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Synopsis

In recent years, the use of the several types of the rubber asphalt
roads has been promoted intensively. The pricipal advantages causing
the addition of rubber are lower susceptibility to temperature change,
the occurrence of less ravelling and abrasion by cold-weather trafiie,
and greater resistance to skidding.

Investigations were made at low temperatures down to —40°C on
the effects of the inclusion of various sorts rubber, natural rubber
powder “Mealorub”, and two kinds of reclaimed rubber powder, with
the petroleum asphalt used in paving mixtures. These tests were con-
cerned with the changes of physical properties that occur when the
various sorts of rubber powder were blended with asphalt.

This report shows that the various rubber powders affect the
physical properties of a given asphalt to cause it to become more stable.

In general, the impact resistance was increased by the addition
of the rubber, the rate of improvement of the shock resistance at
low temperature was varied by the kind of the rubber added, while
the shock resistance was varied by heating and mixing time. Softening
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point and viscosity was increased by the addition of rubber, and ductility

at low temperature was increased by the addition of natural rubber.
As comparison of the rate of improvement of these characteristics,

natural rubber showed best resuits in respect to all characteristics,

Chap. 1 General description

In cold weather bituminous pavements are easily damaged. The
causes of damage are low temperature, the special traffic conditions,
changes in the physical properties of the material, and the freezing
and thawing actions occurring in the presence of water. Accordingly,
in recent years, much attention has been given to improvement of
the asphalt mixtures, in Hokkaido, Japan. Prior to the present investi-
gation, tests concerning impact resistance, temperature sensitivity and
elastic properties of the conventional asphalt mixtures had been made
by the authors. As to results of those tests, it may be said, in
general, that the characteristics of the bituminous mixtures depend
upon the charactor of the asphalt used in the mixtures; there were
some differences of the values of the impact resistance in the mixtures
made with various amounts and kinds of asphalts, but there was no
remarkable variation in temperature sensitivity or in the slope of log.
toughness-temperature relation. If it is desired to alter these charac-
teristics, the asphalt itself should be improved.

Attention has also been directed, in recent years, to the experi-
mental uses of the rubber blended asphalt pavements.

Claims have been made that the use of rubber extends the life
of the bituminous pavements, gives them more elastic properties at
high temperature, increase the resistance to shock at low temperature,
decreases their slipperiness, promotes resistance to water action, and
reduces maintenance costs.

These several weak points in the conventional flexible pavement
need very much to be improved.

Many experimental rubber-asphalt pavement sections have been
built to determine under actual service conditions, the comparative
degree of progressive alteration in properties of the rubber-asphalt
mixtures that occurs with age, ,

Hxperimental sections of various surface dressings, composed of
sand, filler, petroleum asphalt, and a small amount of natural rubber
powder ‘“Mealorub”, were laid down on asphalt concrete aiming to
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improve the shock resistance in cold weather, in Hokkaido, Japan. Also
experimental researches on several characteristics of rubber-asphalt
blend and rubber blended asphalt mortars were made by the authors.
Ag a result of these tests, it was found that the rubber blended asphalt
has high resistance to shock at low temperatures.

In view of these considerations, some investigation concerning the
shock resistance was carried on and temperature sensitivity tests were
made again using three kinds of rubber: one natural rubber powder
“Meaglorub” and two kinds of reclaimed rubber. In these tests special
attention was paid to the impact resistance at low temperatures, and
effects of amount of rubber, and of the heating time during blending
of asphalt and rubber. In the present investigation, the range of low
temperatures was widened to as low a point as —40°C. The impact
resistance was obtained by using a Page impact testing machine.

The amount of rubber used for these tests was 3, 5, 7 and 10%
in the blend with natural rubber powder “Mealorub”, 5, 10, 20% and
30% in the blends with reclaimed rubber powder “A”, “N”, The
asphalt used was a kind of straight asphalt produced from Akita, Japan.

Chap, 2 Properties of rubber blended asphalt
1. Materials.
asphalt: the properties of the asphalt used are as follows:
specifiec gravity 26C°/26C° 1.109
penetration 25°C, 100 gr., bHsec, 120
0°C, 100gr., Bsec. 10
0°C, 200 gr., 60sec. 31

duectility 25°C, more than 140
softening point °C. ' .40
float test sec. 80
flash point °C. 273
burning point °C. 315

rubber:

1. Natural rubber powder “Mealorub”.

2. Reclaimed rubber powder “A” ground pneumatic tire scrap.
The principal ingredients of this rubber are as follows:

rubber content 609,
carbon black 10%
zine white 5%

others 25%
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fineness: all particles pass 30 mesh screen,
specific gravity: 1.2.
3. Reclaimed rubber powder “N” ground scrap of boots and
rubber shoes.
The principal ingredients of this rubber are as follows:

rubber content 409,
reclaimed rubber 20%
calecium carbonate 20%
zine white 5%
pine tar several %

fineness: all particles pass 60 mesh screen.
gpecific gravity: 1.3

2. Test methods.

Blends of the three rubbers with one asphalt were prepared to
determine the effect of the rubber content and of the heating time
on the test characteristics. In order to determine the effect of different
amounts of the rubber on the properties of the blends, on the basis
of the preliminary study, 3,5, 7 and 10% of natural rubber powder
“Mealorub”, and b5, 10, 20 and 30% of reclaimed rubber powder “A”,
“N” were added to the asphalt.

The blends were prepared by mixing the asphalt and rubber at
120°C to 180°C for 20 hours in the oven. This blending time was de-
termined after preliminary tests; in the preliminary tests considerable
changes on the blends occurred in many of the blends during about b
hours. In order to determine the rate of the changes of characteristics
of the blend, the specimens were removed at various intervals such
as after 0, 2, 5, 7, 10 and 20 hours of heating.

3. Effect on penetration.

Change occurring in the rubber-asphalt blends during 20 hours
heating and mixing period, are shown Figs. 1~3. The effect of heating
on the penetration of the asphalt without rubber, also, is shown.

Figs. 1—3 show the relations among the amount of the rubber,
the penetration and the heating time respectively. In the first stage
of heating, in general, the addition of the rubber to the asphalt re-
sulted in a decrease in penetration. This tendency was remarkable
for the blends with a large amount of rubber in all blends,

The increase of the heating time brought the increase of the
penetration. It is of interest to note the wide difference in the in-
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Fig. 3. Relation between penetration (25°C, 100 gr., 5 sec.) and heating
time of the blend with reclaimed rubber “A”.

crease of the penetration caused by the heating time and various
kinds of the rubber. When the rubber content of the blends was
increased, there was a much greater rise in the penetration for
Mealorub-asphalt blend. After 5 hours heating the penetration was
decreased. The maximum increase occurred at about 5 hours, for all
amounts of Mealorub. This maximum penetration was 140 on 10%
addition, 130 on 7%, 120 on 5% and 110 on 3%. In the blends with
reclaimed rubber “N”, the penetration increased proportionally with
the increass of heating time, and did not attain maximum value within
20 hours heating. For that length of heating, the penetration increased
with the increase of the amount of rubber, and the penetration of the
blends including 30% rubber reached to 210; this value is a remarkable
increase. The blends with rubber powder “A” did not show marked
difference in penetration within 20 hours heating for all amounts of
rubber ; the penetration of 109 mix is lower than that of 5% at all
heating times.

4. Effect on ductility.
Duetility tests were made on the original asphalt and the various
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rubber-asphalt blends after 2, 5, 10, 20 hours heating, at 25°C for the
two kinds of reclaimed rubber-asphalt blends, and 25°C and 0°C for
natural rubber-asphalt blend, respectively.

In the first period of heating and mixing, in general, the addition
of rubber to the ashalt caused a reduction in ductility. It is probable
that the ductility of many of the blends was affected by the presence
of free particles of rubber powder.

For the blends with natural rubber powder, the ductility does not
measured due to the fact that their ductility was beyond the capacity
of the ductility machine, then the test temperature was brought to
0°C.

The largest increase in ductility appeared in blends containing
natural rubber powder. The addition of rubber “A” brought re-
markable reduction of duectility.

For all blends except one with reclaimed rubber powder “A”, the
ductility was increased with the increase of the heating time within
20 hours of heating. For rubber “A”, the changes in ductility due to
increase of heating time were a mere trace.

Figs. 4 ~ 6 show the effect on ductility of the blending of rubber
with asphalt.

The effect of temperature on natural rubber-asphalt was also ob-
served. The effect of temperature on ductility of the original asphalt
and of the natural rubber-asphalt blends, was compared. '
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blend with natural rubber powder “Mealorub”.
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Fig. 6. Relation between ductility and heating time of the
blend with reclaimed rubber “A”.

The original asphalt and rubber-asphalt blend with 8% of rubber
have zero ductility at 20 hours heating, but the blends with 5% or
more rubber show remarkable increase in ductility at 0°C.

It was ascertained that the low temperature ductility also was
increased with elongation of heating time. These findings indicate that
the addition of rubber definitely improves the low temperature duec-
tility, and also that the addition of rubber brings desirable changes
in principles governing the use of asphalt in localities where low tem-
peratures are experienced.
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5. Effect on float test.

In order to determine the relation of viscosity and temperature,
float tests were made on some blends.

There was a very wide range of change in float tests of the various
blends during a 20 hour period. In general, the addition of the rubber
brings increase in the float test value, and alse the increase in the
amount of the rubber yields an increase (decrease of softeness) of float
test value.

For all blends, the maximum value was reached at about 2 hours,
while after 2 hours heating all blends showed decrease in float test
value during 20 hours.
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Fig. 7. Relation between float test value and heating time on the
blend with natural rubber powder “Mealorub”.
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Fig. 8. Relation between float test value and heating time on the
blend with reclaimed rubber powder “N”.
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Fig. 9. Relation between float test value and heating time on
the blend with reclaimed rubber powder “A”.
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Fig. 10. Relation between float test value and the amount of rubber
on the blend with natural rubber powder “Mealorub”.

Figs. 7—9 show the effects of the heating time and the amount
of rubber on float test. Figs. 10—12 show the relation between the
float test value and the amount of the rubber.

6. Softening point.
The tendency in changes in softening point caused by the addition
of all kinds of rubber samples were the same as in the float test.
Figs., 13—15 show the relation between the heating time and
softening point. Float tests indicate that the addition of rubber
improves the properties of asphalt at high temperature such as may
occur in the pavement.
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Fig. 15. Relation between float test value and the amount of
rubber on the blend with reclaimed rubber “A”.

7. Temperature sensitivity of rubber blended asphalt.

Many investigations have shown that the addition of rubber reduces
the susceptibility of the asphalt to changes in temperatures. A previ-
ous study by J. Ph. Pheiffer has shown that the slope of log. penetration
temperature curve, is indicative of the temperature sensitivity of an
asphalt.

Furthermore, others have shown that the float test index gives
a true measurement of a temperature sensitivity. Then susceptibility
factor, log. temperature curve, and float test index were calculated.

a. Susceptibility factor.

There are many methods for calculation of the temperature sensi-
tivity of an asphalt based on the ratios among 2 or 3 points of the
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penetration. In these tests, the calculation of a suseeptibility factor
(S. F.) was based upon the relationship:

S P — Penetration 25°C, 100 gr., 5 sec.
T Penetration 0°C, 200 gr., 60 sec.

b. Penetration index.

J. Ph, Pfeiffer and P. M. Van Doormal have deseribed a method of
caleulating the asphalt by means of a “Penetration index”. In calcu-
lating such an index, the penetration at a softening point was assumed
at 800, then the equation of calculation is as follows:

P.T.S, — log. 800—log.p

t—T1
where P.T.S.: penetration temperature susceptibility.
. : penetration at 25°C, 100 gr., 5 seec.
A : softening point, °F.

An asphalt rubber blend having comparatively low penetration
index is comparatively more stable to change of temperature. This
equation is the slope of the log. penetration temperature curve for
the assumed penetration p. at the temperatures “¢” and 77°F respec-
tively. The penetration value is then used in calculating the pene-
tration index (P. I.) by the equation:

P.1 80

T 1+90(P.T.S))

An asphalt having high temperature-penetration susceptibility has
the charactor of low sensitivity to temperature changes.

c. Log. penetration-temperature slope.

It is not always certain that the penetration of some asphalt is
800 at the softening point; then it is needful to get the true sensi-
tivity by a penetration measurement.

It is necessary to determine the penetration at two different tem-
peratures of £, and i, respectively.

The slope can be calculated as follows:

log. p,—log. p,
t]_ tz

slope =

where p, and p, are the penetration at the two temperatures ¢, and i,
respectively. .



192 Chiizo ITAKURA and Teruo SUGAWARA

d. Float test index.

The float test index is used to measure the susceptibility of an
asphalt to change in temperature. The index can be calculated as
follows :

F.I. =/FxP

where F,I,: float test index.
F: float value at 80°C in seconds.
P: penetration at 25°C, 100 gr., b sec.
e. conclusion.

The values of temperature sensitivity as calculated by the above
5 methods, respectively, are shown in tables 1~3.

TaABLE 1. Susceptibility of natural-rubber-asphalt blend. (Mealorub)

moun i i
fubg‘;rt(%f) | tlilr?gatl(llll%s) | s Slope P.T.S. P L F.I
‘ 0 3.90 0.0245 0.0293 — 175 97.6
2 4.10 0.0250 0.0805 —1.99 97.1
0 5 4.00 0.0262 0.0347 — 212 874
10 4,50 0.0347 0.0310 — 2.08 79.5
20 3.84 0.0373 0.0377 — 317 72.3
0 243 0.0213 0.0359 — 3.06 80.6
2 278 0.0233 0.0240 —0.85 103.5
8 5 4.04 0.0268 0.0244 —1.28 106.3
10 5.20 0.0293 0.0264 — 111 97.8
20 481 0.0311 00209 | —230 95.9
0 2.27 0.0209 0.0359 — 2901 78.8
2 3.08 0.0288 0.0240 - 0.51 1187
b 5 3.87 0.0261 0.0244 —0.61 116.4
10 4.86 0.0281 00264 | —1Lil 104.7
20 4178 0.0283 0.0299 i —1.87 103.3
0 2.04 0.0188 0.0362 — 2.95 77.6
2 3.00 0.0236 0.0235 —0.87 131.4
7 5 3.71 0.0269 0.0218 0.28 134.9
10 473 0.0276 0.0235 — 0.87 115.7
20 4.97 0.0267 |  0.0275 —1.37 107.4
0 2.05 0.0198 0.0376 —3.16 745
2 3.30 0.0217 0.0227 —0.14 157.6
10 5 3.57 0.0845 — — 155.5
10 4.64 0.0264 0.0208 0.45 136.5
20 3.80 0.0263 0.0251 — 0.80 120.0
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TaBLE 2. Susceptibility of reclaimed rubber “N”-asphalt blend.

Amount of | heating \ :
rubber (%) | time (hrs) S. F. Slope P.T.S. % P. I F.IL
0 473 0.0247 0.0843 | — 2.66 77
2 4.41 0.0290 0.0269 — 2.23 90.4
5 b 4.40 0.0300 0.0270 — 1.25 98,5
10 4.31 0.0314 0.0245 — 0.64 109.9
20 3.89 0.0304 ‘ 0.0250 — 0.77 113.5
0 3.53 0.0289 0.0295 —179 | 816
4.36 0.0288 0.0229 — 0.20 107.9
10 5 445 0.0281 0.0241 —058 | 1154
10 4.11 0.0292 0.0219 0.10 ! 122.9
20 4.44 f 0.0310 0.0198 ] 079 135.6
0 — —_— — — —
3.22 0.0286 0.0204 0.58 182.2
20 5 3.31 0.0272 0.0215 0.22 129.4
10 3.61 0.0273 0.0191 1.03 134.8
20 3.74 0.0280 0.0178 1.563 143.2
0 —_ — — — -
2 — — — — —
30 5 2.78 0.0244 0.0149 2.39 214.2
10 3.02 0.0246 0.0131 3.76 216.2
20 3.20 0.0249 0.0141 3.64 | 199.5
TasLe 3. Susceptibility of reclaimed-rubber “A”-asphalt blend.
Amount of | heating
rubber (%) | time (hrs) S. F. Slope P.T. S P. 1 L
2.50 0.0228 0.0301 — 1.91 87.2
2.64 0.0215 0.0298 — 1.85 91.0
5 b 2.84 0.0256 0.0300 — 1.89 93.6
10 2.80 0.0245 0.0302 — 1.98 91.7
20 2.76 0.0242 0.0304 — 1.97 90.6
0 2.19 0.0228 0.0289 —048 | 1101
3.00 0.0228 0.0238 — 0.45 108.8
10 5 3.14 0.0244 0.0257 — 0.94 107.9
10 3.07 0.0242 0.0256 — 0.92 107.1
20 3.81 0.0242 0.0264 — 1.11 108.8
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I. Susceptibility factor. (Table 1~3)
A. Natural rubber powder “Mealorub”.

At first stage of mixing and heating of asphalt and rubber, the
addition of the rubber causes remarkable decreases of the suscep-
tibility factor. These decreases are proportional to the increase of
rubber contents. The decrease in susceptibility factor are from 3.90
in rubber content 0% to 2.056 in rubber content 10%4. In the blend
which was heated for 2 hours, the sensitivity was increased, i.e., from
3.90 to 4.10 by 0% rubber addition, from 2.43 to 2.73 by 3% addition,
from 2.27 to 83.08 by 5% rubber addition, from 2.04 to 3.00 by 7%
rubber addition, 2.05 to 3.30 by 10% rubber addition; this tendency
was the same as in the blend heated 2, 5, 10 hours, respectively. But
in the blends heated 20 hours, the susceptibility factor is smaller than
in the blend heated 10 hours. In the blends which were heated for
the same period, the susceptibility factor decreased with the increase
of the amount of the rubber. These tendencies show that the penetr-
ation is too high at high temperature, and does not always show the
decreases of the susceptibility to temperature changes. This tendency
is common on all kinds of rubber tested.

B. Reclaimed rubber powder “N”.

The addition of a small amount of rubber “N” did not bring about
any decreases of susceptibility factor, but the addition of 309 of rubber
resulted in decrease of suseceptibility. The heating time also did not
cause changes of the susceptibility factor.

C. Reclaimed rubber powder “A”,

The addition of 5% of rubber “A” brought a remarkable reduction
of the susceptibility factor, i.e. the susceptibility factor decreased
from 3.90 to 2.50 on 0 hour heating, and then by the addition of 10%,
the sensitivity increased to 8.19. The sensitivity of the blends with
rubber “A” were not affected by the heating time.

II. Penetration temperature susceptibility. (P.T. S.)

A. Natural rubber powder “Mealorub”.

In the first stage of the heating and mixing, all blends had a higher
penetration temperature susceptibility than asphalt itself; then by
heating for 2 hours, the P.T.S. was decreased in all rubber asphalt
blends. Also, the P.T.S. was decreased by increase of the rubber
contents, and by the lengthening of the heating period,
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B. Reclaimed rubber powder “N”,

In the first stage of blending, the P. T. S. showed higher value than
that of the asphalt itself, but the increase of heating time brought the
decrease of penetration temperature susceptibility in all blends. These
decreases were proportional to the increases of the rubber content.

C. Reclaimed rubber powder “A”.
The addition of the rubber powder brought marked decreases in
P.T.S.. They were remarkble in the blends heated 2 hours.

II1. Penetration index.
Penetration index is calculated from the penetration temperature
susceptibility. These results are the same as those obtained in the case
of P. T. S. for all kinds of the blends.

IV. Float test index.

A. Natural rubber powder “Mealorub”.

As in the case of asphalt itself, the increase of heating time
brings marked increae of the float test index. Generally low sensitive
asphalt has 90 or more float test index. In the blend heated 0 hour,
the float test index was smaller than that of asphalt itself, but the
increase of the heating time brought the increase of float test index,
and the increase of rubber content brought increase of float test index
within 5 hours heating., Further heating, reversely, brought about a
decrease of float test index.

B. Reclaimed rubber powder “N”.

In the blends with rubber powder “N”, the addition of the rubber
brought considerable increase: also, the increase of heating time
brought increase of float test index.

C. Reclaimed rubber powder “A”,

The addition of 5% of the rubber did not bring about an increase
of float test index. The addition of 1095 of rubber resulted in the
remarkable improvement on the temperature sensitivity., The variation
of the heating time does not show the increase of float test index,

Identical results in regard to temperature sensitivity measured
by the 5 methods noted above could not be obtained. This is an inter-
esting outcome, and these phenomena show that the methods of calcu-
lation do not always show the actual temperature sensitivity.

Generally, however, the flow properties of the rubber blended
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asphalt were decreased by high temperature and increased by low
" temperature. These facts indicate the lowering of the temperature
sensitivity.

Such changes in temperature sensitivity would make the pavement
less Dbrittle in cold weather and more stable in hot weather, but it
also is apparent that the changes produced are not the same for each
type of the rubber tested.

Chap. 3 Dynamic test by a Page impact testing machine

The impact resistance, that is the toughness of the rubber blended
asphalt mortars, was measured by a Page impact testing machine.
The specimens of asphalt prepared were the same as those described
in the above chapter; their physical properties were the same as those
described in Chap. 2. The mineral filler was a limestone dust passing
No. 200 sieve.

To make the asphalt mortar, sea sand produced from Nishikioka,
Hokkaido, was used. The characteristics of the sand are as follows:

specific gravity 2762
percent of absorption 0.5 %
unit weight 1,752 kg/m?®
grading
sieve opening pass percent
(mm)
1.2 100
0.6 78
0.3 24
0.15 2
0 0

The mixture was composed of 12.5% asphalt, 5% mineral filler and
82,695 sand, while the rubber content in the asphalt was 0, 3,5, 7% in
the blend with natural rubber powder “Mealorub”, and 5, 10% in the
blend with reclaimed rubber powder, by weight, respectively.

The tests were made at —40, —30, —20, —10, 0, 10 and 20°C.

The size of the specimen to be tested was determined according
to the capacity of the testing machine after the preliminary test on
the selection of suitable size had been made. Cylinders measuring
35 mm x 30 mm were found most suitable. The molding forms were
cut from a steel pipe.

The asphalt-rubber blend was prepared by the same method as
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described in Chap. 2. Prior to mixing, the materials for each specimen
were heated to about 100~110°C, during 15 to 20 minutes, and then
poured into the steel form. The mixtures in the mould were allowed
to cool to 40~b0°C, then they were pressed under the load intensity
of about 200 kg/em® The load was applied for about 5 minutes; all
gpecimens removed from the moulds were stored in low-temperature
room in which the temperature of the specimen was maintained at
0°C until time for the tests.

The respective temperatures of the specimens to be tested were
secured in various ways. Temperatures of specimens at 20°C and 10°C
were obtained by immersion in a water bath of constant temperature ;
0°C was obtained by mixing of ice and water in low temperature room
of 0°C; —20°C and —80°C were obtained by mixing with ice and calcium
chloride ; —40°C was obtained by means of a bath filled with dry-ice.
All temperatures lower than 0°C were secured in a low-temperature
room,

The Page impact tests here reported for temperatures 20°C and
10°C, were made in a room of 10°C to 20°C; and for 0°C was made in a
low temperature room of 0°C to b°C; those made in temperatures
lower than —10°C, were made in the low-tempeaature room of —15°C
to —20°C. .

On the measurement of toughness, the height of the drop hammer
of 1kg, was increased by 1em. for each succeeding blow until rupt-
ures of a specimen occurred. The height from which the hammer fell
when rupture occurred was taken as a numerical value indicative of
the toughness of the material under test. At low temperature, a
failure of the specimen was clearly recognized if they broke into two
or three pieces, but at comparatively high temperature, judgement of
the occurrence wasg rather difficult.

Test results:

As to the results of the toughness tests, the following conclusions
were reached ; figures show the results graphically :

Figs., 16~43 show the relations between the toughness of all the
kinds of blends and test temperature, full lines denote beaking of
specimens and dotted lines eracks, Figs, 45 and 46 show the relation
between the toughness and the heating time, and Fig. 44 shows the
relations between the toughness and the amount of added rubber.
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Figs. 16 to 19

Relation between toughness and temperature on
original asphalt, heated 0, 2, and 10 hours.
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Relation between toughness and temperature
on blend with 3% Mealorub.



200 Chiizo ITAKURA and Teruo SUGAWARA

7 T T
é0 A, Ohr, 7% —

EJD //

/0 B

g ,

g0 B0 -2 /0 0 0 I

 TEMPERATURE (°G)
Fig. 24.

70 T T T

40 M, Shrs, 7% —

S0 -
3), 7
o
B30 g
g

20 /

i

/0

0

40 -0 20 V0 O Jo A
TEMPERATURE ( °C)
Fig. 26.

V4
é0

s

ESS

w

—
N

ki

20

TOUGH!

20

0

¥ %N

GHNESS
S

N

10T
N

v

4
o A S 0 s

24 to 27

[ I | T
M, 2hrs, 79 —

/|

/_f’ -

g
g0 X Ve 9 Jo 7

TEMPERATURE (°C)
Fig. 25.

I N
1 /7, /0 brs. T %,

%
/
/
7

7

TEMPERATURE (°C)
Fig. 27.

" Relation between toughness and temperature
on blend with 7% Mealorub.



TOUGHNESS

Dynamic Tests on the Stability of Bituminous Mixturves for Pavement 201

70 T I - 70 T 1 ]
40 Ny Ohres 59 é0 N, Zhrs, 5% —
50 / 50
/ «
40 v t/)410 54
it i 2
30 £ B0 7
/ E /
/ /
20 /i 20 /
/ /_/_.‘:/
YA e /0 TR
0 0
-4 ~30 <20 40 0 /0 20 -4 30 20 -0 O /0 20
—= QEMPERATURE (°C) TEMPERATURE (°C)
F.g. 28. Fig. 29.
70 | T 70 [ B
&0 N, 5hrs, 5% — 40 N, JO0brs, 5% —
50 50
L , /
8w : S
B 0 , B I P4
/ 5] /
/ /
20 — £ 20 /
Lt/ % /
/0 femmm Tt /0 ===
0 0
~4p 30 20 70 0 Jo 20 -y - 2o -s2 0 20,
TEMPERATURE ( °C) TEMPERATURE (°C)
Fig. 30. Fig. 31.

Figs. 28 to 31

Relation between toughness and temperature
on blend with 5% “N”.
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Figs. 32 to 35

Relation between toughness and temperature
on blend with 102 “N”.
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1) Relation between toughness and test temperature. (Figs. 16~43)
The toughness measured by a Page impact testing machine was
generally reduced In accordance with lowering of test temperature,
as shown in the figures; the rate of reduction of brittleness showed
a parabolic relation at higher than —20°C, and straight line relation
at Jower than —20°C. The general shapes of the relationship between
temperature and toughness were the same in each of the blends as
shown in the figures. But there were considerable differences on the
absolute values of the toughness of the blends composed of the three
kinds of rubber. Generally, the addition of the rubber caused conside-
rable increase of the toughness value.

2) Relation between toughness and the amount of rubber. (Fig. 44)
a. Mealorub:
Generally, increase in the amount of rubber brings increase of the
toughness excepting when the blend has been heated for a long time.
b. Reclaimed rubber “A”, “N”:
The increase of the amount of the rubber, generally, brings the
increase of toughness, but these increases are not remarkable.

3) Relation between the toughness and the heating time. (Figs.
45, 46).

a. Original asphalt:

At the first stage of heating, the toughness at low temperature
was increased within 2 hours heating, but prolongation of the heating
time brought decrease of the toughness. In one cass toughness was
decreasad from 51 to 40 by 10 hours heating at test temperature 20°C.

b. Mealorub:

At test temperature 0°C, on 5 hours heating, the toughness was
increased for all blends; and the grade of increase was considerable
in the blends containing comparatively larger amounts of rubber, but
the toughness was decreasad after 5 hours’ heating. It is of interest
that the toughness was on the increase during 10 hours’ heating at
—20°C test temperature. This fact shows that the improvement of
shock resistance at low tempsrature is remarkable in the blends heated
for a long time.

¢. Reclaimed rubber powder “A”, “N”:

There were no remarkable differences caused by heating in the
materials in which both “A” and “N” were mixed at all test tempera-
tures.
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Among the above three kinds of rubber, the improvement of shock
resistance at low temperature is largest in case of the use of Mealorub.
This is also clear at high temperatures.

Chap. 4 Summary and conclusions

Based upon the results of these tests on rubber blended asphalt
and asphalt mixtures, the following conclusions were reached.

1. Penetration was affected by the addition of rubber; there are
remarkable differences in penetration of the rubber blended specimens
which were subjected to different heating periods, and made with the
different kinds of rubber. In Mealorub heated for 3 to 4 hours, the
penetration value was decreased proportionally to increase of the
amount of the rubber, but with the increase of heating time, the pene-
tration was increased to reach its maximum at 5 hours heating. In
the blend heated 5 hours or more, the specimen with large amount
of rubber combined, showed large penetration. After 5 hours heating,
the penetration was decreaged on all blends.

In cases of the samples with reclaimed rubber “N”, heated 2 hours,
the penetration increased remarkablly. Such sample does not show
the maximum within 20 hours heating, but the increase in the pene-
tration in case of the increase of heating time is remarkable in all
blends.

In reclaimed rubber “A”, the differences cause variation of the
heating time and the amount of the rubber in all rubber contents;
and these values are lower than corresponding ones of the original
asphalt. (Figs. 1—3)

2. In ductility, the blends with Mealorub showed increase with the
increase of the amount of the rubber and heating period. In comparison
with original asphalt, the ductility showed considerable increase at low
temperature in the blends with Mealorub. In rubber powder “N”,
the increase of the amount of the rubber brings remarkable increase
of duectility of the blends. (Figs. 4~8)

3. In float test, the changes causing difference of the heating
time are remarkable in the blend heated 2 hours. After 2 hours heating,
the softening point was decreased in all blends, while the increase of
the amount of the rubber, generally, caused increase in float value,
but there are no effects in the blends with “A”. (Figs. 7~12)

4. Softening of the rubber blended asphalt showed an increase in
all cases using rubber within 2 hours heating; the increage is re-
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markable in the blends with “N” heated 5 hours, and blends with
Mealorub heated 2 hours. But there are no differences in the material
causing difference of the heating time in the blend with “A”. In
cases of rubber powder “N”, the increase of the amount of the rubber
brings remarkable increase in softening quality. (Figs. 13~15)

5. There were no considerable changes in specific gravity, flash
point and burning point.

6. Identical results were not obtained by the b methods which were
employed to find the temperature sensitivity of the rubber blended
asphalt. By the use of some methods the asphalt showed decrease of
sensitivity, and by other methods, it showed increase. Accordingly, it
must be said that these b methods do not always show the true sensi-
tivity to temperature change., Then it is necessary to establish a
caleulation method for obtaining temperature sensitivity.

But, generally, the sensitivity was improved because the flow
property was decreased and the penetration was increased or slightly
decreased. (Tables 1~3). '

7. The shock resistance of the rubber blended asphalt mixtures
was improved. This is remarkable in case of samples with Mealorub
combined ; there was considerable improvement in the blend with rub-
ber powder “A”. The increase of shock resistance at low temperature is
remarkable on the blends heated for a long period. (Figs. 16~46)

Fuature development.
- The authors are now investigating the effect on the asphalt mix-
tures in cases of the addition of rubber latex.
The results and comparison with various kinds of rubber described
in this paper will be discussed in the near future.
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