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Ruggedness Study of the
Asphalt Analyzer Rutting Test
Randy West, APAC

At the request of the APA Task Group a ruggedness study of the Asphalt Pavement Analyzer
was conducted. The purpose of the study was to evaluate the factors that may contribute to the
variability of the test procedure when using the Asphalt Pavement Analyzer (APA). This type of
study is used in the development of new test methods to refine the written procedure to
eliminate unnecessary variability. The experimental design used in this study was based on the
guidelines in ASTM C1067. Six factors (i.e. variables) were investigated: (1) air void contents
of the test specimens, (2) the test temperature, (3) specimen preheating time, (4) wheel load,
(5) hose pressure, and (6) specimen compaction method.

Analysis of the results showed that the allowable range of 1.0% air voids in the test speci-
mens should be reduced, the test temperature must be accurately calibrated, and the method of
compaction should be standardized. The current procedural ranges permitted for wheel load,
hose pressure and preheat time did not significantly affect the test results.

Additional information gathered from this study provides insight on the repeatability and
reproducibility of the APA rutting test and evalu-
ation of possible outlier data.

The final report is due out in June. Copies
can be obtained by contacting Doug Hanson at
dhanson@eng.auburn.edu or phone
334-844-6240. The final report will contain rec-
ommendations on changes to improve the test
method and calibration of the equipment. The
findings of this study will be helpful to users of
the APA rut test procedures in evaluating hot
mix asphalt mixtures.
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Some agencies believe that the current Superpave flat and elongated
requirement should be changed to an evaluation of the aggregate particle
shape at a 3:1 ratio.  The specification of 3:1 ratio is believed to better
define flat-and-elongated particles than the current 5:1 ratio.  This has
been demonstrated in the recently completed NCHRP Project 4-19,
“Aggregate Tests Related to Performance of Asphalt Concrete in
Pavement.”

In order for the specification to be changed to using a 3:1 ratio, it is
first necessary to evaluate the effect of the aggregate’s particle shape in
HMA. This evaluation includes an evaluation of the effect of flat-and-
elongated particles (based on a 3:1 ratio) on the rutting susceptibility,
aggregate breakdown, and fatigue cracking potential of HMA mixtures.

Two commonly used aggregates in the Southeast were evaluated in the
study currently being conducted by the Southeast Superpave Center.
These aggregates consisted of an Alabama limestone and a North
Carolina granite.  Both the limestone and the granite aggregates were
evaluated at varying ratios of 3:1 flat and elongated percentages.  This was
accomplished by obtaining the “as is” material (highest percentage of
material failing the 3:1 ratio) for each aggregate type and crushing  the
material in the laboratory to obtain more cubical particles.  The crushing
of the “as-is” material was accomplished through the use of a vertical shaft
impact (VSI) crusher operating at rates of 55 and 65 meters/second
(m/s) for the limestone aggregate and at 45 and 68 m/s for the granite
aggregate.  The difference in the rates was needed to obtain the desired

Evaluation of the Effect of Flat and Elongated Particles on the
Performance of HMA Mixtures
Doug Hanson, Project Manager,
Southeast Superpave Center

Problem Statement and Research Approach

particle shapes.  Thus, a total of three distinctly different 3:1 percentages
were obtained for both the limestone and the granite aggregates.  Addition-
ally, a sand (FAA = 45) was chosen instead of a crushed limestone or granite
fines in order to be somewhat of a neutral fine aggregate, not resulting from
either of the parent aggregate types.  In the project, a 12.5 mm nominal
maximum size coarse graded Superpave mixture was evaluated. All mix-
tures were prepared with a PG 64-22 asphalt cement.

A summary of the volumetric mix design results and the Asphalt Pavement
Analyzer test results for both the aggregates tested is provided below.  Aggre-
gate breakdown and fatigue testing is being completed at the present time.

  Particle Shape, Volumetric Mix Designs, and Asphalt

Pavement Analyzer Results

The results of the particle shape testing, abrasion testing, and volumet-
ric mix designs for both aggregate types are provided in Table 1.  APA test
results are provided in Table 2 for the aggregates. Based on the results it
appears that there are no practical or significant differences in volumetric
properties or rutting susceptibility for the limestone aggregate with a 3:1
F&E content ranging from 29.5 to 16.2 percent.  However, for the granite
aggregate, where a broader range of 3:1 F&E content was evaluated, there
does appear to be a difference between the “as-is” (57 percent 3:1 F&E) and
the 45 m/s (14.4 percent 3:1 F&E) mixes.  No differences seem to be evident
between the 45 m/s and the 68 m/s (2.1 percent 3:1 F&E) mixes.  This
indicates that for the granite aggregate evaluated, a 3:1 F&E value some-
where between 14.4 and 57.0 percent is the point where the effect of the
amount of 3:1 F&E particles results in a significant difference in volumetric
properties and the degree of rutting susceptibility.  It is important to keep in
mind that the hardness of the material could also play a key role in the
amount of 3:1 F&E material which could be present in a given mixture.  It
would seem logical that the allowable 3:1 F&E content for a harder aggre-
gate mix could be higher than that of a softer aggregate mix.   This is clearly
something which should be investigated further.

Table 1.  Particle Shape, Abrasion Testing and Volumetric Mix Design Results

     Volumetric Mix Design Response Variables Gyratory Compaction  Parameters

 Mix  Type % 3:1 L.A. % OAC, % VMA, % VFA, % Dust/ ACeff %Gmm @ Ni  Slope (Nito Nd)

 LMS  (As Is) 29.5 22  4.2 13.7 70.8 1.20  88.1 7.202
 LMS  (55 m/s) 21.8 20 4.5 13.9 71.2 1.19 88.4 6.929
 LMS  (65 m/s) 16.2 19 4.2 13.7 70.8 1.24 88.1 7.202
 GRN  (As Is) 57.0 26 5.0 14.2 71.8 1.28 87.8 7.476
 GRN  (45 m/s) 14.4 19 4.6 13.4 70.1 1.25 88.4 6.929
 GRN  (68 m/s) 2.1 19 4.5 13.4 70.1 1.22 88.7 6.655

Table 2. Rut Testing Results for the Test Mixes  Asphalt Pavement Analyzer Average Results

Mix  Type Rut  Depth, Duncan’s Statistical Slope Duncan’s Statistical Rut  Depth, Duncan’s Statistical Slope Duncan’s Statistical
mm 1  (Dry) Ranking 2 (Dry) 3 Ranking mm (Wet) Ranking (Wet) Ranking

LMS  (As Is) 5.900 A 3.288 E-4 A 5.265 A 2.380E-4 A
LMS (55 m/s) 6.638 A 3.412 E-4 A 5.163 A 2.773E-4 A
LMS (65 m/s) 6.197 A 3.792 E-4 A 5.047 A 2.623E-4 A
GRN  (As Is) 9.169 A 6.501 E-4 A 3.258 A 1.955 E-4 A
GRN  (45 m/s) 6.248 B 4.568 E-4 AB 3.703 A 1.509 E-4 A
GRN  (68 m/s) 6.058 B 3.581 E-4 B 3.094 A 1.251 E-4 A

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.



311

Within the hot mix asphalt (HMA) community, it is a generally accepted
notion that the proper compaction of HMA pavements is vital for a stable
and durable pavement.  Based on past experiences, low in-place air voids
are believed to lead to rutting and shoving problems while
in-place air void contents in excess of 8 percent are believed to allow
water to penetrate into a pavement.  However, a study recently completed
by the Florida Department of Transportation (FDOT) has indicated that
Superpave mixtures designed on the coarse side of the restricted zone
can be permeable to water at air void contents below 8 percent.

As a part of this FDOT study, a laboratory permeability device
utilizing a falling head concept was developed for the testing of cores.
However, this test is essentially a destructive test since cores must be cut
from the roadway.  If a field permeability device could be found that can
provide accurate and repeatable results, it would negate the need for
cutting cores. A device of this nature could also allow for corrections in
pavement construction to be made in the field if permeability values were
too high.  Therefore, during 1998 the National Center for Asphalt
Technology (NCAT), through a Southeastern Superpave Center pooled-
fund study, evaluated several different field permeameters in order to
select and standardize a field permeability device.

To accomplish the objective of the study, three ongoing construction
projects were visited.  At each of the projects, field permeability tests were
conducted on newly compacted HMA pavements using four
different field permeameters.  All four of the devices used a falling head
approach to measure permeability.  Also at each of the projects, cores
were obtained from which the laboratory permeability was determined
using the FDOT procedure.  In order to select and standardize one of the
four field permeameters, the data from each project was analyzed to
determine which permeameter correlated best with the accepted labora-
tory permeameter, which one was the most repeatable, and which one was
the easiest to use.

Results of the study indicated that two of the four field devices were
statistically the same when compared to the laboratory device.  Both had
about the same repeatability as the lab device.  Selection of a field perme-
ability device was based on ease of use.   The selected device is shown in
the accompanying picture.

NCAT EVALUATES AND
SELECTS A FIELD
PERMEABILITY DEVICE
Allen Cooley, Research Engineer - NCAT

The Southeast Asphalt User Producer Group (SEAUPG) has asked NCAT to
put together a comparison testing program for the Superpave gyratory
compactor (SGC).   The purpose of this testing  program would be to
provide a means of comparing the various Superpave gyratory compactors
throughout the region and to allow a participant to compare his compactor
against the other compactors in the region.  The first set of samples were
sent out in May.  The test results will be sent out in early July.  The cost for
participation in the study will be $200 per sample.  It is planned to send out
three sets (two specimens)  of samples each year: one in May, one in
September and one in January.   If you are interested in participating in the
program, please contact Doug Hanson at 334-844-6240 or
dhanson@eng.auburn.edu.

Superpave Gyratory Compactor
Comparison Study

October 18-20 International Conference on Accelerated Pavement
Testing, Reno, NV
Contact:  Nevada T2 Center, (702) 784-1433

October  27-29 7th Annual U.S. Hot Mix Asphalt Conference
Orlando, FL
Contact:  NAPA @  1 - 888 - HOT - MIXX

November 18 39th Annual Bituminous Paving Conference
University of Illinois
Contact:  Sam Carpenter, scarpent@uiuc.edu

Nov. 30- Dec. 2 Southeastern Asphalt User/Producer Group
(SEAUPG) Annual Meeting
Bay Point Resort Village – Marriott
Panama City, Florida
Contact:  Jill Baumgardner, SEAUPG,
(601) 206-5330

January 9-13, 2000 79th Annual Transportation Research Board
Meeting
Washington, DC
Contact: TRB (202) 334-3214 www.nas.edu/trb

March 12-15, 2000 Association of Asphalt Paving Technologists
Reno, NV
Contact:  AAPT, (651) 293-9188

April 10-12, 2000 Superpave: Building Roads for the 21st Century
Denver Marriott Tech Center
4900 S. Syracuse Street
Denver, CO  80237
Phone:  (303) 740-2531

Calendar of Events

Because of the success of this research study, a second phase was
authorized by the member states of the Southeastern Superpave Center.
This second phase will entail taking the selected permeameter into the field
and evaluating the in-place air void content at which pavements become
excessively permeable.   As a part of this study 12 to 15 sites will be visited
in eight states.  The plan is to evaluate the permeameter on many different
types of Superpave mixes. A secondary objective will be to evaluate what
factors influence the permeability of Superpave designed mixtures.
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Superpave Center.

Lynn J. Warble
Coordinating Editor (765) 463-2317

As was reported in the last issue of the South-
eastern Superpave Center News an oval pave-
ment testing facility is being constructed at
Auburn University.  The test track is rapidly
shaping up and looking like the testing facility
envisioned.  Project work for the grade and
drain contract continues and is ahead of sched-
ule.  Currently, construction crews are finish-
ing the grassing and seeding of the facility.  The
last portion of the 12
inches of improved road-
bed material was placed
at the end of April.   This
task is the last item in the
current contract.  Final
grading is also being ac-
complished for the as-
phalt plant site location.
Partial paving of the ac-
cess road and the labo-
ratory parking areas has
been completed. The
contract for the grade
and drain was com-
pleted in May. Construc-
tion of the laboratory and
the truck maintenance buildings will be com-
pleted in early July.

Project drawings and specifications have
been developed for the second construction

Update of the NCAUpdate of the NCAUpdate of the NCAUpdate of the NCAUpdate of the NCAT OvalT OvalT OvalT OvalT Oval
TTTTTest Test Test Test Test Trackrackrackrackrack
Shane Buchanan, NCAT

contract.  This contract will consist of the base
and paving of the test track, including the indi-
vidual test sections.  The overall pavement
structure of the track will consist of the 12
inches of improved roadbed material, 6 inches
of crushed aggregate base, 4 inches of asphalt
treated permeable base, 15 inches of HMA
binder mix, and 4 inches of test mix.   The time
frame for the completion of the base and pav-
ing contract is not fully known at this time.
Therefore, the date for the construction of the
actual test pavements is not known.  It is hoped
that they will be constructed in 1999 and the

testing can begin in early 2000.  A significant
amount of testing and evaluation of the test
mixes will be conducted to ensure that the mix
conforms to the individual states’ job mix for-
mulas.


