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EVALUATION OF THE EFFECT OF FLAT AND ELONGATED
PARTICLESON THE PERFORMANCE OF
HOT MIX ASPHALT MIXES
ABSTRACT

Hat and €longated particles have long been considered undesirable in hot mix asphdt (HMA)
mixes due to their tendency to break down during construction and traffic. Currently, the Superpave
mix design system currently specifies amaximum limit of 10 percent of flat and e ongated particles a the
5:1 ratio for the design aggregate blend. Very few coarse aggregate sockpiles will fail the current 10
percent requirement a a 5:1 ratio. Hence, many agencies have expressed an interest in evauaing the
particle shape a amore dringent 3:1 ratio. Before the specification is changed to a 3:1 ratio the effect
of the particle shape on performance should be eva uated.

Two aggregates (limestone and granite) were evauated in their “as-recalved” state and in two
other particle shapes (more cubicd, less F& E) obtained from Vertical Shaft Impact (V'Sl) crushing.
The laboratory evaduation included volumetric mix designs, whed tracking, fatigue testing, and
aggregate breakdown determination.

The reaults indicate that the particle shape of the aggregate may influence, to varying degrees,
the coarse aggregate breakdown, the rutting susceptibility, and volumetric properties of compacted

HMA mixes.

Key Words. HFat and dongated, Superpave mix design, hot mix asphdt, HMA, vertica shaft impact

crushing
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EVALUATION OF THE EFFECT OF FLAT AND ELONGATED
PARTICLESON THE PERFORMANCE OF
HOT MIX ASPHALT MIXES

INTRODUCTION AND PROBLEM STATEMENT

Currently, the flat and dongated specification used in the Superpave mix desgn systemis
provided in AASHTO MP-2: Standard Specification for Superpave Volumetric Mix Design (1) and
dates that the aggregate shal meet the shape requirements of ASTM D4791: Standard Method for Flat
or Elongated Particlesin Coarse Aggregate (2). The specification ates that the value measured shdl
not exceed 10 percent. In the ASTM D4791 test procedure a particle’ s elongation is evauated by
comparing its length to width, and its flatness by comparing its width to thickness. With thistest
procedure it is possible to have aggregate particles which are flat, eongated, flat and elongated, or
neither flat or eongated. However, in the Superpave mix desgn system, an aggregate particle is
determined to be flat and eongated if the maximum (length) to minimum (thickness) dimenson raio is
greater than five (3). Thistechnique of measuring the shape of the particle is known smply asthe flat
and elongated measurement of an aggregate particle. The Superpave aggregate shape requirements
specify that no more than 10 percent of the coarse aggregate retained on the 4.75 mm sSeve be flat and
elongated a a5:1 ratio. Theincluson of the 4.75 mm materid dso differs dightly from ASTM 4791,
which requires eva uation of the aggregate retained on the 9.5 mm seve.

Hat-and-elongated particles are consdered to be undesirablein HMA because they have a
tendency to break or degrade during the construction process and under gpplied traffic. Generdly,

throughout the country, very few coarse aggregates will fail the flat and e ongated specification at a5:1
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ratio. Therefore, some agencies believe that the requirement should be changed to an evauation of the
particle shape at a 3:1 ratio. The specification of 3:1 retio is believed to better define flat-and-elongated
particles than the current 5:1 ratio. This has been demonsirated in the recently completed NCHRP
Project 4-19, “ Aggregate Tests Related to Performance of Asphalt Concrete in Pavement.”(4). If a
change to the current F& E specification is consdered in the future to use a 3:1 ratio, the first necessary
sep isto evauate the effect of the aggregate' s particle shape in HMA. Data should be obtained to
determine if there isa ggnificant differencein the performance of HMA mixtures a varying 3:1 ratios. If
30, then the maximum alowable percentage of aggregate particles failing the 3:1 ratio requirement
should be provided.

Past research conducted by Huber et d (5) evauated alimestone aggregate at two distinct
particle shapes. The different particle shapesin the study were obtained through cone and vertical shaft
impact crushing operations, which yielded particle shapes of 19.4 percent and 9.0 percent 3:1 F&E,
repectively. An evauation of the volumetric properties showed no significant differences between the
19.4 and the 9.0 percent 3:1 F& E. Further, the authors stated that the Superpave gyratory compactor
does not appear to be sengtive to dight to moderate changes in the particle shape of the coarse
aggregate in the compacted mixes.

In research evauating the particle shape for Stone Matrix Asphat (SMIA) mixes, Brown et a
(6) evduated alimestone aggregate from Arkansas which was crushed to provided two different
particle shapes (A1 and A2, which were the high and low F& E percentage aggregates, respectively).
The two aggregate shapes were blended in varying percentages to yield different F& E ratios for the

total blend. The evaluated blends are provided in Table 1. Laboratory testing conssted of mix design,
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aggregate breakdown, and moisture susceptibility testing. The results indicated adight trend (an
increase of 1.2 percent from the 100 % A2 to the 100 % A1 Blend) of increasing VMA as the percent
flat and elongated particles increased. Aggregate breakdown testing revealed that there was a
sgnificant amount of aggregate breakdown between the varying blends for the 4.75 mm seve materid,
but no significant difference was observed for the 0.075 mm sieve materia between the blends
evauated. Moisture susceptibility testing showed the varying percentages of 3.1 F&E did not
sgnificantly affect the retained tendle strength of the varying mixes. The research concluded that the
requirement of amaximum of 20 percent 3:1 F& E aggregate was appropriate for SMA mix design

Specification requirements.

Table 1. F&E Blends Evauated by Brown et d (6)

Mix Percent Hat and Elongated
Blend 21 31 51
100 % Al 67 25 1
100 % A2 38 3 0
75%A1,25%A2 59 20 1
50% A1, 50 % A2 52 14 0
25%A1, 75%A2 45 8 0

OBJECTIVES AND SCOPE
The objective of the study was to evauate the effect of flat-and-elongated particles (based on a
3:1 ratio) on the mix desgn volumetric properties, rutting susceptibility, aggregate breskdown, and

fatigue cracking potentid of HMA mixtures.
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TEST PLAN

A description of the test plan is provided in the following pages. In developing the test plan an
effort was made to be practicd in the research effort. By usng commonly used materids and in the
proportions often used, a greater confidence can be obtained from the research effort asit relates to

everyday production and congtruction operations. The test plan is shown graphicdly in Figure 1.

Research Materials
Mineral Aggregate

Two commonly used aggregates in the Southeast were evaluated in the sudy. These
aggregates conssted of an Alabama limestone and a North Carolina granite. Both the limestone and the
granite aggregates were evauated at varying 3:1 flat and ongated (F& E) percentages. Thiswas
accomplished by obtaining the “as-received” materid (highest percentage of 3:1 F& E materid) for each
aggregate type and crushing the materia in the laboratory to obtain more cubica particles. The crushing
of the “asreceived” materid was accomplished through the use of avertica shaft impact (VSl) crusher
operating at rates of 55 and 65 meters/second (mVs) for the limestone aggregate and at 45 and 68
meters/'second for the granite aggregate. A schematic of the VSl crusher smilar to the one used for the
study is provided in Figure 2. Vulcan Materids Company (VMC) and Svedda personnd are
acknowledged for performing the crushing of both aggregates at VM C Technica Services Center

located in Birmingham, Alabama
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Task 1:0Obtain Materials !
for the Project ‘>| LMS Coarse Aggregate (One Source: Three F& E Percentages) |

v

| GRAN Coarse Aggregate (One Source: Three F& E Percentages) |

A

Natural Sand Aggregate (FAA: 45-46), Shorter, AL
(Sand type to be held constant in study)

A\ 4

- - . Perform Particle Shape Testing for Each Aggregate.
Task 2 Matgnal Processing P Conduct Los Angeles Abrasion Testing to Determine
and Mix Designs

the Aggregate Hardness.

A

Mix Designs for each F&E ratio.
SGC: Ngegign = 100, PG 64-22 binder

v

Evaluate Volumetric Properties and Compaction
Parameters.

\ 4
Task 3: Rut Testing

Perform Wet and Dry Rut Testing with APA for
each mixture:

P Gyratory compacted samplesto 7+1% air voids

Test Temperature of 64°C, 100 ps load, 8000 cycles

v
Task 4: Fatigue Testing > Perform Fatigue Testing with the beam fatigue
apparatus for each mixture.
v
Task 5: Aggregate Burn three (3) samples in the ignition furnace from
Breakdown —————| themix designs. Perform washed-sieve analysison
Evaluation the extracted aggregate.
i Statistically analyze all results, and make
Task 6: Analysis of Results » | recommendations concerning the use and
and Report Preparation ™| limiting percentage of 3:1 FE particles and
prepare afinal report.

Figure 1. Study Test Plan
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A tota of three digtinctly different 3:1 percentages were obtained for both the limestone and the
granite aggregate. All the materia for each aggregate type was sampled at the same time; therefore
reducing the chance for materia variability within the quarry operation. The aggregate obtained was
used in the gradation for the 4.75 mm materid through the 12.5 mm materid.

The fine aggregate used in the study was a naturd sand from Shorter, Alabama. The sand had a
fine aggregate angularity of 45. A materia of this nature was used to best represent amaterid which
may be redidicaly used in mixturesin the fidd. Usng amaterid with an extremely low fine aggregeate
angularity vaue might enhance the effect of the coarse aggregate, but would not represent the mgority
of field conditions. Additionaly, anatura sand was chosen ingtead of crushed limestone or granite fines

in order to provide a neutral fine aggregate, not resulting from either of the parent aggregeate types.
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Gradation

In the project, a 12.5 mm nomina maximum size coarse-graded Superpave mixture, whose
gradation is shown in Figure 3, was evauated. The reason for using a coarse gradation of thistypeis
twofold. First, the vast mgjority of Superpave mixtures designed to date have been coarse-graded,
(below the redtricted zone). Secondly, thistype of gradation alowed for a greaster amount of coarse
aggregate to be present in the mixture. This resulted in a greater evauation of the effect of coarse
aggregate F& E particles on the performance properties of HMA. Each aggregate type was processed

and then separate aggregate szes were individually batched to increase the accuracy of the laboratory

blend.

100

90 7]

80 7

70 7]

60 T

50 1

40 7

Percent Passing

30 1

207

10 7

100

19.0
12.5
9.5
4.75
2.36
1.18
0.6
0.3
0.15
0.075

CONTROL POINTS

RESTRICTED ZONE

Vs

-

v
v

—

~7

" MAX. DENSITY LINE

0.075

Sieve Size (mm) ~0.45
2.36 4.75

Figure 3. Aggregate Gradation for the Study

12.5

19.0




Buchanan 9

Asphalt Binder
The agphat binder used for al of the study was a Performance Grade (PG) 64-22, which isthe

most commonly used asphalt binder in the Southeastern States.

PROJECT TESTING, RESULTS, AND ANALYSIS
Particle Shape Testing

Particle shape testing (F& E testing) was performed on each aggregate type at each crushing
method. All samples tested were proportiond to the same gradation as previoudy shown in Figure 8.
The testing consisted of evaluating the flat, eongated, and F& E content at 2:1, 3:1, and 5:1 ratios. The
results of the particle shape testing by mass for the limestone and the granite aggregates are shown in
Tables 2 and 3, respectively. From Tables 2 and 3, it is seen that as the rotor tip speed of the VS
crusher was increased the limestone and granite aggregate became more cubica in shape. For the
limestone the range of 3:1 F& E for the resulting blend ranged from 29.5 percent for the as-received
(AR) materia to 16.2 percent for the limestone crushed at 65 m/s. A grester difference was obtained
for the granite aggregate, with the 3:1 F& E ranging from 57.0 percent for the as received to 2.1 percent
for the granite crushed a 68 m/s. The difference in the obtained particle shapesis mogt likely
attributabl e to the contrasting mineraogies of the two rock types.

Tables 2 and 3 show the differences in the amount of 5:1 F& E percentages for each of the
aggregate types. Asseen in Table 2, dl the limestone aggregate samples evauated had 5:1 F& E
percentages which were less than the currently specified maximum limit of 10 percent. However, for the

granite aggregate samples, as seen in Table 3, the “as-received” blend had a5:1 F& E percentage of 23
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Table 2. Particle Shape Testing Results for the Limestone Aggregates

F&E Ratios
Aggregate Aggregate 2:1 Ratio 31Raio 5:1 Ratio
Type Size
% Flat % Elongated % F&E % Flat | % Elongated % F&E % Flat % Elongated % F&E
125mm 225 0.6 58.7 27 0.0 25.6 0.3 0.0 0.6
Limestone 95 mm 23.6 7.6 68.8 48 0.0 277 0.0 0.0 0.9
As-
Received 475mm 20.7 15.8 70.8 33 0.0 30.7 0.2 0.0 52
BLEND 215 125 69.2 3.6 0.0 29.5 0.2 0.0 3.8
125mm 225 0.6 58.7 27 0.0 25.6 0.3 0.0 0.6
Limestone 95 mm 11.0 19 530 0.2 0.0 17.7 0.2 0.0 0.2
crushed @
55m/s 475mm 23.2 21 60.6 14 0.0 227 0.0 0.0 0.2
BLEND 15.4 1.9 58.6 1.3 0.0 21.8 0.1 0.0 0.2
125mm 21.8 18 53.0 3.0 0.0 17.6 0.2 0.0 0.6
Limestone 95mm 25.0 6.3 66.0 48 0.0 15.8 10 0.0 31
crushed @
65 m/s 475mm 271 16.8 76.6 33 17 16.7 0.3 0.0 44
BLEND 26.1 13.0 72.0 3.6 1.2 16.2 0.5 0.0 3.7
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Table 3. Particle Shape Teging Results for the Granite Agaregates

F& E Ratios
Aggregate Aggregate 21 Ratio 3:1 Ratio 5:1 Ratio
Type Sze
%Fla | % Elongated % F&E %Flat | % Elongated % F&E %Flat | % Elongated % F&E
125mm 290 44 56.0 100 00 16.0 04 00 16
Granite As- 95mm 476 94 80.9 136 08 432 12 0.0 20.0
Received A75mm 452 323 918 186 22 67.2 44 0.0 27.0
BLEND 44.7 24.5 85.4 16.7 17 57.0 33 0.0 23.0
125mm 290 44 56.0 100 00 16.0 04 00 16
Granite 95mm 6.8 06 322 00 00 124 00 0.0 00
crushed @
45m/s A475mm 56 20 446 00 00 14.8 00 00 03
BLEND 8.1 1.9 42,9 0.0 0.0 14.4 0.0 0.0 0.4
125mm 290 44 56.0 100 00 16.0 04 00 16
Granite 95mm 40 20 208 00 00 0.7 00 0.0 00
crushed @
68 s A475mm 70 00 370 00 00 06 00 00 00
BLEND 8.4 0.9 35.1 0.0 0.0 21 0.0 0.0 0.1
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percent. The granite crushed at 45 nv/s and the 68 mV/s had amost no materid failing the 5:1 F& E ratio.

The datain Table 2 indicate that for the 2:1 and the 5:1 ratios, the percent F& E for the
limestone increased after VS crushing. This should not be the case in redlity and the results are most
likely aresult of an insufficient number of samples being testing and possibly test varigbility to some
degree.

Figures 4 and 5 further illustrate the difference in the particle shape of compacted and sawed
mix samples comprised of the limestone and the granite aggregates. As mentioned previoudy, the
particle shape of the limestone and the granite aggregate particles tend to become more cubica asthe

centrifugal velocity of the VSl crusher isincreased.
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Figure 4. Limestone F&E Blends Figure 5. Granite F& E Blends
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Toughness Deter mination

The toughness or hardness of each blend of aggregates at each particle shape was determined
with the Los Angeles abrasion device. The results of the testing is found in Table 4. It gppears from the
results that the limestone and the granite materials tested were of approximately the same hardness.
Also interesting, is an gpproximately 27 percent decrease in the aborason vaue with the granite materia
from the “as-received” to the 45 m/s crush rate material. This doesindicate that the abrason vadueis
influenced, to some degree, by the particle shape of the materia being tested. A smilar trend was

evident with the limestone materid.

Table 4. Toughness Reaults for the Study Aggregates

Aggregate Type Los Angeles Abrason Vaue % 31 F&E
Limestone (As Received) 22 29.5
Limestone crushed @ 55 m/s 20 21.8
Limestone crushed @ 65 nv/s 19 16.2
Granite (As Received) 26 57.0
Granite crushed @45 m/s 19 14.4
Granite crushed @ 68 /s 19 21

Volumetric Mix Designs

Superpave volumetric mix designs were performed for each aggregate type a each of the 3:1
F& E percentages obtained. The mix designs were completed using the Superpave gyratory compactor
at an Ngeqqn OF 100 gyrations. Thislevel of gyration has recently been recommended as the compactive
effort for roadways with traffic volumes between 3 million and 30 million equivaent sngle axle loads

(ESALS). Again, the desgn compactive effort was chosen to be asredidtic to possible to red life mix
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designs and construction practices. The specimens were compacted to Ngegq, and their volumetric
properties determined. The volumetric properties used as response variables were air voids (Va), voids
in the minerd aggregate (VMA), and voids filled with asphat (VFA). Additiondly, the compaction
parameters of %G, at Niyii4 and the gyratory compaction slope measured from Ny t0 Ngegqn Were

obtained for evduation.

Volumetric Properties

The results of the mix designs for both aggregate types are provided in Table 5. Volumetric
properties of the mixes with the limestone “ as-received” and the limestone crushed at 65 m/s were
found to be gpproximatdy the same, while mix properties with the limestone crushed a 55 n/s differed
dightly. An explanation of thisis not known, since the mix with limestone crushed a 55 m/shad a 3:1
F& E percentage which is between the limestone “ as-received” and the limestone crushed at 65 my/s.
Thisamount of difference could be attributed, in part, to the testing variability in the lab. Thisindicates
that for the limestone mixes eva uated there were not sgnificant changes in volumetric properties for 3:1
F& E percentages between 29.5 and 16.2 percent. These results for the limestone mixes show similar
results as the past research conducted by Huber et d (5). Other research conducted by Brown et a
(6), showed sgnificant differencesin the volumetric properties for limestone mixes with varying
percentages of 3:1 F& E aggregates. However, the limestone mixes in that study (6) had a broader
range of 3:1 F& E percentage (3 to 25 percent), as previoudy shown in Table 1, than the limestone
mixes evauaed in this Sudy.

When the percent 3:1 F&E is very high, sgnificant differences do, however, exist between the
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granite mixes evaluated. A sgnificant decrease in the optimum asphdt, voids in minerd aggregete, and
voids filled with asphat was seen between the granite “ as-received” and the granite 45 m/s mixes.

A dgnificant change in the VMA was observed from the granite “as-received” to the granite
crushed at 45 m/s mix. Thismay be due in part to the orientation of the aggregate particles, which may
have resulted in a grester totd interna void space, thus requiring more asphat cement to meet the
design air void content. The total amount of surface area present was most likely grester for the“as-

received” mix, which would aso increase the required asphat cement content.

Table 5. Volumetric Mix Design Properties and Gyratory Compaction Parameters

Volumetric Mix Desgn Gyratory Compaction
Mix Response Variables Parameters
Type OAC VMA VFA Du¥/AC4  %G,,  Compaction Sope
@Nigia (Ninitia t0 Neesign)

Limestone (AR) 4.2 13.7 70.8 1.20 88.1 7.202
Limestone (55 m/s) 4.5 13.9 71.2 1.19 88.4 6.929
Limesone (65m/s) 4.2 137 7038 1.24 88.1 7.202
Granite (AR) 5.0 14.2 71.8 1.28 87.8 7.476
Granite(45m/sy 46 134 701 1.25 88.4 6.929
Granite (68 m/s) 4.5 134 70.1 1.22 88.7 6.655

No sgnificant difference in the volumetric properties between the mixes with the granite 45
crushed at 45 m/s and the granite crushed a 68 m/s mixes was evident. Based upon these results, it
gppears tha there is an upper limit or value a which the percent of 3:1 F& E particlesin amix causes
ggnificant changesin the mix volumetric properties. Recal from Table 3 that the granite * as-received”

and the granite crushed at 45 m/s had 3:1 F& E percentages of 57.0 and 14.4 percent, respectively.
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Thisisarange of over 40 percent, which makesit extremdy difficult to determine what alimiting or
upper vaue of 3:1 F& E should be for this particular aggregate and mix type.

There appears to be little difference between the volumetric properties of the mixes for granite
crushed at 45 m/s and the granite crushed at 68 m/s, which had 3:1 F& E percentages of 14.4 and 2.1
percent, respectively.

It should be noted that 5 of the 6 mixes evaluated did not meet current Superpave volumetric
criteria. 1dedly, dl mixesin the study would have met the criteria; however, the rdative performance

between the mixes with the same gradation was the intent of the study.

Gyratory Compaction Properties

By observation of the gyratory compaction parameters given in Table 5, the effect or non-effect
of differing F& E particles can aso be determined. For the limestone mixes there gppears to be no
sgnificant difference between the mixes evauated.

By observing the gyratory compaction parameters for granite “ as-received” and the granite
crushed at 45 m/s mixes, thereisaincrease in percent G,,,, a N;,iiiy from 87.8 to 88.4 percent. This
indicates the mix with the granite “as-recaived” is not densfying as quickly and the mix with granite
crushed a 45 m/s, possibly due to the high percentage of 3:1 F& E particles present. Additiondly, the
dope of the gyratory compaction curve from Ny (8 gyrations) t0 Nyesqn (100 gyrations) is greater for
the mix with the granite “as-received” than for the mix with the mix with granite crushed & 45 m/s.
Generdly, it isthought that mixes with a steeper compaction dope tend to be more harsh or coarser

than mixes with flatter dopes. It has been suggested by some that these mixes are dightly more difficult
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to compact during placement in the field. Thus, this may indicate that the field compaction of mixes
comprised of ahigh percentage of 3:1 F& E particles may be more difficult than for amix with alow

percentage of 3:1 F& E particles.

Rut Testing

Once the optimum asphat content (resulting in 4 percent air voids) for each of the mix designs
was determined, the permanent deformation or rutting potentia of the mixes was evauated using the
Asphat Pavement Andyzer (APA), shown in Figure 6. This evauation conssted of using gyratory
pecimens compacted to 7 + 1 percent air voids at their respective optimum asphat content and loaded

with a 100 Ib wheed load and a 100 ps hose pressure for 8000 loading cycles. The test temperature for

Figure 6. Asphalt Pavement Analyzer
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al testing, both dry and wet, was 64°C, which is the high temperature PG classfication of the asphalt
binder. It was felt, and has been shown in past research, that testing specimens at lower temperatures
would not adequately reflect the aggregate differences which may be present between the various
mixtures. In other words, the asphdt binder seems to have the most control over the test results at
lower test temperatures.

The testing of each mix type congsted of six gyratory specimens, with two specimens being
combined together to form one replicate, thus providing three replicates per mix type for satistical
andysis procedures. The Agphdt Pavement Andyzer test results for the limestone and the granite
mixtures evauated can be found in Tables 6 and 7, respectively.

Additiondly, Figures 7 and 8 illudtrate the relationship between the percent 3:1 F& E particles
and rut depth. The data from Table 6 and Figure 7 shows that the dry and wet rut depths and dopes for
the limestone mixes are not datisticaly or practicaly different. This was somewhat expected, since the
volumetric and gyratory compaction properties previoudy mentioned showed no significant difference
for the limestone mixes, aswell.

The test results for the granite aggregate mixes does show some datidtica differencesin the
rutting characterigtics of the mixes. From Table 7, it can be seen that Satistical differencesin the rut
depth exist between mixes with the granite “ as-received” and the granite crushed at 45 m/s, and in the
rutting dope between mixes with the granite “as-received” and the granite crushed at 68 my/s. Figure 8
show a good relationship between mixes with the granite “as-received” and the granite crushed &t 45
m/s and 68 m/s and the amount of rutting. As was the case with the volumetric mix design results, there

appears to be an upper vaue of the percent 3.1 F&E particles in which the rutting susceptibility, as
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Table6. Rut Testing Reaults for the Limestone Agg@ate Mixes

19

Asphalt Pavement Analyzer Average Results
Rut Rut
Mix Duncan’s Duncan’s Duncan’s Duncan’s
Type | PP | qaistica | 3%, | sistical [| PP | statistica | $°P® | staistica
mm Ranking 2 (Ory) Ranking Ranking (Wet) Ranking
(Dry) (Wet)
Limestone
As- 5.900 A 3.288E-4 A 5.265 A 2.380E-4 A
Received
Limesione | 6638 A 3412E-4 A 5163 A 2.773E-4 A
55 m/s
Limestone | g 197 A 3702 E-4 A 5047 A 2.623E-4 A
65m/s
Notes: (1) Rut depth after 8000 cycles.
(2) Means with the same letter are not statistically different at a 95 percent confidence level.
(3) Slope (mm/cycles) between 4000 and 8000 cycles.
Table 7. Rut Tedting Results for the Granite Aggregate Mixes
Asphalt Pavement Analyzer Average Results
Rut Rut
Mix Duncan’s Duncan’s Duncan’s Duncan’s
Type | PP | suistical | ¥ | stistical || PP | statisical | S | statistica
mm Ranking 2 (©ry) Ranking m Ranking (Wep) Ranking
(Dry) (Wet)
Granite
As- 9.169 A 6.501 E-4 A 3.258 A 1955 E-4 A
Received
Granite | ¢ug B 4568 E-4 AB 3703 A 1500 E-4 A
45m/s
Granite 6.058 B 3581 E-4 B 3004 A 1251 E-4 A
68 m/s
Notes: (1) Rut depth after 8000 cycles.

(2) Means with the same | etter are not statistically different at 95 percent confidence level.
(3) Slope between 4000 and 8000 cycles.

measured by the APA, increases.

Interesting to notice is that the dry rut depths for both aggregates typesis dightly higher than the

wet rut depths. One would expect that by performing the test procedure under water would result ina
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Figure 7. APA Rut Depths versus %3:1 F& E (Limestone Mixes)
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greater rut depth than in the dry state when the samples are tested at the same temperature; 64°C in this

case. An explanation for this occurrence is not readily obvious.

Fatigue Testing

The fatigue resstance of each of the mixes was evauated by using the four point beam faigue
test procedure, which is described in AASHTO TP8 (7). The beam fatigue setup used for the Sudy is
shown in Figure 9. In this test procedure, beam specimens which are 380 mm in length, 50 mmiin

height, and 63 mm in width are tested under high and low strain conditions. High and low strainsused in

-

A Y A S

Figure 9. Beam Fatigue Device
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this eva uation were 600 and 300 pstrains, repectively. The high and low dtrain testing was conducted
at loading frequencies of 5 and 10 hz, respectively.

In the test procedure a vertical load is applied to the beam sample to achieve the desired testing
tensle drain at the bottom of the beam sample. After the load is gpplied and the beam deflects, the
beam is returned to the origina position and the process repeated. A loading and returning of the
sample to the origina position is one loading cycle. At the outset of the test, the beam sampleisloaded
for 50 cycles and the initid beam giffnessis recorded. Testing continues on the sample until the beam
dtiffness decreased to 50 percent of the origind stiffness value. The number of loading cycles at this
point isreferred to as the cyclesto failure. Obvioudy, as the number of cyclesto falure increases, the
fatigue life of the mix should aso be expected to increase accordingly. Test results from the beam
fatigue testing are provided in Table 8. Further, the relationship between the percent 3:1 F& E particles
for the limestone and granite mixes a low and high tengle strain levelsis shown in Figures 10 and 11.
The results indicates that for both low and high strain testing the granite mixes exhibited a gregter fatigue
resstance than did the limestone mixes. This can possibly be attributed to many factors, but is most
likely primarily aresult of the increased effective agphat content of the granite mixes. However, there
does not appear to be a consstent trend or good relationship between the fatigue resistance of the
limestone or the granite mixes with respect to the percent 3:1 F& E particles. Of the four possible
relationships observed (two aggregates at high and low strain levels), three showed, in various degrees
of confidence, an increase in the fatigue resistance of the mix as the percent 3:1 F& E particles

increased.
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Table 8. Average Beam Fatigue Testing Results
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. Stran Initid
#"y';e Leve Cé;'lf;f Siiffness
(1S (MPa)*
LMS As-Received 300 175,655 4326
LMS Crushed at 55 m/s 300 226,880 4617
LMS Crushed at 65 m/s 300 147,795 4856
LMS As-Received 600 12,790 3538
LMS Crushed a 55 m/s 600 15,390 3431
LMS Crushed at 65 m/s 600 19,950 3373
GRN As-Received 300 364,290 4292
GRN Crushed at 45 m/s 300 357,895 1903
GRN Crushed a 68 m/s 300 336,095 3761
GRN As-Received 600 38,090 2074
GRN Crushed a 45 m/s 600 20,685 3223
GRN Crushed at 68 m/s 600 39,880 2213
Note: (1) Values shown represent the average of three test replicates.
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Figure 10. Beam Fatigue at Low Strain versus %3:1 F& E
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Figure 11. Beam Fatigue at High Strain versus %3:1 F& E

Aggregate Breakdown Deter mination

It is thought that materid which is highly F&E will have atendency to breskdown during field
production and laydown operations. Aggregate breakdown in the |aboratory was measured after
compaction in the gyratory compactor. The amount of aggregate breakdown was determined for
samples of each aggregate type and crush rate from the mix design procedures. Three specimens from
each mix design were selected and the gradation of the extracted aggregate, from the ignition furnace,
was determined by awashed Seve analys's, then compared to the batched gradation and the
breakdown calculated. Some breskdown may be aresult of the use of the ignition furnace, but the
effect can be consdered relative among each of the aggregate types evauated.

The results of the breakdown testing are provided in Figures 12 and 13. For the limestone

aggregate there is gpproximately three percent breakdown on the 4.75 mm sieve for al the mixes
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evauated. There did not appear to be a good relationship for the limestone mixes between the amount
of F& E particles and the amount of breskdown on the 4.75 mm Seve, asindicated by Figure 12.
Again, thismay be possibly attributable to the narrow range of F&E particles evaluated in the study.
The amount of breakdown for the 0.075 mm sieve was gpproximately 0.7 percent for the limestone
mixes with the breakdown not apparently dependent upon the varying F& E particlesin the mixes
evaluated.

More visible differences do exist with granite aggregate as shown in Figures 12 and 13. Figure
12 shows an strong relationship between the amount of F& E particles and the amount of breakdown on
the 4.75 mm Seve for the granite mixes. Thisfollows asmilar trend reported in past research (6) in

which the amount of aggregate breakdown was found to increase sgnificantly with an increase in the
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Figure 12. Aggregate Breakdown for the 4.75 mm Sieve
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Figure 13. Aggregate Breakdown for the 0.075 mm Sieve
percentage of 3:1 F& E aggregate.

Theresultsin Figure 13, of the breakdown on the 0.075 mm Seve show that thereisan
average of 0.9 percent for dl the granite mixes, and relaionship was not gpparent. The fact that the
amount of aggregate breskdown, for both the granite and the limestone mixes, on the 0.075 mm Seve
was not significantly affected by the percentage of 3:1 F& E aggregate agrees with the results reported
by Brown et d (6) for limestone mixes.

Aswith the previous test results the data, as awhole, indicates that there are not significant
differences for the limestone mixes prepared with 3:1 F& E aggregates with percentages ranging from
29.5 10 16.2 percent. However, it once again appears that there is an upper limit or vaue for aggregate
in which the mix properties become sgnificantly different.

Recdl from Table 4, that the L.A. drasion vauesfor the limestone and the granite aggregates
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ranged from the a maximum vaue of 26 to alow vaue of 19, which would indicate that both
aggregates are high quadity in terms of hardness or toughness. However, if the L.A. abrasion values of
the aggregate were closer to 40 or 50, the results may have been different. This clearly should be
further investigated because not only does the amount of F& E particles present in amix determine the
amount of breakdown, but to a great extent the hardness or toughness of the aggregates dso playsa

criticd rale.

OBSERVATIONS AND CONCLUSIONS
The overdl objective of the study was to evauate the effect of varying percentages of 3:1 F&E
particles on the laboratory properties of hot mix asphat mixes. After areview of the resultsthe
observations and conclusions provided below can be offered from the study. All conclusions regarding
the limestone and the granite aggregate mixes gpply to the range of the percentage of 3:1 F&E particles
evauated in the study, which were 29.5 to 16.2 percent and the 57.0 to 2.1 percent for the limestone
and the granite mixes, repectively. Any extrapolation or estimation of the performance of the mixes
with other 3:1 F& E percentages outside the ranges evauated is not appropriate.
. The amount of aggregate breakdown on the 4.75 mm sieve was not dependent for either type
of aggregate up to gpproximately 30 percent of 3:1 F&E particles. In the case when the 3:1
F& E was very high (57 percent for the granite * as-received”), the amount of breakdown was
dso high.
. The aggregate breskdown on the 0.075 mm sieve was gpproximately the same for the

limestone and the granite mixes and was not dependent upon the percentage of 3:1 F&E
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particles.

. The amount of 3:1 F& E particles may sgnificantly influence the volumetric properties of an
HMA mixture if the percentage of 3:1 F&E particles exceeds gpproximately 30 percent. A limit
between 30 and 50 percent may be appropriate, but was not defined by this limited study.

. The amount of rutting in the APA test for the limestone mixes was not sgnificantly influenced by
the varying percentages of 3:1 F& E. The amount of measured rutting in the APA test was
goproximatdy the same for al limestone mixes eva uated.

. A differencein rutting (dry state) was measured in the APA between the 57 percent 3:1 F&E
granite mix and the 14.4 percent 3:1 F& E granite mix, but not between the 14.4 percent 3:1
F&E granite mix and the 2.1 percent 3:1 F& E granite mix.

. The percentage of 3:1 F&E had no significant effect on the fatigue characteristics of the mixes
produced with the two aggregate types eval uated.

. The granite mixes showed a greater potentia resstance to fatigue cracking than did the
limestone mixes a low and high drain levels Thisismogt likely due to the incressed effective

agphdt content of the granite mixes.

RECOMMENDATIONS

The results obtained from this study can only be used as a base or Sarting point for amore
extensive evaluation of the effect of particle shape on the HMA performance. If the amount of 3:1
F&E particlesis excessve, Sgnificant differencesin the |aboratory properties of HMA mixes may be

measured. The amount of 3:1 F& E did appear to influence the [aboratory properties of the granite
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mixes evauated in the sudy. However, as mentioned previoudy this difference existed between the 57
percent 3:1 F&E and the 14.4 percent 3:1 F& E range. Thisisardatively broad range. It appears that
an upper or limiting vaue of flat and eongated particles at the 3:1 ratio may be between 30 and 50
percent. However, additiond testing will be required to further define this limiting value.

Further research should be conducted on a variety of aggregate types, F& E percentages, and
hardnesses. It may be desirable to establish aF & E requirement which is dependent, in part, upon the

hardness of the materid being utilized for a given gpplication, not just one requirement for al aggregate

and mix types.
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