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Public attention has been caught, in re- 

ent years, by reports of the experimental 

use of rubber in bituminous pavements. 

Claims have been made that the use of rub- 

er in various forms extends the life of bitu- 

minous surfaces, increases their elasticity, 

decreases their brittleness at low tempera- 

tures, increases their resistance to the ac- 

tion of water and to abrasion by traffic, 

educes skidding, and minimizes mainte- 

nance requirements. 

Many experimental rubber-asphalt pave- 

ment sections have been built to determine 

under actual service conditions the compar- 

ative degree of progressive alteration in 

properties of the rubber-asphalt mixtures 

hat occurs withage. Skid resistance meas- 

urements have also been made. The Bureau 

of Public Roads has observed the construc- 

tion of some of these test sections, and is 

following the study of their performance 

with close interest. 
\ 

} 
The bibliography in this issue of PUBLIC 

ROADS indicates the wide variety of experi- 

ntal work that has been done in the use 

of rubber in bituminous pavements. No 

_ technical analyses of general coverage of the 

_ subject have appeared, however, and for this 

“reason the Bureau of Public Roads under- 

: took the laboratory research reported in 

f 

~. 

~~ 

_the two articles presented here. 
_ The amount of rubber used in a “‘rubber 

road” is quite small. The asphalt in a bitu- 

_minous pavement serves as the cementing 

agent for the gravel or crushed stone, sand, 

and mineral filler which make up the bulk 
of the mixture. When rubber is added, it 

amounts to only about 5 percent of the 

asphalt, which itself is only from 5 to 10 

_ percent of the total weight of the pavement 

material. Thus the rubber represents about 

one-fourth to one-half of one percent of the 

aah of the paving mixture. 

= 

| Nature of Studies 

The first article in this issue of PUBLIC 
_ ROADS describes a study of rubber-asphalt 

_ blends, either prepared in the laboratory or 

extracted from pavement mixtures sampled 
in the field. Three asphalts and fourteen 

different rubbers—natural, synthetic, and 

_ reclaimed—were used in the laboratory- 

_ Prepared blends. Mineral aggregate was 
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not involved in the laboratory tests de- 

scribed in this study. 

The second article reports a laboratory 

study of rubber-asphalt paving mixtures, 

mineral aggregate being included in this 

case. The asphalt used was one of the three 

included in the first study, and is identified 

as AC-2 in both reports. In the preparation 

of the mixtures, the rubber was either pre- 

blended with the asphalt and the blend then 

mixed with the aggregate, or the rubber in 

powder or crumb form was added to the hot 

aggregate before addition of the asphalt. 

The plasticized rubber and the three pow- 

dered rubber materials identified as R-1, 

R-2, and R-6 were used in both studies. 

Rubber-Asphalt Blends 

Disregarding some inconsistencies, cne 

character of the rubber-asphalt blends was 

affected by the type and amount of rubber 

used, the nature and source of the asphalt, 

and the temperature, time of heating, and 

amount of stirring in the preparation of 

the blends. 

In general, the addition of rubber in- 

creased the softening point and viscosity 

of asphalts and decreased their penetration, 

flow, susceptibility to temperature change, 

and ductility at 77° F. With two exceptions, 

the low-temperature ductility of the as- 

phalts was not very much influenced by the 

addition of rubber. There was a wide dif- 

ference in the resistance of different rubber- 

asphalt blends to the changes produced by 

high temperatures such as are required in 

the processing of paving mixtures. Tests 

with one asphalt showed that its elasticity 

was increased in varying degree by the 

addition of various rubbers. 

Tests of rubber-asphalt in pavement mix- 

tures taken from experimental road sections 

were fruitless, since the properties of the 

rubber-asphalt material cannot be deter- 

mined by available methods of extraction 

and recovery. 

Rubber-Asphalt Paving Mixtures 

In the study of rubber-asphalt paving 

mixtures, involving mineral aggregate, both 

favorable and unfavorable results were indi- 

cated. When powdered rubber was used, 

the compactibility of the paving mixture 

was lowered and there was higher suscepti- 

bility to temperature change than in the 

comparable mixes without rubber. Mix- 

tures with preblended rubber were much 

more compactible and stable than mixtures 

in which the rubber was added as a powder. 

Mixtures containing three of the four pre- 

blended rubbers showed higher stabilities 

than mixtures without rubber. - 

Tests of the paving mixtures failed to in- 

dicate that bituminous surfaces containing 

rubber would be both substantially more 

plastic at low temperatures and substanti- 

ally less plastic at high temperatures than 

surfaces without rubber. Mixtures contain- 

ing plasticized rubber or préblended natural 

rubber were less plastic at both 77° and 140° 

F. than mixtures with the rubber omitted. 

In general, mixtures containing synthetic 

or reclaimed rubber, in either powder or 

preblend form, were more plastic at both 

77° and 140° F. than the control mix with- 

out rubber. The single exception was the 

mixture containing preblended synthetic 

rubber which, after oven exposure for 21 

days, was slightly less plastic at 140° F. and 

slightly more plastic at 77° F. than the mix 

without rubber. 

The tests showed that the addition of 

rubber in either powder or preblend form 

did not increase the resistance of the mix- 

tures to the action of water. 

Mixtures of Ottawa sand and preblended 

asphalt and natural rubber were found to 

be more resistant to abrasion than mixtures 

without rubber or any of the other rubber- 

asphalt mixtures. 

Significance of Tests 

What do these laboratory tests signify? 

The effects of the addition of different rub- 

bers to different asphalts may vary widely: 

the use of rubber shows promise of benefits 

in some respects; in others it does not. Con- 

clusions as to benefits of real economic 

value in the addition of rubber to asphalt 

must wait on further observation of the 

behavior of experimental pavements under 

the influence of age, weather, and traffic. 

None of these experimental pavements 

have as yet shown significant behavior 

differences between comparable rubber- 

asphalt and plain asphalt sections. 
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The Effect of Various Rubbers on the 
Properties of Petroleum Asphalts 

BY THE PHYSICAL RESEARCH BRANC 

Reported by RICHARD H. LEWIS, Senior Chemist, and 

J. YORK WELBORN, Highway Physical Research Engineer 

HE investigations of the effect of rubber 

on bituminous materials (1) ! used in pav- 

ing mixtures were initially confined to labora- 

tory studies. These investigations were con- 

cerned with the changes that occurred when 

rubber latex was blended with blown, native, 

and petroleum asphalts and with asphaltic 

emulsions. 

In 1933, an unvulcanized rubber powder, 

first known as Stam rubber powder and later 

(after modifications in processing) as Pulvatex, 

was developed by the Department of Rubber 

Research of the Experimental Station, West 

Java, at Buitenzorg, Java. In 1938, Mealo- 

rub, formerly called P.W.J. rubber powder or 

Van Dalfsen rubber powder, was developed 

by the same research institution. These two 

materials are protected by patents of the 

Rubber Foundation at Delft, Netherlands. 

Pulvatex is prepared by spraying field latex 

or creamed latex in a current of hot air, while 

simultaneously a certain quantity of dried 

diatomaceous earth is blown in the dispersed 

particles so that a dehydrated mass is pro- 

duced in which the dessicated rubber particles 

do not adhere. Mealorub is prepared by 

heating fresh latex with certain chemicals by 

means of which sulfur is fixed. The product 

is then flocculated by means of acid, dehy- 

drated, disintegrated, and dried. Mealorub 

has undergone a certain amount of vulcaniza- 

tion, in contrast to the unvulcanized Pulvatex. 

The two materials are unlike in appearance: 

Pulvatex has a grayish brown color and the 

texture of flour; Mealorub is a yellow crumbly 

material having the appearance of coarsely 

ground corn meal. 

Other rubbers in powdered or crumb form 

have been developed from natural rubber 

latex (2) but the natural rubber powder gen- 

erally used in asphaltic construction in the 

earlier work was of the Mealorub or Pulvatex 

types. 

The results of the investigations covering 

the effects of both the rubber latex and the 

powdered or crumb rubbers showed that the 

consistency, softening point, temperature sus- 

ceptibility and ductility of the asphalt were 

so altered that the performance of pavements 

and surfacing mixtures might be materially 

benefited by the admixture of rubber com- 

pounds. 

1 Italic numbers in parentheses refer to the bibliography 
on pages 88 and 89. 

64 

Test pavements 

Experimental sections of surface dressings, 

composed of sand, filler, cutback asphalt, and 

a small amount of rubber powder, laid on old 

asphaltic concrete roads in the Netherlands 

from 1935 to 1938, were still in excellent con- 

dition after being subjected to the heavy traf- 

fic imposed by the German and Allied armies 

during World War II (3). The sections sealed 

with the rubberized surfacing mixture were in 

much better condition than the untreated 

asphaltic concrete. However, according to 

available reports, a similar surfacing mixture 

without added rubber was not used over the 

old asphaltic concrete to provide a direct com- 

parison of the surface dressings with and with- 

out the rubber admixture. 

Nevertheless, the excellent condition of the 

rubberized asphaltic seal treatments impressed 

representatives of the rubber industry in the 

United States who had inspected these roads. 

As a result, the Goodyear Tire and Rubber 

Company developed synthetic rubber powder 

of the GR-S Type V. 

latex form to prevent coalescence on drying. 

Several experimental sections of asphaltic 

pavement containing this material were con- 

structed in 1947, On the basis of performance 

of these sections, the first large-scale construc- 

tion of an asphaltic pavement containing rub- 

berized asphalt in any form in the United 

States was laid on Exchange Street in Akron, 

Ohio, in September 1948 (4). 

From 1948 to date, asphaltic surfaces con- 

taining rubber in some form have been built 

elsewhere in the United States, and in Canada, 

Europe, the Far East, Australia, New Zealand, 

and South Africa (4). 

In most of the areas outside the United 

States, natural rubber, similar to Mealorub, 

has been used with liquid or semisolid asphaltic 

materials in asphaltic paving mixtures and in 

surface treatment work. Some construction 

in the Far East has been done with a rubber- 

ized binder prepared by combining rubber 

latex and emulsified asphalts. In the United 

States natural, synthetic, reclaimed, processed, 

and scrap rubber in powdered form have been 

used in asphaltic paving mixtures, and pow- 

dered natural rubber added to cutback asphalts 

has been used for seal coating and surface 

treatment work. Blends of synthetic rubber 

latex and emulsified asphalt have been used 

as binders for hot asphaltic concrete in one 

It was vuleanized in° 
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State. Blends of plasticized rubber asphali i 
normally used for joint sealing purposes, an y 

meeting the test requirements of Federal 

specification SS-S—164, and petroleum asphalts 

have also been used as binders for asphaltie 

concrete and sheet asphalt mixtures. 

Preblended binders used 

In May 1950, experimental rubberized ag 

phaltic pavements were constructed in Singa- 

pore (6), using natural rubber in the amount) 

of 5 percent of the asphalt, incorporated into 

the mixtures in various ways. In one mixture, 
the powdered rubber was added to the aggre- 

gate at the mixer box. In a second mixture, 

the powdered rubber was added to the .hot 

asphalt in the asphalt bucket and, after a 

short period of stirring to distribute the 

powdered rubber, the contents of the asphalt 

bucket were dumped over the heated aggregate 

in the mixer box. In a third mixture, the 
rubber powder was preblended by heating the 

asphalt to 330° F., adding the required amount 

of rubber, and stirring the rubber-asphalt blend 

for 4 hours at the 330° F. temperature. The 

blend was then poured onto the hot aggregate 

in the mixer box, the mineral filler added, and 
the ingredients mixed for 3 minutes. The 

temperature of the mixture was about 300° F, 
when dumped from the mixing box and about 

275° F. at the time of laying. No data were 

presented to show the test characteristics of 

the two rubberized blends used in the mixtures, 
An inspection report on the condition of 

these experimental sections (7) indicated that 

the sections containing the rubber which was 

preblended with the asphalt for 4 hours before 

adding to the hot aggregate were in a satis- 

factory conditicn, while the sections in whick 

the rubber was added to hot asphalt for ¢ 

short mixing period before pouring into the 

mixer, and those in which the rubber powdei 

was added directly to the hot aggregate, wers 

still deficient in stability 12 months afte! 

construction. 
In a more recent article (8), descriptions ar 

given of several experimental road surfacings 

laid during 1950 and 1951 in various parts o 

the British Empire, in which Mealorub rubbe 

powder was used with asphalt. On the basi 

of these road trials several methods of addin; 

the rubber to the finished mixture were recom 

mended, with special regard to the tempera 

tures employed. In preblending the rubbe 

with the asphalt before incorporation i 
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paving mixtures, it was recommended that 
the powder be added slowly and the blend 
agitated for not less than 1 hour at 325° F. 
or 2 hours at 300° F. It was stated that the 
preblended rubber-asphalt prepared under the 

above conditions could be cooled and again 
reheated for use. It was also stated that if 
the rubber-asphalt blend is stored hot before 

use, it may be maintained at a temperature of 

325° F. for 24 hours, 300° F. for 2 days, 280° 

F. for 4 days, or 260° F. for 8 days without 

serious alterations tc the properties of the 

blend; but temperatures above 320° F. should 

be avoided. 
It also was recommended that, due to the 

additional tenacity imparted by the rubber 

to the mixture, the temperature of the mixture 

should be approximately 20° F. higher than 

that usually used. Again, no test results were 

given in this report on the preblended rubber- 

asphalt mixtures to evaluate the changes that 

occurred in the test characteristics of the 

asphalts during their blending and storage. 
In 1952, the Massachusetts Department of 

Public Works resurfaced a 1.7-mile section of 

= U. S. 6 with standard bituminous concrete 
(9). The specifications required that the 

asphalt in one-half of the section contain 7.5 
percent by weight of GR-S synthetic rubber 

powder, the type of which was not given, 

added and dispersed in the asphalt by the 

following procedure: 
The specified amount of powder is 

added at a minimum of 200° F. with 

suitable agitation. It is sifted 

through a 34-inch mesh sieve into the 
mixture to prevent lumping. ‘The 

temperature of the mixture is then 

raised to 250 to 275° F. and the 
mixing is continued for a minimum 

of 2 hours. The asphalt containing 

the dispersed rubber powder is then 

mixed with the aggregate in the 

usual manner. 

| In the description of this project the physical 

characteristics of the rubberized asphalt 

‘blend were not reported. 

Synthetic preblend in Akron 

In September 1948, the Goodyear Tire and 
Rubber Company, in cooperation with the 
City of Akron, laid an experimental pavement 

in which synthetic rubber GR-S Type V was 

used (10). The asphaltic concrete mixture, 

conforming to requirements of Ohio specifica- 

tion T-35, was typical of those in general 

use in that area except for the addition of 
rubber to the binder. The asphalt cement of 

70-85 penetration was heated to 300° F. and 
i) synthetic rubber was added and mixed for 2 

hours to produce blends containing 5 and 7.5 

percent by weight of rubber. The rubber- 
asphalt blends were then allowed to stand 

overnight before mixing with the aggregate. 

‘The characteristics of these rubber-asphalt 
Blends, as reported by the City of Akron (10), 

are given in table 1. These data show that 

‘the addition of rubber to the asphalt cement 

‘caused a reduction in penetration and ductility 

and increased the softening point. Solubility 
tests of the rubber-asphalt blends in carbon 

disulfide indicated that the rubber was not 
‘soluble. The test results also indicate that 
~ 
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the insoluble rubber did not affect the Oliensis 
spot test. 

The asphaltic-concrete mixtures containing 

the rubber powder were handled in the normal 

manner during mixing, transportation, laying, 

and compacting. An inspection of the pave- 

ment sections made in February 1949 showed 

no visual difference between those containing 

rubber and those containing asphalt without 

rubber. 

Objective of Study 

The above review of the literature indicates 

that rubber in many forms has been added to 

asphaltic materials for road-building purposes. 

These include rubber latex combined with 

asphalt cements and asphalt emulsions, 

plasticized rubber with fluid and semisolid 

asphaltic materials, and various kinds of 

powdered rubber combined with cutback 

asphalts and road tars for surface treatments 

and cold-laid mixtures and with asphalt 

cement for hot-laid mixtures. However, the 

chief objective of the investigation reported 

here was to determine the effect of various 

kinds of rubber powders on the properties of 

the petroleum asphalts normally used in the 

construction of high-type paving surfaces. 

In the preparation of asphaltic-concrete 

mixtures, the rubber powder usually has been 

added to the hot aggregate in the mixing box 

at the paving plant prior to the addition of 

the asphalt. This is the most convenient 

method and is recommended by the Natural 

Rubber Bureau. However, the rubber pow- 
der may not be completely blended with the 

asphalt during the mixing and laying of the 

paving mixture and the degree of alteration 

which has taken place cannot be determined. 

As will be shown later, on account of the high 

degree of insolubility of the rubber powders 

in the solvents normally used in the extraction 

of bitumens from paving mixtures, the ma- 

terial extracted and recovered from rubberized 

asphalt mixtures may differ greatly from the 

binder as it exists in the pavement. 

Therefore, this report deals primarily with 

the effect of the various kinds of powdered 

rubber on the physical properties of selected 

asphalt in order to obtain data that may prove 

of value in establishing the relative efficiency 

of the different rubbers as admixtures to the 

asphalt binders. 

Summary of Observations 

The report shows that a number of variables 

affect the characteristics of blends of rubber 

with petroleum paving asphalts. In some 

cases the effect of these variables is not con- 

sistent. Disregarding the inconsistencies, the 

following statements may be made: 

The type of rubber used in the blend affects 

the characteristics of the asphalt in varying 

degree: Natural and GR-S Type IJ synthetic 

rubbers produce large changes; polybutadiene 

rubber produces medium changes; and re- 

claimed, processed, tire-scrap, and GR-S 

Type V synthetic rubbers produce only small 

changes. 

The changes in the properties of a given 

asphalt become more pronounced with in- 

creases in the rubber content of the blend. 

With a given type and amount of rubber 

in the blend, the changes in the properties of 

the asphalt vary with its character and source. 

The temperature, time of heating, and 

amount of stirring in the preparation of the 

blend all have their effects on the character 
of the blend. 

Insofar as individual test characteristics 

are concerned, the addition of rubber to 

asphalt has the following effects: 

For all asphalts studied, the softening point 

and viscosity were increased and the suscepti- 

bility to temperature change was decreased. 

The flow was also decreased except for the 

blend of Venezuelan asphalt with 5 percent 

of reclaimed rubber. 

In general, the penetration of the asphalts 

was decreased by the addition of rubber. 

Exceptions to this were the blends of Cali- 

fornia asphalt with natural rubber and with 

5 percent of synthetic rubber. 

Tests with one asphalt showed that the 

elasticity was increased in varying degree by 

the addition of various rubbers. 

The ductilities of the asphalts at 77° F. 

were greatly decreased by the addition of the 

various rubbers. Exceptions to this were the 

blends of California asphalt with natural rub- 

ber and GR-S Type II synthetic rubber. 
Previous studies have shown that all paving 

asphalts have a much lower ductility at 39.2° 

F. than at 77° F. when tested at a rate of 5 

centimeters per minute. Blends of the three 

asphalts with 7.5 percent of various rubbers 

also had much lower ductilities at 39.2° F. 

than at 77° F. except the blends containing 

GR-S Type II rubber. With the exception 

of these and the blend of California asphalt 

and natural rubber, the low-temperature 

ductility of the asphalts was not influenced 

greatly by the addition of rubber. 

The results of thin-film oven tests show that 

there is a wide difference in the resistance of 

different rubber-asphalt blends to the high 

temperatures encountered in the processing 

of bituminous paving mixtures. 

All of these indications provide useful in- 

formation. However, the properties of rubber 

asphalt blends as they exist in rubber-asphalt 

pavements cannot be determined by available 

methods of extraction and recovery. There- 

Table 1.—Analysis of asphalt and rubber- 
asphalt blends used as binders in asphaltic 
concrete on Exchange Street, Akron, 
Ohio, 1948 

| 

Asphalt 
with 
7.5% 

rubber 

Asphalt 
with 5 % 

rubber 

Un- 
| blended 
asphalt 

eetory! when heated 
to 350.6° F__ 

Flash point e 
Penetration at 100 g., a 

5 sec., 77° F 75 63 57 
Rosanne point, se 

124-129 

12-28 

120-127 126-134 
Duetility at ae Bt | 

100+ 14. 5-20 
Loss at 325° F., 5 ay 

percent__ 0.1 0.1 0.1 
Residue, percent of 

original penetration_| 68.0-85.6 
Material soluble in | 

C82. -percent-. 99.5 
Insoluble “matter in 

66.8-82.5 |81.0-87.7 

94.9 92. 4 

0.3 5.2 7.6 
Neg. Neg. Neg. 
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Table 2.—Types of rubber powders used in 
investigation 

Type, source, and method of prepa- 
ration of rubber powder 

Pro- 
ducer 

A Natural; East Indies. - 
3 Reclaimed, 16 mesh. 
R Reclaimed, 12 mesh. 
R Reclaimed, 8 mesh. 
co Processed. 
D GR-S Type V, 70/30 butadiene- 

styrene; prepared by vulcaniza- 
tion, coagulation, and pulveriza- 
tion in presence of detackifier. 

GR-S Type II, 75/25 butadiene- 
styrene; prepared by coagulation 
in presence of resin polymer de- 
tackifier. 

GR-S Type II, 75/25 butadiene- 
styrene; prepared by coagulation 
in presence of soap detackifier. 

GR-S Type V, 70/30 butadiene- 
styrene; prepared by vulcaniza- 
tion, coagulation, and pulveriza- 
tion in presence of a detackifier. 

Polybutadiene; made from poly- 
butadiene latex by coagulation in . 
presence of a resin polymer as de- 
tackifier. 

GR-S Type II, 75/25 butadiene sty- 
rene; prepared from GR-S Type 
II latex, spray dried with poly- 
vinal chloride as detackifier, and 
ground with perlite to pulverize. 

Polybutadiene; prepared from poly- 
butadiene latex, spray dried with 
polyvinal chloride as detackifier, 
and ground with perlite to pulver- 
ize. 

Reclaimed; powdered. 
Ground vulcanized tire treads. 

| 
| 

i 
| 
| 

1 Designated by producers as Powderpol and considered 
by producer to be quite similar to R-6. 

fore, since experimental asphalt pavements 

containing various rubber powders have not 

as yet shown significant differences in be- 

havior between the sections containing asphalt 

alone and those containing rubber-asphalt 

blends, it is not possible at this time to eval- 

uate the influence of the rubber by means of 

tests of the blends made in the laboratory. 

Rubber Powders Investigated 

Representative rubber powders obtained 

either from construction projects or from in- 

terested producers were included in the investi- 

gation. The sample identification and a brief 

description of all the rubbers used are given 

in table 2. Material R-1 from producer A 

was the natural, partially vulcanized, rubber 

powder known as Mealorub, which has been 
previously described. Materials R-2, R-3, 

and R-4, differing only in particle size, were 

reclaimed rubbers from producer B. Material 

R-15 from producer F was also a reclaimed 

rubber. Reclaimed rubber is described (11) 

as follows: 

During the reclaiming operations 

the vulcanized rubber compound in 

the original scrap becomes devulca- 

nized, i. e., it again becomes process- 

able, so that it can again be com- 

pounded and vulcanized. Reclaim is 

valued largely for its rubber hydrogen 

content, other ingredients consisting 

essentially of fillers and softeners, 

some of which were in the original 

rubber scrap and some of which were 
added during reclaim manufacturing 

process. Reclaim may, therefore, be 

considered as a partially compounded 
rubber. 

Material R-—5, furnished by producer C, 

was designated as processed rubber. This 

producer stated that processed rubber is a 

compounded rubber with a specific gravity of 

1.17+0.03, ground to pass a 20-mesh sieve. 

The seven synthetic rubbers from producer 

D consisted of two GR-S Type V_ powders, 

R-6 and R-9, similar to the material used in 

the Exchange Street pavement, Akron, Ohio. 

Rubbers R-7, R-8, and R-13 were of GR-S 

Type II, and R-10 and R-14 were polybuta- 

diene powders prepared from the polymeriza- 

tion of polybutadiene latex. 

The results of a laboratory study of the 

effect on petroleum asphalts of butadiene- 

based synthetic rubber powders, including the 

GR-S Type V rubber used in the Exchange 

Street experimental sections in Akron, were 

given in a report published in 1951 (12). 

This report showed that synthetic rubbers 

added to hot asphalts raised the softening 

point and reduced the cold flow, the suscepti- 

bility to temperature, and the penetration of 

the asphalt. 

Rubber R-16 from producer FE was ground, 

vulcanized tire-tread scrap. The ground tire- 

tread scrap is similar to that used by A. E. H. 

Dussek in his composite surfacing material, 

patented in Great Britain in 1935 and in the 

United States in 1988 (13, 14). Dussek, in 

1951, discussed the performance of a paving 

mixture containing ground vulcanized tire- 

tread scrap laid in 1937 at Clifton Rise, New 

Cross, England (15). The quantity of rub- 

ber used in this paving mixture was, however, 

much greater than the amounts of other 

rubber powders that have been used in rubber- 

ized asphaltic paving mixtures. At the time 

of his report, the pavement was said to be 

in excellent condition. 

With the exception of rubbers R-7, R-8, 

R-10, R-138, and R-14, all the rubbers listed 

in table 2 have been used in experimental 

sections of rubberized asphalt paving mix- 

tures. Although not used in this study, 

another rubber product has been developed 

recently and has been used in asphaltic pav- 

ing mixtures (16, 17). This is a material in 

8 mesh (R- 4) 
Processed 

(R-5) 

Reclaimed, Reclaimed, 

Specific gravity, 77°/77° F- 
Bulk density in air 

g./em.3__ 
Organic matter- insolu- 

le— 
In 86° B naphtha 

percent _- 
In cold CS2___.-do__-_- 
In hot CS» dowses 
In hot CsH¢-_.__-do___- 

Ash by ignition 
Loss on heating— 

At 212° F., 24 hr. 
percent _- 

At 325° F., 2‘hr..do.- _. 

0. 37 

we orc Wor 

+0. 86 
At 325° F., 24hr. do____|+-0. 

Grading, percentage pass- 
ros Bae 

| 

which a GR-S Type II rubber latex, simila: 
to that used in rubber R-13 of this report 

is co-precipitated with a mineral filler. Th 

material is said to mix more readily with 

asphaltic materials either alone or in asphalti 

aggregate mixtures. 

In this study, no attempt was made to 

examine these various rubbers chemically 

Determinations of specific gravity, bulk den- 

sity, ash content, grading, and solubility in 

organic solvents were made. The results of 

these and other tests are given in table 3. 

The wide range in specific gravity of the 
various rubbers accounts, no doubt, for ind 

tendency of some of them to settle out or to 

float to the surface when mixed with asphalti¢ 
materials and allowed to stand for long peri- 

ods of time in a fluid condition. This tend: 

ency was noticed particularly for those 

rubbers that were not dispersed readily in the} 

asphaltic materials. Also, because of this 

wide difference in specific gravities, propor} 

tioning the rubber powders on a weight basis 

as used in this study, may affect the compar} 

ative results slightly. 

Physical Properties Differ 

The solubility of the rubbers in the organii|! 

solvents not only aids in distinguishing th: 

different types of rubber but also gives aif 

indication of the probable solubility of th} 
rubber portion of a rubber-asphalt bleni 

when it is extracted from an asphalt mixtur} 

for the determination of bitumen content} 

The results of the solubility tests showed tha}! 

the two GR-S Type V synthetic rubbers R- 
and R-9, and the partially vulcanized nature} 

rubber R-1, had similar solubilities in thf} 

threesolvents. Of the reclaimed rubbers, R-1}) 

had a much greater solubility in all solvent}! 

than R-2, R-3, and R-4. It is of interes} 

to note that the processed rubber R-5 an} 

Type and identification of rubber powders 

V (R-6) 
diene powder (R-15) 

Ground 
scrap (R- 

V (R-9) 

Polybuta- 
diene (R-10) 

GR-S Type 
II (R-13) (R-14) 

Reclaimed GR-S Type Polybuta- GR-S Type | | | 
1.070} 1.017} 1.189} 1. 128 

0.30) 0.39] 0.25) 0.34) 

wooo 
See ete QKHonweo 

+ res RSS 



ly) able 4.—Analysis of original asphalts used 
in rubber-asphalt blends 

Asphalt) Asphalt 
AC-1 | AC-2 

Specific gravity, 77°/77° F__| 1.020 | 1.012 
Penetration, 100 g., 5 see.— 
At 50° F 24 

94 
238 

Softening point 120.0 
Ducetility, 77° F 195 
peuiere oven test, 5 hr., 

percent__ k 0. 02 
Tests on residue: 

Penetration, 77° F__ 7 76 
Softening point °F__ 123. 8 
Ductility,, 77° F; 

em_-_ 160 
Thin-film oven test, 5 hr., 
depos 

percent_- 
Tests on residue: 

Penetration, 77° F__ 
Softening point °F __ 
Ductility, 77° F. 

em_-_ 
Bitumen solublein CS2 

percent __ 
Organic insoluble 

Inorganic insoluble fi 
Cue 

Oliensis spot test, standard 
naphtha 

at{R-13. However, only in the case of rubbers 

—13 and R-14, in which perlite was used to 

a The reclaimed rubbers R-2, R-3, R-4, and 

-R-15 and synthetic rubbers R-7 and R-9 all 

tions described in the table. Rubbers R-1 

and R—-16 increased in weight for all conditions 

|of heating. When heated for 24 hours at 
325° F., rubbers R-1, R-5, R-6, R-8, R-10, 

R-13, R-14, and R-16 increased in weight 

from 0.70 to 5.37 percent, rubber R-8 showed 

an increase of 5.37 percent, and rubber R-10 

an increase of 4.83 percent. 

The increase in weight of some of the rub- 

bers indicates that oxidation might occur when 

they are exposed to high temperatures such 

as those encountered during the dry mixing 

with heated mineral aggregates in a mixing 

plant. The fineness of the rubber powder and 

the large surface area exposed may be in- 

ducive to alterations of the rubber if the 

temperature is too high or the mixing period 

too long. 

The results of the sieve analyses of the 

various rubbers showed that there was a wide 

range in their fineness. Rubbers R-1, R-5, 

R-9, R-10, R-13, and R-14 had approxi- 

mately the same fineness, while rubbers R-2, 

R-3, R-4, R-7, R-8, R-15, and R-16 were 

coarser, and rubber R—6 was much finer than 

- those in the first named group. 

Preliminary Study of Blends 

Although other penetration grades of petro- 

leum asphalts were used in the investigation of 

the rubber-asphalt blends, the test results of 

the asphalts most extensively used are given 

in table 4. These were of the 85-100 pene- 

tration grade. AC-1 is a vacuum-refined 

Venezuelan asphalt that is refined along the 

eastern seaboard and is used extensively in 

that area. AC—2 came from a midwest pro- 

ducer and, although the source is not known, it 

was furnished by the producer who supplied 

the asphalt used in the rubberized asphaltic 

concrete constructed on Exchange Street, 

Akron, Ohio, in 1948. AC- is a California 

asphalt of the low-gravity, low-sulfur, and 

low-asphaltene type that is extensively used 

on the west coast. 

All of the rubbers described in tables 2 and 3 

were first blended with the Venezuelan as- 

phalt AC-1. Five percent of rubber by 

weight of the blended material was used except 
for rubbers R-138 and R-—-14, for which 6 per- 

cent was used. (Since this percentage is 

considered equivalent to 5 percent of the 

other rubbers, it is reported as 5 percent in 

table 5.) These blends were prepared in an 

oil-jacketed heating kettle equipped with an 

electric stirrer for circulating the oil, a thermo- 

static temperature regulator, and a motor- 

driven stirrer for mixing the rubber and 

asphalt (fig. 1). 

With this equipment the temperature could 

be controlled within a range of +5° F. of the 

desired mixing temperature. For the blends 

prepared at 300° F. it was necessary to main- 

tain the temperature of the oil bath at approxi- 

mately 315° F. For blends prepared at higher 

temperatures, this differential in temperature 

was a few degrees more. 

In preparing the rubber-asphalt blends, 300 

grams of asphalt were heated on a hotplate 

to the desired mixing temperature and weighed 

into the preheated mixing kettle. The desired 

amount of rubber powder was then added to 

the asphalt with the stirrer operating at a 

speed of approximately 200 r.p.m. By means 

of a rheostat connected to the motor, this 

approximate speed was maintained through- 

out the heating and mixing period. A ther- 

mometer placed in the mixture indicated the 

temperature of the material throughout the 

mixing process. 

In the preliminary study, the original as- 

phalt and all of the rubber-asphalt blends 

were heated for 2 bours at 300° F. The litera- 

ture indicated that a wide variety of tempera- 

tures had been used in previous investigations, 

but a temperature of 300° F. was selected as 

being reasonably close to the temperatures 

normally used in hot paving plants for the 

85-100 penetration grade of asphalt. Prelim- 

inary work also indicated that usually the 

maximum effect of the rubbers can be ob- 

tained at this temperature within a 2-hour 

heating period. Endres, et al. (12), used a 

temperature of 302° F. and a heating period 

of 5 hours with only occasional stirring, while 

in this study the stirring was continuous. 

After completion of the 2-hour blending 

period, the rubber-asphalt blends and the 

unblended asphalts were tested by the AASHO 

|Table 5.—Results of tests on unblended asphalt AC-1 and blends containing 5 percent of various rubbers after mixing for 2 hours at 300° F. 

| Un- 
‘blended 
_ asphalt! 
AC-1 

Rubbers blended (5 percent) with asphalt AC-1 

Penetration, 100 g., 5 sec.— 
50° 

At 95° Fo. 
Softening point. 
Ductility 77° F. 

| Ductility, 60° F 
Rebound 

Flow at 140° F., 1 hr 
Thin-film oven test: 

Loss 325° F., 5 hr 
Tests on residue: 
Penetration, 100 g., 5 sec.— 

At 50° 

Softening point 
Ductility, 77° F L 
Rebound percent _- 

Soluble in CS2 ike se 
Organic insoluble w 
Srioreanic, insole. .- 28-228 2----- 8 dose 

Organic insoluble in 86° naphtha dosks: 
Oliensis spot test, standard naphtha 

f1 Negative. 2 Positive. 3 Slightly positive. Nr 
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Specific gravity, 77°/77° F | 1.019 

R-8 R-9 R10 

1.015 

18 
S217, 
156 
126 

19.5 
6 
8 

38 
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Figure 1.—Mixing kettle used for preparing rubber-asphalt blends. 

test methods usually employed for the control 

of asphalt cements and also by methods that, 

although not standard for these materials, 

might furnish some information on the effect 

of the rubber on the properties of the asphalts. 

The results of tests on the 5-percent rubber 

blends with asphalt AC-1 are given in table 5. 

An examination of the test data in this table 

shows that, as compared with the unblended 

asphalt, the addition of 5 percent of the rubber 

powders reduced the penetration at 77° F. 

from 7 points for the reclaimed rubber R-3 

to 21 points for the natural rubber R-1. 

The softening. point was raised 25° F. for 

rubber R-1 and only 1° F. for rubber R-4. 

As compared with the unblended asphalt, the 

reduction in ductility at 77° F. for all blends 

was exceedingly high—the most ductile blend, 

that containing rubber R-13, having only 34 

percent of the ductility of the unblended 

asphalt. 

In the thin-film oven tests, the rubber- 

asphalt blends behaved like the unblended 

asphalt except that the ductility at 77° F. of 

the blend containing rubber R-1 increased 

enormously as compared with the original 

Table 6.—Effect of time of mixing at 300° F. on softening point of asphalts and rubber-asphalt blends 

ductility of the blend. Blends with rubbers 

R-7 and R-10 also showed some increase. In 

the thin-film oven test all the blends and the 

unblended AC-—1 asphalt showed a material 

reduction in penetration at 77° F., except the 

blend containing rubber R-—-1, which had 

approximately the same consistency, before 

and after the test. The softening points of 

residues from thin-film oven tests increased 

from 7° to 24° F., except for the softening 

point of the blend containing rubber R-1, 

which decreased 14° F. 

The organic matter of the blends insoluble 

in carbon disulfide varied from 4.97 for the 

blend with rubber R-8 to 1.49 for that with 

R-8. The blends containing the GR-S Type 

V rubbers R-6, and R-9, the reclaimed rub- 

bers R—2, R-3, and R-4, the processed rubber 

R-5, and the ground tire scrap R—16, all were 

highly insoluble in carbon disulfide. 

In making the Oliensis spot test, results of 

which are given in table 5, standard naphtha 

was used as solvent by the procedure given 

in AASHO method T 102-42. It is apparent 

that the character of the spot is influenced 

by the type of rubber. Except for the blend 

a. 
: 

with ground scrap rubber R-16, the only 
blends that showed positive spots were those 
containing synthetic rubbers. This condi- 

tion may be due either to the solubility of 

the rubber in the asphalt and solvent, or to 

the presence of large amounts of the organic 

or inorganic material added to the rubber as 

a detackifier. Blends containing rubbers 

R-13 and R-14 contained the largest amount 

of ash and gave the darkest spot. 

Rubbers Selected for Detailed Study 

On the basis of the preliminary study, five 

ubbers were selected for a more detailed 

study so that the various kinds of rubber 

would be represented and also so that rubbers 

would be included that had the minimum and 

maximum effect on the asphalt. Those 

selected were the natural rubber R-1, the 

reclaimed rubber R-2, the GR-S Type V 

rubber R-6, the polybutadiene rubber R-10, 

and the GR-S Type II rubber R-13. In a 

few of the tests other rubbers were also 

included. 

Blends of the five rubbers with the three 

asphalts were prepared to determine the effect 

of rubber content and of the time and tem- 

perature of mixing on the test characteristics. 

In order to determine the effect of different 

amounts of rubber on the properties of the 

blends, 5.0, 7.5, and 10.0 percent of each 

rubber were added to the asphalts. As men- 

tioned previously, due to the large amount of 

inorganic matter used as a detackifier in the 

manufacture of rubber R-13, the producer 

held that 6 percent of this material would be 

equivalent to 5 percent of the other synthetic 

rubbers. Therefore, for this rubber the 

blends contained 6.0, 9.0, and 12.0 percent of 

the powder as received but in the tables and 

charts these percentages are reported as 5.0, 

7.5, and 10.0. As in the preliminary study, 

the blends were prepared by mixing the 

asphalt and rubber at 300° F. for 2 hours. 

In the preliminary study considerable 

change, as evidenced by a noticeable increase 

in consistency, occurred in some of the blends 

during the 2-hour mixing period. In order tc 

determine the rate and extent of these altera- 

tions, sufficient material was removed inter- 

mittently during the 2-hour period of mixing) 

for softening-point determinations. This was 

Softening point (in °F.) of blend containing rubber in percentages indicated 

| aes oe ° b 

Une R-1 R-2 R64 R-10 R-13 F 

blended | =, | ' 

| asphalt) 5, | 7.5% | 10% | 5% | 7.5% | 10% | 5% | 7.5% | 10% | 5% | 7.5% | 10% | 5% | 7.5% | 10% 4 
Aix —— | — pi 

Asphalt AC-1 and blends after mixing— | ; 
5 min... a 2 18: 0/125, 05h" LadaOnmecee | 117.0 | 122.4 |° 123.8] 125.2] 127.8} 131.8] 134.5] 144.8] 153.8] 127.2] 184.5 | 144.5 y 
Rc REIS 2 Bhs 7S EEE IEE LS 118.0 | 183.5 | 148.3 | 152.0] 122.7] 125.8] 127.5 |: 124.9 | 129.0] 134.6] 136.5 | 145.8} 158.0] 132.0} 167.0 | 188.0 : 
60 min-.__-----~---------- ----| 118.0 | 140.0 | 153.0] 166.5 | 124.5] 126.0] 129.8] 127.0] 130.3} 182.3] 135.5] 146.3] 159.3] 184.0] 172.5 | 188.0 j 
o0 mun... --- --=~ ---| 118.0} 143.0] 158.6} 172.5] 121.3 | 126.5 | 130.8| 125.6| 130.5| 133.5] 136.0] 147.3 | 161.1] 134.3] 175.5 | 184.5 
120 min__- eee 118.0 | 142.5 | 157.8 | 172.0| 122.9] 128.8] 130.8] 125.0] 130.3] 135.3] 136.0] 146.5] 160.6] 134.0} 174.0 | 181.0 ; 

Asphalt AC-2 and blends after mixing— q 
ll ees f 120.0 | 125.5 | 129.7) 183.8] 121.0] 123.0] 124.0] 125.3) 128.8] 134.0] 138.6 | 150.5 | 160.3} 127.3 133.8 14.5 
BO EOD ain iieige St asians eee ek 121.0 | 134.6 | 143.0) 151.5 | 123.5 | 125.8 | 129.3 | 126.0} 130.0] 135.0] 140.3] 153.5 | 166.3 | 180.5 | 156.0 | 178.0 | 
60 min..._..-.-..---------------------- 121.2 | 142.0] 156.5 | 168.8 | 123.3] 128.0 | 130.5 | 127.8} 131.2] 135.0] 140.3 | 153.0 | 167.0 | 137.4] 163.5 | 189.3 
thee w---------------- 121.5 | 147.5 | 164.5 | 181.5} 123.5 | 128.0] 131.8] 127.8] 181.4 | 185.0] 140.5 | 153.5 | 166.8) 143.0] 167.5 | 186.5 

20 min___ apes ae -=----------| 121,5 |] 147.3 | 162:3 | 180.0}: 125.5 | 127.5 | 131.8] 127.0 | 181.6 | 135.0 | 141.0 | 153.5} 168.5 | 142.8 |} 158.0 | 178.0 
Asphalt AO-3 and blends after mixing— / | | 

ii a ge “ea apr Foe tae ee 113.2 | 121.0 | 126.0} 126.5] 113.8] 116.0] 115.4] 119.0] 121.5 | 125.5] 124.5] 130.5] 136.3) 119.5] 123.3 | 131.0 ) 
. eS Se ie Se 113.1 | 127.0 | 137.0 | 147.0} 115.0] 117.2] 118.5] 120.8] 122.0] 126.5 | 1240] 129.8] 135.0} 125.8] 138.0 | 156.0 60 min. £223 eae es ee Se 113.5 | 123.5 | 130.0} 136.3] 116.0] 117.0] 118.6] 120.0] 122.5] 126.0] 124.0] 129.9] 136.0] 128.0 | 140.0 | 156.2 

pier - wear et ene a. Lee 114.5 | 120.0 | 123.0] 131.0] 116.3] 117.8] 119.8] 120.0] 123.0] 126.5| 124.0] 130.0| 136.3] 128.8] 141.5} 156.4 { 
EN ee ee ee 114.8 | 118.0 | 121.8 | 129.3 | 116.3) 118.3} 120.3) 120.0] 123.4 | 126.8) 124.0] 120.8] 137.3] 129.3] 141.3 | 155.5 
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“onl ; Table 7.—Results of tests on asphalts and rubber-asphalt blends after mixing for 2 hours at 300° F. 

tho ; OS SS a ae a a a re ar 
mond Thin-film oven test, -in. film, 5 hr., 325° F. 
ty , Penetration, 100 gm., 5 sec. Ductility, 77° F. ra 

ort i" Tests on residue ‘ 

‘i Blend identification Big ens 140° F, | 106 bility 
: 1 hour cS Ductility, 77° F in CS point on _ . uctility, 77° F. in CSa 

et At At At Elonga- heating Penetra- | Soften- 

bhe O° F. | 77°F. | 95° F. fon nen tion, | ing 
i> Bs point Elonga- Rehoand 

houn tion 

ae Cm. Percent Cm Percent ey i Cm Percent | Percent 
Beriencgeden Clete ence 22 87 213 118.0 ; 9 9 5 990) | ~ g¢ dsl] Blend of AC-1 and— : go tech - 12.3 0.25; 51 BL) 200" aes. 99. 89 

eked er Coll pee => Sor fee 22 66 139 142.5 28 63 3.7 .19 65 129 250 97. 59 
; five Reales OCLC Ls a eee ee ee ae 18 ~4iV 115 157.3 20 60 1.6 . 24 62 134 bar ow 96. 30 

E Fest eeOADOL COM terres a ee es Secs 19 51 99 172.0 8 63 et gt Ee BER 67 142 65 35 96. 53 
ailed ie 3 DOrCOn pre sven ewe! SE Res tole 21 76 189 122: 9 31 48 11.5 35 47 138 8 34 95. 90 
bbe noe +e DEPCONG 2 nee eee Moan nnn 17 68 156 128.8 GP se 37 7.0 41 46 142 9 49 94. 08 

5. eRe DOPCONU: ses pan es oS ee 19 64 143 130.8 10 37 4.5 . 56 40 149 8 58 92. 26 
Dberg any ORDEL CON Yate ame eetes ane oe ee hse 20 71 156 125.0 23 13 10.0 . 24 52 137 12 19 95. 22 

BOP Eso DOl CONG es nee ae se, 19 64 150 130.3 19 19 7.3 . 26 46 140 10.5 43 92. 79 
) and Be NO OerCani esas eee) re Oe aly 58 128 135.3 16 23 6.5 . 26 46 145 oe SS 91. 53 
host ou : pe vane Mees ee eee 23 71 147 136.0 22.5 43 6.0 26 57 142 25 48 97, 15 
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»g(done after 5, 30, 60, and 90 minutes of mixing. 
ik At the end of 2 hours the blend was removed 

(from. the heating kettle and tested for pene- 

tration at 50°, 77°, and 95° F., softening point, 

ductility, oven heat, flow, and solubility tests. 
‘The results of the softening-point tests on 

samples taken at intervals during the 2-hour 
heating period are given in table 6 and the 

|results of tests on the blends at the end of 2 
hours are given in table 7. 
Changes occurring in the rubber-asphalt 

blends during the 2-hour heating and mixing 

period, as indicated by the softening-point 

test, are shown in figures 2, 3, and 4 for the 
blends prepared with asphalts AC-1, AC-2, 

and AC-3, respectively. The effect of heat- 

ing on the softening points of the asphalts 
without rubber also is shown. 
_ It is of interest to note the wide difference in 
the change of softening point caused by the 
various kinds of rubber during the mixing 
period. When the rubber content of the 
blend was increased there was a much greater 
rise in softening point for some of the rubbers 
than for others. This was particularly true 
for the mixtures containing rubbers R-1 and 

R-13, with all the asphalts. 
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The effect of rubber content on the softening 

point of the blends is more clearly shown in 

figure 5 where the rubber content is plotted 

against the actual increase in softening point 
during the 2-hour mixing period. For some 

of the rubber-asphalt blends, the maximum 

increase occurred within the 2-hour period. 

This was particularly true for the blends of 

asphalts AC—1 and AC-—2 with the synthetic 

rubber R-13, and of AC-—3 with the natural 

rubber R-1. Therefore, two sets of curves 

are shown for these particular blends: The 

solid-line curves show the increase in softening 

point at the end of the 2-hour mixing and the 

broken-line curves show the maximum in- 

crease that developed during the mixing 

period. 

Considering these maximum increases, the 

order in which the rubbers increased the 

softening point was the same for each asphalt 

used, but the amount of increase varied with 

the source of asphalt. Thus, not only the 

type and amount of rubber affects the soften- 

ing point but the source of the asphalt is also 

of considerable importance. The influence of 

the source of the asphalt on the changes in 

softening point during the time of heating for 

blends containing 7.5 percent of natural 

rubber R-1 is shown in figure 6. In general, 

the effect of source of asphalt is more pro- 

nounced for those rubbers that cause the 

greater changes in softening point. It can 

be seen in figures 2, 3, and 4 or figure 5 that 

rubber R-13 as well as Rubber R—1, shown in 

figure 6, increased the softening point of 

asphalts AC-1 and AC-—2 much more than 

they did the softening point cf AC-3. It also 

can be seen that rubbers R-2 and R-6 
produced little change in softening point of 

any of the asphalts. 

Effect on Penetration 

Penetration tests were made at DOs aA s 

and 95° F. on the various rubber-asphalt 

blends. These results are used to show the 

change in consistency and to determine a 

susceptibility factor. The effect of the addi- 

tion of rubber to the asphalts on pene ration 

is illustrated in figure 7. In general, the 

addition of rubber to the asphalt resulted in 

a decrease in penetration at 77° F. For all 

rubbers the penetration decreased with in- 

crease in rubber content, except for the blend 

of asphalt AC-3 and the natural rubber R-1. 
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Figure 2.—Change in softening point during heating of blends of asphalt AC-1 with various amounts of powdered rubbers. 

As mentioned previously, there was a pro- 

nounced decrease in softening point of this 

same blend during the 2-hour heating period, 

which indicated some decomposition of the 

rubber. This change is further reflected in 

the higher penetration values obtained. 

Other investigators have shown that the 

addition of rubber reduces the susceptibility 

of asphalt to change in consistency with 

change in temperature. A previous study of 

asphalt cements has shown that the slope of 

log-penetration-temperature curves gives a 

true measure of the susceptibility f asphalts 

to temperature (18). Therefore, the pene- 

tration values obtained at 50°, 77°, and 95° F. 

as given n table 7 for the various rubber- 

asphalt blends were plotted, and the slopes of 

the resulting lines calculated from the following 

equation: 

log P,;—log P, 
Slope= 

where P; and P; are penetrations at the two 

temperatures 72 and 7; in degrees Fahrenheit. 

For most of the blends the plot of log- 

penetration versus temperature resulted in 

straight through the three points. 

Exceptions to this were the blends prepared 

from asphalt AC-3 and rubbers R—1 and R-13. 

Here the three points were not linear and for 

comparative purposes the slopes were calcu- 

lated from straight lines through the penetra- 
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tions at 77° and 95° F. The results of the 

calculated slopes are given in table 8. In 

general, the susceptibility of the asphalt as 

measured by the slope of the log-penetration- 

temperature curves was decreased by the 

addition of rubber, the amount of decrease 

being greater with increase in rubber content. 

The effect of the rubber on lowering the sus- 

ceptibility varied with the type of rubber and 

also with the asphalt used. For each of the 

three asphalts used here, the greatest reduc- 

tion was produced with rubbers R-10 and 

R-13 and the least reduction with rubbers 

R-2 and R-6. 

Susceptibility to Temperature 
Change 

The report on paving asphalts of the 50-60 

and 85-100 penetration grades (18) showed 

that the slope of the log-penetration-tempera- 

ture curves for the 50-60 grades varied from 

0.0172 to 0.0307, with an average of 0.0230, 

and for the 85-100 grade varied from 0.0188 

to 0.0324, with an average of 0.0242. The 

slope of the log-penetration-temperature 

curves of highly blown asphalts (19), of ap- 

proximately 50 penetration, used in sealing 

expansion joints in concrete pavements, varied 

from 0.0090 to 0.0125, with an average of 

0.0105. Although other investigators have 

shown that rubber reduces the susceptibility 

50 100 

4 

of paving asphalts to temperature change, it 

is of interest to note that the slope values ol 

many of the rubber-asphalt blends given ir 

table 8 are within the range of the values oj 

the paving asphalts and that only two blends 

have slope values within the range of those o} 

the highly blown asphalts. 

The decrease in susceptibility to change it 

consistency with change in temperature bj 

Table 8.—Slope of log-penetration-temper. 
ature curves of the original asphalts anc 
the rubber-asphalt blends 

| 

Slope of curve for blend with 
asphalt 

Rubber in blend 

AC-2 AC-3 

0. 0226 

- 0165 
- 0155 
- 0150 

- 0207 
- 0197 
. 0184 

- 0202 

“0185 

0. 0265 

1 0258 
1.0238 
1.0189 

. 0264 

0231 

R-1, 5 percent 
R-1, 7.5 percent 
R-1, 10 percent 

R-2, 5 percent 
R-2, 7.5 percent 
R-2, 10 percent 

R-6, 5 percent 
R-6, 7.5 percent ___._- 
R-6, 10 percent 

R-10, 5 percent 
R-10, 7.5 percent 
R-10, 10 percent 

R-13, 5 percent 
R-13, 7.5 percent 
R-138, 10 percent 

1 Values taken from curves from 77° to 95° F. 
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the addition of rubber should result in a rub- 
ber-asphalt blend that has a higher penetration 

at low temperature and a lower penetration at 

high temperature than the untreated asphalt. 

Such changes in penetration characteristics 

‘lwould make the pavement less brittle in cold 

weather and more stable in hot weather. In 

‘jorder to determine the effect of the various 

,jtubbers on the penetration at low and high 

100° F. were extrapolated from the log-pene- 

tration-temperature curves. Although these 

asphalt might be subjected to in service they 

are suitable for comparative purposes. The 

results of the extrapolated penetration values 

.|jare given in table 9. : 
|| Except for rubbers R-2 and R-6 with 
:||asphalt AC-1, the penetrations of the rubber- 

asphalt blends at 32° F. were higher than for 

‘\ithe asphalts themselves. Rubbers R-10 and 
|||R-13 with all three asphalts and rubber R-1 

with AC-3 showed a marked increase in pene- 

‘litration with increase in rubber content. The 

penetrations of all the rubber-asphalts were 

‘||\lower at 100° F. than the penetration of the 
corresponding unblended asphalt. For each 

rubber and asphalt the penetration was de- 
creased by increase of the rubber content. 

It is apparent that, in general, the rubbers 
do cause an increase in penetration at low 
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temperature and a decrease in penetration at 

high temperature. It also is apparent that 

the changes produced are not the same for 

each type of rubber and asphalt. 

Effect on Ductility 

Ductility tests were made on the original 

asphalts and the various rubber-asphalt blends 

after heating at 300° F. for 2 hours, as shown 

in tables 5 and 7. In the preliminary study 

ductility tests were made at both 60° and 77° 

F., while in the more detailed study ductility 

tests were made at 77° F. only. 

In general, the addition of rubber to the 

asphalt caused a reduction in ductility at 77° 

F. The exceptions to this were the blends of 

asphalt AC-3 containing 5.0, 7.5, and 10.0 

percent of rubber R-1 and the same asphalt 

with 5.0 and 7.5 percent of rubber R-13. It 

is probable that the ductility of many of the 

blends was affected by tbe presence of free 

particles of rubber. For those blends that 

had little or no decrease in ductility, the rubber 

was more completely dispersed. For the 

blends of rubber R-1 and R-13 with asphalt 

AC-3, the ductility was indeterminable except 

for the 10-percent blend of rubber R-13 due 

to the fact that their ductility was beyond the 

capacity of the ductility machine. Figure 8 

shows the effect of rubber content on the 

ductility of some of the rubber-asphalt blends. 

25 50 100 

Figure 3.—Change in softening point during heating of blends of asphalt AC-2 with various amounts of powdered rubbers. 

In the studies of paving asphalts previously 

referred to (78), when 50-60 and 85-100 pen- 

etration asphalts were subjected to lower tem- 

peratures, the values for ductility decreased, 

and at some definite temperature for the par- 

ticular type of asphalt it became zero. For 

instance, the ductility of 50-60 penetration 

asphalts when tested at 77° F. at 5 cm. per 

minute, had ductilities of from 27 to 250+ em. 

with an average of 175.5. The ductility of 

85-100 penetration asphalts under the same 

conditions had ductilities of 101 to 250-+ cm. 

with an average of 179.8. At 39.2° F., under 

a pull of 5 em. rer minute, the ductility of the 

same asphalts varied from 0 to 4.0 em. with 

an average of 1.6 em. for the 50—60 grade and 

from 0 to 9.7 em. with an average of 4.3 cm. 

for the 85-100 grade. Compared with paving 

asphalts, blown asphalts have a low rate of 

change in ductility with change in temperature. 

Low-Temperature Ductility 

Ductilities of the asphalts and rubber-asphalt 

blends containing 7.5 percent of the various 

rubbers were determined at 39.2°, 60°, and 

77° F. and the results are given in table 10. 

The effect of temperature on ductility for the 

original asphalts, the rubber-asphalt blends, 

and a typical blown asphalt included for com- 

parison is shown in figure 9, 
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Figure 4.—Change in softening point during heating of blends of asphalt AC-3 with various amounts of powdered rubbers. 

In the majority of cases, the rubber-asphalt 

blends did not change in ductility with change 

in temperature when tested at 5 cm. per min- 

ute as slowly as the typical blown asphalt also 

shown in figure 9, or as rapidly as the un- 

blended petroleum asphalts. However, the 

ductility of the blends of rubbers R—7 and R-13 

withfasphalt AC-1 and of rubber R-13 with 

70 

BLENDS WITH 
ASPHALT AC-I 

| 

asphalt AC-—2 increased as the temperature of 

test was lowered, and at 39.2° F. these ma- 

terials bad ductilities much higher than many 

normal asphalts at temperatures producing 

maximum ductility. While the unblended as- 

phalt AC-3 had no ductility at 39.2° F., the 

rubber-blend with 7.5 percent of R—1 rubber 

had a ductilitv of 70 cm. The addition of 7.5 

BLENDS WITH 

ASPHALT AC-2 

60 at ae ¥ 
~ 

i=, 

oO oO 

13 (ar LT _MAX. sp) 

R- 

40 

ee) .e) 

20 

INCREASE IN SOFTENING POINT, °F. 
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percent R-13 rubber to AC-3 gave ductilities 
greater than the capacity of the testing ma- 

chine at all test temperatures. This is a most 

unusual condition and it indicates that natural 

rubber with asphalt AC-3, and the GR-S type 

II rubber with all asphalts, definitely improve 

the low-temperature ductility characteristics 

of the asphalts covered in this study. 

BLENDS WITH 

ASPHALT AC-3 

Figure 5.—Effect of rubber content on increase in softening point of rubber-asphalt blends (curves are for values after 2-hour 

72 

mixing except as noted). 
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Figure 6.—Effect of time of heating on the softening point of 

rubber-asphalt blends prepared with different asphalts and 

7.5 percent rubber R-1. 

Rebound After Ductility 

During the preparation and the handling of 

the various rubber-asphalt blends, it was noted 

that there was considerable difference in their 

elastic properties. The blends containing 

rubbers R-1 and R-13 particularly showed 

ability to recover to their original shape when 

deformed. In order to get some measure of 

this elastic behavior, the following data was 
obtained from the ductility test. 

After the material was elongated to the 

point of rupture in the ductility test, the 

elongated specimen was allowed to remain 

BLENDS WITH 

ASPHALT AC-I 

PENETRATION, 77°F., |OO GM.,5 SEC. 

undisturbed for 15 minutes and the length of 
the broken threads was measured. The 

amount of original elongation less the length 

after 15 minutes was termed the rebound. 

This rebound in centimeters was calculated 

as a percentage of the original elongation. 

These values are given in tables 5 and 7 for the 

original blends and for the residues of the 

blends from the thin-film oven test. 

Due to the high ductility values and to the 

fineness of the broken thread, the rebound of 

unblended asphalts AC—1, AC-2, and AC-3, 

all blends of AC-3 containing rubber R-1, and 

the 5- and 7.5-percent blends of rubber R-13 

O 25 5.0 ao 

RUBBER CONTENT, PERCENT 

Table 9.—Penetration of asphalts and rub- 
ber-asphalt blends at 32° and 100° F. 
(extrapolated from log-penetration-tem- 
perature curves) 

Penetration, 100 g., 5 see.— 

Rubber in 
blend At 32° FE. 

AC-1} AC-2} AC-3 

At 100° F. 

AC-2] AC-3 

9.0) 80] 4.8 295 | 365 

160 | 363 

358 

330 

cent 
R-10, 10 per- 

t 

1 Values extrapolated from curves through penetrations at 
77° and 95° F. 

and AC-8 could not be determined. The data 
in table 7 show, in general, that for the blends 

of asphalts AC-1 and AC-2 with various 

amounts of rubber, those containing rubbers 

BLENOS WITH 

ASPHALT AC-3 

Figure 7.—Effect of rubber content on penetration of rubber-asphalt blends. 
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Figure 8.—Effect of rubber content on ductility of rubber-asphalt blends. 

R-1 and R-13 had the highest amount of 

rebound and those containing R-2 and R-6 

the lowest rebound. 

Elasticity Measured 

The development or increase in elasticity 

of asphaltic materials has been considered as 

one of the more important changes induced 

250+CM 250+CM page 

2 

300 
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DUCTILITY, 5CM.PER MIN., CM. 

od °o 

@ 0 
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Figure 9.—Ductility-temperature curves for unblended asphalts and rubber-asphalt blends containing 7.5 percent of various powderec 
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by the addition of rubber. Such data as those 

obtained by measuring the rebound of the 

broken thread after the ductility test no doubt 

indicates this elastic property. However, this 

test is limited generally to relatively short 

elongations, that is, those less than 100 cm. 

Since some of the asphalts and rubber-asphalt 

blends had elongations well over 100, the 

BLENDS WITH 

ASPHALT AG~-2 
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TEMPERATURE OF TEST, °F. 

rubbers. 

BLENDS WITH 

ASPHALT AC-3 

rebound could not be determined. Therefore, 

another test was developed in the laboratory 

by which the difference in elastic properties 

could be measured. 
In this test a determination was made of the 

time required for a steel cylinder 1 inch in 

diameter and weighing 200 grams to penetrate 

into the asphalts or rubber-asphalt blends to a 

Piineseec 

BLENDS WITH 
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OUCTILITY AT 39.2°F = 0.0 CM 
G 
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Table 10.—Results of ductility tests on 
asphalts and blends containing 7.5 per- 
cent rubber 

Duetility at— 

Blend identification 5 em. per min. at— 

77°F...) 60° F. | 39.2° F. 

Cm. 
Unblended AC-1__ +250 
Blend of AC-1and 

7.5 percent of— 

a" 

> 

oo 

Se eo Sr So ococoonce 

Ww 

oe wSw Sponge w o COoOaon pe wows moe So cowooon Unblended AC-2__ 
Blend of AC-2and 

7.5 percent of— 

ie.) 

Unblended AC-3__ 
Blend of AC-3 and 

7.5 percent of— 

total depth of 0.6 inch under a superimposed 

load of 10 pounds. Immediately after the 

cylinder had penetrated the material to a 

depth of 0.6 inch, the 10-pound load was 

removed and change in the depth of penetra- 

tion of the cylinder was determined at 1- 

minute intervals for a total of 5 minutes. 

The results of these tests are given in table 11. 

A plot of the depth of penetration against 

| the time of penetration, both on logarithimic 
scales, resulted in linear relation for the 

unblended asphait and for various rubber- 

asphalt blends. This relation is shown in 

figure 10 for asphalt AC-1 and the blends con- 

taining 5 and 10 percent of rubbers R-1, R-2, 

R-6, R-10, and R-13. Although the straight 
lines are approximately parallel, they show 

the wide effect of the various amounts and 

Bipes of rubber on the resistance to penetra- 

tion of the cylinder. For instance, it took 38 
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Figure 10.—Effect of time on penetration of a 1-inch, 200-gram cylinder under a 10-pound 

‘load into blends of asphalt AC-1 and various powdered rubbers (tested at 77° F.). 

times as long for the cylinder to penetrate 0.6 

inch in the blend containing 10 percent of 

rubber R-1 as it did in the asphalt itself. 

Blends containing rubber R-2 showed the 

least resistance to penetration, the time of 

penetration of the 10 percent blend being 

only 2.6 times that of the asphalt. 

In figure 11 the change in depth of the 

cylinder after removing the 10-pound load is 

plotted against the time of recovery for asphalt 

AC-1 and the blends containing 5, 7.5, and 10 

percent of the various rubbers. Although the 

Table 11.—Results of special penetration and recovery tests ! on asphalt AC-1 and rubber- 
; asphalt blends 

after removal of the 10-pound weight. 

Time for loaded cylinder to penetrate— 

Blend identification 
0.1 0.2 0.3 0.4 
inch inch inch inch 

‘/ Sec. Sec. Sees.) “See; 
Unblended AC-1______ 2 6 11 18 
Blend of AC-1 and— 

R-1, 5 percent_____ 9 27 50 78 
R-1, 7.5 percent __- 38 116 215 324 
R-1, 10 percent___- 99 296 535 800 

R-2, 5 percent_____ 3 8 16 26 
_ R-2, 7.5 percent __- 4 13 25 43 
R-2, 10 percent___- 5 14 27 45 

R-6, 5 percent____- 4 11 21 35 
R-6, 7.5 percent __- 6 17 32 53 
R-6, 10 percent___- 8 24 48 78 

R-10, 5 percent___- 5 16 32 52 
R-10, 7.5 percent __ 12 35 70 113 
R-10, 10 percent. _- 21 67 133 219 

R-13, 5 percent____ 4 12 22 35 
R-13, 7.5 percent__- 8 24 49 83 
R-13, 10 percent___ 1. 39 81 135 

Recovery of unloaded cylinder after— 

0.5 0.6 1 2 3 4 5 
inch inch | minute |minutes|minutes|minutes|/minutes 

Sec. Sec. |0.001 in.\0.001 in.\0.001 in.\0.001 in.|0.001 in. 
24 37 —16 —30 —47 —59 —75 

108 142 45 53 57 57 57 
447 580 30 38 44 46 49 

1, 090 1,413 30 37 40 44 47 

38 57 18 |- 10 3 —15 —28 
65 94 33 34 31 27 23 
68 95 44 45 41 38 33 

51 71 10 15 ie —1 —10 
78 109 32 29 27 22 17 

115 159 33 34 33 30 27 

76 106 38 40 40 37 33 
168 235 43 56 58 61 64 
327 462 41 51 58 64 67 

54 75 40 43 42 39 30 
125 174 = ie 2. in De 62 
204 287 60 74 81 88 91 

1 Penetration is that of a 1-inch diameter, 200-gram cylinder, loaded with a 10-pound weight. Recovery is determined 
Tests were made at 77° F. 

data for the blend containing 7.5 percent of 

R-13 were incomplete, the curve is assumed as 

shown by the broken line. For the asphalt, 

the weight of the cylinder was sufficient to 

cause continued penetration while for all the 

rubber-asphalt blends there was an immediate 

recovery or rebound, the extent and duration 

of which varied with the type and amount of 

rubber in the blend. For the 5-percent rubber 

blends, this recovery was only temporary and 

was followed by a renewed settlement of the 
plunger at some period within the 5-minute 

interval except for the R-1 blend which re- 

mained in a static position. For the blends 

containing 7.5 and 10 percent of rubbers R-1, 

R-10, and R-13, the recovery increased during 

the entire 5 minutes, while for blends con- 

taining the same amount of rubbers R—2 and 

R-6 the recovery decreased after the 1- or 2- 

minute periods. 

This study shows that there was a wide 

difference in the amount of recovery of the 

cylinder which further indicates the varying 

degree of elasticity imparted by the various 

rubbers. It is apparent that rubbers R-1, 

R-10, and R—-13 impart a considerable amount 

of elasticity to the asphalt. 

Effect on Flow of Asphalts 

It has been stated by other investigators 

that the addition of rubber to asphalts changes 

* the flow properties and thereby increases the 

resistance to distortion of paving mixtures 

containing this type of binder under high 

temperatures and heavy traffic. Endres, et 
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al., (12) have shown that the addition of rubber 

affects the flow properties of asphalts and the 

amount of flow varies with the different types 

of rubber. 

The method used in this study for deter- 

mining the flow was similar to the method 

used for measuring the flow of blown asphalts 

(20). In this test the material was heated to 

a fluid condition and poured into an amalga- 

mated brass mold, % inch in inside diameter 

and % inch in height. After cooling, the 

excess material was cut from the top and the 

cylindrical specimen removed. This speci- 

men was then placed on a corrugated brass 

plate, supported at an angle of 45 degrees with 

the lower end of the cylinder on a line 15 em. 

above the end of the plate. The apparatus is 

shown in figure 12. For blown asphalts the 

amount of flow is determined by heating the 

specimen at 150° F. for 4 hours but, due to 

the much higher rate of flow of the rubber- 

asphalt blends studied here, it was necessary 

to modify the temperature and time of heating. 

It was found that all the mixtures were within 

the range of 15 em. when tested at 140° F. for 

1 hour. The results of the flow test under 

these conditions are given in tables 5 and 7. 

The results of the tests show that, except 

for the blend of asphalt AC—1 with 5 percent 

of rubber R-15, flow of all the blends con- 

taining rubber was less than the flow of the 

unblended asphalts. For the same rubber 

content the amount of flow varied with the 

different asphalts and rubber used. For the 

same rubber and asphalt, the amount of flow 

decreased as the rubber content was increased. 

In order to show the relation between flow 

and softening point of the various mixtures, 
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Figure 11.—Recovery of 1-inch, 200-gram cylinder after removing 10-pound load, for blends of asphalt AC-1 and various powdered rubbers. 

the softening point was plotted against the 

log of the flow for the three unblended 

asphalts and five of the rubber-asphalt blends, 

as shown in figure 138. Although there is 

some spread among the points, the average 

curves for the three asphalts are almost 

identical. In general, the relation between 

softening point and flow of the rubber-asphalt 

blends was similar to that found in testing 

rubber-asphalt compounds used for sealing 

concrete expansion joints (19). In this pre- 

vious work it was found that the rate of flow 

of the joint sealing materials was proportional 

to their softening points and it was recom- 

mended that the softening point determination 

be used to evaluate the flow properties of these 

materials instead of the flow test. 

© 

Figure 12.—Apparatus used in determining 

flow. 

The flow test is a measure of the suscepti- 

bility to temperature change of the material 

as can be seen in figure 14 where the slope of 

the log-penetration-temperature curve is 

plotted against the log-flow of the blends 

prepared with asphalt AC-—2 and the various 

rubbers. Except for three blends the points © 
fall close to a straight line. | 

Thin-Film Oven Tests 

For several years the thin-film oven test 

(21, 22) has been advocated as a means of 

measuring the amount of change that may 

occur in asphalt cements when mixed with an ~ 

aggregate at high temperature. This test is 

more severe than the standard test for loss on 

heating due to the larger surface area of the 

test sample that is exposed. The thin-film 

oven test is made by exposing a %-inch film of | 

asphalt in an aluminum pan 5.5 inches in 

diameter and % inch In height in an oven at 

325° F. for 5 hours. The loss in weight is” 
determined and the residue tested for pene- 

tration, ductility, and softening point. The 

results of the thin-film oven test on the rubber- 

asphalt blends are given in tables 5 and 7. 

In general, when asphalt cements are ex- 

posed to the thin-film oven test, there is a 

slight loss in weight and a varying decrease in 

penetration and ductility and increase in 

softening point. For asphalts containing rub- 

ber, this was not found to be true for all the 

blends tested. As compared with the original 
blends, the thin-film residues of asphalts AC—1 

and AC-—2 containing the three percentages of 

rubber R-1 had approximately the same or 

higher penetration, much higher ductility, and 

much lower softening point. The thin-film 
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residues of asphalt AC-1 with 7.5 percent 

rubber R-13 and asphalt AC-3 with 7.5 and 

10 percent rubber R—1 had lower penetrations 

and somewhat lower softening points than did 

the corresponding original blends. The duc- 

tility of the thin-film residues from blends 

made with the three asphalts with rubbers 

R-2 and R-6 was approximately the same or 

was lower than the ductility of the corre- 

sponding original blends. The ductility of all 

the residues containing rubber R-10 was 
higher than, or approximately the same, as the 

ductility of the corresponding original blends. 

The results of the thin-film oven tests 

indicate that there could be a wide difference 
in the changes which would take place in the 

properties of the various rubber-asphalt 

blends when subjected to high temperatures, 

‘such as those encountered in the processing of 

hot mixtures. 

Solubility in Carbon Disulfide 

In order to obtain some information on the 

blending action of the various rubbers in 

asphalts, the test for solubility in carbon 

disulfide was made on the various rubber- 
asphalt blends. Due to the inability to filter 

some of the blends after dissolving with 

carbon disulfide, it was necessary to reduce the 

size of sample to approximately 0.5 gram and 

also use celite as a filter aid. Even with 

these aids the blends containing rubbers R-1 

and R-13 were extremely slow to filter and 

results of tests showed poor reproducibility. 
The results of the tests for solubility in 

carbon disulfide are given in tables 5 and 7. 

The results show a wide difference in the 
solubility of the blends prepared with different 

rubbers. In general, it can be seen that those 

rubbers (R-1 and R-13) that produced the 

greatest changes in the physical characteristics 

of the asphalts were also the most soluble in 

carbon disulfide. Since in no case is the 

—- 2 FS 
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added rubber entirely soluble in carbon 

disulfides, it is indicated that the character- 

istics of the asphalts extracted and recovered 

from paving mixtures containing rubber may 

differ greatly from the asphalt blends as they 

actually exist in the pavement. 

Effect of Heating Time on Viscosity 

In order to obtain additional information on 

the changes that occur during the mixing of 

the rubbers with the asphalts, viscosity tests 

were made on blends containing 5 percent 

rubber heated at 300° F. for 4 hours. During 

20 
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Figure 13.—Relation between softening point and flow of rubber-asphalt blends. 

this period of heating, viscosity determina- 

tions were made every 30 minutes with a 

Brookfield Syncho-Lectric viscometer, shown 

in figure 15. 

The principle of this instrument is the 

measurement of the drag produced on a 

spindle rotating at a constant speed while 

immersed in the material being tested. The 

amount of drag is indicated by a pointer 

attached to the spindle shaft which measures 

the tension produced in a spiral spring con- 

nected between the shaft and the outside of the 

dial which is connected to the motor shaft. 

The range in viscosity is obtained with a 

UNBLENDED ASPHALT 

Rat 

! 
Ol! .ol2 .O13 .014 .OIS .OIG O17 .O1I8 .O1I9 .020 021 .022 .023 .024 .025 

SLOPE OF PENETRATION - TEMPERATURE CURVE 

Figure 14.—Relation of slope of log-penetration-temperature curve to 

the flow of blends of asphalt AC-2 and various powdered rubbers. 
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Figure 15.—Synchro-Lectric viscometer used to determine viscosity of rubber-asphalt 

blends. 

series of spindles, each covering a part of the 

range. Viscosity is calculated by multiplying 

the reading on the dial by a factor, depending 

upon the spindle and speed of rotation used. 

The results of the viscosity determinations are 

given in table 12 for the blends prepared with 

each of the three asphalts and 5 percent of 

each of the rubbers. The effect of the time of 

heating on the viscosities of these blends is 

shown in figure 16. 

There was a very wide range in the change 

in viscosity of the various mixtures during the 

4-hour period. For all asphalts, blends with 

rubbers R-1 and R-13 developed the highest 

viscosities and blends with rubbers R-2 and 

25 
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R-6 the lowest viscosities. Considering the 

maximum viscosity reached during the 4 

hours, the order of the five rubbers is the same 

for the three asphalts and this order is the 

same as was found for the increase in softening 

point. Here also the change in viscosity was 

effected by the source of the asphalt. 

Viscosity-Temperature Relations 

Consistency is a property of asphaltic road 

materials that is of extreme importance from 

the standpoint of their application to road 

surfaces or in plant mixing with an aggregate. 

Since it was evident from earlier work that 
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ASPHALT AC-2 

on 

° 

VISCOSITY, AT 300° F., POISES 

50 100 150 200 
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there was a wide difference in the consistency 

of the various rubber-asphalt blends, the 

viscosity-temperature relations of blends of 

asphalt AC-—1 with 5 percent of rubbers R-1, 

R-2, R-6, R-7, and R-13 were determined. 

The blends were prepared by mixing the 

rubber with the asphalt at 300° F. for 2 

hours. At the end of the period, the mixing 

paddle was removed and viscosities deter- 

mined on the material with the Brookfield 

viscometer, described earlier in this report. 

Viscosity determinations were made first at 

300° F. and then at lower temperatures as the 

material cooled. In order to reduce the time 

required for testing, tests were not made at 

predetermined temperatures. For viscosity 

determinations above 300° F., the blends were 

reheated after the test at the lowest tempera- 

ture had been completed. It was apparent 

from the results obtained that very little 

change in viscosity occurred in the blends 

during the time they were maintained at | 

these elevated temperatures. ' 
The results of the viscosity determinations 

of the various rubber-asphalt blends over a 

range in temperature are given in table 13. 

These results are plotted in figure 17 on a 

log-temperature log-viscosity basis. By plot- 

ting in this manner, straight-line relations 

were obtained. 

The viscosity-temperature relations show a 

very wide difference in the viscosities of 

blends containing the various rubbers over 

the entire range in temperatures. As was 

indicated previously, blends with rubbers R-1 

and R-13 produced the greatest change in 

viscosity and blends with rubbers R-2 and 

R-6 the least change. All blends had viscosi- 

ties well above the viscosity of the unblended 

asphalt. 

In order to compare these viscosity values 

with Saybolt Furol viscosity, which is more 

commonly used, an approximate conversion 

of absolute viscosity to Furol viscosity can be 

obtained from the standard method of 

conversion of kinematic viscosity to Saybolt 

Furol viscosity (AST M designation D 666-44), 

as follows: 

BLENDS WITH 

ASPHALT AC-3 

Figure 16.—Effect of time of heating on viscosity of 5 percent rubber-asphalt blends. 
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hey able 12.—Effect of time of mixing at 300° F. oa viscosity at 300° F. of asphalts and blends 
th containing 5 percent rubber 
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Saybolt Furol viscosity = Ves X0.470 Vis= V>X100. 

"where V,, is the viscosity in centistokes. Thus the viscosity data in poises as given in 
% V. table 13 and shown in figure 17 can be con- Also: Ves==—— X 100 a ob 3 : Is ied rhs density * verted to Furol viscosity, as follows: 
14 
yf Where V, is the viscosity in poises. Furol viscosity = V, 47.0. 

Is Since the density of the asphalts and rubber- For plant mixing of hot asphaltic concrete, 
asphalt blends is approximately 1.00, a Furol viscosity range of 75 to 150 seconds 
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_ Figure 17.—Viscosity-temperature relation of rubber-asphalt blends. 
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has been considered as optimum. Converted 
by the equation just derived, the optimum is 
1.60 to 3.19 poises. This range is indicated in 

figure 17, and it will be noted that the tem- 

peratures at which the asphalt and rubber- 

asphalt blends have this optimum viscosity 

are as follows: 

Unblended asphalt AC-1___ 285-305° F. 
AC-1 with 5 percent R-2___ 300-325° F. 

AC-1 with 5 percent R-6___ 315-340° F. 

AC-1 with 5 percent R-7___ 320-350° F. 

AC-1 with 5 percent R-1___ 355-380° F. 

AC-1 with 5 percent R-13__ 370-395° F. 

The temperature ranges for use in plant 

mixing the different rubber-asphalt blends 

are indicated in figure 17. 

The use of preblended rubber asphalts may 

not only require higher mixing temperatures 

but also some additional equipment to handle 

the more viscous binder. In the Massachu- 

setts project, previously referred to (9), the 

GR-S synthetic rubber powder was prepared 

from standard GR-S synthetic rubber latex 

in such a manner as to produce a dry powder 

at least 50 percent of which passed the No. 40 

sieve and 100 percent the No. 20 sieve. No 

information was given as to the degree of 

vulcanization of the synthetic latex. The 

rubber-asphalt blend was prepared at the 

plant of the asphalt producer and the very 

viscous condition of the rubberized blend 

presented a handling problem as additional 

pumps were necessary to circulate the rub- 

berized asphalt in the distributor during trans- 

portation of the material to the storage tank 

at the paving plant and to provide satisfactory 

flow between the plant storage tank and the 

mixer box. 

Road construction practice has shown that 

the selection of the proper temperature of 

application of bituminous materials to aggre- 

gate, either on the road or in a mixing plant, 

to give proper coating of the aggregate and 

workability of the mixture, is dependent upon 

the consistency of the material at the time of 

application or mixing. For plant mixing this 

consistency depends to a large extent upon 

the temperature of the aggregate. For the 

materials studied here it would appear that 

Table 13.—Viscosity of asphalt AC-1 and 
rubber-asphalt blends at various tem- 
peratures ! 

Viscosity of blend of asphalt AC-1 and 5 
Test percent of rubber indicated 

tempera- |_ 
ture 

None| R-1 2 | R-6 

| 
Poises | Poises Poises 

630. 0 

1 Blends prepared by heating at 300° F. for 2 hours. 
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Table 14.—Results of tests on blends of asphalt AC-1 and 5 percent of various rubbers 
mixed at various temperatures 

Blend with R-1, 
mixed at— 

Mixing time 

Softening point after 

Ductility, 77° F_...cm_- 
Rebound. -_percent_- 

Residue from thin-film 
oven test: 

Penetration, 77° F_- 
Softening point, 

Ductility, 77° F. 
cm.__ 

Rebound_-_percent_- 

in order to apply or mix the various rubber- 

asphalt blends under the same viscosity con- 

ditions as for the unblended asphalt AC-1, it 
would be necessary to raise the mixing tem 

perature approximately 20° F. for the R-2 

blend and 90° F. for the R-13 blend. 

Effect of Mixing Temperature 

The previous data given in this report has 

been for blends of asphalt and rubber prepared 

at 300° F. It seemed of importance to get 

some information concerning the effect of 

mixing at other temperatures on the properties 

of the rubber-asphalt blends. For this study 

asphalt AC-1 and rubbers R-1, R-2, R-6, 
and R-13 were used. Mixing temperatures 

of 300°, 338°, 375°, and 425° F. were employed 

to obtain the information desired. ' 

Since rubbers R-1 and R—13 had been found 

to produce wide changes in the properties of 

asphalt, the mixing time for these was limited 

to 2 hours at 300°, 338°, and 425° F. Rubbers 

R-2 and R-6, which showed little change in 

the properties of the asphalts when mixed for 

2 hours at 300° F., were mixed for 4 hours at 

300°, 375°, and 425° F. Softening-point tests 

were made during the mixing periods, and the 

blends after being mixed for 2- or 4-hour 

periods were tested for penetration, ductility, 

and effect of heating in thin films at 325° F. 

The results of tests showing the effect of 

mixing temperature on the rubber-asphalt 

blends are given in table 14. The effect of 

heating at various temperatures on the soften- 

ing point during the mixing period is shown in 
figure 18. 

The blend containing rubber R-1 is of 

particular interest. When heated at 300° F. 

the softening point increased during mixing 

over the full 2-hour heating period, but when 

mixed at 338° and 425° F. there was a gradual 

decrease in softening point after the first 30 

minutes. This reversal is apparently due to 

the instability of the natural rubber when 

subjected to the higher temperatures. The 

blend containing rubber R-13 showed an 

increase in softening point during mixing at 

the three temperatures with the rate of increase 

Blend with R-2, 
mixed at— 

Blend with R-6, 
mixed at— 

Blend with R-13, 
mixed at— 

300° F. | 338° F. |425° F./300° F./375° F./425° F./300° F.|375° F./425° F.]300° F./338° F.|425° F. 

145.0 | 140.3 | 140.5 | 145.5 

9.0} 11.8] 11.0 43 41.5 
50 43 42 48 63 71 

being greater with increases in mixing temper- 

ature. At all temperatures, blends containing 

rubbers R—2 and R-6 showed a relatively low 

rate of change in softening point during the 

mixing period. 

Figure 19 shows the effect of mixing temper- 

ature on the penetration, softening point, and 

ductility of the blends after 2- and 4-hour 

periods. Except for rubber R-1, the pene- 

tration of the blends decreased as the temper- 

ature of mixing was increased. The blend 

containing the natural rubber R-1 had a 

140 
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Figure 18.—Effect of temperature and time of heating on the softening point of rubber- 
asphalt blends. 
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higher penetration when mixed at 338° F. 
than at 300° F., and then decreased at 425° F. 

Except for rubber R-1, the softening points 

of the blends were increased by raising the 
mixing temperature. As previously stated, 

the decrease in softening point for the blends 

made with the natural rubber R-1 shows the 
instability of this rubber when subjected to 

high temperatures. The greatest increase in 

softening point occurred with rubber R-13. 

The ductility of the blends containing rub- 

bers R-2, R-6, and R-13 was affected only 

slightly by increasing the temperature of 

mixing. The ductility of the blend containing 

rubber R-1 was increased greatly by mixing at 

the higher temperatures. 

Effect of Rubber on Various Penetra- 

tion Grades of the Same Asphalt 

All of the rubber- asphalt blends which have 

been discussed previously in this report wera 

prepared with 85-100 penetration asphalts. 

In order to get some information on the effect 

of rubber on other grades of asphalt cement, — 

blends were prepared using 50-60, 85-100 and 

120-150 penetration asphalts, refined from 

Venezuelan crude by the same producer. The 

85-100 penetration grade is the same as the 

asphalt designated in this article as AC-1. 
Blends of these three asphalts containing 5 

percent of the natural rubber R—1 were made 

by heating at 300° F. for 2 hours. Softening- 

point tests were made on samples taken during 

the mixing period and the resulting blends 

tested as in the previous studies. The results 

ie 
225 25¢ 
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of tests on the unblended asphalt and the 

rubber-asphalt blends are given in table 15. 

Figure 20 shows the changes in softening 

point during the 2-hour mixing period for the 

blends prepared with the three grades of 

asphalt. The curves are of the same general 

shape and the difference in softening point 
remained fairly constant during the heating 

period. 

In figure 21 the penetration, softening point, 

and ductility of the unblended asphalts are 

plotted against the penetration, softening 

point, and ductility of the corresponding 

rubber-asphalt blends. This figure indicates 
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for these asphalts and the one rubber used 

that as the penetration of the unblended 

asphalt was increased, the blends increased in 

penetration and had lower softening points 

and higher ductilities. 

An analysis of the changes that were caused 

by the addition of rubber to the three grades of 

asphalt can be made from figure 22 where the 

penetration-softening point relations are plot- 

ted for the unblended asphalts and the rubber- 

asphalt blends before and after the thin-film 

oven test. For each of the above conditions 

the points for the three grades of asphalt are 

approximately linear and the curves thus 

TIME OF HEATING AT 300° F., MIN. 

Figure 20.—Effect of time of heating on blends of 5 per- 

cent rubber R-1 with various grades of asphalt from 

the same source. 
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Figure 19.—Effect of mixing temperature on penetration, softening point, and ductility of rubber-asphalt blends. 

formed are nearly parallel. The relative posi- 

tion of the curves for the original asphalts and 

for the rubber-asphalt blends shows the high 

increase in softening point with a correspond- 

ing decrease in penetration. After the thin- 

film oven test, the curve for the rubber asphalt 

blends shows a large decrease in softening 

point accompanied by a slight increase in 

penetration. The position of this curve is only 

slightly above the curve for the thin-film oven 

residues on the unblended asphalts. This 

again demonstrates the variable properties 

that rubber-asphalt blends of this type might 

have when subjected to heat and oxidation in 

the mixing and laying of hot asphalt mixtures. 

Recovery Tests on Mixtures 

Tests on bitumens extracted and recovered 

from asphaltic paving mixtures have been use- 

ful in studying the changes that the contained 

asphaltic materials undergo during plant mix- 

ing with hot aggregate and during the exposure 

of bituminous pavements to service conditions. 

Usually these tests are made by extracting the 

‘soluble portion of the mixture with benzene 

and recovering this material by a method of test 

developed by Abson or by a modification there- 

of. Investigations have shown that asphalts 

are hardened during the hot mixing process or 

by exposure, and the amount of this hardening 

varies with the asphalt used and the condi- 

tions, such as temperature and the time of 

mixing or the climatic conditions, to which the 

mixture is subjected. 

Tests on Recovered Bitumen 

Since it has been shown that many of the 

rubbers included in this study are relatively 

insoluble in benzene, it was of interest to deter- 

mine the effect of extraction and recovery 

tests on bitumens from asphalt mixtures in 

which rubber was used. Samples were ob- 

tained of the original asphalts and of paving 
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Table 15.—Effect of 5 percent natural rubber on asphalts of different penetration grades 
from the same source when mixed at 300° F. for 2 hours 

Softening point after mixing— 
bp minutes.:2Sitee =... 2S0 Ae eee eee 
SO minutes: 220s. 265. 2 eee ee 
60 minutes: 222° vis Sao ee see 
O00 minutes... -- 2-2 2232 oo ce rene ee Oe 
10uninutes: 6 {the ee does 

Tests on material after mixing for 2 hours: 
Penetration— 

Rebounds 2 eae percent__| 

Tests on residue: 
Penetration;:77°- F 222<2s2<s2 Seas eee 
Boftening polnt.- 222-- 3 ee. S42 Can ee 
Ductility, 770 Po 2 ee ee cm... 

Blend of 5 percent R-1 with 
Unblended asphalt of pene- : 

; iss asphalt of penetration tration grade erade— 

50-60 85-100 | 120-150 | 50-60 85-100 | 120-150 

131.0 138. 0 125.0 119.3 
a es 145. 5 133. 5 124, 3 
a ae 152.0 140.0 130. 5 
Sree ais 155.5 143. 0 134.8 
Se 157.0 142.5 136. 3 

Eo ti 20 cae. 13 22 22 
50 89 136 39 66 85 
122 202 al ee 85 139 195 
230 +250 152 17 28 40 

wees s+ | Pe aoe OC nee eee 65 63 79 

0.18 0. 28 0. 36 0.19 0.19 0.71 

33 51 7 43 65 99 
143 131 123 138, 8 129.0 118.8 
63 237 207 80 +250. 240 

mixtures in which these asphalts were used with 

and without rubber from several of the experi- 

mental pavements laid in the United States. 

These paving mixtures contained natural, re- 

claimed, synthetic, and plasticized rubbers 

and the powdered rubbers were the same as, 

or similar to, the rubbers R-1, R-2, R-5, and 

R-6 used in this study. 

Extraction tests were made on these paving 

mixtures, using benzene, and the soluble ma- 

terial was recovered by the Abson method. 

The recovered bitumens were tested for pene- 

tration, softening point, and ductility. The 

results of tests on the original asphalts and on 

the bitumens recovered from the paving mix- 

tures without rubber and corresponding mix- 

tures which contained rubber are given in table 

16. 
Except for the mixtures containing the plas- 

ticized rubber, it was noticed that the ex- 

tracted aggregates contained particles of rub- 

ber which had not been dissolved by the 

asphalt in the mixture or by the benzene used 

in the extraction test. Since it has been shown 

that the solubility of the rubber powders and 

rubber-asphalt blends in benzene are not the 

same, it was not possible to determine the 

exact amount of rubber actually contained in 

the bitumens recovered from the asphaltic 

concretes. It has also been shown that a wide 

range in test characteristics can be obtained 

with the natural rubber-asphalt blends, de- 

pending upon the asphalt used and the time 

and temperature used in the blending or 

mixing. 

Comparisons of the characteristics of the 

original asphalts with those of the same 

asphalts recovered from the paving mixtures 

show that all the asphalts were hardened 

during the mixing process as evidenced by 

decreased penetration and increased softening 

point. Also, the ductilities of the recovered 

asphalts were lower than those of the original 

asphalts. 

Comparisons of the characteristics of the 

bitumens recovered from the mixtures con- 

taining rubber with those of the bitumens 

recovered from the mixtures without rubber 

show that, in many cases, the presence of 

rubber increased the penetration; that in 

some cases it lowered the softening point; 
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and that in most cases it increased the 

ductility. This apparent effect of rubber is 

contrary to its effect in the blends of rubber 

and asphalt prepared in the laboratory where, 

as compared with the unblended asphalts, the 

blends generally had lower penetration, higher 

softening point, and lower ductility. 

These differences between the character. 

istics of rubber-asphalt blends prepared 

mixtures containing powdered rubber are 

attributed partly to the fact that the mixtures 

of rubber powder and asphalt in the pavement 

are not directly comparable to the laboratory 

blends and partly to the fact that the bitumen 

recovered from the pavement is not the same 

as the mixture of rubber powder and asphalt 

as it exists in the pavement. ; 
In the District of Columbia experiment tw 

types of paving mixtures were laid (23). 
Except where the plasticized rubber was used, 

60-70 penetration asphalt was used in the 

sand asphalt mixtures. Except for the control’ 

section, 85-100 penetration asphalt was used 

in the sheet-asphalt mixtures. The 60-70 

penetration asphalt was used in the control 

sections for both sand-asphalt and sheet= 

asphalt mixtures and 85-100  penetratio 

asphalt was used in the plasticized rubber: 

sections for both types of mixtures. The 

amount of each kind of rubber used was the 
same in both types of mixtures. 

Except where the plasticized rubber was 

used, all of the rubbers were incorporated into 

PENETRATION, 77° F. 

60 

PENETRATION ,77° F, 

100 120 

SOFTENING POINT, °F. 

110 ns 
TESTS ON RUBBER-ASPHALT BLENDS 

SOFTENING POINT,°F, 

120 125 

DUCTILITY, 77° F.,CM. 

DUCTILITY, 77° F., CM. 
TESTS ON THE ORIGINAL ASPHALT 

Figure 21.—Relation between tests on various grades of asphalt 
from the same source and tests on the same asphalt contain- 
ing 5 percent rubber R-1, 

200 220 
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fable 16.—Results of tests on asphalts and rubber-asphalt blends before and after recovery 
from paving mixtures 

Type of mixture 

- Non-skid mixture (Ohio): 
Plain asphalt 
Asphalt with natural rubber 

Asphaltic concrete (Ohio): 
Plain asphalt 
Asphalt with natural rubber 
Asphalt with reclaimed rubber A 
Asphalt with reclaimed rubber B: 
Asphalt with synthetic rubber 

Asphaltic concrete (Texas): 
Plain asphalt 
Asphalt with natural rubber 
Asphalt with reclaimed rubber 

Asphaltic concrete (Virginia): 
Plain asphalt 

1 Asphalt with natural rubber 
| Sand-asphalt mixture (D. C.): 

Plain asphalt, 60-70 penetration 1 
Asphalt with natural rubber 2.__..._._-_-___- 
Asphalt with synthetic rubber 2 
Asphalt with reclaimed rubber 2 
Asphalt with plasticized rubber 3 

Sheet-asphalt mixture (D. C.): 
Plain asphalt, 60-70 penetration ! 
Plain asphalt, 85-100 penetration 4 
Asphalt with natural rubber 2 
Asphalt with synthetie rubber 2 
Asphalt with reclaimed rubber 2 
Asphalt with plasticized rubber 3 

* = 
¥ 
i» 

a 5 

a 

the mixtures by adding them to the aggregate 
i prior to the asphalt. The plasticized rubber 

was blended with asphalt at the refinery. 
Therefore, the characteristics of the powdered 

rubber-asphalt blends were not known as 
they existed in the asphalt concrete. In order 

k at some comparison could be made between 

e powdered rubber-asphalt blends before 

and after recovery, laboratory blends were 

rere with the rubber powders and asphalt 

cements used in the District of Columbia 
| experiment in the same proportions as in the 

aving mixtures. These blends were made by 

; mixing the asphalt and rubber for 2 hours 
at 300° F. The test characteristics of these 

200 

Penetra- 
tion, 
i hae Oe 

ORIGINAL ASPHALTS 

Asphalt recovered from pay- Original material ing mixture 

Ductil- | Penetra- 
ity, 77° tion, 

F, (ithe be 

Ductil- 
ity, 77° 

F, 

Softening 
point 

Softening 
point 

a Cm. 
132. 4 136 
135. 5 78 

135. 0 98 
135.9 103 
131.9 100 
131.9 99 
137, 0 65 

129. 9 130 
128. 5 134 
129.9 175 

122.7 163 
118.0 250 

126. 187 
131. +250 

+250 
+250 

1 Used in all sections of sand asphalt, except in plasticized rubber blends, and in control sections for sheet asphalt. 
2 Rubber-asphalt blend prepared in laboratory by mixing at 300° F. for 2 hours. 
8 Plasticized rubber blended with asphalt at refinery and added to aggregate at mixing plant. 
4 Used in all rubber-asphalt blends for sheet asphalt and in plasticized rubber blend for sand asphalt. 

materials, together with those for the plasti- 

cized rubber blend, are given in table 17. 

Figure 23 shows the effect of the time of 

heating on the softening point of the blends of 

the 60-70 and 85-100 penetration asphalts 

with the powdered rubbers. The results of 

the penetration, softening point, and ductility 

tests on the laboratory-prepared rubber- 

asphalt blends also are shown in table 16 for 

comparison with the same tests on the 

recovered bitumens. 

A comparison of the laboratory-prepared 

rubber-asphalt blends with the bitumens re- 

covered from the paving mixtures shows that, 

in general, the recovered bitumens had higher 

BLENDS WITH RUBBER R-!I 

RUBBER - ASPHALT BLENDS 
AFTER THIN ~ FILM eae TEST 

E fe) (eo) 

@ ° 

PENETRATION , 77° 

ro) ° 

bh (e) 

(@, 50-60 GRADE 

x 85-100 GRADE 

A 120-150 GRADE 

20 
100 110 120 

oven test. 
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130 140 150 

SOFTENING POINT, °F. 

s 
ASPHALTS 

AFTER THIN- FILM OVEN TEST 

160 

Figure 22.—Relation between softening point and penetration 

of various grades of asphalt from the same source with and 

without 5 percent rubber R-1, before and after thin-film 

SOFTENING POINT, °F 

penetrations, lower softening points and very 

much higher ductilities than did the labora- 

tory-prepared blends. It is recognized that 

the blends prepared in the laboratory are not 

necessarily comparable with the combinations 

of rubber powders and asphalts as they existed 

in the pavement. If it can be assumed that 

they had somewhat similar characteristics, the 

differences in penetration, softening point, and 

ductility which have been noted could be ac- 

counted for, at least partially, by the fact that 

free particles of rubber are lost from the blend 

during extraction. 

In the case of the plasticized rubber blend 

there is opportunity for a direct comparison 

between the original blend and the blends ex- 

tracted from the paving mixture. In this case, 

in contrast to the powdered rubber blends, the 

recovered bitumen had a lower penetration 

and a higher softening point than did the orig- 

inal blend. However, as in the case of the 

laboratory blends, the ductility of the recov- 

ered bitumen was much higher than the 

ductility of the original blend. 

From the data given in tables 16 and 17 on 

the extraction and recovery tests, on the lab- 

oratory-prepared blends, and on the plas- 

ticized rubber blend prepared at the refinery, 

it can be seen that there was little or no cor- 

relation between the properties of rubber- 

asphalt blends and the properties of the blends 

recovered from the asphaltic paving mixtures, 

as measured by the penetration, softening 

point, and ductility tests. 

NATURAL RUBBER BLE 
140 

130 

120 

SYNTHETIC RUBBER 
| 140 

130 

120 

LAIMED RUBBER 
or 140 

130 

(e) 30 60 30 120 

TIME OF HEATING, MINUTES. 

Figure 23.—Effect of time of heating on sof- 

tening point of blends of various rubbers 

with 60-70 and 85-100 penetration grades 

of asphalt (used in District of Columbiu 

experimental pavement). 
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Table 17.—Results of tests on laboratory blends of asphalt and various rubbers used on Specific gravity, 77°/ 
District of Columbia experimental pavements Bint Wi Sigel ane a 0. 987 

halt 85-100 penetrati halt blended Sayholt. Purol yiscoas 60-70 penetration aspha penetration aspha ende: 5 
blended with rubber indicated with rubber indicated ity, J40%R SS eee 511 see. 

Sade ee: Distillation test: 

Roe 5.2 per- spars 7.0 per- None 5.2 per- sat as 7.0 per- mot Volume of role 
blend- | _Ce@t || syn. | cent aa blend- a al} SYD: aang plasti- late to 680° F__ 0. 0 percent 

ed) | Ratural) thetic |claimed) “Qq) | natural! ihotic |Claimed) cired 1 Taste Mont distilias 

5 tion residue: 
Softening point after mixing: 

Nes 123.0] 129.0] 128.6] 129.0] 117.0] 120.3] 122.0 122.5 126, 4 Float test of 
ah 133.0: |, 193.6] '2130;8]" ‘22-4 128. 31) 2126-50) 126, 0 jena ° 

135.5 | 193.54) 181.51 a. 129.2 | 127.0| 127.0 | -.... _— 12 F_______- 88 sec. 
139.0 | 134.5 ae ae Fy ae ae aoe Residue of 100 pene- 
141.5 | 135.0 Ou emer 1840.1 WSO toe ahaa ‘ 

Tests on mixture after heating 2 hours: tration. ..21422e2e 79. 4 percent 
Penetration, 100 g., 5 sec.: . 

AERP tooo dh a coe 13 12 16 il 18 18 16 16 | 21 Tests on residue: e 
At77O Ree Er ee 64 45 - oe a op 42 a Penetration, 77°F_ 102 
ALOR Ts occa ola eee 192 105 120 2 5 + 5 

Ductility, 77° F_....._.._._... cm__|+250 32 25 18 |+250 33 22.5] 16 34 Ductility, 77° F__ 88 em. 
Rebounds esse ase percent..} ----- 78 60 Bi de 58 50 27 32 

Thin-film oven test: 
Loss, 5 hr., 325° F_.__..-- percent..| 0.15, 0.14] 0.14] 0.19] 0.27| 0.24] 0.24] 0.27] 0.39 Blends were prepared at room temperatur 
Tests on residue: 2 2s m ie & “A 2 i e > with this material and 5 percent of rubbe 

Penetration; (7 ab eee- eee 
Softening point...._____°F__| 132.8 | 128.0 | 146.0 | 148.5 | 126.5 PAs 141.0 | 142.0 | 139.0 powders R-1, R-2, R-6, R-10, and R-1 
Ductilityc. 50 eee em__|+250 |-++250 30.5 | 14.5 | 188 250 : 4, ae joa ames Sp ett psoas roy INS he Eee ee Seah Se Bieta a nigh) ee: After thorough mixing, the blends were seale 

in 1-quart friction-top cans and stored in th 

1 Tests made’on rubber-asphalt blend prepared at refinery with 85-100 penetration asphalt. laboratory. After periods of 1, 3, 7, 16, 56 

127, and 400 days the blends were heated t 
Table 18.—Viscosities of blends of SC-3 liquid asphalt and 5 percent of various rubber 95° F., stirred to insure uniformity, and thei 

powders after periods of aging at room temperature viscosity determined at 95° F. by means o 

the Brookfield viscometer. The results o 
these tests on the original SC—8 liquid asphal 

and the various rubber blends are given in 

table 18. The changes in the viscosity o 

Viscosity 1 at 95° F. after— 

1 day 3 days 7 days 16 days | 56 days | 127 days | 400 days 
Fe ye ee — 

SS 
Poises Poises Poises Poises Poises Poises Poises these materials are shown in figure 24, wher 

Unblended SO-3.-_-__-__-----------.------ 160 157 LBD Ne! HD a05 ad the time of storage is plotted against the Blend of SC-3 and— , ud R-1 285 335 390 383 443 555 425 viscosity. q 
210 228 230 230 240 240 235 : . 1} 
310 313 310 350 335 330 280 There was a very large difference in the 
605 550 580 605 675 750 665 7 ; : c | Aue ath 780 1, 360 1, 500 1,510 1, 530 change in viscosity for the various rubber) 

blends during storage. After 1-day storage, | 

1 Determined by ,Brookfield‘Synchro-Lectric viscometer }with spindle No. 6 and speed of rotation of 2 r.p.m. all the blends had higher viscosity values 

mes 
ee 
ee 

1600 

BLENDS WITH 

SC-3 LIQUID ASPHALT 
Therefore, to obtain at this time a definite 

idea as to the effect of rubber powders on the 

physical properties of asphalt, recourse must 1400 

be made to tests of rubber-asphalt blends 

prepared in the laboratory. It should be 

noted, as indicated in table 16 and as has been 

shown by other investigations, that the prop- 

erties of normal asphalt cements may be con- 

siderably altered during the mixing and laying 

operation. If similar changes take place in 

the characteristics of the rubber-asphalt blends 

during the mixing and laying operation, they 

cannot be determined at present because no 

extraction and recovery method available can 

recover the rubber-asphalt blend as it exists 

in the pavement. 

1200 

1000 

Effect of Rubber on Liquid Asphalt 

This report so far has been confined to the 

effect of rubber on asphalt cements when com- 

bined at relatively high temperatures. It has 

been demonstrated that variations in these 

high mixing temperatures produced changes 

in the characteristics of some of the rubber- 

asphalt blends. In order to determine the 

effect of the various rubbers on asphaltic ma- 

terials when mixed and stored at normal atmos- 

pheric temperatures, a separate study was 

VISCOSITY AT 95°F., POISES 

Om} YB ENDED S63 

made with a nonvolatile, slow-curing, liquid BTC 20 tO PESO eOao ste bay 
asphaltic material of the SC-3 grade. The TOMES IN PSTORAGE, “OAS 
test characteristics of this material were as Figure 24.—Change in viscosity of blends of SC-3 liquid asphalt with 5 percent of various 
follows: powdered rubbers during storage at room temperature. 
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Figure 25.—Effect of rubber on flow and 

elastic properties of SC-3 liquid asphalt: 

above, unblended asphalt; below, rubber- 

asphalt blend. 

than the original SC-3 material. The range 
in viscosity was from 210 to 605 poises. In- 

creasing the storage per:od to either 56 or 

127 days increased the viscosities of all the 

blends, after which some of the blends showed 
a slight decrease in viscosity. At 16 days 

_ storage the range in viscosity was 230—-1,360 

poises and at 127 days 240-1,510 poises. 

The reclaimed rubber R-2 showed the least 

effect of the storage period and rubber R-13 

the greatest effect. 
| The viscosity of the blend conta ning rub- 
| ber R-1 increased gradually during storage 

| up to 127 days but did not develop the high 

viscosity that would be expected when com- 

pared with the viscosity of the blends pre- 

pared with the same rubber and the asphalt 

cements. This may be attributed to the effect 

of temperatures at which the respective blends 

were prepared. The relative order of the 

viscosity developed in storage by the other 

blends of SC-3 asphalt and rubber is the same 

as for the blends of asphalt cements with the 

same rubbers. Figure 25 shows the effect of 

the GR-S Type II rubber, R-13, on the 

PUBLIC ROADS ® Vol. 28, No. 4 

flow and elastic properties of the SC-3 ma- 

terial. 

Theories about Rubber-Asphalt 

During the development of the use of rub- 

ber powder as a modifier for asphaltic ma- 

terials, several theories have been advanced 

as to what happens when these two materials 

are combined. In a report by van Der Bie 

and Kain (1) in 1938, the following theory 

was advanced: Asphaltic bitumens are re- 

garded as a colloidal system of particles, rich 

in asphaltenes, in a medium of malthenes. 

When rubber is added, the asphaltenes remain 

unchanged while a portion of the rubber is 

dissolved by the malthenes, thus increasing 

their viscosity and, consequently, that of the 

entire system. Initially the greater part of 

the rubber remains in the form of granules 

and absorbs a portion of the malthenes which 

cause them to swell. This causes the remain- 

ing bitumen phase to become harder. 

In another report, van Rooijen (1) in 1941 

gave the following explanation of the effect of 

natural rubber on asphaltic bitumens: The 

addition of rubber powder to asphaltic bitumen 

creates a disperse system in which the rubber 

particles, which have swollen, are dispersed 

in the bituminous medium. When the swelling 

of the rubber is sufficiently great, the volumes 

of the two phases may be about equal. A 

reversal of phases may then occur in which 

the rubber becomes the continuous phase. 

This may be accompanied by a coagulation of 

the asphaltenes by the depolymerized rubber. 

This theory was used to explain why rubber- 

asphalt mixtures first become softer on heating 

to high temperatures and with continued 

heating again become harder. 

Coltof (24) in 1937 studied the solubility 

properties of certain highly polymeric sub- 

stances, paying special attention to the 

phenomenon of dissolution in regard to dis- 

persion, swelling, and ballast action. He 

observed that the primary phenomenon is 

swelling. The swollen material grows and 

changes into a gelatinous mass and ultimately 

becomes completely miscible with the solvent. 

Coltof stated that there are two kinds of 

interaction between a liquid (simple or mix- 

ture) and a highly polymeric substance: Mis- 

cibility in all proportions (resulting in a 

solution or in a jelly) according to the fluidity 

of the mixture, and limited swelling (part of 

the liquid being absorbed by the particles 

while a certain part of the substance passes 

into the remainder of the liquid). He states 

further that heating tends to increase disper- 

sion and decrease swelling. 

De Decker (25) in 1951 stated that the be- 

havior of dispersed rubber powders which 

causes the changes in the physical properties 

of rubber-asphalt blends is not yet fully 

explained and the research in the behavior of 

the rubber-asphalt binding material in a 

complete asphalt mixture is only in the first 

stage. 

Photomicrographs of Blends 

During the preparation of the rubber- 

asphalt blends, it was evident that many of the 

rubber powders used in this study retained 

their particle form even when subjected to 

very severe heat treatment, while blends con- 

taining other rubber powders became homo- 

geneous under less severe conditions of mixing. 

A microscopic study of materials of this nature 

is dependent upon the ability to prepare films 

sufficiently thin to transmit light. It was 

found that for some of the rubber powders, 

which were of relatively large particle size and 

did not break down in the presence of asphaltic 

materials during mixing and heating, suitable 

films of the blends could not be prepared. In 

preparing the slides, a small drop of the 

rubber-asphalt blend was placed on a glass 

microscope slide, a cover glass was placed on 

Figure 26.—Photomicrographs of blends of asphalt AC-I1 with various powdered rubbers 

after heating and mixing at 300° F. for 2 hours (X34). 
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asphalt blend. 

Figure 28.—Photomicrographs of blend of 

rubber R-14 with SC-3 liquid asphalt 

(X33). Above: Blend after 8 days, after 
standing 1 day without stirring before 

slide was made. Below: The same ‘slide, 

24 hours later, showing development of 

rubber structure on standing undisturbed. 

top, and the assembly was warmed sufficiently 

so that light pressure applied to the cover 

glass caused the material to flow into a thin 

film. As mentioned above, where large parti- 
cles of rubber were present between the cover 

glass and slide it was not possible to make the 

film sufficiently thin to transmit light. 

Where satisfactory slides could be made, 

photomicrographs were taken of some of the 

| rubber-asphalt blends prepared by heating for 

/2 hours at 300° F. The state in which the 
| Tubber existed in the asphalt at this time is 

illustrated by figure 26. Although photo- 

“Micrographs of some of the rubber-asphalt 
blends are not shown here, the various rubbers 

| appeared to fall into two groups depending 

upon their behavior. The natural rubber 

R-1 and the synthetic rubbers R-7, R-8, 

R-10, R-13, and R-14 appeared to have 
softened and were dispersed throughout the 

asphalt. The reclaimed, processed, and 

ground scrap rubbers R-2, R-3, R-4, R-5, 

R-15, and R-16 and the synthetic rubbers 

R-6 and R-9, except for some swelling, 
appeared to be relatively unaffected in the 

It is of interest to point out 
the fact that those rubbers that showed the 

a. a 
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greatest change in particle structure when 
blended with the hot asphalt also produced 
the greatest changes in the properties of the 

rubber-asphalt blends as measured by the 
physical tests. 

Detailed Photomicrographic Study 

Since the first photomicrographie study 

showed a wide difference in appearance of the 

various rubbers when mixed with asphalt, a 

more detailed study was undertaken to deter- 

mine the relative behavior of some of the 

rubber powders. To reduce the influence of 

the particle size, only that portion of powdered 

rubber passing a No. 50 sieve and retained 

on a No, 80 sieve was used. To eliminate 

the effect of heat, as used in preparing the 

blends with asphalt cements, the SC-3 liquid 

asphalt previously referred to was used so 

that blends could be made at room tempera- 

ture. Blends were prepared with the SC-3 

asphalt containing 5 percent of rubbers R-1, 

R-2, R-6, R-10, R-13, and R-14. Films of 

the blends were made immediately after 

mixing and after 1, 2, 4, and 7 davs storage at 

room temperature. Photomicrographs were 

taken of these films and also of the rubber 

powder, as shown in figure 27. 

During the 7-day period, the particles of 

rubbers R-1, R-2, and R-6 showed some 

swelling. There was some disintegration of 

individual particles of R--6 but none of R-1. 

The streaks shown in the blend with rubber 

R-2 at 1- and 2-day periods probably were 

due to some of the carbon black flowing from 

the rubber particles through the asphalt. 

Rubber R-10 appeared to break into smaller 

particles during the initial mixing. After 1 

day there was considerable swelling of the 

rubber, followed by a gradual breakdown and 

disappearance of the large particles. At 7 

days, there were only a few small rubber 

particles visible. 

The particles of rubbers R-13 and R-14 

seemed to soften and swell very rapidly. 

After this condition the rubber appeared to be 

dissolved or dispersed in the asphalt, and at 

7 days only slight traces of the rubber were 

visible. 

The striking difference in the behavior of 

the natural rubber R-1 when mixed with 

asphalt cement (fig. 26) and with the SC-3 
liquid asphalt (fig. 27) probably was due to 

the difference in mixing temperature, as 

previous work has shown this rubber to be 

very unstable when subjected to high tempera- 

tures. 

As previously indicated, the changes in 

particle structure during the heating of the 

rubber powders could not be followed by 

photomicrographs, although it was apparent 

that those rubbers which formed homogeneous 

mixtures did swell to some extent, softened, 

and dissolved or were finely dispersed. The 

reclaimed and processed rubber and ground 

vulcanized scrap, as well as the GR-S Type V 

rubber R-6, did not swell to a great extent 

but did break down to smaller particles in the 

hot asphalt. When mixed with SC-3 liquid 

asphalt, natural rubber R-1, which formed a 

homogeneous mixture with the hot asphalts, 

swelled but slightly and retained its particie 

structure in the same manner as the more inert 

rubbers in the SC-3 liquid asphalt. 

During the blending of rubbers R-13 and 

R-14 with the SC-3 liquid asphalt, it was 

noticed that these blends developed a high 

degree of gelation during storage and on 

stirring they became very rubbery. In an 

attempt to show this change in condition, 

slides of the blended rubber R-14 were pre- 

pared on the eighth day without stirring the 

mixture for 24 hours. Definite changes in 

the rubber structure were found to have 

occurred in these materials, as illustrated in 

figure 28, for the blend of SC-3 asphalt and 

rubber R-14. 

The photomicrograph taken of the blend 

without stirring shows considerable more 

rubber structure than does the photomicro- 

graph of the same blend after 7 days, shown 

in figure 27. The photomicrograph of the 

slide after 24 hours (figure 28, bottom) shows 

the rubber to have separated or coagulated 

to a much greater extent. These condit’ons 

no doubt account for the physical changes 

occurring in the blends of rubbers R-13 and 

R-14 with the SC-3 liquid asphalt. Changes 

such as these with the SC-3 liquid asphalt 

have not been noticed with the blends pre- 

pared with asphalt cements. 

References to various theories that 

been advanced (7) as to what happens when 

rubber powders are blended with asphaltic 

materials indicate that some investigators 

believe that the rubbers are soluble only in 

the malthene portion of the asphalts. Con- 

sidering the variable solubilities of the rubber 

powders in simple solvents, such as those 

normally used in the examination of bitumi- 

nous materials, and considering the changes 

in particle size and structure of the rubber 

blends with the asphalt and SC-3 slow-curing 

liquid asphalt, as shown in the photomicro- 

graphs, it might well be assumed that these 

asphaltic materials act as a solvent mixture. 

According to Coltof (24), therefore, these 

have 

rubber powders, depending upon the degree 

of vulcanization, upon the presence of non- 

rubber bodies, and upon the temperatures 

involved in effecting solution, might act in 

the same manner as other highly polymeric 

substances in simple or complex solvents. 

The amount of dissolution, the dispersion, and 

the swelling that occur when blending the 

various rubbers with asphaltic materials may 

be due to the action of the asphaltic material 

itself and not to the select've action of its 

malthene fraction. 
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URING recent years, the use of several 

types of rubber admixtures in bituminous 

roads has been promoted intensively. The 

principal advantages claimed for bituminous 

road surfaces containing rubber over conven- 

tional pavements are lower susceptibility to 

temperature change, being less likely to crack 

in cold weather and less likely to be displaced 

by traffic in hot weather, greater resistance to 

the action of water, greater resistance to abra- 

sion by traffic, higher resistance to skidding, 

and longer life, with lower maintenance costs. 

__ Considerable interest in this idea has been 

| shown by many States and cities in the United 
‘States, and has resulted in the installation of 

| test sections on a number of city streets and 

State highways for the purpose of determining 
| the value of adding rubber under actual serv- 

‘ice conditions. The Bureau of Public Roads 
ee cipated in observing the construction of 

test sections in several of the States, through 

the courtesy of the respective highway depart- 

ments. Skid-resistance measurements are be- 

| ing made periodically on some of these test 

sections by the State highway departments. 
| Also, it is hoped that laboratory testing of 
samples cut from the test roads from time to 

_ time will show the comparative degree of pro- 

_ gressive alteration in other properties of the 
» mixtures that occurs with age. 

In the field experiments, several different 

| forms of rubber have been used: rubber latex, 

_ rubber powders or crumbs, and so-called plas- 

ticized rubber. The rubber latex, as used in 

the United States, has been a synthetic prod- 
| uct. The rubber powders used have consisted 
of natural and synthetic materials, and of 
_ processed reclaimed rubber. Two methods of 

_ incorporating the rubber powders into the final 

paving mixture have been used: adding the 
powder directly to the aggregate in the mixing 

box just before adding the bituminous ma- 
terial, and preblending the rubber with the 

ituminous material and then mixing the blend 
with the aggregate. The so-called plasticized 

ubber is a proprietary commercial compound 

which has been used widely as a joint- and 

erack-filler. While its exact composition is 
not known, this product is believed to consist 

essentially of synthetic rubber and bitumen, 

and for the purpose of this study has been 

considered as a preblend of rubber and bitu- 

inous material. 
Decisions as to the value of additive rubber 

erived from the relative service behavior of 
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test roads must necessarily await the passage 

of considerable time. Study of the literature 

indicates that to date most of the laboratory 

research on the subject has been devoted to 

work with blends of asphalt and rubber, and 

very little to investigations of asphalt-rubber- 

aggregate mixtures. In order, therefore, to 

determine to what extent the addition of 

rubber to bituminous mixtures would change 

certain laboratory test properties of these mix- 

tures, and thereby to arrive at conclusions, 

of a tentative nature at least, with respect to 

the value of adding the rubber, this laboratory 

study was initiated. 

It was realized when planning the study, 

that interest in the development of new types 

and forms of rubber for use in bituminous 

paving is continuing. Likewise, new methods 

of incorporating the rubber materials now in 

use experimentally may be developed, or per- 

haps it may be found advantageous to com- 

bine the rubbers -with types of bituminous 

materials other than those presently employed 

for the purpose. Meanwhile, this study was 

designed with a view to evaluating the ma- 

terials and methods of incorporation that have 

been most widely used in this country to date. 

Conclusions 

Bearing in mind the limited scope of this 

study with respect to the number and kinds of 

rubber materials, the single proportion of 

rubber, and the single grade and source of as- 

phalt employed, the test results are believed 

to warrant the following comments. 

1. When added in the form of powder, the 

incorporation of rubber lowers the compacti- 

bility of an asphaltic paving mixture. In this 

regard the results of the laboratory tests were 

consistent with results of density tests that 

have been made on samples taken from several 

experimental road surfaces shortly after their 

construction. As tested in the laboratory, 

mixtures containing such rubber powders, 

when compacted under standard conditions, 

have lower stability and higher susceptibility 

to temperature change than control mixes 

without rubber. 

2. In most of the field experiments installed 

in this country to date, the rubber has been in- 

corporated by adding it in powder form to the 

aggregate before mixing with asphalt. Re- 

sults of the laboratory tests show that mix- 

tures prepared by preblending the rubber with 
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asphalt are much more compactible and stable 

than corresponding mixtures containing 

rubber that has been added in the form of 

powder. In fact, mixtures containing three 

of the four rubber materials tested in pre- 

blended form showed higher stabilities than 

the control mixture without rubber. 

3. In the results of compression tests of mix- 

tures containing rubber powders molded un- 

der varied pressures to produce equally low 

densities, and especially in the results of 

mixes containing preblended rubber and as- 

phalt, it is possible to discern a degree of re- 

lation between the changes in stability, plas- 

ticity, and susceptibility to temperature 

change of the mixtures in this study and the 

changes in penetration, softening point, and 

susceptibility obtained in previous laboratory 

studies made of blends of asphalt and rubber. 

Such relation is entirely lacking in results of 

compression tests on mixtures containing 

rubber powders compacted under standard 

pressure. 
4. Although the results show that the plastic 

properties of pavements containing preblended 

synthetic, natural, and plasticized rubber and 

asphalt would, in their early life at least, 

respond at a slower rate to temperature change 

than surfaces without rubber, the data hold 

no indication that pavement surfaces contain- 

ing any of the rubber materials tested would 

be both substantially more plastic at lower 

temperatures and substantially less plastic at 

higher temperatures than surfaces without 

rubber. Mixtures containing plasticized rub- 

ber and preblended natural rubber were less 

‘ plastic at 140° F. than the control mix, but 

they were also less plastic at 77° F. In 

general, mixtures containing synthetic and 

reclaimed rubber in either powder or preblend 

form were more plastic at 77° F. than the 

control mix, but they were also more plastic 

at 140° F. The exception to this generality 

was the mixture containing preblended syn- 

thetic rubber which, after oven exposure for 

21 days, was slightly less plastic at 140° F. 

and slightly more plastic at 77° F. than the 

control mix. 
5. The addition of rubber in either powder 

or preblend form did not increase the resist- 

ance of the mixture to the action of water. 

6. Mixtures consisting of Ottawa sand and 

preblended asphalt and natural rubber were 

found to be more resistant to abrasion than 

the control mix without rubber, mixes con- 
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taining the other preblended rubbers tested, 

and mixes containing the same natural rubber 

tested in the form of powder. 

Planning the Study 

Two general lines of approach have been 

used in planning laboratory and field studies 

of asphalt mixtures containing rubber. In 

one approach, mixtures consisting of aggregate 

and combinations of rubber and asphalt have 

been compared directly with control mixtures 

containing asphalts, the viscous properties of 

which were equivalent to those for the rubber- 

asphalt combinations as predetermined by 

laboratory tests on the latter materials. For 

example, if, when a certain rubber was added 

to a certain asphalt in the 85-100 penetration 

range, it was found that the penetration of the 

resulting combination was between 60 and 

70, then an asphalt in the 60-70 penetration 

range would be selected for the asphalt- 

aggregate control mixture. 

This approach entails a number of practical 

difficulties. In the first place, it has been 

found that different types of rubber vary with 

respect to their solubility in asphalt, and thus 

with respect to their effect on consistency. A 

test program involving several types of rubber 

might, therefore, require several control mix- 

tures. In any case, the degree of mutual 

solubility of rubber and asphalt actually 

attained in any given blend or combination is 

very difficult to determine. Thus it is very 

difficult to decide whether observable differ- 

ences in physical characteristics are attribu- 

table to properties of a complex substance 

(mutually dissolved asphalt and rubber) or to 

properties of asphalt in which an essentially 

inert material is dispersed. 

Again, one of the claims made for pavements 

containing rubber is that they are less prone 

to reflect cracks in underlying rigid pavements. 

If, in a field experiment laid over such a pave- 

ment, cracking is found in a control section 

containing 60-70 penetration asphalt and is 
not found in adjacent sections containing 

blends of rubber and 85-100 penetration 

asphalt, the question logically arises as to 

whether cracking would have occurred in the 

control section had 85-100 penetration asphalt 

been used there as well as in the rubber 

section. 

The other approach, and the one used in 

planning this study, confines the scope to 

consideration of one question only: namely, 

what is the effect of adding a small quantity 

of rubber to a bituminous mixture consisting 

of a given aggregate and a given asphalt? 

Table 1.—Results of sieve analysis of rubber 
powders 

R-1 R-2 
rT Re- 
Natural lainad 

Percentage passing 
by weight: 

No. 10 sieve___- 
To. 20 sieve____ 
Yo. 30 sieve___ 

- 40 sieve___ 
Yo. 50 sieve___ 
Yo. 80 sieve___ 
Yo. 100 sieve__ 
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By using the same grade of asphalt in the 

control mixture as is used in the mixtures to 

which the rubber is added, variables other 

than the addition of rubber are eliminated, 

thus permitting clear-cut and rational com- 

parisons. 

Laboratory Tests Used 

The principal objectives of this study, 

together with the test methods selected for 

the attainment of each, were as follows: 

To determine the effect of the manner in 

which the rubber is added to the asphalt 

mixture, two methods were employed. In 

one, the rubber powder was added to the hot 

aggregate in the mixer prior to the addition 

of the asphalt. In the other, the rubber was 

preblended prior to mixing with the aggregate, 

by heating and stirring the rubber and asphalt 

for a period of time. 

To determine the effect of rubber on the 

temperature susceptibility (the rate at which 

the consistency of the asphalt changes with 

temperature) of the mixture, and to determine 

the effect of aging on this susceptibility, un- 

confined compression tests were made at two 

test temperatures, 77° and 140° F., after the 

specimens had been cured for 1 day in an 
oven at 140° F. and after they had been 

exposed to this temperature in the oven for 

21 days. 

To determine the effect of rubber on the 

resistance of the mixture to the action of 

water, the immersion-compression test (ASTM 
designation D 1075-49T) was made on speci- 

mens that had been cured for 1 day in an 

oven at 140° F. aad on similar specimens after 

they had been aged in the oven at this tem- 

perature for 21 days. Static immersion tests 

were also made. 

To determine the effect of rubber on resist- 

ance to abrasion, the modified California 

abrasion test was made. 

Details of Test Procedures 

Specimens used in the compression testing - 

were cylinders 3 inches in diameter and 3 

inches high. Two specimens were molded 

from each batch. Except for the size of speci- 

mens, size of batch, and molding pressures 

used, the mixing and molding procedures fol- 

lowed were the same as in ASTM designation 

D 1074—52T. 

In the immersion-compression testing, 12 

test cylinders were prepared and placed in an 

oven maintained at 140° F. They were 

removed from the oven 24 hours later, allowed 

to cool to a temperature of 77° F., and then 

measured for bulk specific gravity, using the 

water-displacement method. They were then 

divided into four sets of three specimens each 

on the basis of the specific gravity data, so 

that the average specific gravity of each of the 

four sets was approximately the same as the 

average for the twelve specimens. 

Of the four sets of test specimens, set 1 was 

tested in compression at 77° F. in a dry condi- 

tion. Set 2 was placed in water at 120° F. 

for 4 days, at the end of which time the three 

specimens in the set were measured again for 

bulk specific gravity and tested in compression 

! 

at 77° F. Sets 3 and 4 were replaced in the > 

140° F. oven immediately after the original 
density determinations had been made and 

kept there for 20 additional days. At the 
expiration of this oven-exposure period the 

specimens of sets 3 and 4 were removed from 

the oven and treated in the same manner as 

just described for sets 1 and 2, respectively. 

The ratio resulting from dividing the average 

compressive strength of the specimens of set 

2, after immersion, by the average compressive 

strength of the specimens of set 1, tested dry, 

was taken as a measure of the effect of water 

on the mixture after 1 day of oven exposure. 

The ratio of average compressive strengths of 

specimens comprising sets 4 and 3 were taken 

as the measure of the effect of water on the 

mixture after 20 additional days of oven 

exposure at 140° F. The effect of the simu- 
lated aging provided by the additional oven 

exposure was obtained by comparing the two 

ratios, which represent retained strength 

values. 

In the compression tests to measure sta- 

bility, plastic properties, and susceptibility to 

temperature change, one set of three test 

specimens molded as described above was 

brought to a temperature of 77° F. in an air 

bath and tested in unconfined compression. 

A second set of three specimens was brought 

to a temperature of 140° F. and tested while 

immersed in water maintained at that temper- 

ture. Both of these two sets of specimens 

had been exposed to warm air in a 140° F. 

oven for 24 hours before testing. In order to 

determine the effect of aging on the properties 

of stability and plasticity of the mixture, two 

companion sets of specimens were kept in a 

140° F. oven for 20 additional days, at the 

expiration of which period they were tested 

as just described. 

All compression testing was done at a ver- 

tical-deformation rate of 0.05 inch per minute 

per inch of specimen height. Load deforma- 

tion curves were obtained by means of an 

electrically actuated automatic recorder at- 

tached to the hydraulic testing machine. 

The basic or control mixture used in all of 

the stability, temperature susceptibility, and 

immersion-compression tests consisted of 

hydrophilic crushed granite, concrete sand, 

commercial limestone dust, and 85-100 pene- 

tration asphalt.! These materials were com- 

bined to form a mixture containing (by 

weight) 5.5 parts of asphalt to 100 parts of 

aggregate graded as follows: 

Passing: Percent 

%-inch sieve.__.__.__.___- 100 

No.4 sleve=2 | 2 see 82 

IN 0.40, sieves eee 37 

No. 40 sievese. 2. 14 

No, 200 sieves. > 22 5 

As has already been indicated, only one 

asphalt was used in this study. As has alsof 

been stated in this report, asphalts and rubbers} 

alike appear to differ with respect to their) 

mutual solubility, so that, had additional 

1 This material is the same as that designated as AC-2 in 

the report, The effect of various rubbers on the properties 0) 

petroleum asphalts by R. H. Lewis and J. Y. Welborn, 

appearing on pp. 64-89. 
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isphalts from other sources been included in 

Jihe study, a wider range of results might have 

seen obtained. The test characteristics of 

jhe asphalt used are as follows: 

thom Meociic gravity, 77° /77° F.._-_-__---- 1. 012 

er a Penetration 100 g., 5 sec.— 
rely, Peer reece a 24 
eRe Se 94 
B | AO eer 238 
sive Beening point. .....2.....-..- Hemet 20. O 

ides | LEC 9 it Sg =a em. . 195 

nel Standard oven test, 5 hr., 325° F 
sie LORS aan ny percent._ 0.02 

i of Tests on residue: 
sed Penetration, 77) hiss. ose 76 

the Softening point________- She sh12358 

a | Ductiitye 1 tub anaes 2s cme atl 60 

fil Thin-film oven test, 5 hr., 325° F.: 
a NGO GSere ahaa! bls th percent__+0.01 

ind Tests on residue: 

wth Penetration,;.77° Fic .2.-..+ 56 
: Softening point_______- CBee 134: 
= Buictilibyv-c> Peos coe: cm... 52 

+i Bitumen soluble in CS:_-___- ‘percent__ 99. 94 
ts + Organic insoluble_--_------ dosages 9.0202 

a Inorganic insoluble - - - ---- do__-_ 0.04 

M@ronsis spot test... -.---..-..-- Negative 

In preparing the control mix for the static- 
vit immersion test, the aggregate, which con- 

hie |Sisted of quartzite (a hydrophilic material) 

yr / passing the 3-inch sieve and retained on the 

«| No. 4 sieve, was washed and heated to 300° F. 

|The asphalt, which was also heated to 300° F., 

-{9/ Was mixed with the hot aggregate by hand over 

‘ios @ hot plate until the best possible coating 

yo| Was obtained. The proportions used for the 

14 control mixture were 95 parts of aggregate to 

he] 5 parts of the asphalt, by weight. The mix- 
.q| ture was then placed in an oven at 140° F. for 

24 hours, after which it was cooled to room 

».| temperature and divided into three approxi- 

je| mately equal portions. One of these portions 

y-| Was immersed in distilled waiter for 24 hours 

an at a temperature of 100°F. The other 
-| portions were similarly immersed in water 

‘maintained at temperatures of 120° and 140° 
| F., respectively. Upon completion of the 

ad ‘water-immersion period, each sample was 

out Birbance or agitation of the sample, 

and was made while the sample was still 

y immersed in water. The area of the aggre- 
af gate remaining coated with bitumen at the 

end of the test was reported as a percentage of 

the total surface area of the aggregate. 

_ The basie or control mixture used for the 

| abrasion test consisted of 100 parts of standard 
Ottawa sand (No. 20—No. 30) and two parts 

f asphalt, by weight. Both the sand and 
the asphalt were heated to 325° F. before mix- 

ing in the laboratory mixer. After mixing, 

| the batch was spread out in shallow pans to a 

depth of about one-half inch and allowed to 
s| ¢ool to air temperature. After cooling, 30- 
i grams of the mixture were placed in each of 
i] eighteen 2-ounce ointment tins. These tins 
| Were then placed in an oven at 325° F. to 

Warm the mix for molding. 

The tins and contents were placed in the 
‘oven one at a time at 38-minute intervals. 
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Molding was started after 9 minutes and 

continued at the rate of one specimen each 3 

minutes so that the preheating time for each 30- 

gram lot was uniformly 9 minutes. The test 

specimens were formed and tested in steel 

cups having an inside diameter of 2 inches and 

a depth of % inch. Each batch of exactly 30 

grams of warm mixture was placed in one 

of the warm molds and compressed under a 

load of 1,000 pounds per square inch maintained 

for 1 minute. After molding, the specimens in 

their steel cups were allowed to cool to 77° F. 

prior to being placed in the 325° F. oven for 

weathering. 

Weathering periods of 44, 1, 2, 4, and 8 

hours were used. Three specimens were 

tested without oven exposure and at the 

expiration of each weathering period. After 

removal from the oven, the weathered speci- 

mens together with their supporting cups, 

were cooled to room temperature, weighed, 

and brought to test temperature of 77° F. in 

an air bath. The unweathered specimens 

were similarly weighed and brought to test 

temperature. 

The apparatus used in the abrasion test 

was one that conformed essentially to the 

California design. The apparatus: controls 

the fall of lead shot at the rate of 2,000 grams 

of shot per minute through a distance of 1 

meter onto the surface of the test specimen. 

During the test the specimen is rotated at the 

rate of 340 r. p. m. The temperature of 

the test is controlled by placing the machine 

in an air bath held at 77° F. The shot is 

stored in the air bath between tests. The 

abrasion loss is normally reported on the 

basis of loss per 1,000 grams of shot after a 

total of 4,000 grams of shot has been dropped. 

After the test is stopped, the specimen is 

weighed and the loss determined to hundredths 

of a gram. Additional details of the test 

procedure are given in a previous report.? 

Types of Rubber Studied 

Three of the rubber materials used in this 

study were in powder form, and the fourth 

was a meltable rubber compound or plasticized 

rubber. The powdered materials consisted of 

a natural rubber from Indonesia, a processed 

reclaimed rubber, and a synthetic rubber.’ 

Sieve analyses of these powders are given in 

table 1. 
Two different methods were used to incor- 

porate the powders in the various test mix- 

tures: adding them to the hot aggregate 

before adding the asphalt, and preblending 

them with the asphalt. In all of the test 
mixtures, regardless of the method of adding 

the rubbers, the proportion of rubber powder 

used was 5 percent of the asphalt, by weight. 

In preparing the test mixtures containing 

the plasticized rubber, the rubber compound 

and the 85-100 penetration asphalt were pre- 

blended in the proportion of 25 and 75 percent, 

respectively. Although information regard- 

2 Studies of the hardéning properties of asphaltic materials, 

by J. T. Pauls and J. Y. Welborn, Puptic Roapbs, vol. 27, 

No. 9, Aug. 1953. 
3 These materials correspond to the rubbers designated as 

R-1, R-2, and R-6, respectively, in the report cited in foot- 

note 1. 

ing the exact rubber content of the plasticized 

material itself has not been made available 

by the manufacturer of this commercial prod- 

uct, it has been estimated that the amount of 

rubber hydrocarbons in the blend of asphalt 

and plasticized rubber compound combined 

in the foregoing proportions is approximately 

5 percent by weight of the asphalt. 

In preparing the preblends of rubber and 

asphalt, the temperature of the asphalt was 

held at 300° F. and the various rubbers were 
stirred with the asphalt at that temperature 

for the following time periods: 

Natural rubber powder___ 114 hours 
Synthetic rubber powder___ 2 hours 

Reclaimed rubber powder__ 2 hours 

Plasticized rubber compound. 1 hour 

The blends were then allowed to cool, and 

thereafter were heated again to 300° F. just 

before mixing with the aggregate, as needed. 

In preparing all of the test mixtures con- 

taining the rubber powders, the proper 

amounts of asphalt, rubber, and aggregate 

for each batch were weighed separately and 

then combined in the order of their admission 

to the laboratory mixer, as follows: aggregate 

(preheated to 325° F.), rubber powder, and 

asphalt (preheated to 300° F.). 

Comparing Temperature Susceptibil- 

ity of the Mixtures 

In 1949 and 1950, experimental asphalt- 

rubber road sections were built by several 

State highway departments. A number of 

samples of the mixtures from some of these 

field experiments were brought to the Bureau’s 

laboratory for testing. In the course of these 

investigations, molded specimens of the mix- 

tures were tested for unconfined compressive 

strength at 77° and 120° F., with the thought 

in mind that comparison of the compressive 

strengths of a particular mixture at the two 

test temperatures would provide some measure 

of its susceptibility to temperature change. 

At the same time, load-deformation curves 

were obtained by means of an automatic 

recorder attached to the testing machine. 

Study of these curves was made with a view to 

relating the character of the curve with the 

degree of plasticity of the mixture, and by this 

means to develop additional information as to 

the effect of temperature change on the flow 

properties of the mixture. 

The behavior of compacted bituminous 

mixtures when subjected to vertical load 

without lateral support may differ widely, 

depending upon how closely they resemble 

rigid, elastic materials at the one extreme or 

plastic, easily deformable materials at the 

other. When tested at low temperatures, and 

where deflections or deformations of small 

magnitude are involved, bituminous mixtures 

may assume quasi-elastic properties; at high 

temperatures the same mixtures may exhibit 

extremely plastic properties. 

Speed of testing (rate of loading or rate of 

vertical displacement) and ratio of height to 

diameter of the test specimen are other 

procedural factors that influence greatly the 

load-deformation relation with respect to any 
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one mixture. When these various factors are 

held constant in a given series of tests, how- 

ever, differences in the load-deformation 

relation as between different mixtures may be 

used to compare the flow properties of the 

mixtures. 

For example, the leading slope of the load- 
deformation curve shown in figure | is assumed 

to reflect the flow characteristics of the com- 

pacted specimen of bituminous mixture when 

tested in compression without lateral restraint. 

The curve shown in this figure is a typical one 

for mixtures tested at 77° F., and the basic 

elements as they were used in analyzing the 

curves for this report are as indicated in the 

figure. Some mixtures, however, are so 

plastic that no straight-line segment is obtain- 

able. This latter type of curve is very often 

obtained in testing mixtures at temperatures 

of 120° or 140° F. In any case, a load 

component equal to one-third the maximum 

load is laid off on the middle section of the 

curve. The projection of this segment on the 

horizontal axis is carefully measured, and this 

quantity is taken as the deformation com- 

ponent. Unit vertical load (pounds per 

square inch of end-area of the test specimen) 

divided by the unit vertical deformation 

(inches per inch of specimen height) is termed 

the modulus of plastic deformation. 

The computation, using the load-deforma- 

tion curve in figure 1, obtained with a specimen 

3 inches in diameter and 3 inches high, is as 

follows: | 

load (Ib.)’ 

cross-sectional area of speci- 

men (sq. in.) 

Unit load= 

577 d 
=7 069 791-82 lb. per. sq. in, 

Unit diorniuiione ee ee cat - 
height of specimen (in.) 

__ 0.026 
—3 == 0.00867 in. per in. 

Deformation modules ae 
unit deformation 

81.62 

per sq. in.* 

A steep slope of the curve (high numerical 

deformation modulus value) indicates a mix- 

ture having stiff, hard, or even brittle proper- 

ties; a shallow slope (low numerical modulus 

value) indicates a very plastic, easily deformed 

mixture. In the study of temperature sus- 

ceptibility, temperatures of 77° and 140° F. 

were used in the unconfined compression tests. 

In the laboratory study of blends of asphalts 

and rubbers‘ relative temperature suscepti- 

bility of the blends was based on a com- 

parison of the slopes of lines connecting points 

plotted on semi-log graph paper to show 

penetration of the blends versus test tempera- 

tures. The numerical values for the slopes 
of such lines may be calculated from the 
following equation: 

log P,—log P, 

T.— T; 
Slope = 

4 See report cited in footnote 1, p. 92. 
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where P; and P, are the penetrations of the 

blends at the two temperatures 7, and 7). 
It is generally agreed that the strength of a 

compacted bituminous mixture tested in 

unconfined compression at 77° F. is largely a 

function of cohesion. In turn, cohesion of 

the mixture tested at that temperature is 

largely a function of the viscous properties 

(penetration, melting point, ductility) of the 
bituminous cement. The compressive strength 

of a mixture containing a. low-penetration 

asphalt is greater than a similar mixture 

containing a high-penetration asphalt. In- 

creasing the temperature at which the un- 
confined compression test is made has the 

effect of reducing the viscosity of the asphalt 

with corresponding reduction in cohesive 

strength, and increase in plastic flow. 

Therefore, since the temperature suscepti- 

bility of bituminous binders or blends of such 

binders and rubbers can be measured by the 

log penetration-temperature relation for such 

materials, it is logical to assume that tempera- 

ture susceptibility of paving mixtures con- 

taining such binders, or blends of binders and 

rubbers, may be measured similarly by 

evaluating the rate of change in compressive 

strength and plastic flow resulting from tem- 

perature variation. Since both compressive 

strength and plastic flow are functions of the 

deformation modulus adopted for this study, 

a temperature-susceptibility index, calculated 

as follows, was used to compare susceptibility 

of the .various mixtures to temperature 

change: 

Temperature-susceptibility index= 

log DM,—log DM, 4 
TT, x10 

where DM, and DM, are deformation modulus 

values obtained in compression tests at the 

temperatures J; and T, respectively, ex- 

pressed in degrees F. The 10! factor is used 

simply as a convenience. 
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Figure 1.—Typical load-deformation curve 
and elements used in calculating defor- 
mation modulus. 

0.20 

In such comparisons, a relatively low inde 

is construed as indicating a low temperature 

susceptibility—that is, a high resistance i 

temperature change. A high index is con- 

strued as indicating a high temperat 

susceptibility—that is, a low resistance to 

temperature change. 

; { 

Differences in Density, Strength, ane 

Temperature Susceptibility 

Results of the unconfined compression tests 

made on specimens cured in an oven at 140° F, 

for 1 day, in conformity with standard com- 
pression-test procedure, are given in the 

left half of table 2. Each of the values shown 

is the average for three test specimens. In | 

the first group of results shown in this table 
are a control mixture, and mixtures in the 

preparation of which reclaimed, synthetic, 

and-natural rubber powders were added to the 

hot aggregate in the mixer before adding the 

asphalt. In molding test cylinders in this 

group of mixtures, the standard molding pres 

sure of 3,000 pounds per square inch was used. 

This resulted in a wide range of densities for 

the several mixtures, with corresponding varia 

tions in values for compressive strength and — 

plastic deformation. All the mixtures con: 

taining rubber powder were less compactible— 

than the control mixture, and in general this — 

observation based on tests of laboratory-pre- 

pared mixtures is consonant with the data 

available from tests previously made on a 

limited number of samples cut from newly 

laid experimental road installations. Table 3. 

shows data obtained on samples from three of — 

these test roads. Of course, in studying these 

data, comparisons of bulk specific gravity are 

valid only as between mixtures of similar type. 

In the first group of mixtures (the mixes_ 

with A in their designations) in table 2, in 

which powdered rubber was added to the ag- 

gregate and asphalt in the mixer, and in which) 

the standard molding pressure was used, mix. 

1A (the control) was the most stable as | 

judged by the compressive strength values at 

either test temperature, with the rubber) 
mixes 3A (synthetic), 2A (reclaimed), and 4A. 

(natural) following in descending order. The | 
deformation modulus values at either test | 

temperature showed the same rating for the 

mixtures in this group. Temperature-suscep= 

tibility ratings also had the mixtures in the 

same order, with the less stable mixtures being | 
most susceptible. 

These temperature-susceptibility evalua-/ 

tions of the mixtures were in disagreement with | 

what might have been expected on the basis 
of results of tests made by a number of 
laboratories, including that of the Bureau of 
Public Roads, on blends of asphalt and rubber 

alone. Based on comparisons of the slopes of 

the log penetration-temperature curves men 

tioned in the previous discussion, it has bee 

shown that the temperature susceptibility 0: 

blends of some rubbers and some asphalts i 

lower than that of the respective base asphalts 

With a view to ascertaining to what extent 

this apparent discrepancy was attributable to 
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able 2.—Results of unconfined compression tests of bituminous concrete mixtures after exposure in 140° F. oven for 1 day and 21 days 

‘ Tests after 1 day Tests after 21 days 

; ; Tests at 77° F. Tests at 140° F. | Tests at 77° F. | Tests¢ 5 | Mix s Molding Temper- | ests at /i m | ests at 140° F. I Ta oo 
No. Type of rubber Form of rubber pressure Seth | | ‘J eere 

Density Compres-| Defor- | Compres-| Defor- ewes | Density | Gompres-| Defor- |Compres-| Defor- | SUscepti- 
sive mation sive mation “aoe sive | mation | _ sive mation | bility 

strength | modulus | strength | modulus a | strength | modulus | strength | modulus | 14¢x 

Lb./sq.in.| Gm./ec. | Lb./sq.in. Lb./sq.in. Gm./ec. | Lb./sq.in. Lb./sq.in. 
SE Sa 3, 000 2, 240 245 8, 830 69 4, 190 51 2. 240 "315 | 10, 150 437 4, 650 54 
2A | Reclaimed. -___--.__- Power sicce 3, 000 2.120 149 3, 500 DAL 655 115 2.121 178 Ss ees 37 995 93 

Poa bt synthetic.....2-2-__|__.-- Cis eee 3, 000 2. 204 199 5, 925 44 1, 885 7$ 2. 208 275 7,310 73 2,710 68 
cok, HERTS tes UR Sa oa ae eae COR Ser At 3, 000 2. 058 134 2, 500 14 346 136 2. 057 164 2, 620 23 485 116 

1B None- bye ere ee OO age eo 200 2. 053 80 4, 725 6 380 174 2. 059 131 7, 590 14 890 | 148 
2B Reclaimed ie SS ae Powders 2. ~ 1, 000 2. 061 129 4, 260 12 560 140 2. 064 156 4,420 | 24 815 116 
Boal oyntuetic. 52s 222|.-.-- Ons. a5.25 400 2. 061 126 7, 010 13 690 160 | 2.061 | 173 8,770 | 29 1,320 |. 130 

| | 

2C Reclaimed y= 7. NA Ee Preblend______- 3, 000 2.104 175 4, 900 23 825 123 | 2.106 | 229 5,250 | 50 1, 600 82 
Bea Synthetic__. 222. -.\'...- GOsese ese 3, 000 2. 217 261 7, 590 61 3, 820 47 2.240 "| 317 10,130 | 90 4, 900 50 
4C Natural ee ce ee Ne ote feed. 3, 000 2. 228 257 13, 640 102 7, 165 44 2.232 | 368 17, 810 124 6, 540 69 
mem Plasticizod.....--2e.|--as2 Ge yt areas 3, 000 2. 237 320 11, 450 92 6, 270 42 2.237 | 400 17, 520 125 8, 220 52 

the fact that the compacted mixtures varied 

widely with respect to density, tests were 

made on a second group of specimens (group 

B) in the preparation of which the molding 
pressure was varied so that the resulting 
densities would be approximately equal. 

Since mix 4A (natural rubber) in the first test 
group had the lowest density, molding pres- 
sures of 200, 1,000, and 400 pounds per square 

inch were used in preparing mixes 1B, 2B, 

and 3B, respectively, to bring the densities in 

these mixtures to approximately the same 

density as that of mix 4A. 
_ With the density of the compacted mixtures 
removed as a variable, the compressive 

strength of mix 4A at either test temperature 

was highest. At 77° F. the compressive 
strengths for mixes 2B, 3B, and 1B in the 

equal-density group followed 4A in descending 

order. At 140° F. the compressive-strength 

tating position of mixes 3B and 2B were 

reversed, but mix 1B (control) again had the 

lowest rating. 

_ Although the results of tests at 77° F. 
showed that mix 4A had slightly higher 

‘compressive strength than mix 1B, 2B, or 
8B, they also showed that this mixture was the 

| mot plastic at that temperature, based on 

* 

ae 
Type of pavement and rubber 

|» 

_ Bituminous concrete (Tex.): 

pad asphalt (Va.): 

SP) Oh egtane t 

maemiinonosibbers. er ts Pe teps sepa doves 
ote rs aa re es ee eee 
Perupicized fUDDEr 2.0... 2-22-82 

yneneticrupber- 2-2 ee Petco. ao:)-2 
idplsirace rubber: suc. 2ee kk s-.2---22s-~.|-.---do-~-- 
Pamariciaau rab ber... .2.5<-~-2-.---- 

' No data available regarding density as constructed. 
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Form of rubber 

OUT pa aug ge EE RI ae RU ee 
Metiimil fn pereas se aot i --.| Powder..- 
(hone inbiliie e ae i es a dota 

Jeu cetegess Sept. 1949.___- 

comparison of deformation modulus values. 

At this test temperature mix 3B was the least 

plastic, although it did not have the highest 

compressive strength. At 140° F., although 

the compressive strengths of mixes 4A and 3B 

were essentially the same, the deformation 

modulus value of mix 3B indicates that this 

mixture was twice as stiff (or half as plastic) 

as mix 4A. In this test group, all of the 

mixtures containing rubber powders were 

somewhat more resistant to temperature 

change than the control mixture for the group 

(1B). In comparisons limited to this group, 

it is thus possible to discern a degree of relation 

between the effect of adding rubber to asphalt 

as measured by laboratory tests of the blends 

of asphalt and rubber, and the effect as 

measured by laboratory tests of corresponding 

mixtures consisting of aggregate and the same 

asphalt and rubber when the rubber is added 

in the form of powder. The higher compres- 

sive strengths and lower temperature-suscepti- 

bility index values obtained for mixtures 2B 

(reclaimed), 3B (synthetic), and 4A (natural), 

as compared to the control mix (1B), reflect to 

a perceptible degree the reduction in penetra- 

tion, increase in softening point, and reduction 

in temperature susceptibility noted in the 

Table 3.—Density of samples cut from roadway test sections 

Density at subse- Density at time of con- 
quent testing struction 

Bulk 
specific 
gravity 

Bulk 
specific 
gravity 

Year con- Year 
structed 

May 1949-_---- 
May 1949. ---- 
Sept. 1949-___- 

results of tests made on the same asphalt and 

the same rubbers in the form of a blend. 

Table 4 is arranged to facilitate the fore- 

going comparisons. 

In studying the results of tests on the equal- 

density mixtures, it should be borne in mind 

that their importance is perhaps only aca- 

demic, and lies chiefly in emphasizing the 

difference in effectiveness between adding 

the rubber to the mixture in the form of 

powder and adding it as part of the binder. 

In order to obtain the effects noted it was 

necessary, in molding the specimens of mix- 

tures in which the rubber had been added in 

powder form, to compensate for the variations 

in compactibility characterizing the several 

mixtures by arbitrarily using molding pres- 

sures which, in two cases at least, would be 

considered wholly unrealistic. 

From the foregoing discussion it is apparent 

that, under conditions of standard laboratory 

compaction, mixtures containing rubber that 

has been added to the aggregate in the form 

of powder are less compactible, are more 

plastic and less stable at both 77° and 140° F., 

and, within the temperature range 77°—-140° F., 

are more susceptible to temperature changes 

than comparable control mixtures containing 

no rubber. Furthermore, in order to develop 

favorable comparisons as between the mixtures 

containing such rubber powders and the 

control mix, it was necessary to eliminate the 

pronounced compactibility differences by 

using unequal and unrealistic compactive 

pressures in molding the specimens for test. 

Rubber More Effective When 

Preblended 

The binders used in mixes 2C, 3C, and 4C 

consisted of blends of asphalt and reclaimed, 

synthetic, and natural rubber, respectively, 

prepared as has already been described. The 

binder in mixture 5C consisted of a blend of 

plasticized rubber and asphalt. Since the 

test specimens for the C group of mixtures 

were formed using 3,000 pounds per square 

inch molding pressure, test results for this 

group are directly comparable with those for 

the A group of mixtures. 
The effect of the method of adding the 

rubber on the test results of the mixtures is 
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clearly apparent, in the left half of table 2, 

in the higher densities obtained for the mixes 

containing preblended synthetic and natural 

rubber (3C and 4C) than were obtained for 

the corresponding mixes (3A and 4A) in which 

the rubbers were introduced in the form of 

powder. In the case of reclaimed rubber, 

this improvement in compactibility was not 

observed. 
Similarly, the compressive strengths and 

the temperature-susceptibility index values 

show the relative effect of the two different 

methods of preparation, with higher stability 

and higher resistance to temperature change 

being obtained for preblended synthetic and 

natural rubber mixtures as compared with 

their rubber-powder counterparts. Although 

the stability of the preblended reclaimed 

rubber mix (2C) at both test temperatures 

was higher than that obtained with the same 

rubber in powder form (2A), the temperature 

susceptibility was about the same for this 

rubber regardless of the method of prepara- 

tion. 

Comparisons confined to the mixes com- 

prising the C group and their control mix (1A) 

serve to indicate the relative value of the 

four different types of rubber with regard to 

their effect on the test properties of the mix 

after 1 day of oven curing. In the tests at 

77° F. in the C group of mixtures, the com- 

pressive strength of mix 5C (plasticized) was 

highest, with the values for mixes 3C (syn- 

thetic), 4C (natural), 1A (control), and 2C 

(reclaimed) following in descending order. 

Comparative values for deformation modulus 

indicate that at this temperature mix 2C was 

the most plastic and 4C the least plastic. At 
140° F., the compressive strength of mix 4C 

was highest with mixes 5C, 1A, 3C, and 2C 
following in descending order. At this tem- 

perature, as at 77° F., mix 4C was the least 

plastic and 2C the most plastic, based on 

deformation modulus values. Judged by the 

temperature-susceptibility index values, mix 

2C was most susceptible to temperature 

change. Comparisons of index values indi- 

cate that mixes 3C, 4C, and 5C were slightly 

more resistant to the change in temperature 

than mix 1A. 

As has been mentioned previously in dis- 

cussing the results of compression tests of the 

equal-density (B) group of mixes, tests on 

Table 5.—Changes in compressive strength, deformation modulus, and temperatur 
susceptibility resulting from 20 additional days exposure to air in oyen at 140° F. 

Mix Nal Type of rubber 

Reclaimed. 22525. ses ee as cece 

Plgsticizeds 2s See = 2 Se 3 eee ee 

blends of asphalt and rubber have indicated 

that in some cases the addition of the rubber 

resulted in lower penetration and reduced 

temperature susceptibility. In the com- 

parison of mixes 2C, 3C, 4C, and 5C with the 

corresponding control mix 1A, it is possible 

to discern some relation between the changes 

observed in the tests of asphalt and rubber 

blends, and the slight changes observed in 

tests of the mixtures of aggregates and corre- 

sponding blends. That is, the higher com- 

pressive strengths of mixes 3C (synthetic), 4C 

(natural), and 5C (plasticized), as compared 

to the control mix 1A, are consistent with the 

higher viscosity resulting from blending 

corresponding rubbers with asphalts. Like- 
wise, the reduction in temperature suscepti- 

bility resulting from blending rubbers and 

asphalt is reflected in the lower temperature- 

susceptibility index values obtained for mixes 

3C, 4C, and 5C as compared to that of the 

control mix 1A. Reference is again made to 

table 4, in which related materials are com- 

pared directly. 

The data in the left half of table 2 indicate, 

nevertheless, that although the rate of change 

in plastic properties as measured by tempera- 

ture-susceptibility index values is slightly 

lower for the mixtures containing preblended 

rubber and asphalt than for the control mix 

without rubber, the mixes containing the rub- 

ber preblends are not substantially more 

plastic at lower temperatures and at the same 

time substantially less plastic at higher 

Table 4.—Characteristics of asphalt AC-2 and blends of 5 percent rubber powders with this 
asphalt compared to characteristics of compacted mixtures of aggregate and these 
same materials 

Type of rubber 
| 

Rubber 
identifi- 
cation 

Penetra- 
tion at 
TH ool 

Synthetic 
Natural 

Characteristics of rubber-asphalt blends ! 

Softening 
point 

edie 

Equal-molding- 
pressure mixtures, 
with preblended 

rubber ? 

Equal-density 
mixtures, with 

powdered rubber 2 

Temper- 
ature sls- 
ceptibil- 
ity index 

Temper- Temper- 
ature sus- | Mix. | ature sus- 
ceptibil- No. ceptibil- 

ity? ity index 

Mix. 

‘From The effect of various rubbers on the properties of petroleum asphalts, by R. H. Lewis and J. Y. Welborn. Tables 7 
and 8 (see pp. 69 and 70). 

2 Mixtures 1B, 2B, and 3B were molded under variable pressures to the same density as was obtained for mix 4A molded 
under 3,000 Ib. per sq. in. pressure. 

3 Slope of log penetration-temperature curves X 104. 

96 

Mixtures 1A, 2C, 3C, and 4C were molded under 3,000 Ib. per sq. in. pressure, 

Form of rubber 

ee ae +2! + 
DAH ReClalined sae aa ete ree oe Powders. 28 cera +19 +9 +76 +52 
SAC (uSyReheticw 2 esse ae, ee onl Cee 5 Co pein a eh Pee 2 +38 +23 +66 +44 —14 
4A Net Ural:.— Sos2e ees eee | eee do eae. +22 +5 +64 +41 —15 

SOaleSYHUNGUC ls eee ee a eee eee Gees aes aes 
AG a CNaturall 2. ec ee 5 Oe a oe do.22 re = 

1 Negative values indicate a gain in resistance to temperature change. 

Tests at 140° F, Tests at 77° F. 

Com- Defor- 
pressive | mation 
strength | modulus 

Com- Defor- 
pressive | mation 
strength | modulus 

Percent Percent | Percent Percent | Percent 
9 +15 +11 +6 

temperatures than mixes without rubber, 

least in the 77°-140° F. temperature range. 

Deformation modulus values indicate that 
mixes 2C (reclaimed) and 8C (synthetic) were 

more plastic at 77° F. than mix 1A, but at 

the same time they were more plastic at 140° 

F. On the other hand, while mixes 4C 

(natural) and 5C (plasticized) were less plastic — 

at 140° F. than the control mix, they were 

less plastic also at 77° F. The indications 
implicit in these test results are not in agree-_ 

ment with claims that paving mixtures con- 

taining rubber are more plastic at low tem-_ 

peratures and less plastic at high temperatures © 

than similar mixtures without rubber. 

Effect of Prolonged Oven Exposure | 

The right half of table 2 gives the results o 

tests made on molded specimens that were 

held in a 140° F. oven for 21 days. These 

specimens were molded and placed in the ove 

at the same time as those represented in th 

left half of the table, the oven-exposur 

period for which had been 1 day in conformit 

with the usual procedure for the unconfine 

compression test. Since the densities of cor-— 
responding sets of specimens were in close 
agreement, differences in other physical prop= 

perties as between 1-day and 21-day oven 
exposures may be fairly attributed to the 

effect of the extended heat treatment. Table 
5 was prepared to show, in percentage form, 

the changes in numerical values for the several 
properties evaluated. \ 

In the control mixture specimens molded 

at 3,000 pounds per square inch (1A), ex- 
tended exposure to warm air resulted in 
higher compressive strengths and modulus 

values at both test temperatures. However, 

it is interesting to note that the temperature 

susceptibility of this mixture was little changed 
by the extended heating. The specimens 

containing this same mixture, molded at 200 
pounds per square inch (1B) showed pro- 

nounced percentage increases in compressive 

strengths and modulus values. As shown in 

table 5, changes occurred in all of the mixtures” 

containing rubber powders regardless of the 

pressure used in the molding operation. 

Changes in compressive strength and modulus. 

values appear to be more marked in the results. 

of tests made at 140° F. In studying the 

values given in table 5, it should be realized 
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ping tests 

Estimated area 
remaining coated 

after 24-hour 
immersion at 
temperature 
indicated 

Form of 
rubber 

Mix Type of 
No. rubber 

100° | 120° | 140° 

Per- | Per- 
cent | cent 

Reclaimed ____ 
Synthetic 

DNIOOAF Whe Plasticized ____ 

that increases in resistance to temperature 

change would be indicated by negative per- 

centage values in the temperature-suscepti- 

ility index column, and lowered resistance to 

temperature change by positive values, since 

in table 2 high index values indicate high 
susceptibility to temperature change and low 
index values indicate low susceptibility. 

All of the mixtures containing rubber 

added in powder form gained in resistance to 

temperature change during the 21-day ex- 

posure period. This could be construed as 

| indicating that the full effect of rubber added 

| in this manner may not be obtained imme- 
-| diately after construction of the pavement, 

' and that some improvement in resistance to 

temperature change could be expected with 

the passage of time. Nevertheless, it should 
' be noted that, according to the test results in 

| table 2, the control mixture molded at 3,000 
' pounds per square inch was superior in 

| resistance to temperature change to any of the 

_ mixtures containing rubber powder even at 

» the end of the exposure period. 
The effect of extended heating on the group 

of mixtures containing preblended rubber was 
quite variable. Marked increase in compres- 

; Sive strength at both test temperatures was 

noted for all four preblended mixes, but at 

140° F. the change in values of the deforma- 

tion modulus ranged from a 93-percent in- 
crease for the reclaimed rubber (2C) to an 

i . 

, 
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mix (4C). The changes in temperature sus- 

ceptibility varied from marked improvement in 

resistance to temperature change for the mix- 

ture containing reclaimed rubber (2C) to 

regression for the mixtures containing pre- 

blended natural, synthetic, and plasticized 

rubber. 

Resistance of the Mixtures to Water 
Action 

The results of immersion-compression tests 

made on the mixtures after 1-day exposure in 

the 140° F. oven are given in the left half of 

table 6. The retained strength values for the 

mixes containing synthetic and natural rubber 

in powder form (8A and 4A) were slightly 

higher than those for the corresponding con- 

trol mix (1A). Retained strength values for 

all of the preblended rubber mixes (2C, 38C, 

4C, and 5C) were lower than for the control 

mix. In the equal-density group, all of the 

mixes containing rubber (2B, 3B, and 4A) 

showed consistently lower retained strength 

values than the control mix (1B). 

Results of immersion-compression tests 

made on companion specimens kept in an 

oven at 140° F. for 21 days after molding are 

given in the right half of table 6. Judging 

from the retained strength values, extended 

oven exposure increased the resistance to 

water action of all the mixes except the con- 

trol mix molded at 200 pounds per square 

inch (1B) and the reclaimed rubber mix 

molded to equal density (2B). The mix con- 

taining synthetic rubber powder in the equal 

density group (3B) showed a higher retained 

strength value than the corresponding control 

Tests after 1 day Tests after 21 days 

Characteristics of speci- After immersion at 120° F Characteristics of speci- After 1 ‘ oT eet Forte cian (Melding mens as molded : mens as molded After immersion at 120° F. 
yP rubber _|pressure . se 

IR rakl seolye) Ab feetvel etatied ie! eae oo Densit ; SOTD- pressive |Retaine ir pressive | Absorp- pressive | Retained 
Y} voids strength tion Swell strength/strength Density voids |strength| tion Swell strengthistrength 

at 77° F. Fy Wel CN nary Alia ij Surtees we 

Lb./sq. Lb./sq. Lb./sq. Lb./sq. Lb./sq. 
in. Gm./cec. | Percent in. Percent | Percent nN. Percent | Gm./cc. | Percent in. Percent | Percent in. Percent 

NOUR S. seweetss |S eee 3, 000 2. 249 10.6 238 2.4 0.8 177 74 2. 248 10.7 309 2.0 0.3 269 | 87 
Reclaimed___-_-_-- Powder_-_-_-- 3, 000 2.125 15.3 162 4.4 ae 107 66 2.121 15. 4 210 3.5 Q) 179 85 
Py NCUStIC.22.-8._]L2.= doe 3, 000 2. 206 12.0 206 2.9 8 162 79 2. 207 Lie 289 2.8 .6 233 81 
atnyalsseastete es ely dose 3, 000 2. 061 17.8 133 4.9 0 101 76 2. 055 18.0 73 4.0 (1) 134 77 

EI OU GAS ee eee aes et eee see 200 2. 043 18.8 72 6.4 (1) 69 96 2.051 18.5 140 5.9 1.4 108 77 
Reclaimed ee eee Powder-._._- 1, 000 2. 048 18.4 115 §.2 (1) 94 82 2. 060 17.9 166 5.4 (1) 121 73 
‘oa cw (2) Te Sip) Pa iQ eseeee 2 400 2. 058 17.9 127 6.3 (4) 96 76 2. 064 17.6 157 5.4 130 83 

Reclaimed ra ee Preblend____| 3,000 2. 122 15.4 194 4.3 1.0 128 66 2.114 15.7 215 4.4 .4 187 87 
ayntnevies es. |soee dome es 3, 000 2. 219 11.5 258 yay ies 177 69 2. 220 11.4 324 2.6 9 251 Cis 
Natural Jo eeag RSE doa = 3, 000 2. 236 10.7 254 2.5 1.0 184 72 2. 237 10.7 330 2.8 9 266 81 
Plasticized 2-2 |e doesf2s2- 3, 000 2. 235 10.9 303 vei abet | 207 68 2. 238 10.8 391 2.4 1.0 280 72 

! 

1 No swell. 

Table 7.—Results of static immersion strip- 8-percent reduction for the natural rubber mix (1B). All the other mixes containing rub- 
ber showed retained strength values equal to 

or lower than the corresponding control mixes. 

Static Immersion Stripping Tests 

In table 7 are given the results of the static 

immersion stripping tests on mixtures of 

quartzite and asphalt, both with and without 

rubber. These results can be compared, qual- 

itatively at least, with those for the immersion- 

compression tests on mixtures that had been 

kept in the 140° F. oven for 1 day, shown in 

table 6. No stripping tests were made on 

mixtures held in the oven for 21 days. 

The results of the stripping tests at the 

100° F. immersion temperature showed 

marked improvement over the control mix 

(No. 1) for the preblended natural rubber 

(No. 7) only. When added as a powder, the 

results at 100° F. indicate that natural rubber 

was the least effective. In the tests at 120° F., 

only the preblended natural rubber (No. 7) 

appeared to be the equal of the control mix 

(No. 1). At that temperature the plasticized 

rubber preblend (No. 8) appeared to be least 

resistant to stripping. In the tests at 140° 

F., the natural rubber preblend (No. 7) was 

the most resistant to stripping and the syn- 

thetic rubber preblend (No. 6) the least 

resistant. At that temperature the natural 

_ rubber preblend mix (No.7) was the only other 

mixture as resistant to water action as the 

control mix (No. 1). 

In general, the results of the static immer- 

sion stripping tests confirm the indications 

based on the results of the immersion-compres- 

sion test: namely, that the addition of rubber 

to bituminous mixtures containing hydrophilic 

Table 8.—Results of modified California abrasion test 

Mix No: Form of rubber Type of rubber 

Synthetic: sesso >- ee fe 005... 
Reclaimed 22 ee cases eee do: 32 ae 
Plasti¢ived 22 2== etseen ae at ee dos 8 aoe 

1 In grams per 1,000 grams of shot. 

Average loss ! after exposure at 325° F. for— 

1 hr. 2 hrs. 4 hrs. 8 hrs. 

0. 02 0.03 0. 16 0. 57 
Fa 8 | .19 25 44 

0 -O1 . 09 . 30 
81 .14 20 24 29 . 53 
. 93 . 30 . 23 35 .49 . 83 
21 - 09 . 22 - 29 . 64 1, 42 
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aggregate was ineffectual in improving the 

resistance of such mixtures to the action of 

water. 

Effectiveness of Rubber in Abrasion 

Test 

In table 8 are given the results of the 

modified California abrasion tests on mixtures 

consisting of Ottawa sand and asphalt, with 

and without rubber. In the test made on 

mix 1, the loss occurring in the specimen 

that had not been exposed to the 325° F. 

temperature at all would be considered fairly 

high, although a certain amount of loss on 

similarly uncured or unexposed fresh mixtures 

is usual in this test. 

A sharply reduced loss was noted for mix 1 

in the specimen that had been exposed for 

98 

\% hour at 325° F., and this improvement in 

resistance to abrasion conforms to the general 

pattern for similar mixtures containing as- 

phalts having histories of good _ service 

behavior. This same pattern of relatively 

high loss for specimens consisting of fresh 

mixture and reduced loss after 44-hour exposure 

was followed also by mixes 2, 4, 5, and 6, but 

the reductions were of different order. The 

deviation from this pattern shown by mix 3 

was notable; there was no loss either in the 

fresh specimen or in the specimen exposed in 

the oven for 4% hour. Indeed, the first meas- 

urable loss for this mixture was noted only 

after 2 hours at 325° F. 
After 4 hours exposure, the abrasion loss on 

mix | increased sharply, and after 8 hours the 

loss amounted to 0.57 grams per 1,000 grams 

of shot. After 4 hours exposure mix 3 was 

2, 4, 5, and 6 following in descending order o 

most resistant to abrasion and mix 6 lea 

resistant. After 8 hours exposure mix 3 w. 

still the most resistant to abrasion, with mixes 

resistance. 

The results of this very limited number o' 

tests indicate that the natural rubber, whe 

added to the mixture as a blend of rubber an 

asphalt, increased the resistance of the mixtur 

to abrasion. The marked difference in result 

between mix 2 and mix 8 offers addition 

evidence supporting the belief that to obtai 

maximum effectiveness from the rubber mate- 

rials they should be preblended with th 

asphalt before mixing with the aggregate 

The abrasion test results also indicate that 
the effectiveness of additive rubber in improv. 

ing resistance of asphaltic mixtures to abrasio 

varies with the type of rubber. 
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