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A LABORATORY STUDY OF RUBBER - ASPBALT MIXTURES FOR PAVlllMENTS 

Various experimental rubber-aaphal t type pavements have been installed 

in several foreign countries as well as in the United States, but very 

little laboratory work has been reported along these lines. The present 

study, ·therefore, was undertaken to determine the effects of relatively :).ow 

concentrations of natural rubber, GR-S, and scrap vulcanized rubber on some 

physical properties of an asphalt cement and an asphalt concrete. The end 

effects desired were an asphalt concrete with higher stability and resistance 

to deformation (rutting and shoving), 1ower. temperature susceptibility, and 

higher elasticity (recovery after deformation). 

An attempt was made to correlate physical properties of rubber-asphalt 

cements with rubber type, rubber concentration, and the temperature at which 

the rubber and. asphalt were mix.ed. In the study of rubber-asphalt concretes 

the investigation included variations in rubber type and content a.nd varia

tions in bituminous cement concentration (asphalt or rubber-asphalt), as 

well as a comparison of methods of incorporating rubber into the asphalt 

concrete. 

The results of the investigation indicated that the adclition of GR-S, 

natural rubber, or scrap rubber to an asphalt cement increased its elasticity 

and resistance to deformation, and decreased its temperature susceptibility. 

Fu.rthermore, there were definite indications that the rubber in natural rubber

asphalt cements did, under certain conditions, produce asphalt concretes having 

increased stability. A significant fact uncovered by the investigation is that 

stability of asphalt concretes can be maintained with asphalt cement contents 

somewhat higher than those used in present mix designs by the blending of small 

e~ounts of natural rubber with the asphalt prior to mix.ing the concrete. 



Following a brief description of materials and methods, this report 

cornpri ses t>IO main divisions: the study of rubber~asphal t cements, and the 

study of rubber-asphalt concretes. Under each subject is includ,ed a descrip~ 

tion of the experimental procedures used, the results of these experiments, 

and a discussion of the results. A more detailed summary of the most signifi~ 

cant results is given at the conclusion of the paper. 

MATERIALS AND METHODS 

In addition to using the standard ductility and penetration tests for 

asphalt cements and the Marshall stability test for asphalt concretes, a 

torsion test "as developed for measuring the resistance of asphalt cements 

to deformation by twisting, and also for measuring the amount of elastic 

recovery after twisting a specimen. The torsion test was adapterl to this 

investigation because it was felt that increased resis·bance to cleformation 

and increased elasticity of asphalt cements would be definite improvements, 

and so these properties should, be measured" 

The asphalt used in this investigation was an 85~100 penetration SOA 

asphalt cement manufactured by the Lion Oil Company. The natural rubber was 

a powdered latex furnished by the Natural Rubber Bureau in Washington, D. C. 

The GR~S was a powdered latex furnished by the Goodyear Tire and Rubber 

Company of Akron, Ohio. The scrap rubber consisted of finely groud tree.ds 

from scrap automobile tires and comprised about a 50~50 mixture of GR-S and 

natural rubber stock, according to the Xylos Rubber Company of Akron, Ohio, 

who furnished the material. 

The aggregates used in the asphalt concrete studies were limestone, 

natural sand, and. limes·oone dust (mineral filler), meeting Michigan State 

Highway Department specifications, and were all obtained from the Midland 

Contracting Company at Bay City, Michigan. 



RUBBER-ASPHALT CEMENTS 

Experimental Details 

The preparation of the rubber-asphalt cements examined in this investiga

tion, as well as those used in some of the experimental rubber-asphalt concretes, 

was carried out in t.he following manner: a weighed amount of asphalt was heated 

slowly in a No" 10 metal can on a Lindberg electric hot plate" !n order to 

prevent localized overheating, the temperature was kept relatively low until 

the asphalt reached a liquid state, after which the temperature was gradually 

increased" This was carried out with almost constant stirring" At no time 

was the temperature of the hot plate raised higher than was necessary for 

the asphalt to reach the desired tempera tureo After the asphalt reached the 

desired temperature, the powdered rubber material was added as rapidly as poe~ 

sible with constant agitation, and the container immedia.cely removed from the 

hot pla.teo In order to prevent settling or floating of the rubber material, 

the hot mixtures were stirred until the viscosity became too great for movement 

o:f the rubber particles" The mixture was 'Ghen set aside to stand overnighto 

In order to isolate the effec·ts of rubber addition from poeei ble heat 

effects, double controls of straight asphalt cement were tested along with 

the rubber-asphalt mixtures. One control was heated J.n the previously described 

manner, but ~lithout the ad.ditl.on of rubber, while the other control was tested, 

as received, without rubber or hee,t treatment other than ·chat necessary to melt 

the sample. 

'Ehe rubber-asphalt cements thus prepared were tested for hardness, ductil

ity, twisting time, and elasticity" Hardness was determined at 68, 77, and 

86° l!'o with a standard "Precision" penetrometer by measuring the depth of 

penetration of a needle in five seconds under a load of 100 grams (ASTM 

Designation: ll5), SJ.nce l.t was not possible to tlse a very broad ·cemperature 
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range and te·st penet<t"ati.o:n tJ.nder identice.l co:nd.i tions of load and. timeD 

e.g"" 100 g1:ams for five s-econ<ls" the comparati.vely narrmo1 ra!lge of 65" '17" 

and~ 86° F. was used. 

Ductility war; measured a·t Tlo F. at a speed of five em. per minute, 

according 1;o ASTM Designe,Uon! Dll.3. 

For the t"1isti.ng and. elastlci·t,y tes·t a 2~ by 2·~ b;y S·~ilwh molded. sp<H:imen 

of the cemen·t "1as suspencled. vertically in a 6S° F. water bath. The low.er end 

of' tho fl}H3G:'Lmen. wt.ts capped l.'lri th a O:rass cup one inch d.eep whieh 'l.'IFa.s rigidly 

was capped "lrJ5.. th a ;;::l.milax' cup» which was rigidly fastened to the axle of a. 

horizon!;al pu.llc;y of 3~inch rad~Ius. This pulley axle turned freely in the 

A t.o:rque ii'Ja-s applied t;o the upper end of the spHeirnen by means of a 

lOO~gram weight, atta~::herl to a string whi.ch passed. over a small vertical 

bnll·o···becu:'·ing pulley tlnd~ arou.nd, the circrunference of the horizontal pull.eyo 

The .n:umber of secondt-:; neeessary ·t.o twist the spec:imen t.hrou.gh an angle of 1800 

1tUls rec01"'Clf:Jd as Glt,wist.:i.ng time~ 1e and regax"cled as a measul"E"J of res:tst.ance t,o 

deforJM:l,tiono The lltWtber of degreeB recovery which the specimen made after 

the weight was removed \1JB-S computed E-JA:J percent recovery from the 1800 twistv 

and wB,f'l regcu·d·f.Kl as a mea8ure of t,hfl elaEit:l.cit.y of t.he ma,te.ril-ll at 6s:o F., 

~Photographs of 'the to:cslon appa.:rn.tus and a parl·J .. r;t.lly ·t.w:lst.ed speci.men are 

shown J.n lPiguJc·e ~L 

Trt)si:; spec"tmens of a,sphal tv G\..lt=S=atlphal tv an.d scrap :cubber=asphal t eemen ts 

we:ce molded at, 150 t-o 1~(5 d.egrees F. MoldJ.ng temperatureo for natural rubber~ 

asphalt c.ements ra.ngecl from 150 to 195 degreeg ]\" because of higher viscosities 

of' some of ·hhese mateJ."ialso In each. case the molding temperature we,s t.he mini= 

rnum t empe.ra ture n t, 't"lhi. eh th~ ma t.e:t'lal wou.ld po1n" read.::tly t;ri.. thout lumps or 



Righ·t 9 Torsion test 
specimen twisted 
through about a 90° 
angle 

Figure 1 

Left~ Tors ~on 
test appa1atus 



RublJe:r~asphal t mixtures were based on 100 parts by W<ilight of asphalt 

with 0, 2o'), and 5 lJai'ts of natuxal rubber or GR~S, When scrap rubber was 

nsed, mixtures up t.o 10 parts per hundred were inclu<led, since the rubber 

scrap contained only about 50 percent rubber, ~!ixing t.empe:ratures were 250, 

300, 350, ml<l )-!Q() degrees l!'o 

Re_su.l l,;s and. Dl scussio')l 

The results of the tests on all the rubber~asphalt blends are given in 

Tabl~' I and the graphs in Figures 2, 3, 4, and 5, 

The addition of any of the ·three typen of rubber to asphalt d.ecreased 

penetration, greatly d·ecree ~ed du.cUli ty, and increased twisting time and 

elasticity (percent recovery), Nat. ural rubber increased twisting time and 

elastl.ci.t.y much more than <l.id equal amm:ullte of GR~Sl, and. was slightly more 

effective in decreafllng penetrations. Scrap rubber increased twisting time 

and. elasticity slightly more than did equal amounts of GR~So lt did not 

decrease penetrat;ion quite as much a.s d_id GR~S, however, Scrap rubber was 

more effective t-han Glbs when it is considered that the scrap rubber was 

only 50 percent rubber hydrocarbon, That is, 5,0 parts of scrap rubber 

should be compared. to 2,5 parts of GR~i'l, etco 

It shrmld be noted here that the controls of straight asphalt which were 

heated to 250, 300, 350" ancl 400 degrees li'o had. physical properties very simi~ 

lar to thoBe of the "as rec;eived" control which was tested without any previous 

heating except for that necessary for the pouring of test specimens, This 

shows tha·t the physical changes noted above were produced by the addition of 

the rubber mat.EJrials, plus heat, ra'cher than by the effect of heat alone on 

asphalt,, 

Examination of the pe;oetrat.ion data shows ·tha .. t the addition of rubber in 

all <:ases a:pprecia.llly d.ecreased penetration anil temperature susceptl.bili tyo 

Natural rubbe!" was the most effective in this respect, 



TABLE I 

Physical Properties of Various Rubber-Asphalt Cement Blends 

Mixing Rubber Type Twisting Penetration 
Temp. Content, of Time, Recovery, 100 f!>·, 2 sec. Ductility, no JJ'. 

oll'. nnh. Rubber* Sec. Percent b8o ll'. zzo ll'. Bbo F. Om. 

*** 0 97 10.0 53 BB 142 145t 
250 0 102 9.2 53 86 139 145t 

2.5 N 138 11.1 45 77 126 51 
G 132 9.4 47 77 116 34 
s 134 11.7 48 77 124 34 

5.0 N 255 11.4 43 64 97 20 
G 156 11.9 45 73 109 30 
s 156 13.3 47 74 126 22 

10.0 s 215 14.4 52 78 125 19 

300 0 98 9.4 53 88 146 145t 
2.5 N 150 11.1 46 71 117 43 

G 123 11.7 48 79 128 4o 
s 126 11.9 46 78 127 31 

5.0 N 229 12.8 42 65 98 24 
G 162 12.4 42 69 111 28 
s 142 12.2 46 77 124 25 

10.0 s 232 17.5 40 65 105 14 

350 0 101 10.5 52 56 142 l45t 
2.5 N 209 12.5 46 72 112 20 

G 127 11.4 50 so 127 39 
s 132 11.9 49 so 132 33 

5.0 N 420 24.7 35 62 93 20 
G 172 12.8 47 72 117 27 
s 192 14.2 42 70 118 19 

10.0 s 251 18.9 42 66 101 18 

400 0 101 10.3 53 55 144 145t 
2.5 N 210 21.7 41 69 115 4o 

G 133 13.3 49 so 128 32 
s 148 15.0 49 77 122 23 

5·0 N 462 21.4 42 66 99 46 
G 170 15.3 45 73 111 24 
s 157 17.5 47 76 119 15 

10.0 s 295 25.6 46 67 104 19 

* N- natural rubber G- GR-S S- scrap rubber 
•* Heated only to molding temperature 
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'l:he increases in twisting time and elasticity, anc-l the decreases in 

temperature susceptibility noted above are considered improvements. It is 

to be e"'}lected that an asphalt eement wH,h a high resistance to deformation 

(high .twisUng time) will produce an asphalt concrete with high resistance 

to deformation. Likewise, an asphalt concrete made from an asphalt cement 

having a high elasticity will be more prone to come back to its original 

shape after being deformed. Furthermore, an asphalt cement with low tempera~ 

ture susceptibility should produce an asphalt concrete that would be less 

likely to be brittle in winter, or tend to flow in summer. 

The rubber·-a.sphal t blends studied. were definitely mixtures rather than 

solutions. Even in mixtures prepared at lf00° F., discrete rubber particles 

were discernible when smears were examined under a microscope (Figure 6). 

During the ductility test the presence of these rubber particles caused pr&

ma.ture breakage of the thread that was formed. The asphalt phase of the mix~ 

ture between the particles stretched out very thin before breakage, indicating 

a high ductility. Thus, it was the heterogeneity of the cements that caused 

their low ductility, rather than a.ny change in the asphalt. 

In all cases where physical propertl.es Here influenced by the temperature 

at which the rubbers were added, only slight additional changes were obtained 

above 3500 F. In view of this fact, and the fact that the rubber~asphalt 

cements would receive further heating when in contact with hot (3600 F.) 

aggregate, it was decided to use 350° F. as the mixing temperature of rubber

asphalt cements for use in the studl.es of rubber-asphalt concrete!~ described 

below. 
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Figure 6 
Showing Rubber Particles in a GR-S-Asphalt 

Cement Mixed at 400°F (24X)o 

= 11 = 



RUBEER~ASPHALT CONCRETES 

F~uerimental Details 

Rubber~asphalt cements containing 0, l, 2, 3, 4, and 5 percent natural 

rubber were prepared and used in quantities of 3, 4, 5, and 6 percent in 

rubber~asphal t concrete mixes. The direct mix rubber~asphal t concretes con-

tained 0, 3, 5, 7, and 10 parts by weight of natural rubber or GR-S per 100 

parts of asphalt cement. When scrap rubber was used, the quantities were 0, 

6, 10, 14, and 2C' parts per hundred, since the scrap rubber contained only 

about 50 percent rubber hydrocarbon. All of the direct mixed batches con-

te.ined 5·5 percent asphalt cement, 

The base recipe for the rubber~asphalt concretes studied in this project 

was as follows: 

Stone Parts by Weigh_~ 

Pass 5/8" mesh~ retained on 1/2" mesh 2o9 
II l/2'' " " "' 3/3" " 23.9 

" 3/3" " " " #4 II 23.9 

" ifo4 " " " #10 " 1+, 3 

Pass #10 mesh, retained on #200 mesh 

Filler (I,Imestone Dust} 

Pass #200 mesh 5o5 

Asphalt {or rubber~asphalt) cement variable 

Total variable 

The stone as originally reoeived was separated into the various fractions 

by sieving, and these fractions put back together according to the above pro-

portions. lllach batch of sand was tested for its dust content (passing 1/>200 mesh) 

a,nd corresponding adjustments made in the amount of sand and filler used, 

- 12 -



Mixing and compaction of Marshall test specimens were carried out, with 

a few minor exceptions that are detailed below, according to the standard Mar

shall method for the design and control of bituminous paving mixtures. Mixing 

was accomplished in a Model A-200 Hobart mixer equipped with a 12-qt. bowl and 

a wire beater whip. After weighing the aggregate and bituminous cement into 

the mixing bowl, the batch was mechanically mixed for 50 seconds, hand mixed 

for 10 seconds, mechanically mixed for 50 seconds more, and finally mixed 10 

seconds more by hand. This is a total of two minutes• mixing time. 

In the cases where the rubber was added directly to the batch (direct mix 

method) rather than in the form of a rubber-asphalt cement, the pre-weighed 

powdered rubber was added to the hot aggregate in the mixing bowl and mechani

cally mixed for 10 seconds. After this preliminary mix the asphalt cement was 

weighed in and the normal mixing procedure followed. 

The aggregates and compaction molds were pre-heated to 360° F. and the 

bituminous cements to 2500 F. Compacted specimens were carefully removed from 

the molds while still hot and allowed to come to room temperature before hand

ling. The test specimens were placed in a 140° constant temperature water 

bath for 45-50 minutes before testing. 

In the Marshall stability test, the test head was raised at a. rate of 

about Oo3 inches per minute instead of the 2 in. specified in the standard 

Marshall test. This lower speed was found to be the practical maximum for 

hand operation in testing specimens of high stability. 

Results and Discussion 

Results of the tests on rubber-asphalt concretes are given in Tables II 

through IV, and graphically in Figures 7, 8, and 9· 
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TABLE II 

Effect of Rubber Content of Natural Rubber-Asphalt Cement Blends 
on the Physical Properties of Bituminous Concrete 

Rubber 
Physical Content Value of Property for Bituminous Mixtures 
Property of Cement, Having Cement Content (Percent) ofg 
Measured Percent 4 6 

Specific Gravity 0 2.396 2.450 2.459 2.439 
1 2.401 2.435 2.454 2.428 
2 2.388 2. Lf41 2.458 2.426 
3 2.391 2.432 2.451 2.430 
4 2.392 2.439 2.450 2.450 
5 2.377 2.415 2.l+37 2.446 

Voids, Percent 0 8,8 5.2 3·3 2.6 
1 8.6 5·7 3·5 2.9 
2 9.0 5·5 3·3 3-0 
3 8.9 5·8 3·6 2.9 
4 8.9 5.6 3.6 2.6 
5 9.4 6.5 3.6 2.4 

Marshall Flow, 0 8.3 7.9 13·5 18.1 
10-2 in. 1 7·5 7.2 9.2 14.3 

2 8.2 7·9 10.1 17.8 
3 3.8 8.4 9·7 15.4 
4 8.2 7.1 10.6 17.6 
5 10.3 10.0 9.6 15.0 

Marshall Stability, 0 1150 1025 800 550 
Lb. 1 1200 1175 900 575 

2 1175 1150 950 575 
3 1150 1100 1000 6oo 
4 1275 1250 1250 750 
5 1250 1250 1450 1075 
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TABLE III 

Effect of Rubber Additions on the Physical Properties 
of Bituminous Concrete* 

(Direct Mix Method) 

Rubber Content, Marshall 
Type of pph.~ of Asphalt Specific Voids, Flow, 
Rubber Cement Gravity Percent 10~2 in. 

Natural Rubber 0 2.450 2.9 14.0 
3 2.442 2.9 14.0 
5 2.433 2.9 12.4 
7 2.440 2.6 15·5 

10 2.435 2.5 15.1 

GR~S 0 2.450 2.9 14.0 
3 2.448 2.6 14.1 
5 2.443 2.7 14.6 
7 2.445 2.6 14.4 

10 2.445 2.2 14.3 

Scrap Rubber 0 2.450 2.9 14.0 
6 2. 433 3.2 12.5 

10 2.434 2.9 12.8 
14 2.436 3·0 13.0 
20 2.420 2.9 12.9 

Marshall 
Stability, 

Lb. 

750 
650 
775 
850 
BOO 

750 
800 
825 
850 
875 

750 
soo 
800 
750 
750 

# All mixes contained 5.5 percent of asphalt cement exclusive of rubber 

* pph. - parts per hundred 



TABLE IV 

Effect of Natural Aging on Physical Properties of Bituminous 
Concrete Containing Various Rubber Additives 

(Direct Mix Method) 

Aging Period 0 1 day 3 days 7 days 1 mo. 3 mo. i yr. 

Control - No Rubber 
Specific Gravity 2.450 2.454 2.456 2.452 2.444 2.446 2.480 
Percent Voids 2.9 2.9 2.9 2.9 2.9 2.9 2.8 
Marshall Flow, 10~2 irL 14.0 14.0 14.1 13·3 15.8 14.6 17.0 
Marshall Stability, l"b. 750 900 875 875 750 875 1000 

Natural Rubber 
Specific Gravity 2.438 2. 434 2.440 2.436 2.430 2.444 2. 460 
Percent Voids 2.9 2.9 2.9 2.9 2.9 2.9 2.9 
Marshall Flow, lo-2 in., 12.8 17.1 15.7 16.8 18.0 15.1 17 ·5 
Marshall Stability, lb. 775 625 700 675 675 800 825 

GR-S 
Specific Gravity 2.445 2.442 2.441 2.445 2 .. 441 2.435 2.464 
Percent Voids 2.6 2.6 2.6 2.6 2.6 2.6 2.7 
Marshall Flow, 10-2 in" 14.4 15·3 15.4 14.3 14.8 17.4 16.7 
Marshall Stability, lb. 875 850 775 750 800 725 925 

ScraJ2 Rubber 
Specific Gravity 2.433 2.443 2.434 2.439 2.433 2.434 2.462 
Percent Voids 3·2 3·2 3·2 3·2 3.2 3.2 3.2 
Marshall Flow, w-2 in., 12.5 15.2 13.9 11.6 14.5 16.9 17.6 
Marshall Stability, lb. 800 850 725 700 750 675 975 
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Each value presented in the data in Table II (rubber-asphalt concretes 

prepared from pre-blended rubber-asphalt cement), was obtained from an average 

of four tests, representing two batches of mix. Each value in Tables III and 

IV (rubloer·~·asphalt concretes prepared by the direct mix method) was obtained 

from an average of eight tests, representing four mixes. 

From comparison of the data in Table II with that in Table III, it is 

obvious that natural rubber has more effect on the properties of asphalt 

concrete when i'G is incorporated as part of a rubber-asphalt cement than when 

added separa,tely to the mix. It is to be expected that GR-3 and scrap rubber 

would also be more effective when pre-blended with the asphalt, even though 

such mixes were not tested. 

When natura,l rubber-asphalt cement was used in hi.gh concentrations ( 5 or 

6 percent) the Marshall stability value definitely increased as the rubber 

content of the rubber-asphalt cement increased. This was true to a much lesser 

degree with lower concentrations of' natural rubber-asphalt cement. The data. 

obta.ined for ~!a.rshall flow value showed no correlation with rubber content, but 

the flow increased as the asphalt content increased. 

The explanation of the effectiveness of the rubber-aspha.l t blend method 

of mixing might be in th~ fact that the rubber has more opportunHy to absorb 

and swell in the aspha.l tic oils. In order to determine whether the rubber 

would eventually swell more thoroughly in the a,sphalt and have more effect on 

the properties of' the asphalt concrete, extra specimens of' some of the direct 

mix batches were laid away for natural aging. They were placed on unpainted 

woorl shelves with enough space between specimens for air circulation and were 

tested after periods of 0, 1, 3, and 7 days, and 1 month, 3 months, and 1 year. 

The l'esul ts of the aging tests are given in Table IV, and show that age 

u:p to one year had. no significantly beneficial effect on the direct-mix batches. 
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SUPPLEMENTARY TESTS ON RUBBER-ASPHALT CEMENTS 

In order to compare rubber-asphalt and straight asphalt cements of equal consistency, 

a blend of 6 parts of 88 penetration brand A asphalt cement, as was used in the previous 

work, and 26 parts of 56 pen,otr'c:;ton asphalt cement ;of the same brand were blended at 

0 ) (I·~\ 
250 F. This mixture had a penetratich of 62 as did a rubber-asphalt cement prepared by 

adding 5 parts of natural rubber to 100 parts of the 85-100 penetration asphalt cement at 

350°F. The blend and the rubber-asphalt cement were each subjected to the torsion test to 

determine twisting time and recovery. 

The results in Table Vindicate that, in spite of equal penetrations, rubber-asphalt 

cement had a much higher twisting time and recovery than did the asphalt cement blend of 

similar penetration but containing no rubber. 

For the high temperature storage test, 18 pounds of natural rubber-asphalt cement 

were prepared by the same method. A portion of this cement was tested for ductility, 

twisting time and recovery, and penetration. The remainder was loosely covered and placed 

in a 270°F oven for a period of 7 days. Each day during this period a portion of the cement 

was removed and subjected to the above tests. 

It was found, Table VI, that the only significant changes occurring during 275°F stor-

age of the asphalt-rubber cement were a slight increase in penetration after one day of aging 

and a large increase in ductility after the third day. The increase in penetration was very 

slight and the increase in ductility was considered extremely desirable. 

To compare the effect of rubber on asphalts of various chemical compositions, rubber 

asphalt cements were prepared from brands B, C, and D, 85-100 penetration asphalt cement 

by the methods used in the preceding experiments and tested for twisting time, recovery and 

penetration. 



Examination of the data in Table VII will bring out the fact that the presence of rubber 

increased the twisting time and recovery and decreased the penetration and temperature 

susceptibility of each of brand B, C, and D asphalts as it did with brand A asphalt. The 

properties of brand A asphalt cement and the rubber-asphalt cement prepared from the 

brand A material, which are included in Table III for comparison, were taken from Table I. 

There were slight variations in the degree of changes in physical properties caused by the 

addition of rubber to the various asphalts but the changes were all in the same direction. 

TABLE V 

COMPARISON OF THE PHYSICAL PROPERTIES OF A 60 PENETRATION RUBBER
ASPHALT CEMENT AND A 60 PENETRATION ASPHALT CEMENT 

Rubber-Asphalt Cement 
Asphalt Cement Blend 

Penetration, lOOg, 
5 sec. 77°F 

62 
62 

TABLE VI 

Twisting Time 
at 680F 

456 
208 

Percent Recovery 
at 680F 

13.9 
10.8 

EFFECT OF STORAGE AT 275°F ON PHYSICAL PROPERTIES OF RUBBER-ASPHALT 
CEMENT 

Storage Ductility Twisting Time Percent Recovery Penetration, lOOg, 5 sec, 
Days at 77°F. at 68°F. at 68°F. 68°F. 77°F 86°F 

0 15 390 15.4 34 54 84 

1 60 560 15.0 40 60 90 

2 90 396 13.6 41 60 102 

3 150+ 409 16. 7 40 66 116 

4 150+ 394 15,8 42 61 111 

5 150+ 426 12.2 40 62 96 

6 150+ 385 12.0 40 60 90 

7 150+ 419 16. 1 40 62 100 

0 without 
rubber 150+ 97 10. 0 53 88 142 

(.,-) 



TABLE VII 

COMPARISON OF PHYSICAL PROPERTIES OF RUBBER-ASPHALT CEMENTS CONTAINING 
VARIOUS BRANDS OF ASPHALT 

Brand of Asphalt Cement A B c :0 

Twisting Time at 68°F 

without rubber 97 113 96 133 
with rubber 420 948 830 1210 

Percent Recovery, 68°F 

without rubber 10.0 11 11.7 20 
with rubber 24.7 31.6 20.6 28.3 

Penetration 

at 680F without rubber 53 54 53 56 
at 680F with rubber 38 40 42 45 

at 77°F without rubber 88 85 88 85 
at 77°F with rubber 62 56 63 63 
at 860F without rubber 142 142 146 12'7 
at 86°F with rubber 93 87 100 85 

Temperature Susceptibility Index 

without rubber 4. 3 4.3 4. 3 3. 5 
with rubber 3. 8 3.3 3. 7 2, 7 
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SUMMARY OF RESULTS 

Rubber-Asphalt Cements 

1, GR-S, natural rubber, and valcanized scrap rubber were all effective in increasing 

twisting time and elasticity of asphalt cements. 

2. GR-S, natural rubber, and vulcanized scrap rubber all decreased penetration and 

temperature susceptibility of asphalt cements. 

3. GR-S, natural rubber, and vulcanized scrap rubber greatly decreased the ductility 

of asphalt cements. 

Natural rubber was more effective than either GR-S or scrap rubber in effecting these 

changes in physical properties. 

Rubber-Asphalt Concretes 

1. When rubber-asphalt concretes were prepared from natural rubber-asphalt blends, 

the presence of rubber increased stability and allowed a relatively high asphalt con

tent to be used without sacrificing stability. 

2. When rubber-asphalt concretes were prepared by adding GR-S, natural rubber or 

vulcanized scrap rubber in powdered form directly to the dry aggregate, without 

first blending with the asphalt, the rubber had no apparent influence on stability. 

Supplementary Tests on Natural Rubber-Asphalt Cements 

1, A natural-rubber-asphalt cement showed higher twisting time and more recovery 

than did a straight asphalt cement having the same penetration. 

2. The enhanced physical properties produced by the presence of natural rubber in 

rubber-asphalt cements were not harmed by storage at 2700F for a period of seven 

days. 

3, The effects of the presence of natural rubber on the physical ]!llt'op·erties of rubber

asphalt cements were similar in several different brands of asphalt. 


