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Disclaimer

The contents of this report reflect the views of the authors who are responsible for the
facts and accuracy of the data presented herein. The contents do not necessarily
reflect the official views or policies of the University of Connecticut, the Connecticut
Department of Transportation or the Federal Highway Administration. This report does
not constitute a standard, specification or regulation.
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ki square kilometers 0.328 square miles mi~
LENGTH
mm millimeters 0.038 inches in
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Background & Problem Statement

Aggregates used in the production of Hot-Mix Asphalt (HMA) account for approximately
95% of the mixture by weight. These aggregates are intended to withstand significant
loading over the expected service life of the roadway. When a vehicle tire travels over
the roadway it imposes a force/load onto the wearing surface, which is transmitted to
the underlying HMA layers and is ultimately diffused through the road base. In order for
this to take place, there needs to be a significant level of quality and structural integrity
in the aggregate matrix in each HMA layer. The individual pieces of aggregate are

required to resist damage and degradation when subjected to traffic loading.

One of the many requirements for the coarse aggregates is to pass a test known as the
Standard Test Method for Flat Particles, Elongated Particles, or Flat and Elongated
Particles in Coarse Aggregate, ASTM D4791. (Flat and Elongated Test , Method B —
calculated by weight is used). ASTM D4791, Method A — Flat or Elongated particles is
not typically used for characterizing aggregates used in HMA as it tends to allow a much
higher percentage of undesirably shaped particles to be used. This test is intended to
ensure that the weakest and most vulnerable dimension of any aggregate particle is
capable of withstanding shear forces when subjected to loading during construction and
during its service life. Additionally, an abundance of flat and elongated particles may

make it very difficult to compact the HMA during construction.



It is not possible to ensure that 100 percent of all coarse aggregates used for roadway
construction are not flat and elongated. Most agencies specify a maximum allowable
percentage of flat and elongated particles, which may be present in a source, for use in
HMA production. ConnDOT currently specifies that not more than 10 percent flat and
elongated particles in the final blend of coarse aggregates are permissible for use in
HMA production. This range is based on a flat and elongated ratio of 3:1 (the longest
dimension may be no more than 3 times the smallest dimension of the particle). It has
been hypothesized that the specified tolerance for flat and elongated particles could be

eased without compromising the structural integrity of HMA pavements in Connecticut.

Objectives

This research is intended to establish typical values for flat and elongated particles in
aggregates being used for HMA production in Connecticut, and if the current ConnDOT
specification of 3:1, 10 percent maximum is beneficial. The research team intends to
provide ConnDOT with a recommendation as to any changes that could be made to the

specification without compromising the integrity of the pavement structure.

Regional Specification Review

The research team conducted a review of state agency specifications in the northeast
for flat and elongated particles, to gain an idea of what is specified regionally. These
specifications were used to compare with the ConnDOT specification. State agency

specifications state that any stones with a ratio of more than 5:1, 4:1 or 3:1 (depending



on the state) longest dimension to smallest dimension are flat and elongated. States set
a maximum acceptable percentage of flat and elongated particles that a coarse
aggregate blend may have before being ruled out as an acceptable source. Regional

state requirements for flat and elongated particles are shown in Table 1.

Table 1. Regional States Flat and Elongated Specifications

State Specification ASTM D4791, Method B
Connecticut 10% by weight maximum, 3:1 ratio
Maine 10% by weight maximum, 5:1 ratio
Massachusetts 15% by weight maximum, 4:1 ratio
New Hampshire 10% by weight maximum, 5:1 ratio
New Jersey 10% by weight maximum, 5:1 ratio
New York 10% by weight maximum, 5:1 ratio
Pennsylvania 15% by weight maximum, 5:1 ratio
Rhode Island 10% by weight maximum, 5:1 ratio
Vermont 10% by weight maximum, 5:1 ratio

Sampling Aggregates

The research team collected aggregate samples from 15 different aggregate sources
used in the production of HMA for ConnDOT projects. These samples were obtained by
CAP Lab personnel at random times throughout the 2012 construction season. These
aggregates were sampled from production stockpiles at each of the 15 facilities.

Material was collected by taking a random sample of aggregate from hot mix aggregate
production piles of both 3/8-inch and 1/2-inch stone following the AASHTO T2

requirements for sampling of aggregate stockpiles. Samples were then tagged and



returned to the CAP Lab for testing. Sources that were sampled and tested are shown

in Table 2.

Table 2. Aggregate Sources

Sources
AEN - North Franklin, CT
All-States — Killingly, CT
American - Jewett City, CT
Galasso Materials — Granby, CT
JSL — Westfield, MA
O&G — Southbury, CT
O&G — Torrington, CT
0O&G — Waterbury, CT
Palmer Paving — Palmer, MA
Suzio York Hill — Meriden, CT
Tilcon — Griswold, CT
Tilcon - New Britain, CT
Tilcon — Newington, CT
Tilcon - North Branford, CT
Tilcon — Wallingford, CT

Summary of Testing

The samples were first placed in an oven and dried to a constant mass. They were
then broken down into more manageable sizes using a splitter to obtain a random
sample of approximately 2000 grams for 1/2-inch material and 1000 grams for 3/8-inch
material. The exact weight of each sample was recorded. The aggregate was then

washed and dried to a constant mass. The samples were then split down to sizes of



approximately 100 pieces, in accordance with ASTM D4791. The Flat and Elongated
caliper was used to test the samples at a 5:1 ratio and then a 3:1 ratio. This was done
by placing each piece of aggregate between the fixed post and the swinging arm on the

larger end of the caliper to measure the length, as seen in Figure 1.

Figure 1. Flat and Elongated Test (Longest Dimension)

Aggregate

Once this length was measured, the caliper was kept in place and the specimen was
attempted to be passed through the smaller opening, as seen in Figure 2. If the
sample fit through the smaller opening with the measured length at the set ratio, it

failed the test at that ratio, per ASTM Standard D4791, Method B.



Figure 2. Flat and Elongated Test (Smallest Dimension)

Aggregate

This process was repeated with the entire split sample. The pieces were separated into
‘passed’ and ‘failed’ categories. Once this was complete, the masses were recorded

and the percentage of flat and elongated particles was calculated.

Results of Testing

The results included in this report were ‘blinded’ so no results can be attached to the

respective producer.

Table 3 shows the vast majority of samples tested at the 3:1 ratio exceeded 10 percent
by weight. None of the fifteen sources passed at the 3:1 ratio for both aggregate sizes,
and only five managed to pass for even one size. The average for all the 3/8-inch
samples tested at a 3:1 ratio was18.3 percent (above the maximum allowable state
specification of 10 percent by 8.3 percent.) The average for all the 1/2-inch samples

tested at the 3:1 ratio was 16.8 percent (above the maximum state specification of 10
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percent by 6.8 percent.) It is also shown in Table 3 that all sources would pass the 10
percent maximum at 5:1 ratio required by AASHTO M323 — Superpave Volumetric Mix
Design. The average percentage of flat and elongated particles for all of the 3/8-inch
aggregates with the 5:1 ratio was 2.9 percent. The overall average percentage of 1/2-
inch flat and elongated particles with the 5:1 ratio was 2.5 percent. When tested at a
5:1 ratio, 7 different samples recorded a flat and elongated percentage of less than 1

percent.



Table 3. Flat and Elongated Testing Results, ASTM D4791, Method B

Aggregate 3/8" 3:1 3/8" 5:1 1/2" 3:1 1/2" 5:1
Source (%) (%) (%) (%)
A 13.2 1.1 15.8 3.0
B 16.6 0.8 12.8 1.6
C 13.2 1.7 11.7 0.4
D 18.2 2.7 9.8 1.2
E 7.6 20 36.0 5.7
F 44 .2 9.5 25.6 5.2
G 5.3 0.0 14.6 0.0
H 23.5 5.0 15.8 1.7
| 20.7 4.6 21.0 3.8
J 15.0 3.4 24.8 5.3
K 10.5 25 9.5 0.8
L 24.6 3.5 19.8 26
M 223 3.7 17.9 4.1
N 20.8 0.5 13.2 1.8
(0 18.3 26 3.0 0.0
Average: 18.3 29 16.8 25

The results from Table 3 are shown graphically in Figures 3 and 4, along with a
reference line illustrating the current ConnDOT specification limit of 10 percent at

the 3:1 ratio.



Figure 3. Flat and Elongated Percentages (3/8” Stone), ASTM D4791, Method B
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Figure 4. Flat and Elongated Percentages (1/2” Stone), ASTM D4791, Method B
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Conclusions

Out of a total fifteen different tested sources, (30 tested samples), only five samples (or
17 percent) actually met the 3:1 requirements at 10 percent. Taking this information
into consideration, the current specification is not generally met, and the current levels
of flat and elongated particles do not seem to be having a detrimental effect on the
pavements being placed in Connecticut. Additionally, strict enforcement of the current
Flat and Elongated specification requirement would require the aggregate producers to
perform additional processing of the aggregate to meet the specification, which,
inevitably, would increase the price of their products with minimal or no long-term
benefit. As Connecticut has a stringent in-place density specification for HMA, it is in
the producers’ best interest to minimize the flat and elongated particles to make it easier

for them to achieve compaction.

Recommendations

After analyzing the results obtained, as well as the specifications from regional states, it
can be stated that a less stringent specification would be more attainable. Most
surrounding states are using the 5:1 ratio with 10 percent maximum allowable flat and
elongated particles. Per the results shown above, it would be quite reasonable in
Connecticut to return the specification values to the AASHTO M323 Superpave
Volumetric Mix Design requirement of 10 percent maximum using a ratio of 5:1 for the

coarse aggregate blend.
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