
445

PEFSORMANCE OF ASPIIALT CONCRETE T]SII{G'SUPERPAVE'
AGGREGATE GRADATIONS

Bambang Ismanto SISWOSOEBROTHO
Cenhe for Research on Transportation and

Communication, Institute of Technology
Bandung, Jalan Ganesha No. 15

BANDLING . 40 132, INDONESIA
E-mail:bis@trans.si.itb.ac. id

Faisal LUKMAN
Staff of Regional Office in
Public Works, South of
Sulawesi Province
INDONESTA

Abstract : The Strategic Highway Research Program in the USA has developed a new

specihcation for Asphalt mix gradation that is called Superpave. This paper describes a
laboratory investigation of asphalt concrete binder course mix containing five different
aggregate gradings, all within th'e envelope specified by Superpave for a lgmm nominal

n:aximum size aggregate; one grading passed through the restricted zone. In addition mix
prepared to the median of the Indonesian Bina Marga specification specified for the material

was also investigated. Marshall analysis shorved that the optimum bitumen content was

lowest for the Bina Marga gradation (5.5%) and highest for the mix prepared at the lower
(coarser) limit of the Superpave gra&tion (5.9%). All of the mixes satisfied the Bina Marga

criterion for rcsistance to water damage. Mixes prepared at optimum bitumen content were

tested for resisiance to permanent deformation in the wheel tracking and static indirect tensile

strength tests, meanwhile the creep test was not evaluated for mixes performance assessment.

Kcy Words : superpave, asphalt concrete, marshall analysis, bitumen content, deformation.

I.INTRODUCTION

Construction of new roads and betterment of existing roads has increased at a rapid rate in

Indonesia over the past number of years. Problems were observed on the roads constructed

with asphalt concrete and there was increased use of Hot Rolled Asphalt Mix. The principal

problem with asphalt concrete was premature cracking that was attributed to the poor

durability of the mix under Indonesia conditions. Hot Rolled Asphalt Mix can accommodate

a higher bitumen content and hence is considered to be more durable. However the mix tends

to be susceptible to rutting and roads constructed with the material were observed to have

deformed significantly after only a relative short period in service.

The Strategic Highway Research Program (SHRP) in the United State of America has

developed a new specification for asphalt mix gradation that is called Superpave (Superior

Performing Asphalt Pavement). The Superpave system is applicable to virgin and recycled,

dense graded, hot mix asphalt, with or without modification. [t can be used when

constructing new surface, binder and base layers, as well as overlays on existing pavements'

Through materials selection and mix design, it directly addresses the reduction and control of
pavement deformation and fatigue cracking. The objective of this investigation were then :

a. to evaluate the laboratory performance of an asphalt concrete binder course conforming

to selected aggregate as specified in Superpave Series No. 2-1995 (The Asphalt Institute,

iee6).
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b. to compare the performance of the Superpave gradations with that of a mixturc graded to
the median of the Bina Marga envelope Type V (SM 03-1737-1989) that is specified for
binder course mix.

2. BITUMINOUS MIXTURES

The binder course, sometimes called the base course, is the asphalt layer immediately below
the wearing or surface course. There are two reasons that a binder course is used in addition
to thc wearing course. First the bituminous surfacing is frequently too thick to be compacted
in one layer, so it must be placed in two layers. Second, the binder course generally consists
of larger aggregates and less asphalt and does not require to be of as high a quality as the
surface course, so replacing a part of the surface course by the binder course results in a more
economical design (HUANG, 1993). In Indonesia, Asphait Concrete is known as LASTON
and eleven aggregate grading envelopes are given in the Indonesian Specification called Bina
Marga Specification (SNI 03-1737-1989). Grading Type V is used for wearing and binder
course layers.

2.1. Properties Required of Bituminous Mixtures

SHELL BITUMEN (1990) states that bituminous mixtures should have the ability to resist
permanent deformation, resist fatigue cracking, be workable during laying (enabling the
material to be satisfactory compacting with the available equipment), be impermeable (to
protect the lower layers of the road from the water), be durable (resisting abrasion by traffic
and the effects of air and water), and contribute to the strength of the pavement structure, be
easily maintained, and most importantly, this must be cost-effectiv6. The specific
requirements of bituminous mixture are therefore stability, flexibility, durability, workability,
economical, impermeable and sufficient stiffness.

2.2.The Principles of Mix Design

The design of bituminous mixtures is largely a matter of selecting and proportioning material
to obtain the desired properties in the finished construction product. The overall objective for
design is to determine a cost-effective blend and gradation of aggregates and asphalt that
yields a mix having :

a. Sufhcient asphalt to ensure a durable pavement
b. Sufficient mix stability to satisfu the demands of traffic without distortion or

displacement.
c. Sufficient voids in the total compacted mix to allow for a slight amount of additional

compaction under traffic loading and a slight amount of asphalt expansion due to
temperature increase without flushing, bleeding, and loss of stability.

d. A maximum void content to limit the permeability of the mix to harmful air and moisture
e. Suffrcient workability to permit eflicient placement of the mix without segregation and

without sacrifi cing stability and performance.
f. For surface mixes, proper aggregate texture and hardness to provide sufficient skid

resistance in unfavourable weather conditions.

The design of bituminous mixtures involves the choice of aggregate t),pe, aggregate grading,
bitumen grade and determination of the bitumen content will optimise the engineering
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properties in relation to the desire behaviour in service. SHELL BITUMEN (1990) mentions-

it ui tt. objective of mix design is to produce an economical material, making fuIl used of
local resources that meet engineering requirements for optimal service and economic

performance.

2.3. Superpave AsPhalt Mix Design

The Superpave mix design system integrates material selection and mix design into

proccduies based on the project's climate and design traffic. Superpave specifies aggregate

lradation by adding two ieatures : control points and restricted zone. Contfol points function

is master ringes bitween which the gradation must pass. The restricted zone forms a band

through which the gradation can not pass. This gradation often results in a mixture that poses

comp"action probleirs during construttion, is very sensitive to asphalt-content and can easily

become plasiic with 
"u"n -ino, variations in asphalt content (The Asphalt Institutc, 1993).

Supeqpave defines five aggregate gradations by their nominal maximum aggregate sixe

recommended for the d.tign of puuing mixes for base, binder, and surface courses' The

principle feature of the Supetpuue Asphalt Mixture Design procedure is laboratory

io*pu"tion, which is u".o*ilirir.d using a Superpave Gyratory Compactor. A loading

meciranism presses against tle reaction frame and applies a load to the loading ram to

produce a OtiO tpa compaction load on the sample. It has an.inside diameter of 150 mm and

the base rotates at a constant 30 revolution pei minute during compaction with the mould

fositioned at a compaction angle of 1,25 degries. For compacted samples that will be used in
'irp".pur" mix design, the sample size is 150 mm diameterby l15 mm height and requires

approximately a700 grams of aggregate.

The Superpave Gyratory Compactor is used to produce speeimens for volumetric analysis,

and it aiso records data io p-uid" a measure of specimen density throughout the compaction

fro..aur". As with other mix design procedures, asphalt mixtures are designed at a specific

ievel of compactive effort. tn Superpave this is a function of the design number of gyrations'

Noo. No* is used to vary the compactive effort of the design mixture and it is a function of

cliiate-ind traffic levei. N,", is G initial number of gyrations; N* is maximum number of

gyrations. The ranges of vaiues for number of gyrations are shown in.Table 1' The sample is

Iompacted using tf,e maximum number of gyrations, continually monitoring the height of the

samples during-the compaction process. Once the design aggregate structure is selected, a

minimum of five binrmen contenis is investigated and at each bitumen content a minimum of

two samples is prepared. The mixture properties are then evaluated to determine a design

bitumen content according to The Asphalt Institute Superpave !?s-iSn 
critcria, shown in

Table 3. The volumetric pioperties are cilculated at No., for each trial bitumen content. From

these data points, the designer generates graphs of VIM, VN'[A, VFB and unit weight of total

mix versus bitumen contelnt. T'he optimum bitorn.n content is established al 4.0Yo air voids

(vIM).

2.4. Marshall Method of Mix Design

The most commonly used method of bituminous mix design is the Marshall method. All of

the calculated and measured mix properties at each bitumen content are evaluated by

comparing them with mix design 
"tit..iu. 

In the Marshall procedlre specimens 4 inches in

diameter and 2.5 inches high arJprepared by compacting the mix in a mould using a hammer

Proceedings of the Eastcm Asia Society for Transportation Studies, vol.3, No.1, October, 2001
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of 10 lbs weight with a free fall of l8 in. Depending upon the design traffic, 35, 50 or 75

blows of the harnmer are applied to each face of the sample. The mixes are usually made with
bitumen content at increments of 0.5% by weight and not less than four bitumen contents are

investigated. After ovemight curing the density and air voids content are determined. The
sample is then heated in a water bath for 30 minutes at a temperature of 60oC for the stability
and flow test. The sample is placed in a cylindrical shaped split-breaking head and is located

at a rate of 2 inches/minute. The maximum load and conesponding flow are registered during
the test. The maximum load is called the Marshall Stability and the ratio of stability to flow is
called the Marshall Quotient. Six graphs are plotted; stabiliry, flow, unit weight of total mix,
VIM, VFB and VMA versus bitumen content. These graphs are used to determine the design

optimum bitumen content of the mix.

2.5. Marshall lmmersion Test

A number of Marshall samples are prepared at optimum bitumen content. Half of the batsh is

tested under standard conditions and the average stability determined. The remaining samples

are immersed in a water bath for 24 hours at 60oC, and the average stability then determined

by testing under standard conditions. The loss of stability following immersion is a measure

of resistance to water damage; the ratio of immersed stabilify to standard stability is called
the Index of Retained Strength (IRS).

2.6. Wheel Tracking Test

The Wheel Tracking Test (WTT) is a simulation test in which a moving wheel load is passed

backwards and forwards over the sample. The sample of dimensions 30cm x 30cm x 5cm, is

compacted by a purpose built compactor. The compacted density of the sample should meet

the degree of compacting obtained for corresponding Marshall samples within t 2%. Prior to
testing, the specimen is immersed in the water bath of the wheel-tracking machine for about

30 - 40 minutes at the specified temperature. The test is canied out with the contact pressure

of the testing wheel at 6.4 t 0.15 kg/cm2, corresponding to a dual-wheel single-axle load of
8.16 tons. Each specimen is subjected to 1320 cycles of the wheel in one hour atarate of 22

cycles (44 passes) per minLte. The main components of the wheel-Eacking test are the Wheel

Tracking Compactor and the Wheel Tracking Machine. The Japan Road Association (1980)

method of interpretation of the results is based on the relationship between cummulative

deformation and time. From the cumulative deformation versus time graph, the period during
which deformation accumulates at a linear rate is observed. From this linear portion of the

graph, two parameters, the Dynamic Stability and the Rate of Deformation are calculated.

2.7. Indirect Tensile Strength (Static Load) Test

The indirect tensile strength test is conducted by loading a cylindrical specimens with a

single compressive load acting parallel to and along the vertical diametrical plane. This

loading configuration develops a relatively uniform tensile stress perpendicular to direction

of the applied load and along the vertical diametrical plane, with ultimately causes the

specimen to fail by splitting along the vertical diameter. The indirect tensile strength test is

performed after the sample has been brought to the specif,red temperature. The samples is

loaded, using a 12.7 mm wide curved stainless steel loading strip, at a constant rate of 5 I mm
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per minute (2 in. per minute). The loading strip is utilised in order to change the horizontal
stress along the vertical diameter frorn tension to compression near the points of load
application. The Marshall compression machine is utilised to conduct the test and two guide
rods are used to prevent any eccentricity in loading. Vertical deformation is measured using a
linear transducer, fixed at the upper loading strip and touching the upper side of the guide
rod. Mechanical dial gauges held against the left and right sides of the sample by magnetic
attachments may be used to measure horizontal deformation- The data required for
calculations are the height of the sample, the maximum load at fracture and the horizontal
and vertical deformation.

3. LABORATORY TEST

The test methods utilised conformed generally to the Indonesian National Standards (SNI),
other standard methods, e.g. American Association of State Highway and Transportation
Officials (AASHTO), British Standards Institution (BSI) were used when the appropriate test
was not available in the Indonesian National Standards. The aggregates used in this research
programme werc obtained from Banjaran in Bandung Region of West Java. Coarse, fine
aggregate and filler consisted of crushed stone materials. The bitumen used in this
investigation was 60/70 penetration grade. The performance assessment for bituminous
mixtures include Marshali properties, wheel tracking and indirect tcnsile strength tests but
creep test was not included for the assessment.

3.1. Aggregate Grading Investigated

The bituminous mixtures investigated were an asphalt concrete binder course made with
various grading of aggregate. The grading investigated were shown in Table 2 and Figure l:
a. Specimens Type-A consisting ofcoarse aggregate, fine aggregate and filler in proportions

that conformed to the median gradation of Indonesian Bina Marga specification Type V.
b. Specimens Type-B consisting ofcoarse aggregate, fine aggregate and filler in proportions

that conformed to the lower limit of the Superpave gradation for 19-mm nominal
maximum size.

c. Specimens Type-C consisting ofcoarse aggregate, fine aggregate and filler in proportions
that conformed to the median of the Superpave gradation and passing through the median
ofthe restricted zone.

d. Specimens Type-D consisting ofcoarse aggregate, fine aggregate and filler in proportions
that conformed to the median of the Superpave gradation and passing ttrough the upper
limit of the restricted zone.

e. Specimens Type-E consisting ofcoarse aggregate, fine aggregate and hller in proportions
that conformed to the median of the Superpave gradation and passing through the lower
limit of the restricted zone.

3.2. Test on Bituminous l\{ixtures

a. Marshall Test
The Marshall analysis was used to obtain the optimum bitumen content. Three samples
were prepared at each of frve bitumen contents for each type of grading investigated. The
mix desiga criteria given by The Asphalt Institute were used in the analysis of the
samples, and the results were compared with the Bina Marga criteria.

Proceedings of the Eastem Asia Society for Transportation Snrdies, Vol.3, No.l, October, 2001
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Marshall Immersion Test
Specimens prepared at optimum bitumen content were used to investigate susccptibility

to water damage. Six samples of each mixed type were prepared at optimum bitumen

content; three samples were tested under standard Marshall conditions and the three

remaining samples were tested following immersion in a water bath at 60"C for 24 hours.

The ratio of Marshall stability after and before immersion, expressed as a percentage, is

known as the Marshall lndex of Retained Strength (MRS) and provides a measure of
susceptibilify to water damage.

Wheel Tracking Test
The samples for the wheel tracking test were prepared at optimum bitumen content and

their densities were kept as close as possible to that of the corresponding Marshall

samples,

Indirect Tensile Strength Test

Indirect Tensile Suength was determined using the Marshall apparatus and the tests were

conducted on samples prepared at optimum bitumen content. Three samples of each mix
were tested for the indirect tensile strength at temperature of 45oC and 60'C.

4. DATA PRESENTATION AND ANALYSm

The coarse aggregate, fine aggregatc and filler were obtained from the crushed stone

stockpile at Banjaran, and the bitumen was 60/70 penetration grade. The properties

determined for these materials are discussed below.

4.1. Results of Tests on Aggregate and Bitumen

The aggregate grading investigated were based on the Bina Marga Type-V grading band,

specified for asphalt concrete binder course, and Superpave gradations based on a 19-mm

nominal maximum size. Individual aggregate size fractions were separated, then recombined

in the proportions needed to satisfo the grading; Saybolt-Furol viscosity test was also done to

obtain the temperature range of mixing and compacting. It seems that that all the quality

meets The Indonesian Bina Marga requirements for material used in hot mix asphalt and the

results of 60/70 pen gade bitumen show that the material also meets the Bina Marga

requirements.

4.2. Results of Marshall AnalYsis

Parameters such as stability" flow, density, Yoids in the ,mix (VIM), voids in the mineral

aggregate (VMA) and voids filled with bitumen (VFB) were obtained by thc Marshall

analysis. The samples were compacted and 75 blows were applied to each face of the sample.

For the requirements of mixing, the aggregate and bitumen were heated to a temperature

higher than that at which the viscosity of bitumen equals to 110 t 20 centistokes and

compacting temperature was based on a bitumen viscosity of 280 + 30 centistokes. From the

relationship between bitumen viscosity and temperature, it was obtained that the mixing and

compacting temperatures were 150'C and 138"C respectively.

Procccdings of the Eastern Asia Society for Transportation Studies, Vol'3, No'1, October, 2001
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Results of the Marshall test for the mixes are summarised in Tables 4 to 8. The data and the
acceptable ranges in bitumen content for specified properties used to determine optimum
bitumen content. Mixture properties at optimum bitumen content are summarised in Table 9

and it seems that in general, all of the mixes meet The Asphalt lnstitute (TAI) and Bina
Marga criteria. The results of the Marshall analysis of these mixes are discussed below :

a. Optimum Bitumen Content (OBC)
The OBC determined for each aggregate grading is suitable in terms of compliance with
The Asphalt Institute design criteria considering all parameters such as VIM, VMA,
VFB, Flow and Stability and the OBC is determined tobe 5.5%o by wcight of mix for mix
Type-A. The OBC of specimen Type-A is lower than that of the other mixes.

b. Unit Weight
The unit weight of Specimen Type-A is consistently higher than that of the other mixes.
In comparison with other mixes, this mix has also the lowest OBC, again that aggregate

gradation ofSpecimen Type-A (continuous graded) can lead to have a higher unit weight.

c. Voids in the Mixture (VIM)
The VIM of Specimen Type-A is consistently lower than that of the other mixes.
However at its OBC, VIM is lowest for Specimen Type-C. The VIM of all mix t)?es at
OBC satisfies TAI and Bina Marga criteria, both of which require VIM to be in the range
3.lYoto 5.0%. When VIM is too high, brittleness, premature cracking, and stripping are

possible consequences, but if too low, can lead to instability in the mix and plastic flow.

d. Voids in Mineral Aggregate (VMA)
The Asphalt Institute specifies minimum VMA values of l2%, l3Yo, and l4o/o for
mixtures containing a nominal maximum aggregate particle size of l9 mm, at design air
voids contents of 3%, 4Yo and 5% respectively. Bina Marga specifies a minimum VMA
value of l4Yo for mixture containing a nominal maximum aggregate particle size of 19

mm. The VMA value is much dependent on the particle shape and surface texture, the

maximum size of aggregate particle, the grading of the total aggregate and the method of
compaction utilised. The VMA values for all aggregate gradings exceed the minimum
values of the TAI and Bina Marga criteria. At OBC, the MvIA of Specimen Type-B is
highest and that of ipecimen Type-A is lowest. Over the range in bitumen contents
investigated, the VMA of Specimen Type-A is consistently lowest.

e. Voids Filled with Bitumen (VFB)
The VFB is the percentage of the VMA that is filled with bitumen and does not include
the absorbed bitumen. The VFB is included as a criterion by TA which requires it to lie in
the range 65Yo to 75% but is not specihed as a Bina Marga criterion. The VFB values at

OBC are given in Table 9. The VFB at OBC of Specimen Type-A (70.15%) is lowes(
over the range in bitumen contents investigated VFB of all mixes at OBC satisfies the
TAI criterion..

f. Stability
The Marshall Stability values at OBC of Specimen Type-B (1,087 kg) is lowest and that

of Specimen Type-A (1,157 kg) is highest. Nevertheless, the stability of all mixes at

Optimum Bitumen Content satisfies The Asphalt lnstitute (minimum of 1,800 lb or 810

kg) and Bina Marga (minimum of 500 kg) criteria.

g. Flow

Proceedings of the Eastern Asia Society ior Transportation Studies, Yol.3, No.1, October, 2001



457

Performance of Asphalt Concrete Using 'superpave' Aggregate Gradations

A mixture that was a low flow value at OBC is likely to have good ability to resist
deformation. However a flow value that is too low, particularly when combined with high
stability indicates a mix that is susceptible to cracking. The Marshall flow values at OBC
of Specimen Type-A (2.83mm) is lowest and that of Specimen Type-B (3.27mm) is
highest. The flow of all mixes at OBC satisfies The Asphalt Institute (2.0 to 3.5 mm) and
the Bina Marga (2.0 to 4.0 mm) criteria.

h. MarshallQuotient
The Marshall quotient calculated as the ratio of stability to flow, can be used as an

indicator of mixture flexibility. Marshall Quotient is included as a criterion in the Bina
Marga specification which requires it to be in the range of 250 to 350 kg/mm but is not
spccified as a criterion by The Asphalt Institute. The Marshall Quotient at OBC of
Specimen Type-B (331 kglmm) is lowest and that of Specimen Type-A (410 kglmm) is
highest. Only Specimen Type-B (33a kglmm) and Specimen Type-E (347 kflmm) at

OBC satisfy the Bina Marga criterion.

From the results shown above, it concludes that aggregate gradation and compaction method
do apparently influence the mixes properties since fine content will of course affect the

Marshall properties of the mixes. The relationship between energy on Marshall compactor
and features in gyratory compactors given to the specimens lead to the different properties
owned by individual specimcn of bituminous mixes.

4.3. Marshall Immersion Test

After the optimum bitumen content of the mixes was obtained, six samples of each mix rype
were prepared at the bitumen content for the immersion test. Three of the samples from each

batch were tested unCer standard Marshall conditions, the remaining three samples were
immersed in a water bath at 60"C for 24 hours prior to testing for stability and flow. The
Marshall immersion test in concemed with the ability of asphalt paving mixtures to resist
disintegration induced by water. The susceptibiliry to water damage is assessed by immersion
of sample in a water bath for 24 hours at a temperature of 60oC prior to testing under standard

Marshall conditions and determining the consequent loss in stability. The index of retained
Marshall stability of eact of the mixes tested was calculated from the average of tests

conducted on three samples following immersion. Data on the Marshall retained stability of
the samples after immersion in water at 60"C for 24 hours is summarised in Table 10. The
index of retained Marshall stability of Specimen Type-A (83.15%) is lowest and that of
Specimen Type-B (89.97) is highest, but all mixes have retained stability values greater than
'75Yo,the minimum criterion set by Bina Marga.

4.4. Results on The Wheel Tracking Test

Two samples of each grading were prepared at optimum bitumen content and were tested in
the wheel-tracking machine at 45oC and 60oC. The results of the wheel tracking tests are

shown that at 45"C Specimen Type-A exhibits the highest dynamic stabiliry of 6,496
passes/mm and at 60'C the Dynamic Stability of Specimen Type-A is again highest, 1,925

passes/rrm, indicating Specimen Type-A to have the highest resistance to permanent
deformation.
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4.5. Results on Iudirect Tensile Strength Test

The relationship between indirect tensile strength and temperature is plotted on Figure 2. At
45oC the indirect tensile -ctength of specimen Type-B Q7.702 psi) is lowest and that of
specimen fyp€-A (33.163 psi) is highest. AT 60"C the indirect tensile stength of specimen

type-B (15.038 psi) is again lowest and that specimen qpe-A (16.845 psi) is again highest.

;
o30
E
F
p23

o

E20
ts

o

31s
I

49

TemPerature (oc)

Figure I Relationship between Indirect Tensile Strength and Temperature

5. CONCLUSIONS

This investigation was eoncemed with the performance of an asphalt binder counie mix made

with aggregate gradations conforming to selected Superpave gradations for a 19 mm nominal

maximum size aggregate and to the median of the Bina Marga Type-V gradation. It is

emphasized that the mixes were prepared, compacted and analysed according to the Marshall

procedure. In the Superpave procedure samples are prepared by gyratory compaction and the

analysis is based on parameters related to the compaction procedure. The conclusions given

below should be interpreted on the understanding that they may be significantly influenced

by the particular compaction procedure used.

The following conclusions are drawn from this investigation :

a. Specimen Type-A which has the lowest p€rcentage of material retained on the 2,38 mm

sieve (i.e. 57.50%) has the lowest voids inthe mineral aggregate (14.2'7%), the highest

unit weight Q.36 gr/cc). This mix has the highest Marshall stability (1,157 kg) and

requires the least bitumen (5.5n to satisff design criteria.
b. Specimen Type-B which contains the highest amount of material retained on the 2.38 mm

sieve (i.e. 77.0%) has properties at the other end of the scale from Specimen Type-A.

Bitumen demand (5.9%) for this mix.type is highest and it consequently exhibits high

durability. However, it has inferior sbength characteristics as indicated by Marshall

stability (1,087 kg), has the highest vMA (15.99%), the lowest unit weight (2.34 grlcc).

c. Specimen Tlpes C, D and E generally exhibit Marshall properties that tend to cluster

around the middle of the extremes represented by specimens Type A and Type B. The

similarity in composition and performance of these mixes is possibly athibutable to the

fact that in each case the amount of material retained on the 2.38 mm sieve is 65.40%.
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d.

e.

Bambang Ismanto SISWOSOEBROTHO and Faisal LUKMAN

The aggregate grading of these specimens passes through the median (Type C) and the
upper (Type D) and lower limits (Type E) of the restricted zone.
Specimen Type A has the highest Indirect Tensile Strength at 45"C (33.163 psi) and 60"C
(16.345 psi). Mix prepared to this gradation also had the highest Dynamic Stability at
45'C (6,496 passeVmm) and 60"C (1,925 passeVmm) and the least total deformation at
the conclusion of the wheel tracking test.
The performance of Type B mix was again at the other end of the scale from the Type A
mix; the result of wheel tracking tests conducted on mixes with this gradation indicate to
have the lowest Dynamic Stability at 45oC (4,331 passes/mm) and 60"C (1,209
passes/mm). Specimen Type C, D and E again generally e.xhibited properties that tend to
cluster around the middle of the extremes represented by specimen Type A and specimen
Type B.
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