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ABSTRACT

An attempt was made to design and construct a coarse matrix high binder (CMHB) mix.
When the design of the CMHB mix was unsuccessful, a coarse 19.0-mm Superpave mix was
substituted. This report describes the attempted design of the CMHB mix, aswell as the design,
construction, and early performance of the Superpave mix.

Construction problems with the Superpave mix included low gyratory voidsin field
samples and tenderness during the compaction process. Mix adjustments in the gradation and
asphalt content did not remedy the problems. The tenderness also contributed to inadequate
pavement density. Although field samplesindicated low gyratory voids, no overconsolidation,
aswould be evidenced by bleeding, has been observed. Therefore, it appears that this mix was
able to contain more asphalt than predicted by the gyratory voids. The average rut depth of all
sections was about 4 mm after 27 months.
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INTRODUCTION

In 1990, a 21-member group of highway transportation engineers and officials toured six
European countries to learn about the success of their asphalt pavements (AASHTO, 1990). Of
particular interest was the design of asphalt wearing courses, use of asphalt modifiers, and the
reported superior durability of their pavements. One of the European innovative mix designs
that was brought back to the United States and implemented was the stone matrix asphalt (SMA).
SMA has a strong coarse aggregate structure to resist permanent deformation, and a rich mastic
fills the aggregate voids to provide maximum durability.

The SMA costs more than conventional dense-graded mixes because of special aggregate
requirements, asphalt modifiers, and construction requirements. Concurrently with the
development of SMA in the United States in the early 1990s, the Texas DOT was developing a
similar gap-graded asphalt surface mix known as the coarse matrix high binder (CMHB) mix.
This mix was often referred to as the “poor man’s SMA” because it was less expensive than
SMA. Although the material requirements were not as strict as those of the SMA, claims were
made that the mix had stone-to-stone contact, which produced resistance to permanent
deformation (Asphalt Contractor, 1993). Also, the mix used thick asphalt films that promoted
good durability.

The Virginia Department of Transportation (VDOT) let a contract to use CMHB mix to
resurface approximately 4.8 km of four-lane highway. Two contractors showed interest in
supplying the mix for the project, and they submitted bids. The low bidder submitted a mix
design that complied with the gradation and asphalt content design limits, but they had no means
to check for creep properties as required by the specification that was adapted from the Texas
specification. The Virginia Transportation Research Council (VTRC) had the only lab in VDOT
that could perform the creep tests. Creep test results by VTRC did not comply with design
specifications, even with adjustmentsin the gradation. Meanwhile, amajor CMHB mix project
in Texas on I-20 failed soon after construction (Maghsoud Tahmoressi, personal communication,
1995). Thisfailure coupled with the problem of obtaining passing test results on the submitted
mix design prompted alook at alternative mixes that might provide the same durability benefits
as those attributed to the CMHB mix.

VDOT had committed itself to implementing the Superpave design system, so the
researcher decided to switch to a Superpave design for the project. It was hoped that use of a



coarse mix with thick asphalt films designed with the Superpave system would retain the
durability characteristics of the CMHB mix.

PURPOSE AND SCOPE

Theinitia purpose of this project was to design, construct, and evaluate a CMHB mix.
However, when problems occurred in obtaining a satisfactory design, the mix was switched to a
19.0-mm Superpave mix. Since only two Superpave projects had been built in Virginia, this
project provided additional experience for both contractor and highway personnel, especially
with a19.0-mm mix. Theintent of the study was not to draw general conclusions but to provide
a case study of a specific Superpave mix. It was used as alearning step in the Superpave
implementation process.

METHODS
General

The first step of the study was to check the design of the CMHB mix that was not placed
and then design the Superpave mix that was substituted. The second step was to design the
substituted Superpave mix, observe the manufacture and construction, ascertain any problems
that existed, and attempt to remedy any problems that existed. Samples were collected during
construction and tested to determine compliance with the specifications. Finally, the sections
were viewed to determine any evidence of premature distresses, and rut depths were measured
periodicaly.

Test Methods
Creep Tests

Creep tests were performed on the submitted mix design for the CMHB mix in
accordance with the Texas Static Creep Test (Tex 231-F). Specimens were prepared with the
Marshall hammer at the design void content (4 percent). The air void content was determined,
the ends of the specimens were capped with a plaster compound, and the specimens were placed
in a controlled temperature chamber and maintained at 40°C for 4 hours prior to the start of the
test. The cylindrical specimens were then loaded in the axial direction at a pressure of 68.5 kPa
for 1 hour. The load was removed, and the specimen was allowed to rebound for 10 minutes
before the strain was measured. Strain was aso recorded during the test so that a creep plot
(strain vs. time) could be obtained.



Superpave Gyratory Volumetrics

Gyratory volumetric properties were determined for the Superpave mix designin
accordance with AASHTO Provisional Standard TP4 (AASHTO, 1998). The design traffic level
and design temperature selected for Route 460 was 4 million equivaent single-axle loads and 38
°C, resulting in 96 gyrations for Nesgn -

Asphalt Content and Gradation

Asphalt content was determined according to Virginia Test Method (VTM — 102),
Determination of Asphalt Content from Asphalt Paving Mixtures by the Ignition Method
(VDQT, 1995). The asphalt cement was burned from the aggregate at 538 °C and asieve
analysis was performed on the remaining aggregate.

Georgia Loaded-Wheel Tests

Rut prediction tests were performed with the Georgialoaded-wheel tester (GLWT)
according to Georgia Test Method GDT-115 with some change (GDOT, 1997). The 75 mm
x 125 mm x 300 mm beam specimens were compacted in arolling wheel compactor using a
polycarbonate compaction block to atarget air void content of 7 percent. The beamswere
loaded with areciprocating wheel loaded at aforce of 445 N. The load was transferred to the
beam through a hose with an outside diameter of 29.5 mm pressurized to 700 kPa. The test was
performed for 8,000 cycles (16,000 passes) at 40 °C, after which rut depths were measured at
three locations along the beam. Subsequently, the test method was revised to include a higher
wheel load, higher hose pressure, and higher test temperature. Testing by the VTRC indicates
that the more severe revised test conditions produce rut depths that are more indicative of
pavement performance.

Pavement Rut Depth Measurements

Pavement rut depth measurements were made with a van equipped with a three-laser
sensor road profiling system. The vehicle had three height sensors positioned above the wheel
paths and center of the lane. The distance from the sensors to the pavement surface was
measured, and the height of the hump in the center of the lane above the wheel paths was
calculated asthe rut depth. Data were collected at normal highway speeds.

Voids Determinations
The percent air voids in pavement samples that were sawed or cored from the pavement

was determined according to ASTM’ s Slandard Test Method for Percent Air Voidsin
Compacted Dense and Open Bituminous Paving Mixtures, ASTM D 3203. The voidswere



computed from the specimen bulk specific gravity and theoretical maximum specific gravity by
the following formula:

VM :100(1_ bulk specific gravity of core J

theoreticd maximum specificgravity of mix
where

VTM = percent air voids
Bulk specific gravity = bulk specific gravity of the specimen

Theoretical maximum specific gravity = theoretical maximum specific gravity of
the specimen

Permeability Tests

Falling head permeability tests were performed on several cores removed from the
pavement after 27 months. The tests were performed by atest method for asphalt specimens
under development by an ASTM Committee D-4 task group.

The test method is based on ASTM Test Method D 5084, Measurement of Hydraulic
Conductivity of Saturated Porous Materials Using a Flexible Wall Permeameter (ASTM, 1996).
A layer of petroleum jelly was applied to the outside circumferential surface before it was placed
into the apparatus to prevent water from seeping between the flexible membrane and the
specimen. The pressure applied to the membrane was 96 kPa. The coefficient of permeability
was computed by the formula:

where

k = coefficient of permeability

a = area of stand pipe

L = length of sample

A = cross-sectional area of sample

t = time over which water head is allowed to fall
h; = water head at the beginning of the test

h, = water head at the end of the test.



RESULTSAND DISCUSSION
Mix Design of CMHB
The mix was originally specified to be a CMHB mix similar to that developed by the

Texas DOT. The specified gradation and the design gradation submitted by the contractor are
listed in Table 1. Table 2 lists the mix proportions and source of each material.

Table1l. Mix Design of CMHB Mix

Sieve (mm) | Specification | Submitted Job Mix
19.0 100 100

12.5 94-100 95

9.5 55-75 75

4.75 30-45 39

2.36 18-28 25

0.6 8-18 16

0.3 7-15 13

0.075 6-10 8.5

Table 2. Proportionsand Source of Materialsfor CMHB Mix

Material Per centage Source
No. 68 9.5 Vulcan Materials, Inc., Emporia, Va.
No. 10 25.0 Vulcan Materials, Inc., Emporia, Va.
No. 78 62.0 Vulcan Materials, Inc., Emporia, Va.
Ground lime 35 Germany Valley Limestone, Riverton, W.Va.
AC-30 (tested asa PG 64-22) | 5.3 Koch Materials Co., Newport News, Va.

The mix was designed with a 50-blow Marshall compactive effort, which resulted in an
optimum asphalt content of 5.8 percent. The specification limits adopted from Texas were less
than 0.0005 for permanent strain, less than 2.41 x 10™*° MPa for slope of the steady state portion
of the creep curve, and greater than 41.3 MPafor the creep stiffness. The creep tests performed
on the mix failed all of these specification limits.

During the design phase of our experiment the Texas DOT had some major bleeding
problems on one of their CMHB projects. At first, they thought it was caused by the asphalt
binder, but this premise was later dismissed after they performed aforensic study. Because of
this failure and our unfamiliarity with design process, we were somewhat concerned about the
potential success of the project. Also, Superpave was becoming accepted, and there were plans
to implement it aimost 100 percent statewide in the future; therefore, a decision was made to
switch from the CMHB design to a Superpave design using the same basic materials. The
resultant mix isthe only Superpave 19.0-mm surface mix that has been produced and placed in
Virginia.



Mix Design Using Super pave

It was desirable to require as few changes as possible in materials so that the contractor
could produce the mix for the same price as the origina bid price of the CMHB mix. Sincethe
contractor did not have a Superpave gyratory compactor, the VTRC had to perform the mix
design.

Materials were obtained from the contractor that were to be used in the original CMHB
mix. Also, No. 8 aggregate from the same source and natural class A sand from Glover
Construction, Inc., were made available by the contractor.

A total of nine blends were used in an attempt to achieve acceptable mix properties
(Table 3). One of the reasons for considering the CMHB mix was that it contained thick asphalt
films for maximum durability and it was desirable to still strive for this property in the
aternative Superpave mix. Mix design was an artful trial and error process striving for thick
asphalt films and acceptable void properties. All of the first eight designs had asphalt contents
less than 5 percent and the author wanted to keep the design asphalt content above 5 percent to
strive for maximum durability. The eighth mix design was an attempt to duplicate the gradation
of an intermediate mix that the contractor had produced previously; however, the blend that met
the intermediate mix gradation the closest contained excess minus-0.075 mm material resulting
inalow VMA and low asphalt content. On the ninth attempt a design was achieved that gave
5.2 percent asphalt content with other acceptable gyratory properties. A limitation of the design
process was that the number and sizes of aggregates were confined to those made available by
the contractor. It should also be noted that the coarse Superpave gradation was not as sensitive
to changes as you would expect a conventional dense graded mix to be.

Construction

Approximately 4.8 km of four-lane roadway on Route 460 east of the Isle of Wight
County line were resurfaced. The outside traffic lanes were composed of 230 mm of portland
cement concrete covered by approximately 130 mm of asphalt surface mix overlays. Theinside
lanes were composed of multiple layers of asphalt surface mixes. Before 38 mm of Superpave
mix was placed on all of the lanes, the asphalt overlays on top of the concrete were milled and
removed and then 130 mm of BM-2 base mix was placed on top of the concrete. BM-2isa
dense-graded base mix with a 25-mm maximum nominal aggregate size. In some cases the
underlying support for the concrete slabs was poor and, as expected, transverse reflection
cracking has appeared in the new surface mix.

Paving of the 19.0-mm surface mix was done by Henry S. Branscome, Inc., during the
period of August 12, 1996, to August 20, 1996. Weather was satisfactory, with temperatures
ranging from 17 to 21°C and 24 to 30°C for the lows and highs, respectively. Rain stopped
paving at 4:30 P.M. on August 12 and prevented paving al day on August 13. The paving site
was 10 to15 minutes driving time from the asphalt plant, and temperature of the mix at the paver
averaged 143 °C.



Table3. Trial Blendsand Gyratory Properties

Spec

Design Restricted
Mix 1 2 3 4 5 6 7 8-IM 9-JM Limits Zone

Per centage of M aterial

No. 68 34 47 45 15 48 45 13 32 22
No. 78 33 18 25 50 20 25 50 23 50
No. 10 33 35 30 35 20 22 26 35 21
Sand 12 8 11 10 7
Sieve Gradation, Percent Passing
25.0 100 | 100 100 100 100 100 100 100 100* 100
19.0 98 97 97 99 97 98 99 96 97* 90-100
12.5 86 82 82 92 81 82 93 87 90*
9.5 69 67 66 75 66 66 76 74 70
4.75 40 42 38 42 40 38 44 51 38*
2.36 26 28 25 28 28 26 31 38 25 23-49 34.6
0.6 14 16 14 15 16 14 17 21 15* 16.7-20.7
0.3 11 12 10 11 9 9 10 14 10 13.7
0.075 5.4 5.7 5.0 55 3.7 3.9 4.2 6.1 4.5* 2.0-8.0
Property Gyratory Design Values
AC, % 4.5 4.2 4.7 4.4 4.2 4.4 4.2 4.0 5.2
VMA, % | 138 | 132 14.3 13.8 13.6 14.0 13.6 12.9 15.1 >13.0
VFA, % 711 | 69.8 72.0 711 70.5 715 70.6 69.1 73.6 65-75
%Gm@ | 852 | 858 85.2 85.4 86.9 86.3 87.3 87.9 86.2 <89
Ninit
%Gm@ | 97.3 | 96.9 97.4 97.3 97.3 97.4 97.2 97.0 97.3 <98
Nmax

*Control sieves.




A gyratory compactor was moved into the district materials lab, and tests were performed
daily by VTRC personnel to determine whether satisfactory properties were being achieved.
After paving the first day, the tests showed that the mix was too dense (low voids) by Superpave
standards and it tended to push under the breakdown roller after two passes. Normally, void
levels below the minimum allowable level would result in the pavement devel oping bleeding and
possibly rutting. Although the mix contained low voids, VDOT’ s prior experience with a
Superpave mix in 1995 indicated that Superpave mixes could probably tolerate extra asphalt
cement and still function well. Therefore, there was not major concern over the low voids. But,
to be safe, another lab mix design was done the next day during the rain delay to try to correct
the problem of low voids and tenderness.

Severa changesin the blends and asphalt contents were made during the project in an
attempt to refine the mix design, which resulted in the production of eight mixes (see Figure 1).
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Figurel. Test Section, Route 460



However, the problems with low voids in lab specimens and tenderness during field compaction
were not solved. Texas aso reported tenderness problems, especially with 19.0-mm mixes
(Tahmoressi, 1997), and other states have reported at unrecorded meetings that some 19.0-mm
mixes are tender during compaction. It has been observed by others that a temperature zone
exists where the mix istender during compaction. They found it necessary to roll the mix while
it was hot, stop rolling as the mix temperature was in the tenderness zone, and compl ete the
rolling when the mix cooled below the tenderness zone (Deahl, 1999). Although the tenderness
zone was observed on the Route 460 project, the rolling technique described was not known at
that time and, therefore, was not used.

Lab Tests

Table 4 shows input blends for each of the field mixes and the test results of asphalt
content and gradation tests. Table 5 shows the results of the gyratory tests, 75-blow Marshall
tests, and GLWT rutting tests. The value listed for each mix is an average of tests on two to five
samples taken during production. The number of samples per mix varied because the quantities
of the mixes were different. Table 6 summarizes some test results and placement observations.

After problems with low lab voids and tenderness during rolling with the first mix, the
blend of the second mix was adjusted to be coarser. However, the blend appeared to be too
coarse on the road and was still unstable under the rollers; therefore, the contractor attempted to
adjust the blends again for mix 3. The tested gradations for mix 3 did not show an appreciable
change from those for mix 2; however, the tenderness was not as severe. The contractor was
able to apply two static passes and one vibratory pass with the breakdown roller and two or three
passes with the finish roller after the mix had cooled to 110 °C before tenderness was evident.
The blend was changed slightly for mix 4, but the mix was not as stable during rolling even
though the tested gradation changed only slightly from that of mix 3.

The asphalt content was decreased to 5.0 percent for mix 5 in an attempt to increase
gyratory voids and decrease tenderness. The mix was still unstable during the rolling operation,
and it would tolerate only one or two passes with the breakdown roller. The mix had to cool
more before it was rolled with the finish roller. For mix 6 the blend was switched back to the
same blend as used in mix 3 since that mix seemed to have sightly better resistance to the
tenderness problem. The change seemed to make the mix more stable under the rolling process.
This aggregate blend was maintained for the remainder of the project. The asphalt content was
lowered to 4.8 percent for mix 7. When the contractor obtained 4.5 percent VTM for a 75-blow
Marshall test, which was considered high, and the mix looked dry, the asphalt content was
increased to 5.0 percent for mix 8.

Different aggregate blends were used for mix 1; mix 2; mixes 3, 6, 7 and 8; and mixes 4
and 5. The blend corresponding to that used in mixes 3, 6, 7, and 8 seemed to be |ess tender
during the rolling process. However, when the range of gradation and asphalt content test values
achieved for all of the mixes was examined, only mix 1 would be near the outer tolerance limits
for asingle mix. In other words, with the possible exception of mix 1, the other mixes were
within the normal production tolerance range for a single mix and probably should not produce



Table4. Test Resultsof Field Samples

Mix No. 1 2 3 4 5 6 7 8 Job Mix Restricted
Design Zone

Mix Inputs

No. 68 22 42 35 33 33 35 35 35 22

No. 78 50 33 40 40 40 40 40 40 50

No. 10 21 18 18 20 20 18 18 18 21

Sand 7 7 7 7 7 7 7 7 7

AC, % 5.2 5.2 5.2 5.2 5.0 5.0 4.8 5.0 5.2+0.3

Sieve, mm Gradation

25.0 100.0 | 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100*

19.0 99.7 98.2 98.1 98.5 98.7 97.5 98.6 98.6 97 +4*

125 91.5 86.8 85.7 86.7 85.1 86.7 87.4 84.5 90 +4

9.5 78.0 72.2 72.2 72.5 71.2 73.5 74.2 70.4 70 +4

4,75 441 39.6 40.7 40.2 38.7 42.6 42.6 40.4 38+4

2.36 28.6 26.2 27.1 26.2 25.3 28.5 28.6 27.9 25 +4* 34.6

0.6 17.1 16.1 16.5 155 15.2 16.7 16.9 17.2 15+3 16.7-20.7

0.3 12.4 11.8 12.2 11.5 11.3 12.3 125 12.8 10+2.5 13.7

0.075 5.2 5.3 55 53 5.1 55 5.6 5.8 45 +1*

AC, % 5.4 5.4 53 5 5.1 5.2 5 5.2 5.2+0.3

Note: Values in shaded cells are outside the spec limits. Tolerance limits for job mix are for average of 4 tests.
*Design sieves.
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Table5. Gyratory, Marshall, and GLWT (Rutting) Resultsfor Field Samples

Spec
Design
Mix No. 1 2 3 4 5 6 7 8 Limits
Gyratory Volumetric Properties
% Gmm 90.1 87.4 88.0 87.1 87.1 88.4 87.7 88.5 <89
@Ninit
% Grm @ 98.0 97.3 97.7 96.4 96.8 97.9 97.3 98.2 96
Ndes
% Grm @ 99.0 98.6 99.0 97.6 98.0 99.2 98.5 99.3 <98
Nmax
%VIM @ | 2.0 2.7 23 3.6 3.2 21 2.7 1.8 40+15
Ndes
%VFA @ | 84.6 83.1 834 75.8 77.5 84.8 80.0 86.1 65-75 **
Ndeﬁ
%VMA @ | 13.3 14.0 13.8 14.5 14.4 13.8 135 13.2 >13.0
Nds
75-blow Marshall Volumetric Properties
%VTM 25 2.8 24 3.2 35 2.6 3.1 24 36*
%VMA 13.7 14.0 13.9 14.1 14.6 14.1 13.9 13.8 >14.0*
%V FA 82.1 80.6 82.7 77.6 76.2 81.6 77.6 82.2 65-80 *
GLWT Rut Depth
%VTM 6.8 6.7 6.5 6.5 7.2 6.2 5.8 59
Rutting, 39 4 39 2.8 34 3.2 1.9 3.0 <8.0**
mm

*Previous VDOT design values, but not in effect for this project.

**Georgiaguideline.
***Based on design. No field tolerance assigned.

Note: Valuesin shaded cells are outside spec limits.
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Table6. Field Samples Mix Propertiesand Construction Observations

Mix Gradation* Lab Voids Fineglasphalt ratio** | Film thickness, um Comments
Gyratory Mar shall
1 A Low Low 1.09 8.3 Tender
2 B Low Low 1.10 8.7 Tender
3 C Low Low 112 8.8 Less tender
4 D OK OK 1.14 9.1 Tender
5 D OK OK 1.04 9.5 Tender
6 C Low Low 112 9.0 Less tender
7 C Low OK 121 8.2 Less tender
8 C Low Low 1.20 8.2 Less tender

*Each letter signifiesa similar gradation.

**Maximum allowable = 1.20.
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significantly different properties. It was not possible to duplicate the gradation of the original
job mix; but mix 5 was the closest to it. Mixes4 and 5 produced gyratory and Marshall
volumetric properties that were the closest to being acceptable, but they displayed more
tenderness during compaction.

As mentioned previously, it was desirable from a durability perspective to incorporate as
much asphalt cement as possible and still maintain arutting resistant surface. The GLWT tests
were performed under test conditions that were believed to indicate performance, but the
conditions have been changed to predict potential rutting problems more closely. Even though
Georgiawas using 8 mm as the maximum rut depth allowable under the test, it is possible that
the limit should have been somewhat lower with the test conditions being used at that time. The
first three mixes had the highest rut depthsin the tests, but mix 5 produced the most pavement
rutting.

Properties that should be associated with durability are asphalt film thickness and the
fines-asphalt (F/A) ratio. The F/A ratio isthe ratio of the amount of -75-micron aggregate to the
amount of effective asphalt cement. The asphalt film thickness and fines-asphalt ratio calculated
for the field mixes are listed in Table 6. A laboratory study indicated that asphalt aged
excessively if the film thickness was less that 9 to 10 microns (Kandhal, 1996). A second study
by Kandhal, Foo, and Mallick (1998) cited a recommended minimum film thickness of 8 um.
Mixes 2 through 6 should have the best resistance to aging because the film thickness was very
close or within the 9 to 10 micron range. It is also interesting to note that mix 5, which had the
highest pavement rutting, also had the lowest F/A ratio and highest asphalt film thickness. The
low F/A ratio may have resulted in low stiffness, and when combined with thick asphalt films, it
could have produced more rutting.

Field Tests

Density (voids) and rut depth field tests were performed. The results are shown in
Table7. Also, the change of rut depth with timeis shown in Figure 2. Rutting has progressed
approximately at alinear rate since construction with atotal average rut depth of approximately
4 mm after dlightly more than 2 years. Although the total rut depth is not excessive, it is hoped

Table 7. Pavement Voidsand Rut Depth in Traffic Lanes

Mix No. VTM of Road Cores, % Rut Depth, mm
0 months 28 months 2 months 17 months 27 months

1 9.6 8.8 0 25 3.0
2 9.1 Nonein traffic lane

3 9.9 8.4 -0.3 2.3 3.8
4 9.3 6.6 -0.3 25 4.6
5 9.4 7.6 0.3 4.1 4.6
6 8.0 8.2 0.3 2.0 3.3
7 10.3 9.8 0.5 2.0 3.8
8 9.0 6.8 1.0 25 41
Average 9.2 8.0 0.2 2.6 3.9

Note: Maximum allowable VTM at 0 months = 8.0%.

13
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Figure2. Average Rut Depth of Mixesin Outside Traffic Lanes

that the rate of development will decrease. Some of the rutting can be attributed to
consolidation, but calculations for the 1.2 percent decrease in pavement voids can account for
only about 0.5 mm of the rutting. Most of the rutting is probably the result of aggregate particles
reorienting themselves to a more stable state. If adequate density could have been achieved
during construction, the particles would have been in amore stable position and thisinitia
rutting should have been less.

Mix 5 was placed in the eastbound and westbound traffic lanes (see Figure 1). The
average rut depth of 3.3 mm and 5.8 mm in the eastbound and westbound traffic lanes,
respectively, was significantly different when analyzed with at test at 95 percent confidence
limits. The test results (volumetrics and gradation) of samples from both sections revealed no
obvious reasons for the difference. Also, the rut depth of other mixes placed in the westbound
lane was obviously not larger than that of mixesin the eastbound lane, which does not indicate a
differencein traffic loading in the two directions.

Only the pavement voids of mix 6 met the specification’s allowable maximum of 8.0
percent. Failureto meet the density (voids) requirement was probably primarily caused by the
tenderness problem. Falling head permeability tests were performed on five cores taken
throughout the project after 27 months. Four of the five test results were less than 235 x 10°
cm/sec, which is very good in comparison to the results of many tests performed on samples of
other mixes taken over the last year. Although the permeability is slightly higher than a current
FloridaDOT allowable value of 125 x 10” cm/sec, it is felt that the mix is relatively
impermeable, which should deter the entrance of surface water. If surface water was allowed to
penetrate the pavement structure, it would deteriorate the asphalt and concrete supporting base
material. Although it is probably too early to form substantive conclusions regarding durability,
drive-through visual evaluations indicate no extraordinary distresses after 27 months.
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CONCLUSIONS

Upon placement, the Superpave 19.0-mm mix was too dense and became tender during
compaction. Laboratory tests on field samples also indicated that the mix was too dense,
although no bleeding has been observed. Adjustmentsto the aggregate blend and asphalt content
helped but did not eliminate the tenderness or laboratory density problems. Based upon our
experience and that of other states, it should be recognized that the 19.0-mm mix may become
tender during compaction.

Experience was al so gained regarding placing a mix that was too dense according to lab
tests. Perhaps coarse Superpave mixes are more tolerant to high density (low voids) in
laboratory tests, which would allow more asphalt cement to be tolerated than is allowed by the
suggested Superpave specifications. Recent unpublished work by Brian Prowell indicates that
the specified number of gyrations may be too high, resulting in laboratory voids too low for
properly proportioned mixes.

The average pavement rut depth for all of the sections was 3.9 mm, which is acceptable.
However, it is hoped that the rate of rutting will decrease. If rutting is contained, the mix has an
opportunity to be durable because of itsrelatively thick asphalt films. The performance should
continue to be monitored periodically.
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