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                           Synopsis

   In recent years, the use of the several types o£ the rubber aspha!t
roads has been promoted intensively. The pricipal advantages eausing

the addition of rubber are lowe℃ suseeptibility to 'temperature ehange,

the occuyrence o£ less ravelling and abrasion by cold-weather tyaffic,
and greater resistanee to skidding.

    In.vestigations were made at }ow temperatures down to -400C on
the effeets of the inelusion of various sorts rubber, natural rubber

powder "Mealorub", and two l<inds of ifeclaimed rubber powder, with
the petroleum asphalt used in paving mixtures. These tests were con-
eerned with the ehanges of physical proper'ties that oecur when the
various sorts of rubber powder were blen.ded with asphalt.

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

   In genera], the impact resistanee was inereased by 'the addition
of the rubber, the rate of improvement of the shock resistance at
low tempeirature was varied by the kind of the rubber added, while
the shock Tesistanee was varied by heating and mixing time, Softening



180 Chtizo l'rAI<UIeA and [Veruo SuGAWARA

point and viseosity was inereased by the addition of rubber, and duetility

at low temperature was increased by the addition of p.atural rubber.

    As comparison of the rate o£ improvement of these charaeteristics,
natural rubber showed best results in )respect to ali characteristies.

                  Chap. 1 General description

    In cold. weather bituminous pavemen.ts are easily damaged. The
causes of damag-e are low temperature, the special traffic eonditions,

ehanges in the physieal properties of the material, and the freezing
and thawing actions oceurring in the presence of water. Accordingly,

in reeent years, much attention has been given to improvemen't of
the asphalt mixtures, in Hokkaicto, Japan. Prior to the present investi-

gation, tests eoneerning impact resistance, temperature sensitivity and.

elastic properties o:f the conventional asphalt mixtures ha,d been made

by the authors. As to results of those tests, it may be said, in
gep.eral, that the charaeteristlcs of the bituminous mixtures depend

upon the charaetor of the asphalt used in the mixtures; there were
some diffeyences of the values of the impaet resistance in the mixtures

made wi'th various amounts and k2nds of asphalts, but there was no
remarkable variation in temperature sensitivity or in the slope of log.

toughness-temperature relation. I£ it is desired. to alter these ehbrac-

teristies, the asphalt itself should be improved.

    Attention has also been direeted, in recent years, to the experi-

mental uses of the rubber blended asphalt pavements.
    Claims have been made that the use of rubbeue extends the life
of the bituminous pavements, gives them more elastie properties at
high temperature, inerease the resi,stanee to shock at low tempeirature,

deereases their slipperiness, promot'es resistanee to water aetion, and

reduees maintenance costs.

    These several weak points in the eonventional fiexible pavement

need very much to be improved.

    Many experimental rubber-asphal't pavement seetions have been
built to determine undei'r aetual serviee conditions, the comparative

degree of progressive alteration in properties of the rubber-asphalt

mixtures that oeeurs with age.
    Experimental seetions o£ various surfaee dressinsis, composed o£

sand, filler, petroleum asphalt, and a small amount of natural rubber

powder "Mealorub", were laid down on asphalt conerete aiming to
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improve the shoek resistanee in eold weathey, in Hokkaido, Japa'n. Also

experimental researehes on sevexal characteristies of rubber-asphalt

blend and rubber blended asphalt mortars were made by the authors.

As a result o£ these tests, it was £ound that the yubber blended asphalt
has high resistance to shoek at low temperatures.

   In view o£ these eonsideTations, some investigation eoncerning the
shoek resistance was carried on and tempeyature sensitivity tests were

made again using three kinds o£ rubber: one natural rubbe!r powder
"Mealorub" and two l<inds o£ -reclaimed rubber. In these tests special
attention was paid to the impaet resistanee at low temperatures, and

effeets of amount of rubbeir, and of the heating time during b}ending

o£ asphalt and T:ubber. Iin the present investigation., the range of low
temperatures was widened to as low a point as -40eC. The impaet
resistance was obtained by using a Page impaet testing maehine.
   The amount of rubber used for these tests was 3, 5, 7 and 10%
in th.e blend with natura} rubber powder "Mealorub", 5, 10, 20% and

30% in the blenCis with reelaimed rubber powder "A", "N". The
asphalt used was a kind of straight asphalt produeed from Akita, Japan.

          Chap. Z Properties of rubber blended asphalt

 1. Materials.

    asphalt: the pToperties o£ the asphalt used are as follows:
             speeific gravity'

             penetratlon

         ductility
         so.ftening point

         fioat test

         fiash point

         burning point

rubber:

1. Natural rubber powder
2. Reelaimed rubber
   The principal
         rubbey content
         earbon biaek
         zine white
         others

25CO125CO 1.109
250C, 100gr., 5see.
 OOC, leOgr. 5see.
             L OeC, 200gJr., 60sec.

250C, morethan
  oC'

  see.
  oC'

  oC'

120

 10

 31

140

 40

 80

273

315

        "Mealorub".
   powder "A" ground pneumatic tire scrap.
ingredients of this rubber are as follows:

               60%
               10%
                5%
               25%
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       fineness: all par'tieles pass 30 mesh sereen,

       sp.eeific gravity: 1.2.

   3, Rec]aimed rubber powder "N" gro'und serap o£ boots and
       rubber shoes,
       The prineipal ingredients of this rubber are as follows:

          'rubbercontent 40%
             iTeelaimedrubber 20%
             ealeiumcarbonate 20%
             zine white 5%
             pinetar several%
       fineness: all partieles pass 60 mesh sereen.

       speeifie gravity: 1.3

 2. Test methods.

   Blends of the three yubbers with 'one asphalt were prepared to
determine the effect of the rubber content and oE the heating time
on the test charaeteristies. In orde]r to determine the effeet of different

                                                 ,amounts of the rubber on the properties of the blends, on the basis

of the preliminary study, 3, 5, 7 and 10% o£ natural rubber powder
"Mealorub", and 5, 10, 20 and 30% of reelaimed yubber powder "A",

"N" were added to the asphalt.
   The blends were prepared by mixing the asphalt and rubber at
1200C to 13eOC for 20 hours in the oven. This blending time was de-
teTmined after preliminary tests; in the preliminary tests eonsiderable

changes on the blends occurred in many of the blends during about 5

hours. In order to determine the rate of the ehanges o£ characteristics
of the blend, the specimens were removed at vanious intervals such
as after O, 2, 5, 7, 10 and 20 hours of heating.

 3. Effect on penetration.

    Change oeeurring in the rubber-asphalt blends during 20 hours

hea'ting and mixing period, are shown Figs. 1---3, The effeet o£ heating

on the penetration o£ the asphalt without rubber, also, is shown.
    Figs, 1-3 show the rela'tions among the amount of the rubber,
the penetration and the 'neati'ng time respectively. In 'the first stage

of heating, in general,.the addition of the rubber to the asphalt re-

sulted in a deerease in penetration. This tendeney was remarkable
fox the blends with a large amount of rubber in all blends.

    The increase o£ the heating time brought the inerease of the
penetra'tion. It is of interest to note the wide differenee in the in-
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       Fig. 3. Relatjon between penetration (250C, 100gr,, 5see,) and heating

             tjme of the blend with reelaimed rubber "A".

crease of the penetration eaused by the heating time and vaTious
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 5hours heating the penetration was
decreased. The maximum inerease oecurred 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 b!ends with
reclaimed rubber "N", the penetration inereased proportionally with
the increasau of heating time, and did not attain maximum value within

20 hours heating. For that Iength o£ heating, the penetration inereased
with the inerease of the amount of rubber, and the penetration of the

blends including 30% rubber reaehed to 210; this value is a remarkable

inerease. 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 10% mix is lower than that of 5% at all

 4. Effect on ductility.

   Ductility tests were made on the original asphalt and the various

RUBBERPOTNDER,fAii

-

f%
/0%
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rubber-asphalt blends after 2, 5, 10, 20 hours heating, at 250C for the

two kinds of reclaimed rubber-asphalt blends, and 250C and OOC £or
natural rubber-asphalt blend, respectively.

    In the first period o£ heating and mixing, in general, the addition
of Tubber 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 partieles of rubber powder.

    For the blends with natural rubber powder, the duetility does not

measured due to the faet that their ductility was beyond the capacity

o£ the ductility maehine, then the 'test temperature was brought to
ooc.

    The largest inerease in ducti!ity appeared in blends containing

patural rubber powder. The addition of rubber "A" brought re-
markable reduetion of ductility.

    Foz' all blend.s 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 oC heating time were a mere traee.

    Figs. 4 t--- 6 show the effeet on duetility o£ the blending of rubber
with asphalt.

    The effeet of temperature on natura] rubber-asphalt was also ob-

served. The effect o£ temperature on duetMty of the original asphalt
and of the natural rubber-asphalt blends, was eompared.
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    The original asphalt and rubber-asphalt blend with 3% of rubber
have zero ductility at 20 houTs heating, but the blends with 5% or
more rubber show remarkable inerease in duetility at OOC.
    It was aseertained tha't the low temperature ductility also was
increased with elongation of heating time. These findings indieate that

the addition of rubber definitely improves the low temperature due-

tility, and also that the addition o£ rubber brings desirable changes
in principles governing the use of asphalt in localities where low tem-

peratures are experieneed.
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"O-n-"t

tt /0%
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 5. Effect on fioat test.

   In order to determine the relation of viscosity and temperature,

float tests were made on some blends.

   There was a very wide range o£ change in float tests of the various
blends during a 20 hour period. In general, the addition of the rubber

brings increase in the fioat test value, and also the increase in the

amount o£ the rubber yields an inerease (decrease of softeness) of float
test value.

    For aji blends, the maximum vaiue was reaehed at about 2 hours,
while after 2 hours heating all blends showed decrease in float test

value during 20 hours,

               5

             A5
             K., 4
             s
             kS 3
             o             ee 2

              1

              0 ･-

}ilEALORUB

cxQN"

Sy}ef

)lae

0zap -×
t=

DT

tt

-. pt

       ozs /0
              TrME OTP HEAwr)gG (HR)
Fig. 7.
      blend with natural rubber powder "Mealorub'1

      7

      6

    t. 5

    Z. 4
    E

    ℃3
    tL,, z

      /

      0
       V25 70
              TIME OF UEATrNG (HR)

Fig+ 8.
      blend with reelaimed rubber powder "N".

20

Relation between fioat test value and heating time on 'the

.

RUBBERpowDERiiNri

× }LJOf"fp

-(-k{vtie./pA"'S'

-dS
fcf. E-httrdi4

- -va=th-rput
0%

zo

Relation between fioat test value and heating time on the



188 ChGzo ITAKURA and,[I]eruo SuGAWARA

Fig.

7

3

 5
E,
g4

g"
e2

1

  0

        '          T!ME OF HEATrNG (HR)

9. Relation between float tese value and heating time on

   the blend with reclaimed rubber powder "A".

RUBBERPOiNDERttA"-

N -ww-- /th

s%
4

1

Fig･

`!;

s

 ¢
aj
e
E- Z

g
di /

    0

     R 3 .5 ,7 /0               AMOVNT OF' RITBBER (%)

10. Relatioh.between fioa't test value and the amount of rubber

    on the blend with natural rubbeT powder "Mealorub".

MEAr,ORUB

Zhrs･

Phhs,
'

'

20hts,

    Figs.

of rubber
fioat test

7-9 show the
 on fioat test.

value and the

effects of the heating
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 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 fioat test.

    Figs. 13-15 show the relation between the heating time and
softening point. Float tests indicate that the addition of rubber
improves the propeTties of asphalt at high temperature such as may
oceur in the pavement.
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 7. Temperature seresitivity of renbber blended asphalt.

    Many investigations have shown that the addition of rubber reduees

the susceptibi]ity of the asphalt to changes in temperatures. A previ-

ous study by J, Ph. Pheiffer has shown that the slope o£. Iog. penettation
temperature eurve, is indieative 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

£aetor, log.temperatuye eurve, and float test index were ealeulated.

    a. Susceptibility factor,

    There are many methods for caleulation of the temperature sensi-

tivity of an asphalt based on the ratios among 2 or 3 points o£ the

oz zo

RVBBERPOVIDERt,A"

e%
-

0%
v
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penetration. In these tests, the calculation of a susceptibility factor

(S. F.) was based upon the relationship:

                 Penetration 250C, 100 gr., 5 sec.
          S. E =
                 Penetration OOC, 200gr., 60see.

    b. Penetration andex.

    J. Ph. Pfeiffer and P. M. Van Doormal have described a method of
calculating the asphalt by means of a "Penetration index". In caleu-
Zating such an index, the penetration at a softening point was assumed

at 8eO, then the equation of ealculation is as £ollows:

         p.T.s. .. Iog･ 800-log.p

                       t-77

    where P.T.S.: penetration temperature suseeptibility.

           p. :penetrationat250C,100gr,,5see.
           t. :softeningpoint,OF,

    An asphalt rubber blend having comparatively low penetration
index is comparatively more stable to ehange of temperature. This

equation is the slope o£ the log.penetration temperature curve £or
the a$sumed penetration p, at the temperatures "t" and 770F respec-
tively. The penetration value is then used in caleulating the pene-
tration. index (P. I.) by the equation:

                      30         P.I. =
                 1+90(P.T.S,)

    An asphalt having high temperature-penetration suseeptibility has

the eharaeeor 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 neeessayy to determine the penetration at two different tem-

peratures o£ ti and t, respeetively.
    The slope can be ealculated as follows:

         slope .. aOg･ Pi -log･ p,,

                     tl- tg

where p, and p,, aye the penetration at the two temperatures t, and t,
respectively.

t
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    d. Float test index.

    The fioat test index is used to measure the suseeptibility of an

asphalt to change in, temperature, The index can be ealculated as
Eollows:

         F. I. = YFxP

    where EI.: float test index.
             F: fioat value at 800C in seconds.
             P: penetration at 250C, 100gr., 5sec.

    e. eonelusion.

    The values o£ temperature sensitivity as calculated by the above
5 methods, respeetively, are shown in tables 1-3.

      TABLE 1. Susceptibi!ity of natural-rubber-asphalt blend. (Meaiorub)

Amount
rubber

of I

(%) l
heating
time (hrs) l S･E l slope Il). T. S. P. I.

o

o

2

5

10

20

3.90

4.10

4.00

4,50

3.84

O.0245

O.0250

O.0262

O.0347

O.0373

3 i

I
l

o

2

5

10

20 l

2.43

2.73

4.04

5.20

4,81

/

1 O.o213
  O.0233
  O.0268
I O.o2g3
I
i O,0311
1

O.0293

O.0305

O.0347

O.0310

O,0377

- 1.75

- 1.99

- 2.72

- 2.08

- 3.17

O.0359

O.0240

O.0244

O.0264

O.0299

i

]
- 3,06

- O.85

- 1.28

- Lll
- 2.30

F. I.

5

o

2

5

10

20

2.27

3.03

3.87

4.86

4,78

I o.o2og
I

I O.023s
] O.0261
  O.0281
  O.0283

97.6

97.1

87.4

79.5

72,3

7

10

80.6

103,5

106.3

97,8

95.9

o

2

5

10

20

t

o

2

5

10

20

t
i
L

e.0359

O.0240

O.0244

O.0264

O.0299 1

- 2,91

- O.51

- O.61

- 1.11

- 1.87

l
I

2.04

3,OO

3.71

4,73

4.27

I o.oiss I o.o362

I. O.0236 I O.0235
I o.o26g           O.0213
   O.0276           O.0235
  O.0267           O.0275

- 2.95

- O.37

 O.28
- O.37

- 1.37

78.8

118.7

116.4

104.7

103.3

2,05

3.30

3.57

4.64

3.80

O.O198

O.0217

O.0345

O.0264

O.0263

77.6

131.4

134.9

115.7

107.4

e.0376

O.0227

O.0208

O.0251

l - 3.16
- O.14

 O.45
- O.80 l

74.7

157.6

155.5

136.5

120.0

`
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Amoun't of
rubbeT (%)

F
heating
time(hrs) : S. E

5

I
l
o

2

5

10

20

E

4.73

4.41

4,40

4,31

3.89

Slope

O.0247

O.0290

O.0300

O.0314

O.0304

P. T. S.
1
l
I
P. I.

I

l
i

I

{

t

F. I.

10

20

30

o

2

5

10

20

o

2

5

10

20

o

2

5

10

20

O.0343

O.0269

O.0270

O.0245

O,0250

l
!
i

l
l

- 2,66

- 2,23

- 1.25

- O.64

- o.7rr

 71.7

 90.4

98.5

!09.9

113.5

3.53

4,36

4.45

4.11

4,44

l

F

O.0289

O.0288

o.o2sl

O.0292

O.0310

l

e.0295

O,0229

O.0241

O.0219

O.O198

t

F

-1.79 i
       1
-O.20 li
       i-o.s3 l

  O.10

  o.79 l

81.6

107.9

115.4

122.9

135.5

3.22

3.31

3.61

3.74

O.0286

O.0272

O.0273

O.0280

J

O.0204

O.0215

O.O191

O.O178

i

O.58

O.22

I03

1.53

2.78

3.02

3.20

T
O.0244

O.0246

O.0249 t

O.O149

O.O131

O.O141

i

-
pt
2.39

3.76

3.64

132.2

129.4

134.8

143,2

z

214.2

216.2

199.5

TABLE 3. Susceptibility of reclaimed-rubber "A"-asphalt blend.

Amount ofI
         lrubber (%)

        ihea'ting
time (hrs) S. E 1 Slope

5

o

2

5

10

20

f

I
i

2,50

2.64

2,84

2,80

2.76

10

o

2

5

JO

20

3.19

3.00

3.14

3,07

3.31

O,0228

O.0215

O.0256

O.0245

O.0242

O.0228

O.0228

O.0244

O,0242

O.0242

P. T. S.

r

O.0301

O.0298

O.0300

O.0302

O.0304

F

O.0239

O.0238

O.e257

O.0256

O.0264

P. I.

- 1.91

- 1.85

- 1.89

- 1.93

- 1.97

F. Z

87.2

91,O

93.6

91.7

90.6

- O.48

- O.45

- O.94

- O.92

- 1.11

h
j

E

110.1

108.8

107.9

107.1

108.8
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 I. Susceptibility faetor. (Table 1--3)

    A. Naturai rubber powder "Mealorub".

   At first stage o£ rnixing and heating of asphalt and rubber, the
addition of the rubber causes remarl<able deereases oE the suseep-
tibility faetor. These decreases are proportional to the increase of
rubber con'tents. The decrease in susceptibility factor a-?e from 3,90

in rubber eontent e% to 2.05 in rubber eontent 10%. In the blend
whieh was heated for 2 hours, the sensitivity was inereased, i.e., from

3,90 to 4.le by O% rubber addition, £rom 2.43 to 2.73 by 3% addition,
from 2.27 to 3.03 by 5% rubber addition, from 2.e4 to 3.00 by 7%
rubber addition, 2.05 to 3.30 by 10% rubber addition; this tendeney
was the same as in the blend heated 2, 5, 10 hours, respeetively. But

in the blends heated 20 hours, the susceptibility factor is smallez' than

in the blend heated 10 hou]rs. In the blends whieh were heaLLed for

the same peiriod, the ･susceptibElity £actor decreased with the increase
of the amount of the rubber. These tendencies show that the penetr-
ation is too high at high tempeyature, and does not always show the
deereases of the suseeptibi12ty to tempera'ture ehanges. This tendency

is common on all kinds of rubber teseed.

   B. Reclaimed rubber powder "N".

   The addition of a small amount of rubber "N" did not bring about

an.y deereases of susceptib21ity £aetor, but the addition of 30% of rubber
resuited in deerease of susceptibility, The heating time also did not

eause changes of the susceptibility faetor.

   C. Reelaimed rubber powder "A". ,

   The addition of 5% of rubber "A" broagh'e a reina.rkalble reduetion

o£ the susceptibility faetor, i.e,, the susceptibility factor deereased
from 3.90 to 2.50 on O houx' heating, and then by the addition of 10%,

the sensitivity increased to 3.19. The sensitivity of the blends with

rubber "A" were not affected by the heating time.

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

   A. Naturai rubber powder "Mealorub".

    In the first stage of £he heating and mixing, all blends had a higher
penetration tempeyature 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 inerease of the rubber
contents, and by the lengthening of the heating period,
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   B, Reclaimed rubber powdex "N".
   In the first stage of blending, the P. T. S, showed higher value than

that of the asphalt itself, but the increase of h' eating time brought the

decrease of penetration temperature susceptibility in all blends. These

decreases were proportional to the incTeases oE the rubber eontent.

   C. Reclaimed rubber powdey "A".
   The addition of the rubbe]r powder brought marked decreases in
P.T.S., [I]hey were reinaukble in the blends heatod 2 hou.rs.

 IXI. Penetration i"diex.

   Penet.vation index is caleulated from the penetration temperature
suscep'tibility. These results are the same as those obtained in the case

of P. T. S. for all kinds of the blends.

 EV. Yloat test imdex.

    A, NatuTal rubber powder "Mealorub",

    As in the case of aspha]t itself, the increase of heating time
brings marked increae of the fioat test index. Geneyal}y low sensitive

asphalt has 90 or more float test index. In the blend heated e hour,

the fioat test index was smaller than that o£ asphalt itsel£, but the
inerease of the heating time brought the increase of fioat test index,

and. the increase of rubber content br-ought increase of fioat test index

within 5 hours heating. Fuyther heating, reversely, brought about a
deerease of fioat test index.

    B. Reclaimed rubber powder "N".
    In the blends with rubber powder "N", the addition of the rubber

b]rought considerable increase: also, the inerease of heating time
brought inerease of float test index.

    C. Reelaimed rubber powder "A".
    [I]he addition oE 5% of the rubber did not bring about an inerease

of float test index, The addition of 10% o£ rubbe.r vesulted in the
remarkable improveinent on the temperature sensitivity, The variation

o£ the heating time does not show 'the inerease of fioat test index.

    Identical results in regard to tempera'ture sensitivity measuxed
by the 5 methods noted above could not be obeained, This is an inter-

esting outcome, and these phenomena show that the methods of ealcu-
lation do not always show the aetual 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 indieate the lowering of the temperature
sensitivity.

    Sueh eh.anges in temperature sensitivity would make the pavement

less brittle in cold weather and more stable in hot weather, but it
also is apparent that the ehanges produced are not the same for each

type o£ the rubbe]r tested.

      Chap. 3 Dynamic test by a Page irnpact testing machine

    The impaeJu' resistanee, that is the toughness of the rubber blended

asphalt mortars, was measured by a Page impact testin,g machine,
The specimens of asphalt prepared were the same as those described
in the above chaptey; their physical properties were the same as those

deseribed in Chap. 2. The mineral filler was a limestone dust passing

No. 200 sieve.

    To make the asphait mortar, sea sand produced £yom Nishikioka,
Hokkaido, was used. The charaeteristies of the sand are as follows:
                                   '･ speci'ficgravity                            2.762
    pereentofabsorption O,5%
    unit weight 1,752kglm3
    grading

       sieve opening pass percent
          (m m)

           1.2 100
           O.6 78
           O,3 24
           O.15 2
    The mixture was eomposed of 12.5% asphalt, 5% mineral fi11er and
82,5% sand, while the rubber content in the asphalt was O, 3, 5, 7% in

the b]end with natural rubber powder "Mealorub", and 5, IC% in the

bJend with reclaimed xubber powder, by weight, respectively.
    The tests were made at -40, -30, -20, -10, O, 10 and 200C.
    'rhe size of the speeimen to be tested was deterrnined according

to the capaeity of the testing machine after the preiiminary test on

the seleetion o£ suitable size had been made. Cylinders measuring
35mmx30mm 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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deseribed in Chap. 2, Prior to mixi]t:.g, the mateyials for each speeimen

were heated to about 10e-1100C, duTing 15 to 20 minutes, and then
poured into the steel form. The mixtures in the mould were allowed
to cool to 40-500C, then they were pressed under the load intensity

of about 200 kglem?. The load was applied for about 5 minutes; all
specimens removed from the moulds were stored in low-temperature
room in whieh the temperature of the speeimen was maintained at
OOC until time for the tests.

    The respeetive temperatures of the specimens to be tested were
secured in various ways. Temperatures of speeimens at 200C and 100C

were obtained by immerslon ln a water bath of constant temperature;
OOC was obtai'ned by mixing of iee and water in low temperature room
of oeC; -200C and -300C were obtained by mixing with ice and ca]cium
chloride; -400C was obtained by means of a bath filled with dry-iee.
All temperatures lower than OOC were secured in a low-temperature

room.
    The Page impaet tests here reported for temperatures 200C and

100C, were made in a room o£ 100C to 200C; and £or OOC was made in a

low temperature room o£ OOC to 50C; those made in temperatures
lower than -100C, were made in the low-tempeaature room o£ -150C
to -200C..
    bn the measurement o£ toughness, the height of the drop hammer
of M<g, was i･nereased by 1em., for eaeh succeeding blow unti} rupt-

ures of a speeimen oecurred. The height from which the hammer fell
when rupture occurred was taken as a numerieal value indicative of
the toughness of the material under test. At low temperature, a

failure of the specimen was clearly recognized i£ they broke into two
or three pieces, but at eomparatively high tempeyature, judgement of

the oecurrenee was rather difficult,

    Test results:
                       '
    As to the results o£ the toughness tests, the fol]owing eonclusions
were reached; figures show the results graphieally:

    Figs. 16-43 show the relations between the toughness of all the

kinds of blends and test temperature, full lines denote beakin.g of
speeimens and dotted lines eraeks, Figs, 45 and 46 show the .relation

between the toughness and the heating time, and Fig. 44 shows the
reiations between the toughness and the amount of added rubber.
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  1) Relation between toughness and test temperature, (Figs. 16--43)

   The toughness measured by a Page impaet testing machine was
generally .reduced in aecordance with lowering of test temperature,

as shown in the figures; the rate o£ reduction o£ brittleness showed
a parabo12e relation at higher than -200C, and straight line relation

at ]owey than ･-200C. The general shapes o£ the reiationship between
temperatu!･'e and toughness were the same in each of the blends as
shown in the figures. But theye were considerable d2fferenees on the
absolute values of the toughness of the blends composed of the three

l<2nds of Tubber. Gene,rally, the addition of the ]rubber caused conside-

rable inerease of t'he toughness value.

  2) Relation betvvreen toughness and the arnount of rubber. (Fig.44)

    a. Mealorub:

    Generally, 2ncrease in the amount o£ rubber brings increase of the
toughness excepting when the b]end has been heated Eor a long time.

    b. Reclaimed rubber "A", "N":

    The ineyease o£ the amount o£ the rubber, generally, brings the

increase o£ toughness, but these increases are not remarkable.

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

    a. Ori.ffinal asphalt:

    At the firse stage of heating, the toughness at low temperature

was inereased within 2 hours heating, but prolongation ofi th,e heating

time brought deerease of the 'toughness, in one eas･e toughness was

dee.reased £rom 51 to 40 by 10 hours heatin,cr. at test tempe.ifature 200C.

    b. Mealorub:
   At test temperature eOC, on 5 hours heating, the toughness was
increased for all blends; and. the grade of 2nerease was consideyable
in the blends containin,.cr comparatively largeir amounts ofi rubbo.y, but

the toug- hness was dee.reased afte-r 5 hoa:.s' heating. It,is o£ interest
that the toughness was on the incyease duning 10 houxs' heating at
-200C test temperatu.ve. This faet shows that the imp!"ovem,ent of
shoek resistance at low temp-eJrature is remaJekable in. the blends heated

foT a long time.

    e. Reelaimed rubbey powdez" "A", "N":
   There were no remarkable differenees caused by heating in the
materials in whieh both "A" and ``N" were mixed at ali 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 ease of the use of Mealorub.

This is a]so elear at high temperatures.

               Chap. 4 Summary and conclusions

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

    1. Penetration was affeeted by the addition of rubber; there are
remarkab]e differenees in penetyation of thq rpt,bbey blended specimens

which were subjected to dfferent heating periods, and made with the
dfferent kinds of rubber. In Mealorub heated for 3 to 4 hours, the
penetration value was decveased proportionally to increase of tb.e
amount of the rubber, but with the inerease 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 eombined, showed large pene'tyation. After 5 houirs heating,

the penetration was deereasect bn all blends.

    In eases o£ the samples with reclaimed rubber "N", heated 2 hours,

the penetration increased rema℃kablly. Such $ample does no't show
the maximum within 20 hours heating, but the inerease in the pene-
tration in case of the increase of heating time is remarkable in all
blends.

    In reclairned rubber "A", the d2fferenees cause variation of the
heating time anct the amou'nt of the rubber in all rubberc contents;

and these values are lower than eorresponding ones of 'the original
asphalt. (Figs, Z--3)

    2. In duetility, the blends with Mealorub showed increase with 'the

inerease of the amount o£ the HTubber and heatipg per2od. In compar2son
with original asphalt, "the duetiiity showed considerab]e inerease at low

temperature in the blends with Mealorub. In rubber powder "N",

the increase o£ the amount of the rubber brings remarkable increase
o£ duetility of ehe blends, (Figs. 4-6)
   3. In fioat test, the changes eausing differenee of the heating
time are remarkable in the blend heated 2 hours. After 2 houxs heating,

the softening point was decreased in ail blends, while the increase of

the amount of the rubber, generally, eaused increase in fioat value,
bu't there a.re no effects in the blends with "A". (Figs. 7---12)

   4. Softening of the rubber b]ended asphalt showed an inerease in

all cases using rubber within 2 hours hea'ting; the increase is re-
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markable in the blends viith "N" heated 5 hours, and blends with

Mealorub heated 2 hours, Butthere are no differences in the material

causing differenee of the heating time in the blend with "A". In

cases of rubber powder "N", the increase o£ the amount of the rubber
brings remarrkable increase in so£tening quaiity. (Figs. 13-15)
    5. There were no considerable changes in specifie gravity, fiash

point and burning point.
    6. Identical results were'not obtained by the 5 methods which were

employed to find the temperature sensitivity of the rubber blended
asphalt. By the use of some methods the asphalt showed deerease of
sensitivity, and by other methods, it showed increase. Aeeordingly, it

must be said that these 5 methods do not always show the true sensi-

tivity to temperature change, Then it is neeessary to establish a

caleulation method £or obtaining temperature sensitivity.
    But, generally, the sensitivity was improved beeause the fiow
property was decreased and the penetration was !ncreased or slightly
deeireased, (Tables 1--3).

    7. The shock resistance of the itubbey b}ended asphalt mixtures

was improved. This is remarkable in case of samples w2th Mea]orub
combined; the: e was eonsiderable imp.rovement in the blend with rub-

ber powdey "A". The inerease of shoek resistanee at low temperatur'e is

remarl<able on the blends heated for a long period. (Figs. 16･ny-46)

    Future dievelopment.

  ･ The authors are now investigating 'the effect on the asphalt mix-

tures in cases of the addition o£ rubbei' latex.
    The resul'ts and comparison with various kinds of rubber described

in this paper will be discussed in. the near future.
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