture of:

70-86% (volume) of rock aggregate
9-15% (volume) of asphalt
5-15% (volume) of vulcanized scrap rubber.

The granite aggregate 1s from 5 mm, to 23.5 mm., in dia-
neter, using Trinidad asphalt or crude oil residue 40 or 50,
as the binder. The vulcanized rubber scraps are cut or milled.
The patent specifications gives the following limits of the

mixture, expressed in percent of the total volume:

From To
Aggregate 75 ‘ - 80
Bitumen 12.5 10
Vulcanized rubber ‘ 1?.5 10
100 100

The mixture is spread and rolled while hot. The road
surface is finished by an application of asphalt emulsion or
by spreading an additionsl layer of hot asphalt with a pulver-

ized rubber additive., O0f course, crushed fine rock can be
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rolled into the surface to give a non-slippery road surface.
This process is advantageous in that it is so simple, it varies
very little from mixing pure bituninous ccncrete, However,
an important drawback is that it 1s not a2 homogeneous mixture;
in fact one can see with the naked eye small particles of
rubber dispersed in the asphalt. Dussek, himsclf, states that
small particles of rubber was extracted, whether the road mix
is prepared at 150 degreces C. for one minute; or at atmospheric
temperatures by means of an emulsion. Of course the vulcanlzed
rubber scrap cannot absorb the oily constituents of the asphalt
at ordinary temperatures after the road is laid; and without
the swelling of the rubber rarticles, the only purpose acconmp-
lished by this rubber 1s its acting as an elastic aggregate
covered with asphalt. Hence none of the desire qualities of
a homogeneous mixture of rubber and asphalt, previously ment-
ioned, can be realized. Furthermore, one can expect a hasty
disintegration of the road surface with such difference of hard-
nesses of the two aggregates, rock and rubber., Because of the
lack of swelling of this scrap rubber, the finished binder re-
quires 5 or 10 times as much rubber as would have been utilized,
using crude rubber, the material is unsatisfactory because of
the higher cost of the excess material needed. A satisfactory
binder cannot be obtained by simply heating vulcanized scrap
rubber with pure asphalt, under the conventional procedures
used by our modern road builders.

A more satisforty method 1s thut advocated by Broome,

December, 1937, Experiments concerning this method were made

by the Trinidad Lake Asphalt Company, the British Road Tar
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Assoclation and the London Advisory Committee, and by the
Rubber Growers Association.

According'to this method, the vulcanized rubber scrap
could have been'dissolved in kerosene (concentrate 30%) or
milled, A road mix is then prepared by mixing in the asphalt
mixer for several minutes. The proportion is as follows: 5.12
parts of asprhalt, heated to 80 degrees C; 93 parts of dry
aggregate, heated to 120 degrees C; and 1.88 parts of the sol-
ution of vulcanized rubber in kerosene., The mixture 1s applied
at a temperature of 50 degrees C and rolled immediately. The
process 1s advantageous in that a cheap vulcanized rubber is
added, while the mixing procedure varies little from mixing
ordinary asphalt. One might add, unless the scrap rubber is
kneaded with kerosene for 24 hours at a teuperature above 140
degrees C, the mixture will be dissimilar., However, the price
may be considerable, and unless one 1s careful the kerosene
may catch fire; albeit, a greater amount of rubber must be used
without the kerosene.

In reviewing these considerations, one may conclude that
this method for producing rubberized asphalt pavements, is in-
adequate.

2. Incorporation of Crude Rubber in Hot Asphalt

Whether using crude rubber sheets or crude crepe rubber,
it is impossible to obtain a mixture, even if worked at high
temperatures and mixing st lenth,

Thielmann (English patent #302,147) advocates melting the
crepe rubber at 240 degrees C. before introducing it in the

asphalt, However,crude rubber will not regain its original
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qualities if cooled from tht high temperature., Strength and
elasticity azre the most important losses. Very finely div-
ided particles of rubber latex may be used udvantagcously.
Davey states that a 40% concentration of ammoniated latex

can be perfectly dispersed in asphalt. However, as everyone
knows, even a slight umount of water in hot asphalt will cause
sericus foaming., This prcbably wculd be overccue by adding a
cupful to a teni car of D.C.N. 200C Silicone—fluid viscosity
1000-Centistolkes @ <5 degrees C., produced by the Dow Chem-
ical Company, Without thils, however, the mix may boil over,
wasting a considerable amount of the asph«lt. Moreover, if
intended to coat a dry aggregatc, the hydro-carbon binder .
mixed with even a small amount of water, will sericusly effect
the adhesion,Mannheimer (Eng. patent 7464,562) recommends

that the latex asphalt mixer be heated in a current of hot

air un£11 all of the water has evaporated., Broom holds that
foaming will be held to a minimum i1f the latex and the other
ingredients are mixed all at once. However, the best method
is to introduce the rubber in a granulated form,

The Siam process is sometimes used, This is the process
in which a granulated crude crepe rubter is disintegruted. The
‘nitrite process is effected by heating granulated rubber in
asphalt at 170 degrees C. fur twenty hours. These processes,
designed to obtain a homogeneous mix, were collected by the
London Advisory Cormittee.

Test roads in Holland were constructed with crude rubber

and asphalt. The granulated rubber and asphalt were mixed and
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subjected to heat for about one hour. The rubkter particles
were 0,15 mm, or less, obtained by pulverizing latex (Pulv-
atex). With particles larger than 0,15 mm., the heating per-
iod must be Increased. The Rubber Foundation of Amsterdam,
report number 3 and 7, Y“Rubber Roads" - (at the International
Highway Congress), can be used as reference.

The amount of rubber to be introduced is gpecified as 5%.
This rubber is in the form of Pulvatex Stock or two other mark-
eted rubber powders manufactured for this purpose. One éf these

rubber powders is called Caoutchoute Filler. It 1is produced

by crushing rubber with Enci Filler until an 8% rubber powder
is obtained. The second rubber powder is designated as F.F.
powder. This powder is mude up of 35% rubter .nd 65% of either
calcium hydroxide or kaolin.,

The several test road surfuces laid by the foundation
have the following features in common, the percentage of rubber
added is about 5%, excert R.F. powder, which is not designated;
the rubber powder is introduced into the asph.lt as outlined
above; and lastly, this surface is laid at a temperature of
130 degrees C.

Here are some of the advuntages obtained by incorporating
crude rubber powder. The binder will consist of a homogeneous
mixture of rubber and asphalt, provided it is thoroughly mixed
at a sufficiently high temperature (170 degrees C.). Hence,
the mixture will consist of all the essential cualities of a
good hydrocarbon binder., Furthermore, it will accomplish the

best possiblé adhesion to tiie rock aggregate precautions. Again
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by following this procedure, a simple rcad mix can be ob-
tained which sets rapidly and is of great solidity.

of course, this type of binder also has its disadvant-
ageous. The rubber becomes depolymerised, rendering it less
effective when introduced into the as;halt. The asphalt
is also effected adversely. Variations in the softening
point and penetration are caused by evaporating the more
volatilé constituents; thereby entirely changing the char-
acter of the binder. Hence 1t becomes necessary to avold
overheating the'binder. However, this neceszitates longer
heating periods which 1s more expensive., Because of the very
high softening point of the mix, the mixture is very diffi-
vcult to léy. Hence the mixing with the aggregate has to be
at a temperature of about 160 degrees C., while the subgrade
is not above 110 degrees C. The mixing, therefore, rust be
accomplished in movable mixing kettles; a difficult operation,
becéuse of the extreme temperatures and careful observations
that must, be made; The rolling of the surface laid also re-
quires careful attention.

Taking it for all in all, construction of good surfaces
are possible if the necessary precautions are taken; but be-
" cause of the complicated methods and the cost involved, other

processes are preferred,
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3. Fluxing of Hot Asphalt in a Solution of Rubber in

Light 0il

Bromme suggests thzt the granulated rubber be first dis-~
solved in kerosene, By fluxing tihils solution of rubber end
kerosene into asphalt at a medium high temperature, the rub-
berized asphalt binder is obtained. The rubber content is
about 4% of the asphalt. It is readily seen that the resulte
ing material 1is, in reality, a rubberized cut-back used the
same as an ordinary cut-back. To illustrafe the adaptability
of this binder, assume we use a guarter inch igneous aggre-
gate with this rubber asphalt cut-back, After mixing the 6
parts binder and 94 parts dry aggregate at 120 degrecs C. for
about three minutes, the material should be laid about a
half inch thick at 40 degrees C. Then roll with three rollers
welghing three tons, following with a sevem ton tandem roller.
Traffic can pass in a few days, but the surface does not reach
its final consistency until it has aged sufficiently, which de-
pends upon the rate of evaporation of the kerosene. Following,
are some of the tests and conclusions drawn by Broone.,
Test results (sec tablel)

1. Suitable rubber crumib nuy be used, in which ecase it is
not necessary for it to be dissolved in the asghalt binder.

2. Better results are obtained if the light flux oil, such
as kerosene, is omitted.

3. If kerosene 1s onitted, the rubber may introduced in a
low temperature paving mixture, by mixing in one stage.

4. Rubber can be conveniently added in latex form, with



20

other ingredients.
5. Much smaller quamtities of rubber latex is needed.
6. Binders with rubber are improved, and has less flow.
7. Using fluxed Trinidad Asphalt, less temperature is needed.

Rubber and Bitumen

Tests carried out by adding rubber to different types of
bitumen.has provided some valuable results. Five typical bi-
tumens, having a penetration of 200 degrees at <5 degrees C.

1. A "straight-run" asphaltic bitumen (see table III).

2. 4 "straight-run" asphaltic bitumen in conjunction with
Lake Asphalt.

3. An oily bitumen.

4, A "semi~blown" bitumen.

5. An oil-fluxed Lake Asphalt,

The results of these tests and several others show thati

‘1le The softening point 1s almost aiways ralsed by the
addition of rubber; the bitumen with the greatest increase in
sof tening point was (4); while bitumen (3) was least affected.

2+ In general, as the rubber content is increased, the
penetration 1is decreased., The opposite occurs when rubber is
added in any :mount to bitumen (3).

3. The addition of rubber does not materially reduce the
ductibility, except with (4) and (5).

4, Extreme viscosity is encountered.,

5. Plasticity varics‘as the viscosity.

6. The blown bitumen mixtures show the highest degrec
of elasticity.
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Type (4) then appears best, with geod results with
regard to softening point, elasticity, plasticity, and vis-
cosify.

Ordinarily, a blown-asphalt is usually brittle at low
temperature and has low ductillty, but these characteristics
completely disappear by adding rubber,

Methods similar to this are the Duryoide process, a
nineral oil being the flw:ing oil; and the Krishna process,
using vicin oil, this method uses lwurge amounts of silver,

In other words, a non-volatile oil is used, with the intention
of keeping the o0il in the binder permanently. The resulting
material could hardly be classified as a cut-back.

Because of the simplicity and practicability the Broome
method seems the best; hence it will be used as a typical
example.

High temperatures or extended periods of mixing are un-
necessary because granulated rubber 1s easily dissolved in
kerosene, Also, the rubber sclution cuts the asphalt readily,
. rendering medium high temperatures sufficient. With such temp-
eratures, important properties of the asphalt or rubber will
not be diminished., The binder obtalned is perfectly homogen-
eous, and the batches are uniform., Once the kerosene huas eva-
porated, the hydro-carbon binder possesscs all of the desir-
able gqualities listed hitherto, The rcduced adhesion of the
fluxed binder (which is more greatly reduced than that of a
pure binder) can be corrected by first covering the aggregate

with a pure asghalt binder. The diminished adhesion can also



be corrected by using one of the "adhesisphores™ as outlined

by Vellinger, or by using creosote o0il, or any other medium
heavy tar oll, as the fluxing oil., Since the nixing takes
place around 90 degrees C. and the laying, around 40 degrecs
C., the construction of the pavement 1s both simple and econ-
omical. One can even lay the mix cold if enough flux 1s add-
ed. Because of this, the material can be stored and transport-
ed long distances.

However, the volatile flux is inflammable and high priced;
moreover, it 1s only added to facilitate the working of the
mix; the conslderable guantity of expensive o0il evaporates once
the mix is laid, adding much cost. The coating of the aggre-
gate also is quite costly. Since this o0il 1s intended to eva-
porate, the slab must contain pores, making it impossible to
construct a firm bituminous surface, Moreover, the required
cohesion 1s not realized until after a considerable amount of
the flux has evaporated, making the passing of traffic impos=~
sible for several days. When this has been accomplished, a
light sealing coat should be applied: or better yet, a thin
layer of asphalt covered sand. A rubberized asphalt binder
should be employed in both instances, to insure a surface
whdth will not develop sweating. It would seem advisable to
finish the thin top layer by rolling in sharp, one guarter inch
gravel to further increase the friction.

Practical applicatlons in France has led that country to
favor this method, because of the case with which the mix can

be laid, also excellant results were obtained, autslde of the
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fact that the surface did not possess the firmness ordinarily
had by a ordinary bituminous-macadam road. Because of the
great strides in France, using "bitumacadanm" (rubber-contain-
ing bituminous-macadam), it seems that the United States, al-
ready employing a widespread use of cut-backs, could use this
superior mix to their advantage., However, greater speeds, and
heavier trucks would necessitate certain improvements over
this type of surface, it would seem., It has been suggested
that the binder should be mixed in factories, of either rubber
or oll companies. However, using synthetic rubtber powder, this
is absolutely unnecessary, as will be pointed out later. Sul-
phur and vulcanization accelerators are always added; with
sulphur being far in excess of that needed to convert the rub-
ber into vulcanized rubber. Sulphur also increases the elas-
ticlty and railses the softening point. Rubber and sulphur

should be added in egual amounts.



TABLE I

TESTS ON RUBB'R ASPHALTIC CEMIINTS

1 2 3 4 5 6 7
Soft. Pt. (R&B) 40°c|42°c H7°c po.s'cHs°C [47°C |51°C
Penet. @ 0°C. 16 12 11 22 14 |12 9
15°C. 75 60 58 75 58 |59 47
25°C., |[200 |150 |16 EO03 [70 142 [1186
30°C., |¥%¢ |246 205 B45 [E35 [250 130
35°C, |®==¢  |300% [202  peex  peew e |240
Duct. @ 0°C. 60.0{28.0 l6e4.0 p3.8 p2.5 |34.0 |16.5
15°C. §#.00,.0{100,.0 {100.0 {100.0 100.0{100.0{100.0
25°C, #00,0{100,0 {100.0 {L00.0 {100.0 |1£0.0{100.0
30°C, |#%+ |100,0[100.0 | 93.0 (100.0 |10].0|100.0
100.0
71, 8%
99.,0%
%
663
%191.6%
%168.8%
74
56
1.59
756
4.8
l.7cms

Asphaltic Bitumen
Plus 1% Rubber
Plus 2% Rubber
Fluxed Trinidad
Plus 1% Rubber
Plus 2% Rubber
Plus 3% Rubber

Poises
Redwgod P
X 10

X 207

Too soft



TABLE

II

TESTS ON RUBBER ASPHALT MIXTURES

1 P 3 4 5 3] 7
Aggregate 3.00 95.00%93.00 2.93 2.93%92.86%?2 79%
Latex nn nn nn 0.60| 0,07]| 0,14 | 0.21
Rubber Crumb 0.57| 0.57 nn mn nn nn nn
Bitumen 5.12|1 6,43 | 7.00 | 6,40 | 7,00 | 7.00 | 7.00
Kerosene 1.51 nn nn nn nn nn nn
Rubber % on A.C. 12 12 5.62 11,00 2.00 | 3.00
Total Mix 0.57 | 0,57 nn 0.36) 0,04 ]| 0,08 |0.12
* Hard# @ 25°C.(1)| 17 17 16 26 17 17 17
% Hard# @25°C.(2) 11 4 3 8 6 7 8
45°C.(2) 12 10 5 11 9 10 10
45°C.(1)| 63 86 60 108 | 45 50 60
3+¢¥Ball Inden.,
@ 25°Cel m,"n 38 18 22,3 | 61,0 | 30,5 | 33.0
5 nn 42 80 27.9| 63.5 | 34.7 | 34.3
¥Def .@ 25°C,
- kgs.per cm. 7.,97] nn nn 5.62 | 7,83 | 7.45| 7.80
Deformation eR5°C.| 4.51| 5.39| 6,08 | 1.78 ]| 4.08 | 4.05 | 3.41

15

100 kgs per sq. cm., for one minute

100 kgs., for one minute on one-inch ball
400 1lbs. on one-inch ball
Wilson itést, See J. Soc, Chem, Ind,, 51, 61 (1932)
nn Out of range of testing equipment,

(Made with 1/8 inch-dust granite coated with asphaltic cement
at a temperature of 70 to 75°C.)

Abnormalties are due to sieve analysis methods used.
Also the test results depend more on the interlocking of
the aggregates than to the gariations in the composition of

the binder,



TABLE III

THE GENERAL EFFECT OF ADDING 4% RUBBTR TO VARIOUS
TYPES OF BITUMEN

Bitumen Type 1 2 3 4 5
Softening Pt. (R&B) Inc. Inc. | Inc. Inc. | Inc.
e5°C. 15°C. 35*C. [R3°C.
Penetration @ 25°C Dec. Dec. Inc. Dec. Dec.
nn 48 131 137
Ductility @ 25°C. nn nn nn Dec. | Dec.
53cms ©lcms
Viscosity @ 15°C. Inc. Inc. Dec. Inc. Inc.
B 4,000p [55,000p1<,000p
Viscosity @ 150°C., Inc. Inc. Inc. Inc. Inc.
370secs333secs]
Plasticity @ 15°C. Inc. Inc, Dec. Inc. Dec.
15% 31% 269
Elasticity @ 15°C. Inc. Inc. Inc. Inc. Inc.
1% 409 509

—e o a



TABLE IV
Asphaltic Bitumen 100 Gms. Plus 25,000 Sq. Cms. Filler

Asph. |Cement |Gran. |Lime- |Slate |Silica
Bit, stone
Softening Pt. (R&B) | 38°C 42°C 40°C 42°C 42°5 C|38°C
Penetration @15°C 72 66 61 68 ¥4 66
20°C 115 100 98 112 109 110
25°C 204 186 176 198 187 209
30°C 395 307 268 325 304 326
Viscosity @15°C 1,990 |2,388 |3,383 |2,388 [2,189 |3,388
Plasticity @15°C |31.54 |38.87 |4d.4% 3é 6% |28.74 |52.54
Elasticity @15°C 30 30 4_J2l 22 31
Asphaltic Bitumen 98 Gms. Plus Rubber 2 Gms
Plus 25,000 Sg. Cm. Filler
Asph. |Cement |Gran, |Lime- |Slate |Silica
Bit. stone
2%Rub
Softening Rt. (R&B) 44°C 45°C |46°C 44375 C|45°C 47°5C
Penetration @ 15T 61 55 51 58 54 58
20°C o8 84 80 94 90 .|186
25°C 178 145 142 170 166 147
30°C 250 218 £26 242 247 243
Viscosity @ 15°C 2,189 6,368|6,368 |4,776 |4,975 368
Plasticity @ 15°C | 13. 8% 64 25 53,07 |59. 6% |52.4% o .64
Elasticity @ 15°C | 409 | 449 |a2% = |a49 = |az4 = |47%
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IV Mixture of Asphalt and Rubber Emulsion

Since stabilized latex and standard commercial asphalt
emulsions are stable under identical conditions, the two mat-
erials can simply be nixdéd at normal temperatures with no floc-
culation resulting.

The watery rubber latex is concentrated by evaporation
after stabilizing with armonia and other chemicals. The latex
contains about 50% rubber. The latex, consisting of viscous
particles ranging from 0,5 to & microns (2 x 10-5 to 8 x 10-5
inches) in diameter, and the asphalt emﬁlsion, with particles
varying between 0,1 to 10 microns (0.4 x 10-5 to 40 x 10-5 in-
ches) in diameter, can be mixed perfectly, resulting in an av-
erage particle dizmeter of about 4 or 5 microns (16 x 10-5 to
20 x 10-5 inches). When the rubber breaks, a homogeneous rub-
ber asphalt binder is 6btained, possessing all of the desirable
qualities listed previously. However a slightly diminished
adhesion persists, because of the perfect homogenity of the
mixture; although enulsifying any asphalt diminishes the ad-
hesion. The problem now is, of course, to somehow restore the
adhesion of the binder to the aggregate. By using insoluble
ultra-accelerators which are not eliminated with the water con-
tained in the emulsion (namely, type "5" R extra de Saint Denis)
it 1s possible to obtain suto-vulcanization, at ordinary temp-
eratures, after the mix 1is spread on the road, lending added
qualities to the binder.

Since the work is done cold, and the flux consists of water

instead of costly olls (keresene), the use of this type of bina-
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er is simple and economical.

Probably the best method cf obtaining the desired rub-
ber asphalt binder, is that suggecsted by lMeadows in his 1923
English patent number £16602.

Such a product used on widely in the Netherland Indies
is called "Colastex". The binder contains 100 parts of 60% as-
phalt emulsion and 10 parts of latex. This binder 1s mixed
with the uggregate while hot. Nuierous other pafents prescri-
bing suéh a process are in existence,

France has done experimental research along this line.
After obtalning their rubber-asphalt emulsion, they proceeded
as if it were an ordinary asphalt emulsion., Because the emul-
sion lacked adhesion, their results were inferior.

Mr. Taylor, Engineer of Reads and Bridges 1n Singupore,
corrected this misfortune in hils method, It is described in
British patent nuwiber 406526 and French patent number 811066,
Mr. Taylcr  remedies the situaticn by suggesting that the ag-
gregate be first covered with a thin layer of ordinary asphalt,
then mixing with the rubber asphalt binder. This covering con-
sistg of asphalt thinned with a cut-back oil or heot molten
asphalt, or even an asphalt emulsion with such a basic aggre-
gate as limestone, blast furnace slsg, etc, This treatment is
sufficient to give excellant adhesion to basic aggregates. How-
ever, the adhesion of pure aspnalt to an acid type cf aggregate
(porphyry, quartzite, etc.) leaves much to be desired., With
such an acid aggiegate, the thin coating of asphalt adheres
more greatly to the ribterized tind:r than the aggregate,

hence the coating 1s torn off. Taylor suggest that the acid
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type of aggregute is treated with a basic material, such as
portland cemnent, blast furnace cernent, hydrated lime, etc,,
prior to treating it with pure aéphalt; while making the ce-
ment mixture as stiff as possible, so as to place a thin lay-
er on the aggregate surface, and not fuse the several aggre-
gate particles., After allowing the cement to set, the aggre-
gate with a thin layer of pure asphalt is allowed to set. For
a silicious sand between 0,04 and.b.lz inches in diameter, the
following procedure is recormended. After mixing 85 parts
sand, 10 parts portland cenent, and 5 parts water, the mix-
ture is allowed to dry for 3 hours., Then the material is
heated to 150 degrees C., and the aggregate surface is cover-
ed with a thin layer of pure hot asphalt, having a penetration
of 180 to 200, using 5 parts of the asphalt., DNext the sund

is mimed with the rubber asphalt binder. |

However, this process seems a little involved and expen-
sive compared to the cuicker methods advocated in the United
States, and as was pointed out, there 1s some dispute whether
rubber actually decreases the adhesion with‘éertain methods of
incorporation,

The following aggregates are listed according to their
desirabilify., (the first Being the most desirability limestone,
dolomite, and blast furnace slaig. Silicic aggregetes nust be
avolded if adhesion comparable to that of pure asphalt is ex-
pected. However, a small umount of Armeen T will increase the
adhesion of the binder. |

Pncel, using Taylor's patent specifications, lists the

following tow experiments in comnection with this type of bind-
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er, He used slag sand from zero to 0,12 inches in size. By
using this aggregate, excellant adhesion was obtained, He first
treated the hot sand, with 5% asphalt; busing that amount of
asphalt on the fact that each sand giain retains a thin layer

of asphalt, yet retains its gulverized form, and not forming
lumps when the material is cold,

The first of these product which were the subject of
Poreélts research is listed in the patent as "Bituminized Rubber
Mastic." It contains a large amount of rubber., Recause sweat-
ing is not preseht, and témperature variations have little af-
fect on this binder, it can be uscd in relatively large quant-
ities, more than filling the voids in the sand. Hence, the
mixture forms a plastic nastic before the emulsion breaks, and
the mastic possesses much elasticity after the emulsion breaks.
The enulsion contains 60% asphalt, having a penetration of 180
to 200, The asphalt is stabilized so that the emulsion will
not break while being mixed with the aggregate., X stabilized
latex containing 50% rubber is used, also containing sulphur,
zinc oxide, and the reguired ultra-accelerztors so that auto-
vulcanization of the road bed takes place in about fifteen days.
The following mixture is used:

Blast furnace slag sand
covered with 5% asphalt « « « « « « 80%

Asphalt emulsion (60%) ¢ v ¢ ¢ o « « 157
g8peclally prepared latex (50%). . . o 5%
1004
The mixing can be done at ordinary temperatures with a con-

crete mixer., About £19% of the rubber in the binder clings to



the asphalt covered aggregate surface. The total amount of
binder, including the thin layer of pure asphalt is about 16%.
The mastic is so plastic, it is nearly fluid, and can be read-
ily troweled; in other words, it is very workable, Since the
rubber content is so high, and since the "rubber 1is concen-
trated in the Wwery outer layer of the binder on the aggregate
surface," thls rubber asphalt binder possesses all the desired
qualities of a hydro-carbon binder,tc an extreme degrec; and
furthermore, the adhesion 1s excellant.

0f course, with such a fine aggregate, "Bituminized Rubber
Mastic™ can also be used for sidewalk coverihg, tennis courts,
terraces, etc., For a street, a layer about 1 5/8 inches thick
is gread on the subgrade and rolled until it has a density of
around 1,64 pounds per square foot (8 kg, per sq. meter). Then
"Rubber Mastic!" is applied with a power-trowel or spreader to
£i1l the pores or openings. Thnis material penetrates and adhers
perfectly. Of course, the ﬁRubber Mastic" should not completely
cover the aggregate, since that would tend to produce a slip-
pery surfacé. To avoid this, about 3! of the mastic per s;. ft.
should be applied. The resulting road surface is guite firm.
Even after the mastic is broken, the aggregate is held.in place
by the "Rubber Mastic." 1In France, it was found that This type
of road surface cost about 409 more than a tar-macadam road sur-
face. Excellant results were obtzined. Poncel suggests that
the amount of latex could be halved, thus reducing the cost 10%.

The second of Taylor's products is called "Rubberized Bitu-
minous Cold Laid Asphalt." The same base material being used in

its manufacture, but has less binder, with a binder having less
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rubber.,

Taylor gives the following forﬁula:

Parts

Blast furnace slag sand 5% bitumen
admixed 100
Asphalt emulsion, 60% concentration 5
Rubber latex of 509 concentration 1

resulting in 14% rubber in the emulsified binder and 5.8%
rubber in the bindér as a wnole, A more econbmical method -

suggested by Taylor is the following, also giving excellant

results:
Parts
Blast furnace slag sand, 5%
bitumen admixed 100
Asphalt emulsion, 60% concentration 3
Rubber latex, 50% concentration 0.5

resulting in 129 rubber in the emulsified binder and 3.5% rub-
ber in the binder as a whole,

These materials can also be miied in a concrete mixer,
But in this latter case, the volume of the voids in the aggre-
gate exceeds the volume of the binder, lending, instead of a
mastic appearance, a friable powder. After drying in a stock
pile, the material, stiil retaining its powdery form is easily
spread with a power rake, then rolled, forming a solid mass;
compacting perfectly at ordinary temperatures with application
of pressure. Traffic completes this compaction, and finally
a firm and solid road surface take form.

Consequently, Taylor suggests two mcthods of obtaing rub-

berized asphalt pavements. Howevcr, they must be used wisely,
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and for such purposes which they were dcsigncd, However, these
nethods are relutigely simple and produce excellant results.
Since asphalt emulsions are manufactured on a large scale in
the U, S. A., this mecthod aypears desireable., Clay suspensions
in water are used as siabilizers, end the enulsien contains up
to 607 asphalt,

V Use of Finely Pulverized Synthetic Rubber

While visiting Holland, Mr. P, W. Litchfieid, Chairzan of
the Goodyear Tire and Rubber Company Board, was impressed with
the durability of the rubterized asghalt pavement in Holland;
and as the result of his advice, research was csturted along the
sane line, i,e. using a powderéd rubber acdnixture.

Since the highways in the United States are subjected to
higher speeds .nd much heavier roads, our roads are norually
superlor to those forelgn coun%ries; There was considerable
doubt therefore, if a rubber adzixture could further improve
our pavements, For exanple, the top dressing, or shect asphalt
method of construction has made way for a thoroughly rolled
asphaltic concrete with a ccurse aggregate. However, engineers
decided to compare :Dutch top dressing with our standurd road-
way, with and without rutber,

Because the natural rubber was expensive énd was difficult
to obtain, a synthetic rubber powder from the GR-S synthetic
rubber was decided to be employed. The powder develored could
be produced in large cmcunts and was fcocund to be more econonmical

than natural rubber.,

Several sections of test pavement was laid in September,

1947, in Akron, Ohio, using the Dutch top dressing with natural



rubber powder compzred to both the asphaltic concrete with a
natural rubber powder, and with a synthetic rubber powder.
The results of the tests were found so promising thut about
a mile of rubberized asphalt pavement, containing synthetic
rubber, was laid in skron in 1948, The conditions of this
rocad in the future will guide Goodyear rescarch,

Goodyear, in their rescarch, has used 5%, 737, and 10%,
based on the weight of asphalt., It will be noted that a per-
centage 1s used midway between the two used in foreign cou.i-
ries, namely, 5% and 10%. The asphalt was heated to 300 degrees
F, the rubberxbeing sifted slowly by agltation, and heuting
and ml .ing was continued for about two hours. As will be PQint-
ed out in more detail, the rubber becones dispersed 1in the as-
phalt and swells., The resulting binder wus then mixed with
the aggregate, consisting of gand and crushed rock, and rolled
into place.

The fine synthetic rubber powder, in order to be effect-
ive, must pass a 40 mesh seive, and a large amount, passing a
100 sieve.

The Goodyear LRescarch Laboratory fcund that synthetic
rubber powder was more desireable for experinentation than nat-
ural rubber powder. Synthetic rubber powder could more easily
be reduced to a fine particle size, could more ecasily be in-
corporated into the asphalt, and the resultant mixture had a
lower initial viscosity. But as already mcntioned, the most
important advuantage was the availability in ihis country, and
lower cosf of producing 1t. Hence, the work of Goodycur has

been confined to synthetic rubber powder,
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Two methods were devised by which the powder could be
produced so as to pass a 40 Mesh sieve. Several thousand
pounds of this rubber was used in the Akron paving tests.

Because of very suceessful tests of small sections of
rubberized pavement laid in 1947, the two mixes, containing
5% and 719 synthetic rubber, based on the combined weight
of the rubber and asphalt, were laid in 1943 on Exchange
Street In Akron; a major east-west street carrying a heavy
volume of both passenger and truck traffic. |

For purposes of comparison, one-half of the street was
resurfaced wlth the ordinary asphalitic concrete ncormally
used in Akron, while the opposite half was covered with the
same mixture with 5% and 71% rubber added. On the west end
of the strect, the rubberized mi:ture 1s on the south side of
the street, and on the east end of the paverent, it is on the
north side. Over 31,000 sguure yards of the pavemeit wus re-
surfaced,

The resurfaccd section of Exchange Strecet was originally
paved with brick on a concrete base., Following <7 to 21 years
of service, the brick paverment became rough, although it was
still strong and solid. Such a condition wus an ideal sit-
uation for a bituminous resurfacing material; a binder, or lev-
eling course, (containing no rubber) the minimum being 1", and
the average, 13", (and more if needed to fill depressions) was
first laild to fill in depressions on the brick surface, «nd
to provide a binder for the new resurfacing. According to Ohio

specifications, it was called T-25, Type "A".



5% and 7% synthetic rubber-asphult mixtures were pre-
pared as follows. The asphalt was heatcd in 8 tank to a
temperature of zbout 270 degrees F., and agitated. The pow-
dered synthetic rubber was introduced into the molten and
agitated asphalt by pouring the powder through a screen to
uniformly distribute 1t over the asphalt surface. The mix-
ture was agitated for two hours at £75 degre:s F. after
which ihe heat and agitation was discontinued, allowing the
mixture to eool slowly overnight, The next morning the mix-
ture was reheated to £75 degrees F., and mixed with sand and

limestone in a "double pug milli" according to the following

formula:
sand 42 ,5%
limestone 51.0%

rubber/asphalt 6.5%

The nixing with the aggregate, the trunsportation of the

mix, and the laying of the rubber-asphaltic concrete is the
.same as for the stindard mix,

The mixcontaining powdered synthetic rubber was similar
to a surfacing asghalt nix known as Ohio T-35, Type "C", 1In

the following table, screen size specifications of this road

surfacing aggregate are compared to the screen anlysis of the

aggregate used in conjunction with ithe rubber admixture.

Screen Size Specification Regular Mix Rubber Mix

Pass 3 screen 0-7 6.1 2.9
" Pass 3/8 screen £4-45 33,0 34,3
Pass #4 sieve 0=15 8.4 10.8

(continucd)

37
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Sereen Size Specification Regular Mix Rubber Mix
Pass #6 sieve 20-45 36 .8 40,1
Pass #50 sieve 3-15 6.5 4.4
Pass #200 sieve 0-5 3eR 1.7
Retained #6 sieve 40-55 47,5 48.0

Standard hot-mix equipment was used for laying the

rubber-asphalt aggregate., A Barber Green paver was used for
spreading the aggregate and Buffalo-Springfield gasoline
rollers were used for smoothing the surface (see photos). In
the laying of the mix it was found necessary to change the
angle of the Barber Green paver so that an ironing action
was simulated rather than the usual stamping action; but other-
wise, the rubberized zsphalt pavement was laid in the sane
manner as a standard asphalt mix. Observors reported thut the
rubberized topcouat did not cut as badly when hot and being
rolled as the standard mix.

The following laboratory tests may be of interest, com-

paring the asphalt used with those compositions of rubber and

asphalt containg 5% and 73% rubber.
Property Asphalt 5%Rubber 7%% Rubber
in Asphalt in Asphalt
Foam when heated to 177 C. none none none
Penetration at 25 C. 75 63 57
Softening Points, deg. C. 49 to 53 51 to 54 5¢ to 56
Ductility @ 25 C. 100 plus 12 to £8 14.5 to
Flash point, degrees C. 35 315-320 315-320
Volatilization @ 163 C. 0.1 % 6.1 % 0.1%

(continued)
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Property Asphalt ig%Aguggiz Zz%sRﬁggir
Solubility in C S 2 99.5% 94.9% 92.4%
Insolubility in CCl 4 0.2% 5.2% 7 .65
0Oliensis spot test negative negative negative

Observations are being made frow time to time of the
experimental paving in Akron by comparing the appearances be-
tween the ordinary asphalt surfacing and the rubberized asphalt
surfacing; but of course, several years will elapse before suf-
ficlent observations will make the effect of wecathering and
wear apparent,

The rubber powder used in the Akron experiments was pre-
pared in the Gcodyear Pilot Plant. At present, the rubber 1is
available for experimetal purposes at a cost of a dollar a pound
Should the rubber be produced on a volume basis, however, Good-
‘year estimates the cost of about fifty cents a pound., It is
estimated that the rubber for a square yerd of such a surface,
one inch thick, should not exceed six or seven cents., European
experience has been that the savings realized thrcugh the re-
duction in maintenance more than justified the additional costs
of rubber powder addition.

It appears from the foregoing, tht the adding of synthetic
of rubber powder is far the best method of producing rubberized
asphalt pavememts, It produces all the advantages realized
from a rubber-asphalt surface, while being the least expensive
and the simplest to introduce,

The city of Akron has recently started another experimental

section., Also Virginia and Texas is experimenting with rubber-



ized asphalt puvements. FHKowever ihis type cof pavenent will
not be cormnonplace for several years,

Following will be found certuin technical data as to
conmposition of mixes, changes in properties of the asphalt

cenent after zdding rubber and other data.

TECHITICAL DATA

W, Exchange St., Re=-Surfacing
Broadway - liaple St.

Job started Sept. 7th, 1948

Sept. 1l6th, Repan surface course 5% rubber - North half
from Vest Line Broadway to Canal Bridge.

Sept. 17th, Surface course 7% rubber - Horth half fron
Canal Bridge to zbout 50t Test of lest Line
of Lomust Street.

Sept. 23rd. Regan surface course 5% rubber - South half
fronm Maple St. to Vest Property Line of
Rishop St.

Sept. £4th, Surface course 7} rubber - South Balf from
West Property Line of Bishop to Front #188
V. Exchange St.

Leaving about 400 Ft, Lineal Feet between the above two
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sections on which a seal coat (coffee grounds)

was applied on regular surface-mnaterial ex-
tending from 50 feet West of Locust St. <00
ft. to about the East line of Pine Alley -
full width,

Job completed Sept., 30th., 1948,
Quantities of Mzterials Used

Binder Course --- 2862 Tons
Surface Course -- 1768 Tons
2650 Tons

The leveling course or binder course was composed of
limestone and saznd for the mineral aggrcgale znd "Sohio" eas-
phalt for the bitwien cogbined to mect the following specifi-
cation:



Passing Sieve

1 inch
3/4 inch
1/2 inch
3/8 inch
No. 4
No. ©
No. 50
No. 200
Bitumen

Retained on Sieve

/4 inch
1/2 inch
3/8 inch
No. 4
No. ©
No. 50
o, 800

Total Retained on No., 6

A0S 2y <7
MINimum ;b

0
5
7
10
0
<0
3
0
6
40

lMesimum %

41

4

5
<0
30

Actual box weight in 1lbs, of the surface course naterials
at the asphalt plant are shown by the Iollowing data taken
from some of the daily plant reports:

Regular 5% Regular 59 Regular 75% Reg. 7%
Mix Rub. Mix Rub, Mix Rub, Mix Rub,
A.C. 130 136 140 136 150 156 150
Sand 850 850 850 850 850 850 850 850
Stone 1020 1014 1010 1014 1000 1014 1000
Total 2000 <000 <000 2000 2000 2000 £000 £000
The following analyses are typical cof those shown on sone
of the daily plant reports:
Regular 5% Begular e
Mix Rubber Mix Rubber
Bitumen 6.64 ' 5.8% 6.5 6.6
Passing 1/&" sieve 6.1% 2.9 5,9 2 .5%
Passing 3/8" sieve 35.0% 34 ,3% 32 .65 32.2%
Passing No. 4 sieve 8.4% 10.8% 10.49 10.5%
Passing No. 6 sieve 36 .25 40,15 41,19 49.4%
Passing No. 50 sieve 6.5% 4.4% 6.5% 384
Passing No. 200 sieve 3,29 1.7% 345% 1.85%
Retained on No. 6 47,55 48,09 48,99 45,0%



As the writer has tried to show in this thesis the
three processes or introd:..ciing rubber in asph.lt for pave=-
rments which seen practical and econornical are: (1) the
mixing of asyhalt with a sclution of light oil and granu-
leted rubber; (2) the latex ermlsion process, and (3) a proc-
ess being develoied in the United States, end being far more
simple, although possibly more expensive in foregn countries,
‘the azddition of synthetic fubber powder to the asphalt mix,

The main advantage to a rubberized asphalt pavement is
the reduced susceptabllity to temperature changes, wnile no
sweating occurs in warm weather., However, it is necessary
to correct the reduced udhesion. One sclution to this pro-
blem is the addition of a thin coat of pure asphait to ihe
aggregate surfacc, Of course, it would be more advantageous
if the diminished adhesion could be restored by some direct
treatiient of the binder, pernitting us to use this improved
type of binder in placc of an ordinary asphalt binder in all
types of arplications, but essentially in the resurfacing of
worn road surfaces by seal-coats. In this type of reswrfacing
it i1s advantag-ous to cmploy a binder remaining firm in warm
weather and not sweating. However more experimental rescurch
must be done with regard to the problem of adhesion.

Another important adventage is a greatcr elcsticity of
the pavement, and conseguently less tire weur and guieter dri-
ving. It would seem advisable to couat new coiwcrete roads
with a thin rubber asphalt layer, nmuking the highway water

tight, lending smoother riding, and giving extra long service,
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if a new top is laid about évery ten years. The properties
of the binder are further inmproved by air-blowing.

Many wzuthorities .re of the opinion that the Broome meth-~
od is the most sultzble in the U.S.A. The Standard Cil Dev-
elopment Company stutes that

The considerable amount of admixed light oil solvent

which is uced for dissolving crude rubber can perhaps

be distilled off by reduced pressure from the finished
binder...eliminating the loss of this solvent &nd hast-
ening setting.,

It is also the opinion of this conpany that the larger
oil producing concerns should incorporate the rubber.

However, using synthetic rubber powder as developed by
Good-year, this methcd scems totally wulecessary.

But what ever the btest method cf incorporating the
rubber, the additive facilitates the manipulative process
of the mix by increasing penetration, ductility, and plast-
icity.

In the writert!'s opinion, the synthetic rubber powder 1s
far the superior additive in existence. Because of its econ-
oy and the ease by which it is introduced, synthetic rutber
powder will eventually lay the foundation of cormuionjlace

rubberized azphalt juverients in America,



EXPLANATION OF PHOTOGRAPHS

Photograph #43-A:

Synthetic rubber powder, belng poured into hot asphalt
by employees of the Thorpe Construction Compény, preparatory
to resurfacing a section of an Akron street with the new
"hot-mix;'material.

Formula called for 1,200 pounds of rubber powder to
3,000 gallons of asphalt, plus crushed rock; resulting in
180 tons of mixture for the resurfacing job.¥*

Photograph #43-D;

Thorpe Construction Company workmen spread new "hot-
mix" material containing synthetic rubber at a busy inter-
section of Exchange Street, in Akron, 0. Furnished by Good-
year Tire & Rubber Company, the synthetic rubber powder 1s
sald to Ilncrease waterproofing qualities of the "hot-mix"
used in street resurfacing. It also gives longer wear, 1s
more resistant to cold and has greater skid-proof tendencies.*
Photograph #43-FE:

Workmen for the Thorpe Construction Company spread and
roll new "hot-mix" material containing syntBhetic rubber, in
resurfacing an Akron Street., The occasion 1s believed to be
the first in which rubber was used in a major resurfacing

’

job in fhis country, The synthetic rubber powder enployed
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in the "hot-mix" was furnished by Goodyear Tire & Rubber Com-

pany .

#A11l titles and photographs courtesy Goodycar Tire and Rubber
Company .
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