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                           Synopsis

    Using several teehniques developed by the authors, determination

was made of the physical pyoperties of bituminous mixtuTes for road

pavement at various low temperatures, the sensitivity o£ mixtures to
those temperatuxes and the resistance against freezing and thawing
actions.

    Observations were made on the effects of drop hammer impaet
using a modified Page impact testing machine; other dynamic tests

using an Izod and a Charpy impact testing maehines and a sonic
apparatus were performed. For･eomparison a Hubbard stability
static test was also made.

   As to the results, it has been foupd theq.t the toughness, stab.ility,

and dynamic modulus of elasticity of bituminous mixtures varied ac-

cording to variation of temperature, and each maehine typically in-
dicates these eharacteristics, but there were eonsiderable differences

between the dynamic tests and the static tests.
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   It was found that the sonic apparatus was highly suitable for
estimation of stability of bituminous mixtures, and that dynamic tests

were a most reasonable procedure for determination of the
composition of mixtures in their use for highway pavements.
    The ultimate objectives of this work in testing of bituminous mix-

tures were to establish suitable proeedures for testing bituminous
mixtures at low temperatures, to find out the optimum asphalt content,

to determine bituminous mixtures suitable for pavement in cold
districts and to develop adequate practices for overcoming failures

under the impact of high speed traMc and the other basic damages
done to pavement in cold weather.

                 Chapter 1 General description

    In eold weather bituminous pavements are extensively damaged by
the frost action and frost heaving of the base and roadbed, change in

physical properties caused by falling of temperature of mixtures,
freezing and thawing actions and special winter traMc conditions.

    Among these, causes of damages due to base and roadbed were
not taken into eonsideration but those due to properties of surface
course were sim. ply considered. Scaling or ravelling of bituminous

                                       pavement damaged by the

        Photograph 1
Sealing of seal eoat of asphalt concrete.

beating action of chains
attached to pneumatic tires

to prevent the slipping of

running vehicles has been

foundincoldregions. The
amount of this scaling
on bituminous pavement,
sometimes, may reach to
a depth of 2 to 3 cm.
Photograph-1 illustrates

damagetotheasphaltpave-
ment surface of National
Highway No. 36, between
Sapporo City and Chitose

Air Port in Hokkaido,
Japan. This roadway was
constructed in 1952 and
1953, and has been in
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service for just one winter. This highway pavement is constituted
of asphalt conerete and Topeka; both types of pavement were damaged

by ab.rasion and ravelling caused by the beating action o£ tire chains in
winter. These phenomena suggest both tbe necessity and the
suitability of performing dynamie tes'ts on bituminous mixtures.

    The sensitivity of bitu'minous cement and bituminous mixtures is

a most important £actor in their application on highway pavement.
It has been reeognized that the bituminous cement and bituminous
mixtures are.easily affected, as to their ehemical constitution and

physical and mechanical properties, by temperature variation. More-
over i't.is recognized that the range gf this temperature variation within

which the mechanical properties of mixtures make,them ideally available

for pavement purposes are within not more than 300C･to 400C.

    In general the toughness of bituminous mixtures is transformed
into brittleness as temperature drbps. The mixtures show liquid pro-
perties dt temperatures higher than 300C to 400C, plastic properties at

moclerate temperatures and elastie or brittle at lower than about 50C,

    For the analysis of rheological properties of bituminous cement,

conventional methods have been developed. They include,the deter-

mination of softening point and penetration. The so£tening point is
the temperature at which the mixture possesses a. consistency con-
foyming to eonventional standard, sueh as the Ring.and Ball method.

The penetration is,the depth to which the need]e .of standard size
penetrates into bitumen within specifed time under a standard load
at given temperature, The ductility,, and others have also been used
to measure the rheological pyoperties,of bituminous cement.

, Some methods')2) coneerned with the determination of the tem-
perature sensitivity of bituminous cement sueh as "Penetration Index"

based upon penetability, have also been presented.

    Several methods and apparatuses for determining the stability or

temperature sensitivity of bituminous mixture have been offered, but

these techniques are not always adequate for the explanation of
properties of highway materials because they are static tests.

    Several methods and apparatuses for explanation of properties of

bituminous mixtures as affected by temperature variation were tried
by the authors, Observations were made on the effect of drop hammer
impact in wh2eh use was made of a Page impact testing machine. Oth
ey dynamic tests weye made using an Izod and a ,Charpy impact testing

maehines, and a sonic apparatus. On the other hand for comparison, a
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Hubbayd stability static te$t and compression tests weye made.

       ChaPter Z teDttYirniarrAt Cactfi?,ksesb.y Izod and Charpy impact

 1.. Apparatuses and preparation of specimens.

    (1) Impact shear test with Izod testing machine.

    An Izod impact testing machine with a 20 kg.cm eapaeity was used.

The pendu}um consi$ts of a hammer weighing 1.205kg with a pivot
swinging in ball bearings in a vertical stand that is bolted down to
a east iron bed plate, The pendulum strikes against a specimen, which

is clamped to act as a vertical eantilever, but in this test the clamping

equipment was reconstructed in order to make clear te develop the
dynamic shearing action.

    If frietion losses in the swinging pivot are not considered, the

feonlelorwgg:COnSUMed in rupturing the speeimen may be. computed as

, Initialenergy=WH=WR(l-eosA)
   ' Energy after a speeimen ruptures == WH'=WR (l-eosB)
     Energy to rupture ,a speeimen = IiV (El-H') =-(WR)(cos B-cos .4)

    wherel W:weight･ofpendulum. ･
             H:･ height of fall of ･center of gxavity of pendulum.

            H': height of rise of eenter of pendulum after hitting

                 a specimen.
             A: angle of fall.

             B: angle o£ yise.
             R: distance from center of gravity of pendulum to axis

                 of swing O.

    The principle of this testing machine is shown in Fig. 1.

   (2) Impact fiexure test with Chaypy testing maehine.

   A Charpy impact testing machine having capacity of about 30
kg.cm was used. The prineiple of this machine is illustrated in Fig. 2.

 ./ The pendulum consists of a relatively light but rigid bar on the

end o£ which is a heavy-disc; the pendulum is suspended from a sh6rt
shaft that rotates in ball bearings and swings midway between two
rigid ･upright stands, close to the base of which the specimen is
supported on an anvil. The fiexural test speeimen mounted on the
$upport ptceepts the impact energy o/ff the pendulum at the bottom o.f. a
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                                         'Spaeerelationforpendulum ' t                                 t. maehine. ' Fig,Z Charpy impact testing maehine

                                                  '   it.' As specimens, 25 by 15 by 90mm pieces of asphalt

    prepared,

     In these experiments two kinds of aspha}t, Trinidad
     Lake asphalt and Akita straight asphalt produeed in
     Akita, Japan, were used; their eharacteristics are

     shown in Table-1, .･.
                                               '           '
  TtxBm7. 1 Characteristics of bituminous cement

Items

I
I
I

l.

Trinidad Lake
  asphalt

Specific gravity

Softening point

Penetration at

Ductility

250C

1.212

410C

37

24 <15eC)

Al{ita straight
  asphalt

1,O03

 36VC

.101

 14 (50C)･

Sand : C.rushed quartz sand having specific gravity 2.63,'and
         the gi.`ading oli which 99% passes O.3mm sieve, ancl is

        -retattnecl on O.Z5mm sieve. ･

Composition: As shown in Table 2,
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[lrABTtE 2 [I]he composition.of bituminous mixtures

No.'

1

2

3

4

5

6

7

8

Asphalt content

by weight
  (%)

 5,O

 7.5

10.0

12.5

15D

20.0

50.0

100

by volume (%)
Trinidad 'l Akita

10.2

15.0

19.5

23.6

27.7

35,2

68.5

100

12.2

17.6

22.6

27.3

31.7

39.7

72.5

100

Sand eontent

by weight
  (%)

95.0

92.5

90.0

87.5

85,O

80.0

50.0

o

by volume (%)
Trinidad r Akita

898

85.0

80.5

76.4

72.3

64,8

31.5

o
x

87.8

82.4

77.4

72.7

68.3

60.3

27.5

o

   (4) Preparation of specimens, ,
   The specimens were molded in a steel framed form.･ All speeimens

were pressed under a load intensity of 8kg per sq cm, by Amstlar
compression testing maehine of 500 kg capacity;

 2. Test results･

   The impact tests of asphalt mixtures were made at 10 different
temperatures: -200C, -150C, -100C, -50C,. OOC, 50C, loOC, lsOC, 2ooC,

300C. At lower than OOC the specimens were thoroughly eooled in a

low temperature room.
   Test results by an Izod and a Charpy impact testing machines are

shown in [I]able-3 and Table-L4. [l]he asphalt content o£ mixture having
maximum absorbed energy measured by the Izod impact testing

maehine was 15% asphalt content at test temperature o£ 300C; 20% at
test temperatures of 200, 100, 50, -100, -150 and -200C; and 5e% at OOC.

   As the result the optimum asphalt content measured by the Izod
was determined to be 20% at the various temperatures. At the vari-
ous test temperatures, 'the maximum absorbed energy of each mixture

was, O.647 kg.emlcm2 on 5%, 1.197 kg.emlcm2 on 7,5%, 1.783 kg.cm/cmL'

on 10%, 4,830 1<g,cmlcm2 on 15%, at test temperature of 300C･; 1.707

kg.cmlcm2 on 12.5% at 50C; 3.703 kg,cmlcmfl on 20%, 3.220 kg.cmlcmL' on

50% and 1.583kg.emlcm2 on 100% at 200C. On the last three of 20%,
50% and 100% mixtures, the absoTbedenergy could not be determined

at300C. Then the mixtuxe having 20% asphal't except th.ree kinds o:£
eompositions above mentioned which might not be usable in field, may

have the maximum absorbed energy.
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[I]ABIJE 3 Absorbed energy of

  temperature by an

 bituminous

Izod impact

mortar at each

testing machine

AsphaltI

content

 (%)

 5.0

 7,5

10.0

12.5

15.0

2o.o

50.0

100.0

Absorbed energy at each temperature kg..em/cme

30 OC
E
 20 OCl

O.647

1.197

1.783

1.643

4.830

O.603

O.923

1.410

1.277

2.570

3.703

3.220

1.583

15 OC

O.540

O.900

1.560

1.473

.2.260

3.343

1.843

1.070

10 OC

O.643

1.057

･1.467

1.657

2.123

2,210

1.610

O.923

5 eC

O.617

1.000

1.390

Z707

1.720

2.623

1.683

O.973

ooc I- soc

O.540

O.773

1.360

1.680

1.930

1.717

i,820･

O.687

O.537

O.750

1.340

i.497

1.793

2.067

1.093

O.683

-10 OC

O.580

O.910

1.187

1.430

2,137

2.330

1,377

O.580･

-15 OC

O.567

O.813

1.067

O.910

1.880

1.907･

1.843

O.413

-20 OC

O.400

O.693

O,893

O.720

1.310

1.457

1.197

O.520

TABTJE 4 Absorbed energy o£ bituminous mortaT at each
   temperature by a Charpy imp4ct testing machine

Asphalti

eontent I"

 (.O!.) i

Absorbed energy at eaeh temperature kg.em,lcmL'

3o ec i 20 "c

 5,O

 7.5

10,O

12.5

15.0

20.0

50,O

100.0

O,920

1.497

1.060

1.170

2,630

3,143

O.803

O,980

1.146

1.510

1.810

4.360

4.630

1510

15 C'C

1.666

1.500

1.100

1.810･

1,465

1.423

lo ec

O.993

1.220

2,170

1.453

1.690

2.143

1.610

1.140

5 OC

O.993

1,100

1.493

2.139

2.353

1.770

1.010

1.150

o oc

1,067

O.889

1,533

2.960

1.453

1.733

.1.170

1.180

    I- 5"Ci-10 bC

i

1.303 '

1,260

1.916

2.140

1.650

1,223

1.110

l
L
l

1.19e

1.260

1,570

1.609

1,413

2,686

1.743

1.066

- is ocl-2o oc

1.067

1.220

1,533

1.453

1.410

1.970

1.4g3

O.840

O.953

4.132

1.570

O.960

1.613

1.050

2.283

O.950

   In the tests using the Charpy impaet testing machine, the regular

relation of asphalt content and composition could not be obtained, but

the absorbed ene]rgy showed the higher value than on the Izod testing

machine, by the amount o£ approximately 20%, and these values have
the same 'tendency as those obtai,necl. by the Izod test, ,i,e, tl}e mixtuire

having, maximum abso.rbecl ene.vgy at eaeh test 'teml,)eratui'e was 20%

asphalt eontent excepting a few cases.
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          Chapter 3 Dynamic test by a modified Page
                       impact testing machine.

 1･ Apparatus3).

    A Page impaet testing machine used for measuring the toughness
of stones was reconstructed to make it suitable in type and capacity

for,deter.mining the,brittleness of bituminous mixtures. The Page
impact testing machine commonly used for determining the brittleness

of stones.has a drop hammer weighing 2kg. However this hammesc
weight is too large for tests of the bituminous mixtures, so it was

reduced to 710gr. The apparatus was arranged so that the hammer

weight £all £reely between suitable guides, A plunger made of
hardend steel with spherical sur£aee, was placed directly on the
specimen. In the test a speeimen immeysed in a small water bath for

temperature contro} was put on a steel anvil. Specimens were l<ept
for several hours in a water bath as desired test temperature and'
care was taken to make sure that they were 10 uniform temperatures
throughout. The 710 gr. hammer was released by a tripping mechanism

and its falling height was increased by 1em each time when it was
dropped,

    It was considered a £ailure of the specimens if they broke into
two or three pieces at low temperature, while it was so eonsidered
when remarkable deformation of speeimen tool< place at high tempera-

ture. Judgement of the oceurrence of such failure was rather diMeult

problem, so the reliability in accuracy of toughness value was low at

300C on mixtuxe with richer than 20% in asphalt content on account

of diMeulty o£ rneasurement at that temperature. When the failure
o£ breaking or deformation at which cracking occurred on specimen,
was recorded. Those values were taken to indieate the brittleness of

the speeimens.

 2. Preparation of the specimems.

    Materials and composition of specimens was the same as that of
specimens used in the Izod and the Charpy impact test, The size of
specimen was determined aecording to the capacity of the testing
machine, after the tests on selection of the suitable size. As the result

the specimens in the form 35mm¢×30mm cylinder was used. The
forms were made of steel pipe, and steel bar was used £or pressing
of mixture and removing the speeimen, All specimens were pressed
under a Ioad intensity of 8kg per sq.em, This loac'{ intensity was
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eonsidered the same as that
produced with a road-roller on
road paving in a field project.

All specimens removed from the
form, were stored in low tem-
perature room in which the
temperature was maintained at
OOC untilthe test. Photograph-
2 shows the molding and remov-
ing devices.

 3. Test results.

    The impact tests of mix-
tures were made at 10 different

temperatures: -200, -150,
-loo, -- se, oQ, so, loo, lso, 2oo,

throughly cooled in a low

are shown in Fig. 3-Fig. 12,
Fig. 30-Fig. 36.

    Fig. 3-Fig. 12 show the
toughness on Trinidad Lake
that on Akita straight asphalt.

between test temperature and
Trinidad Lake asphalt
Akita straight asphalt mixtures,

 4. Cenclusien`

    From the above tests by
following conclusions were

    (1) Although the hardness

i"' '"' t''

I,-f,･,

･///

tt ]tt

..g;/.tlt.:.//-i'.-t-.1'l/-"ft.tErl-i/l.11/'.',.i.ttt,}:i.tl.tt".. t-"' '

' ,･tt-ee･ ･--

",l･.･'--･-･=./--･'･･.I･z-g･-

fl}il.

    300C,

temperature
    Fig.

ee
..pmc.;iv See.

        Phetograph 2
 Molding device and removing deviee.

 at lower than OOC the specimens

   room. Results of these tests
13-Fig. 22, Fig. 23-Fig. 29 and

        relationship of asphalt content and
     asphalt mixtures, Fig. 13-Fig. 22 show
         Fig. 23-Fig. 29 shows the relation

        toughness at each temperature on
mixtures, and Fig. 30-Fig. 36 show that on
        respectively.

                            the Page impact testing maehine the
                        reached.
                             was inereased in both Trinidad Lake
asphalt and Akita straight asphalt, the toughness was generally reduced

in aecordanee with lowering of temperature as shown in the Figures;

in some temperature variation ranges, these reduction rates of
brittleness showed the parabolic relation. Although general shapes
of relationship between temperature and toughness were the same in
each composition as shown in Fig. 23--Fig. 36, there were considerable

differenees in absolute value of toughness in each composition of mix-

tures. The temperature range in which the relation between toughness

and temperature shows the parabolic relation was higher than 5"C but

lower than normal atmospheric temperature.
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      Y:Toughness. X:Asphaltcontentinpereent.
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     Fig. Z3 --Fig. Z9

Relation between test temperature

and toughness of Akita straight

asphalt by the modified Page impaet

testing machine,

(percent shows the asphale content)
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     Fig. 30-Fig. 36
Relation between test temperature

and toughness of Trinidad Lake

asphalt by the modified ?age impaet

testing maehine.

(percent shows the asphalt eonte4t)
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    (2) The values of 'tough.ness ratio at the two different test
temperatures 200C and OOC were ealculated. These values of toughness

ratio were O.67 oR 5%, O.53 on 7.5%, O.52 on 10%, O.61 on 12,5%, O.58

on 15%, O.59 on 20% and O.51 on 50% in mixtures made of Trinidad
Lake asphalt. On mixtures made of Akita straight asphalt the values
were O.60 on 5%, O.67 on 7.5%, O.56 on 10%, O,65 on 12.5%, O.63 on
15%, O.61 on 20% and O.49 on 50%.
   'As shown in the above, there were no considerable differences on
values of toughness ratio calculated at the two different temperatures,

and this range of these values was between O.49 and O.67.
    These facts show that the temperature sensitivity of mixtures
depends on temperature sensitivity of bituminous eement, and toughness

ratio (referred as to log. penetration Index) at two different tempera-

tures did not vary although any composition of mixtures was selected.

Piurther, there were no remarkable differences in log. toughness-tem-

perature slopes. Then if high stability at some high or low tempera-

tuye is wanted, the bituminous cement having Iow sensitivity should be

selected; the high stability can not be obtainect without the seieetion

of an appreeiate bituminous eement.

    (3) The mix'tures generally showed viseous-liquid properties at

temperatures higher than normal atmospherie temperatures in summey,
and the temperatures in the mixtures attained 'the maxi-mum toughness

were different in each specimen. These temperatures may depend on
compositions, in fact the relation of bituminous content and temperature

resulting in the maximum toughness, showed a regula,r relation in
each. This temperature limit was higher in specimens with rich
asphalt content than in those with lowez' asphalt content.

    (4) A value of toughness of Trinidad Lake asphalt mixtures was
higher than those of Akita straight a,sphalt at ].ower than O"C on
mixtures constituted of lower than 20% asphalt eontent.

    (5) In proportion to asphalt content the toughness inereased within

a certain range of asphalt content; the limits were 20 to 25% in both

kinds of asphalt, but at points higher than this limit the toughness

was redueed.
    (6) At lower than 50C the mixtures, generally,showed a non-plastic

eharaeter. '
    (7)'`) It was found that the elastieity infiueneed the relationship

between pene't.ration and temperature. It vgras also found that the
differences in the slopes of penetra'eion-tempez'ature linesi) in semi-log.
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scale shown in bitumens of different types were principally determined

by 'this property. This means that the eharaeterization of the bitUmen

aeeording to its rheologieal type ean also be based on the slope of the

log. penetration-temperature curves. So this slope was expressed by
an Index 'figure, the penetration index. In these tests of bituminous

mixtures, shnilaTIy, the same regular toughness relation were obtained

withln certain ranges of temperature,

 ･ Finally it may be said that these test may be satisfaetorily used
for determination of stability and tempera･ture sensitivity of bituminous

mixtures. Espeeial]y, the Page impact testing maehine elearly shows
the value of stabllity.' In these experiments, tests of bituminous Mortar

only were made, and if a･'suitable Page impact testing machine having
larger capaeity can be provided, the stability of asphalt conerete and

other mater!als may surely be determined'satisfactorily.

    Chapter. 4 Freezing and thawing test of bituminous rnortar.

    For tests the Page impact testing machine was used to determine

the resisting power o£ bituminous mixtures against freezing and
thawing.
    Although bitvnninous mixtures have commonly been regarded as
non-absorbing material, it has been made clear5) that some 1<inds of

bitumen absorb considerab16 quantities of water. Bitumen may be

considesced 'to absorb the water in the £ollowing ways:
    a. Bitumen is generally soluble in water even in small amount.

    b. If water soluble are contained in bitumen, the salt will be
dissolved in water and water will entrain in bitumen itself,

                                     c. As the result of presence
                       SIZE OP.
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    between asphalt content
percent of absorption of speci-

 after 96 hours immersion.

of fi11er in bitumen.

    Of the above three ways the
last two occur to a considerable

degree. Furthermore the water
absorption of bituminous mixtures

may be increased by the presence
of fi'ne and eearse aggregates. It

is not at all hard to understand

that the durability under the
infiuence of freezing and thawing

aetions is reduced proportionally

with increase o£ water absorption.
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Kaving these points in mind, the present freezing and thawing tests

were made. The eompositions and other ehascacters of specimens are
similar to those used in the dynamie test with the Page impact testing

machi,ne, The speeimens made of two kinds of asphalt, Akita and
Trinidad, were immersed in water of iOOC before tests. After 96
hours immez'sion, specimens were taken out from the water bath and
the surface water was wiped off with a clean towel. Specimen weighed;

the weight Qf speeirnen vvas inereased by soaking in water, then it

was assumed ･that the weight increase was due to･absorption.
    Fig. 37 shows the relation beeween bituminous content and per-

cent o£ absorption, after 96 hours' immersion. Speeimens were frozen
in low temperature room in which the temperature was maintained
at -150C to -209C, for 1.5 hours, and they were thawed in water of
100C, and these proeedures were repeated. The weight and toughness
were measured at 10, 20, 30, 40, 50 and 60 eyeles of freezing and
thawing; the toughness testings were made at temperature of 100C in

all speeimens. The toughness were determined -by the Page impaet
testing machine, aceordingly the toughness val'tie is indicated by a drop

height. F{g. 38 and Fig. 39 show the relation of weight vari.ation a,nd

cyeles of Ereezing and thawing o£ the specimen of each l<ind ot com-
position. In these Figues each axis shows the weight variation based

on initial reacting of weight of each mixtures and eycles of freezing
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and thawing. Fig. 40 and Fig. 41 show how the toughness is
by freezing and thawing. Table--5 is a tabulation of these
From these tests the following conclusions were attained.

affected

results.
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  1. Variation of weight.

     a) The water absorption of bituminous mortar was, to certain
 extent, inversely proportional to bituminous eontent.

     b) The rate of weight increase was rather rapid within 30 cycles
 of freezing and thawing. The weight increase showed a constant pro-
 portion in the Akita straight asphalt mixtures.

     e) There were no remarkable weight variations caused by freezings

 and thawings, in either bituminous cement or in mixtures eonstituted
 of 50% bituminous cement, but such phenomena did not alvsTayS indicate

 the non-absorbing character, because the specific gravity of bituminous

 cement is quite elose to that of water.

     d) In these tests only 60 cyeles of ,freezing and thawing test were

 made, but if these actions are repeated more times, it may be con-
 eluded that the weight inerease would surely be greater.

' e)Astheweigh'tofmix'turesincreasesbecauseo,fwaterabsorp-
 tion or beeause of fireezing and thawing aetioi), the 'textux'e of the

 mixtures becomes rough. This phenomeno'nindicates 'th.atthe durability

 may be affected by that aetion.
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    Figs. 42 and 43 show the relation of bulk specific gifavity, variation

of weight, void ratio and asphalt conten't of mixtures.
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 2. Variation of toughness.

    The toughness of bituminous mixture wa$ affected by freezing
and thawing actions. As shown in the Figs. 40 and 41, from these
tests some interesting results were obtained, for example, the repeti-

tion of freezing and thawing resulted in some increase, o£ toughness

within 10 to 20 cycles, This £act led to the eonsideration that this
action might cause some settlement in 'the eonstitution of 'the mixtuires,

And in spite o.E the fact that some kinds o.E non-absorptive speeimens

contained 50 and IOO% o£ bituminous cement, their toughness was
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redueed, when they were subjected to repetition of freezing and
thawing over 10 to 20 cyeles.- As a result of this test, the toughness

of mixture was considered to be reduced by the repetition of freezing

and thawing.

     Chapter 5 A sonic method of studying the temperature
                sensitivity and stability of bituminous mixtures.

 1. General･

   Several conventional methods have been used for studying of tem-
perature sensitivity or stability of paving materials. Generally, those

methods are .subjected to considerable dirncujties as mentioned in the

preeeding chapters. It has beeome clear that the sonic method is most
suitable for studying the interior behaviour of cement concrete and
other materials. The sonic method may alsobe satisfaetorily used for
determination of stability of bituminous mixtures just as of concrete,

and many of the diMeulties mentioned may be eliminated. Accordingly
the sonic apparatus was applied to bituminous mixtures, and was used

for the purpose of cheeking compatibility and ability of experiment
on stability of bituminous mixtures.

 2･ Sonic apparatus (photograph-3).c;,+7),s),fo,in)

   The constitution of this equipment is sehematically shown in Fig.

44. The driving unit consists of variable audio-oscillator, an amplifier

and a driver. The oseillator, so-ealled "Audio frequency oscillator

.･

iSxs.- ,tT.･-tl････,/1/l･k"//i',･ge, .,･

      IliSllli

     ''' ee'`'

t/L,i,i,1its･-･･

g

ge･-}･････-

Photograph 3

Sonic apparratus.
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    '

SPECIP'I'EN

PICK rJP

                  PICK UP CrRCUIT

               Fig. 44 Schematic diagram of a sonie device.

Model RC-2K (made by the Matsushita EIectrie Industrial Co. Ltd,)

has three frequeney ranges o£ 20-200, 200-2,OOO, 2,OOO-20,OOO cycles per
second; the accuracy of this oseillator is within 1% of frequency.

   The pick-up circuit consists of a Roehelle salt crystal pick-up
(produeed by Nihon Denshi Sokki Co. Ltd), an amplifier and indicator,

The indieator consists of micrometer and cathode-ray oscilloscope so-

eallect "A National CT-75 Cathode Ray Oscilloscope" (produced by the
Matsushit'a Eleetric Ihdustrial Co. Ltd.).

    The dynamic modulus ef elastieity was obtained on three 6 by 6

by 25cm bars of eaeh sort of composition. The eoarse aggregates
were well-graded crushed stones and the fine aggregates devided into

two gradings, were crushed quartz sand. The cement used as mineral

fi11er, amounted to five percent by weight o£ total amount o£ the
material; the compositiQn of mixtures is shown in Table-6. Photo-
graph-4 shows the molding devices. The molding form was made of
wrought iron, because the form made of cast iron of the same size

broke upon application of tamping pressure o£ 200 kg per sq.em (about
3,OOO psi). From this accident it was realized that the propagation of

pressure in hot bituminous m2xtures is approximately the same as in
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                Photograph 4

                Molding device.

TABLE 6 Compositions of mixture (dy weight)

 Kind

Asphalt
Mortar

Asphalt
content
 c%)

i

/

Topeka

7.5

9.0

10.5

12.0

7.5

9.0

10.5

12.0

Filler

 (%)

Crushed stone c%)

  MMi
30-20

  mml
2o-ls 1   mm15-10

 MMi
10-5 i

5

5

5

5

5

5

5

5

-1
 mm5-O

2.17

2.13

2.09

2.06

Sand (.e.')

1

1

L

    1
20.21

19.85

19.49

19.19

  mm1.2-O 6

43.75

43.00

42.25

41.30

24.05

23.65

23.25

22.85

/

:

1

7.5

9.0

10.5

12.0

5

5

5

5

23.17

22.75

22.34

21.95

11.58

11.38

11.17

10.97

17.02

16,72

16.41

16.16

Asphalt
Conerete

/

1

1

4.65

4.57

4.48

4.40

l

/

   mm
6,3-O.15

 43.75

 43.00

 42.25

 4L30

 24.05

 23.65

 23.25

 22.85

1

24.05

23.65

23.25

22.85
1

24.05

23.65

23.25

22.85

liquid substances, so that the final molding device was designed with-

regard to Pascal's law.

    Brittle bituminous mixture was changed to liquid state by app]iea-

tion of high pressure, and this phenomenon might oceur originally in

heat exchange of bituminous eement. Then it was suggested that
the mixtures might be completely compacted by application of a suitable

compacting machine, if obtainable even in low temperature.' The pres-

sure applied in making specimens was 210 kg per sq.cm.



604 Chuzo lTAKuRA and Teruo SuGAwARA

 3. Determination of dynamic medulus of elasticity.

    The dynamic modulus of elastieity is ealculated from the funda-
mental tra,nsverse frequency, weight and dimensions of test specimens
by the following equation:

               E.. 41 wf.,

              ,s
    whexe ･ E: dynamic modulus of elasticity in kg per sq.em
               VV: weight of speeimen in g.rams
                l: length of speeimen in em
               S: eross seetional area of test speeimen in sq.em

               f: frequeney in cyele per second

    Tables-7, 8, and 9 show the relation between the bituminous content

in mixtures and the dynamic modulus o£ elasticity of them obtained
by this sonic apparatus. Figs.-45, 46, and 47, show the relation between

the bulk specific gravity and dynamic modulus of elasticity of the

s,ame mixtures at various temperatures, ,

   TABi.E 7 Dynamie moelulus of elastlcity of bituminous m6rtar

Asphalt
contgnt

 (%)

7.5

    I･
No. i

Dynamic .modulus of elasticlty (kglcm2)

 1
 2
 3
avev.

. Io09

22!,OOO

205,OOO

205,OOO

210,300

ooc
l
l 2oec

l
i

132,OOO

149,OOO

148,OOO

143,OOO

1
I

129,OOO

126,OOO

123,OOO

126,OOO

9.0

Il
l:
1 avec.

I

217,000

199,OOQ

230,OOO

215,300

166,OOO

154,OOO

181,OOO

167,eoo

i
I
I

1

1

126,OOO

125?OOO

158,OOO

136,300

10.5

i

12,O

 1
 2
 3
aveT.

i
i
[
1

I
i
1

199,OOO

lg6,oeo

2o4,ooe

199,700

 178,OOO

 177,OOO

 177,OOO

･ 177,300

; 154,OOO

156,OOO

131,eoo

147,OOO

I

 1
 2
 3
aver.

187,OOO

169,OOO

159,OOO

171,700

'

l

l

12s,oeo

124,OOO

126,OOO

125,OOO

i

l
i

122,OOO

119,OOO

126,OOO

122,300
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  TABI.E 8

on the Stability pf Bituminous Mixtuves

Dynamic modulus of elasticity

for

of

 Pavement

Topeka

605

Dynamicmodulusofelastieity(kglcm2)Asphalt
content

(%)

No.'
-loOc ooc 200C

7.5

l
l

;
i

l

i

 1
 d
 3
aver.

290,OOO

294,OOO

270,OOO

284,700

206,OOO

211,OOO

257,OOO

224,700

199,OOO

212,OOO

239,OOO

216,700

9.0

10.5

 1
 2
 3
aver.

          !
263,OOO I
2s3,ooo I
26s,ooo .I

261,300

257,OOO

231,OOO

198,OOO

228,700

202,OOO

199,OOO

194,OOO

198,300

l
E

 1
 2
 3
aver.

292,OOO

292,OOO

256,OOO

280,OOO

l

i
1

12.0

 1
 2
 3
aver.

250,OOO

270,OOO

251,OOO

257,OOO

214,OOO

255,OOO

201,OOO

223,300

212,OOO

244,OOO

202,OOO

219,300

187,OOO

193,OOO

193,OOO

191,OOO

172,OOO

191,OOO

171,OOO

178,OOO
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[I]ABI,E 9 Dynamic modulus of elasticity of asphalt eoncrete

Asphalt
content

 c%)

7.5

9,O

10.5

No.

 1
 2
 3
aver.

 1
 2
 3
aver.

 1
 2
 3
aver.

12.0

l,
I- 2
i

i3
  aver.

Dynamic modulus of elastieity (kg/eme)

-100C

281,OOO

230,OOO

251,OOO

254,OOO

271,OOO

233,OOO

272,OOO

258,700

294,OOO

283,OOO

288,500

oec

192,OOO

176,OOO

179,OOO

182,300

237,OOO

200,OOO

192,OOO

209,700

196,OOO

194,OOO

195,OOO

280,OOO

280,OOO

247,OOO

269,OOO

i
I

l

180,OOO

188,OOO

180,OOO

182,700

200C

179,OOO

162,OOO

174,OOO

!71,700

197,OOO

194,OOO

Z69,OOO

186,700

177,ooe

170,OOO

173,500

197,OOO

192,OOO

178,OOO

189,OOO
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                                    '                           '                        ' 4. Conclusions.

   The method and apparatus descri.bed are believed by the present
authors to be suitable for the ctetermination of temp. erature sensibivity

or stability of bituminous mixtures. As the results of these prelimi-

nary experiments, the follovgring conelusions were reached.

    a) The dynamic modulus of elasticity of variousbituminous mix-
tures is affeeted by temperature and composition.

    b> It was considered to be certain that eonstant relationship exists

between stabiliey and temperature, and bulk speeific gravity and
dynamic modulus. Aceordingly the temperature sensitivity and
stability of bituminous mixtuTes may be determined accurately and
satisfactorily by the sonic apparatus.

    e) The dynamic moduls of elasticity of the bituminous mixture

of three kinds were 1,2 to 1.7×105kg per sq.cm in asphalt mortar,
1.8 to 2,6×105 kg per sq.cm in Topel<a and 1,7 to 2.0×105kg per Sq.cm
in asphalt concrete h} normal temperature respectively,

    d) As shown ,in .fiiiguxes, these resuits formed bands 92% of the

measurect values at 2e"C, 87% at -iO"C aiid. 80% at ODC were imeluded

respeetively and the width of the bands was O.5×105kg per sq.em;
while their upper and ]ower Iimits were shown by the equations:
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   at --100C upper.limit Y=(4.00X-6.20)×105
              lower limit Y= (4.00X-6.70)×105

   at OOCupperlimitY=(3.20X--4,95)×105
              lower Iimit Y== (3,20X-5.45)×105

   at 200C upperlimit Y=-(4.80X-8.44)×105
              lower limit Y= (4.80X-8.94)×105

    where Y:dynamicmodulusofelasticityinkgpersq.cm,
              X: bulk specific gravity of a speeimen.

   But i£ the width of the bands was redueed to O.4×105 kg per sq.cm
as shown by dotted lines inside the band shown in the Figures, the

percentage of values £alling within the bands would be reduced to
82% at 200C and 81% at -100C.
   e) The authors are planning to eontinue the stability measure-
ments with greater aecuracy by the preparing more suitable speei-

mens in respect to size and by providing a device capable o£ controHing
the temperature variation of speeimens and testing apparatuses.

      Chapter 6 Static test by Hubbard stability test apparatus.

   A Hubbard stability test apparatus of 6 inch inner diameter was
used to make tests on temperatu:e sensitivity of both kinds of bitumi-

nous mixtures o£ bituininous concrete and of bituminous mortar. In
these tests the Akita straight asphalt was used. In studies of bitumi-

nous conerete £eur kinds of mixture 7.5%, 10%, 12.5% and 15% o£
asphalt eement colttent with mineral fi11er were tested. In bituminous

mortar using three gradings of sand in proportion 1 (O.15 to O.3mm)
to 1 (O.5 to !mm) to 1 (1 to 2mm) by weight, five l<inds of mixture

were tested 5%, 7,5%, 10%, 12.5% and 15% of bi'tuminous cement

eontent without mineral fi11er. These sensitivity tests were per£ormed
at ---sOC, 50C, 100C, 150C, 200C, 250C and 309C with both types of

mixtures. '
   The test results are shown in Figs.-48 and 49. Each line shows the

relation between crushing strength (commonly this value indicates the

stability) and temperature.

    On the other hand Tables-･-1,O and 1!1 show the pereen'tages ol]

s'tability of each ld'nd of mixture iii which 10% bituminous eement

eonten't and 150C test temperature used as the base. The results
obtained from the above may be stated as follows:



Dynamie Tests on ehe StabiLi'ty of Bituminous Miktut'es for Pavement 609

Z5

zo

.. IS

g

p
s
8
A
ee

-<.

pt

S 10

9
z'1

ki

$
g
co

5

          o
          -S O S ra IS W "25 oo .lf ua
                              Tft},tpLHAaluR-E, ( ec)

              Fig. 48 Relation between stability by Hubbard test

                     and test temperature on asphak eonerete.

    1) The sensitivity of bituminous mixtures measured by a Hubbard
stability test apparatus was remarl<ably affeeted by temperature varia-

tion, but there were no considerable differences among the various
speciinens constituted o.E different qualities of bituminous cement,

I'hese facts might be taken to show that 'ehe sensitivity o£ bituminous
mixtures was influenced by the sensitiveness o:ff.the bi'tuminous eemen't

tzsed in mixtures.
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Fig. 49 Relation between stability by Hubbard test

       and test temperature on asphalt mortar.

    2) The stability of bituminous concrete was affected remarkably

by bituminous content. The stability of mixture of comparat!vely
lower bituminous content showed' high stability at normal atmospherie･

temperature, while the mixture of either high or low bituminous
content showed lower stability at low temperatures. The optimum
bituminous content as determined by this test wa$ ZO to 12.5%.
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T,yBT,E 10 Percent stability of asphalt concrete of various

    compositions at various temperatures.

  (Ste.bS'YZY..Oi ,2S.2h.2tt ,C,O.eCg2t,:,Of,g',?.%. ZO,":,e,".t at)

   Test
temperature
   (oC)

-5

 5
10

15

20

25

30

35

Peveent stability

7.5 % 10,O % 12.5 % 15.0 %

324

226

144

66

42

38

38

l

l
1
I

.I

I

E

416

228

150

100

52

 36

 30

24

l

i

l

i
i
l

l
l

440

220

134

44'

28

 18

E
p

l
l
]

260

152

 66

34

22

12

[[tABLE 11 Percent stability of asphalt mortar of

    eompositions at various temperature.

(Stability of asphalt mortar of 10% asphalt content at
    test temperature 150C being taken as 100%

vaicious

)

   Test
temperature

   (oC)

I
I

)

Pereent stability

-5
 5
10

15

20

25

30

     is.o% 1 7.5 %

E

i
i
I
l

l

1135

585

310-

135'

 90

 45,

 45

I

I

1
l

1260

560

250

110

 85

 25

10,O %

1165

500

250

100

 85

 35

i 12,5 %
!
j' 15.0 %

l

E

l
,

I
F

t

735

460･

235

75

45

35,

I

l
l

565

410

70

50

40

25

    3) The stability of bituminous mortar was affeeted by low tempera-

tures, but there were no considerable differences at normal tem-

    4) The stability of bituminous concrete was higher than that of
bituminous mortar at saine bituminous content and at the same test

temperatuxe.



61,2 Chuzo l'r,AKURA and Terao SuGAwARA

             Chapter 7 Summary and conclusions.

   Results of the above investigations are summerized as ifollows:

 I, Test procedures,

   1. At the normal temperatures be'tween 100C to 300C, various test
Proeedures showed variation of ehayacteristics in asphaltic mixtures,

except in the case of tests employing the p.resent Charpy impact
testing machine. Among the apparatus used, that which gave
satisfactory results was the Page impact testing machine, while 'the

best xesults were obtained with the soniscope. ･
    2. A't temperatures higher than about 350C, as is generally 1<nown,

the mixture was transformed to fiuid state and began to flow, so th.at

there eovld not be found any suitable procedure to test its stability

as solidL ･･
    3. At temperatures lower than 100C, espeeially below 50C, neither

Hubbard stability testing apparatus nor the present Charpy testing
machine eould show dependable iresults. On the other hand, the Izod
impact testing machi'ne gave suMcient ,results; next came the Page
impact, while the best one was the soniscope.

    4. Although various test proeedures other than using the soniscope,

even those considered as suMcient, served for identifieation o£ eharac-
teristics in nominal s'tability of asphalt mixtures, they showed simp'ly

the differenees 'or eomparisons and dict not yield any ･meaning from

the view-point of staties or of dyn,amics. / ･ '
    5.,The soniseope could give dynamie elastic moduli and it is
considered at presen't to be best apparatus for such tests as those
described in this paper. It is the intention to develop the soniseope

£or determination of various characteristics of asphalt mixtures in all
'temperature ranges, exeept in fluid /state, especially at low tempera-

tures, aided sometimes by the Page and the Izod impaee testing
;naehines.

 II. Test results,.

    1. Wide differences were £ound in impaet resistanee, aceording
to the kinds of asphalt used. Asphalt content showing the highest
value in impaet resistanee was 20 to 25% in every case with the Page

impact testing machine (Figs, 3 to 22), 20% with th,e Charpy and the

Izod (Tables-3 and 4). The, optimum asphalt content for aetual use
was considered as 10 to 15%, under high to low temperatures so far as

'the present qualities of asphalt cement are concerned.
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   2. In any eomposition and at temperatures 50'C to 200C, the relation

betvgreen toughness and temperature was quite close to a straight line

on a semi-log. paper (Figs. 23 to 36.).

   3. Althdugh there was no remarl<able difference in toughhess or

dynamic stability at temperatu]res below 50C, the abso.lute values were

considerably smaller than those at normal temperature (Figs. 3 to 36).

   4･. For the mixtures which have asphalt content of 20% or less,
dynamic stability was direetly proportional to aspbalt eontent, the slQpe

of 'the proportion being different aeeording to the mixture compositions

(Figs. 3 to 22).

   5. Mixtures in which aggregate of coarser particles were promi-
ne･nt, had high dynamie stability (Figs. 48 and 49).

    6. It is expected that the dynamic stability of mixtures subjeeted

tofreezingandthawingactionisxatherhigh<Figs.38to41). ,
' 7. To get durable asphalt surface course, the improvement of
quality of asphalt eement as we]1 as proper selection of aggregates is

essential.

 III. Applicatien of the test results.

    I'n field practice, asphalt mixtures eonstituted of rieher than 15%

asphalt inight not be used; aceordingly mixtures of 10 to 15% asphal･t

eontent may be used satisfactorily in actual projects,

    As the appHcation of these results, on the test road section of the

National Highway No. 36 between Sapporo City and Chitose Air Port,
asphalt mixtures using 12, 13 and 14% of asphalt werb paved, and the

service records wil! be gained thTough next summer (1955).,

 IV. Future development of researcla.

    Tests on the stability of bituminous mixtures against dynamic

loading in cold elimate should be performed from the view-point o£
dynamics rather than from that of statics. The soniscope can be

satisfactorily used £or that purpose.
    On the other hand, the stability of asphalt mixtuyes against Ioad-

ing depe'nds mainly upon the characteristies of the asphalt cement.
The main object in o]rder to get high stability of asphalt cement at

low temperature is to improve the characteristics o£ asphalt cement.
    Looking toward the production of such a stable asphalt ement,
iiivestiga'tions of asphalt mixtures with rubber powder and various

kinds o£ cut back asphalt o£ low viscosity are now being carried on
by the authors in the laboratory low temperature room and also as
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a project of National Highway No. 36 in cooperation with the Hokl<aido

Development Bureau.,
    Regarding the.E"manner of testing the stability of test procedures

on stability of asphalt surface eourse and coating, espeeially against

scaling and ravelliBg due to beating eflieet of tire chaines of high speed

traMc, the use of sand blasting and special ravelling testing machine

in low temperature room is being eonsidered. The latter has been
desig･ned already and is now under trial construetion. The test results

in laboratory will be read.y for publicatioh in the autumn this year.
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