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Early Distress in Open-Graded Friction Courses

Final Report

INTRODUCTION: In 1997 the New England Transportation
Consortium (NETC) solicited problem statements from each of the six
participating New England states. The performance of open-graded friction
courses (OGFC) was selected for study and research, an action triggered by
early failures in OGFC which required substantial financial resources to

correct,

The staff of the CT Transportatioﬁ Institute's Advanced Pavement
Laboratory (CAP Lab) responded to the NETC request for proposals and was
selected as the research agency for this project. CAP Lab staff proposed to carry
out a series of field and laboratory activities designed to improve the
performance of OGEC in New England. Technical guidance for NETC was
provided by a panel of six state pavement and/or materials engineers and a
representative of the Federal Highway Administration (FHWA) and chaired
by Alan Schneck of Vermont. Work was begun on the project on 8/1/98.

BACKGROUND OF OGFC: In the late 1960's, through the mid 1970's a
- high percentage of wet-weather accidents was cited in several major studies.
In turn, methods and systems to reduce these accidents were investigated.
One concept which evolved was that of OGFC, whereby an asphaltic material
was designed with a large void structure to reduce the water film thickness on

the pavement surface.

Numerous trial sections were pl’aced at the urging of FHWA and other
safety conscious agencies. Reductions in wet-weather accidents were reported.
On the negative side increased useagé of winter deicing chemicals was
reported by several snow belt states. The additional salt applications were
required to prevent early and rapid ice buildup in the OGFC material. A
second problem reported was the handling and placement of the OGFC
material. The latter problem was subsequently addressed and improved by
reducing the voids in the OGFC.
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The safety benefits of OGFC were documented and provided the basis
for accepting OGFC for use by state DOT's. Experience in Europe was similar
to that in the United States.

After several years of use, early and very costly failures in OGFC
materials were reported. Again, the Euopeans experienced similar problems
as reported by an AASHTO sponsored scanning trip. Subsequently European
research was focused on improving the performance of OGFC so that it could
be used as a positive saféty measure. Improvements were documented and
attributed to increasing the binder's film thickness on the aggregate matrix.
In general, this was acccomplished by employing fibers or other modifiers in
the binder. The states of Georgia and Oregon have reached similar
conclusions regarding OGFC recently. |

In New England the primary means employed to improve OGFC
peformance was to densify the mix, by adding fines. This modification
improved handling and placement, but early failures were still reported as
well as the good performance OGFC projects. Based on the costs to repair
these failures, NETC initiated research addressing these performance issues.
The Connecticut Transportation Institute was selected to carry out a study
which addressed the following four Objectives:

1 - Determine the type and extent of failures in OGFC placed in New
England;

2 - Compare failures in OGFC with sections that are performing well;

3 - Develop specifications for OGFC based on the state-of-the-art; and,

4 - Prepare recommended maintenance and rehabilitation practices and
pertinent specifications for use on failed sections of OGFC.

METHODOLOGY EMPLOYED: The following methodology was
developed to address the four objectives set forth above. As an initial step a
detailed literature search was conducted. Selected references are shown as
Appendix A. The results of the literature search were discussed at an initial
advisory panel meeting held 8/19/98.
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At the 8/19 meeting it was determined that 4 of 6 New England states
could supply field projects for evaluation. The four states are Connecticut,
Massachusetts, Rhode Island, and Vermont, with only Massachusetts and
Vermont being able to provide "poor" and "good" performing OGFC sections.
Connecticut has abandoned the use of OGFC while Rhode Island could
provide recently placed (since 1995) OGFC. New Hampshire and Maine do
not employ OGEC in their normal paving operations. Available data on
materials and placement specifications were solicited as well as typical
sections and other related construction information.

The researchers suggested and panel concurrence was received fo
secure in-situ field data on: pavement texture and permeability; cores of the
OGFC layer; and a detailed mapping of distresses observed. In addition the
panel recommended that friction values of the area surveyed be obtained.
Subsequently, the ConnDOT was contacted and agreed to perform the needed

friction surveys.

The field data were obtained for 1000-ft test sections, recommended by
each of the four participating states. The 1000-ft area was, in turn, subdivided
into 5-200 ft sublots for subsequent analysis purposes. Table 1 presents the
locations of the areas tested; they are shown graphically in Figure 1. Table 2
summarizes the tests conducted. Photos of the equipment used in this project
are shown in Appendix B. During field data gathering operations the state
visited provided traffic control for the right-hand lane closure; obtained cores
of the sections surveyed, and, provided needed traffic protection during
friction testing of the pavements. All field data activities were performed
during the months of September and October 1998. Friction surveys were
conducted and completed during early October, 1998, separately from field
performance data gathering activities.

The research team applauds the excellent cooperation and services
provided by the participating states. Their efforts greatly facilitated our data

acquisition activities.
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Table 1

Summary of Field Test Site Locations

State

State Location Condition Rating
CT (1)  I-84 Union; between Exits 73 & 74 Poor
MA (1) I-495 NB at Exit 32 (MM 85.0) Poor
(2)  1-290 WB, Northboro after Solomon Good

Road Exit

RI (1) 195 SB 0.7 Mi S of Rt. 3 Br., (Exit 6) Good
(2) 195 SB S of Exit 5 (MM 12.0) Good
VT (1) 1-89 SB; (MM70) Good
(2)  1-8%9 SB, (MMS60) Poor

Table 2

Summary of General Site Information

Location ADT{Section* % Trucks Age
CT 20,600 ' 19 12
MA Q) 50,900 ' 20 g
(2) 36,500 20 7
RI (1) 50,200 20 2
(2) 36,500 20 3
vT @O 10,350 11-12 5
(2) 10,350 11-12 3

“ADT-values for one direction only
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Table 3
Field Tests Performed

Typical Layout
1000 ft
g} -
12 ft
' Qutside Lane
: Sublot
St , ) E
axt 200 200 200 200 200 nd

Distresses - Map all Distresses.
Permeability Test - 2 tests per sublot (ASTM D3637-91) .

Surface Texture Test - 3 tests per sublot using both sand patch (ASTM E965-
96) and silly putty methods of test (Total of 6 measurements).

Photos - Photographic record of each lot.

Cores - 2 4-in. cores per sublot with at least one core outside of the wheel
path, 1 core/sublot if core is 6-in. in diameter. '

Friction - Both ribbed and smooth-tire friction values for the test site (ASTM
274-90).

Rutting - Determined by drawing a string line across the pavement.

DATA ANALYSIS: The data set obtained for each state are shown in
Appendices C-F inclusive. They represent the states of CT, MA, RI and
VT, respectively. Typical photos of each site and typical views of cores
removed éppear therein as well. '
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Tables 4-7 were prepared to provide snapshots of those data elements
considered most important in the field site reviews. They will be discussed
individually in the following paragraphs.

Surface Texture measurements are shown in Table 4. Two methods

of test were employed to assess this parameter; sand patch as defined in
ASTM E965-96 and silly putty as presented in Reference 22. Three tests
each were conducted in a 200-ft sub-lot. This procedure was employed
consistently and provided reasonable data throughout the field surveys,
with one unexplained exception in VT.

The "Silly Putty Test" was developed some thirty years ago as a
means of correcting nuclear density readings to core densities. The
nuclear gauge at that time included the volume of void space between the
gauge and pavement at zero density as part of the density reading. For the
test, a circular area in the middle of a 1/2 in. aluminum plate was
machined 1/8 in. deep. A fifty gram ball of silly putty was placed on the
pavement and covered by the plate and the plate placed on the putty and
forced down until the unmilled area sat solidly on the pavement. The plate
was removed and the diameter of the now flattened patty of putty measured.
A volume, 1/8 in. times the area of the patty, was deducted from the known
- 50 gram putty ball volume. The remaining volume, divided by the area of
the patty, provides a measure of the surface voids per unit of area
attributable to the relief in the pavement surface. In this manner, simple
comparisons of surface irregularities or relief are possible by merely
comparing the putty diameters.

For each test the smaller values reflect a more open or coarse
pavement surface. Comparison of the texture values measured to
observations of the surface of cores obtained show there is agreément that
the texture of MA and RI mixes is finer than those of CT and VT. Other
parameters measured, which will be discussed shortly, apparently conflict
with this observation. |

Table 5 presents data on air permeability as measured by ASTM
D3637-91 Method A. For this study a grease seal was employed to permit
the test to be conducted under a head of 0.25 in. and a flow of 1000 ml of air.
These values of head and flow were determined by initial test runs using
the test equipment and provided a uniform data set for this work. Each
sublot within the test area was tested twice. For this test the lower the value
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, Table 4
Summary of Surface Texture Measurements

Sand Patch* Silly Putty

State . Section Dia (in) Dia (in)
CT ' .- 1597 3.80
MA 1 18.77 3.98
2 19.65 422
RI 1 19.23 411
2 18.08 414
VT 1 1666 ' 4,03
2 17.27 4,01

*Method used ASTM E965-96

recorded the more open or porous the surface being tested. In several tests,
however, no flow was reported indicating that the surface tested was
essentially impermeable. |

Inspection of the data obtained reveals substantial scatter (see Range
per 200 ft in Table 5). Other investigators /14&15/ have found similar results
when using the falling-head air permeameter in the field. From these data
it is surmised that there is still a degree of permeability remaining in those
sites tested. The air permeameter tests on the more recently placed OGFC
material are difficult to interpret. Low times indicating good permeability
were found at most younger test sites but two of the zero permeability
determinations were found in the newest material. . -

Rut measurements are shown in Table 6. For these data, a
stringline was drawn taut over the surface of the lane being tested. The
maximum rut was then obtained by measuring with a scale. Duplicate
measurements were obtained in each sub-lot except in CT. In the CT
section, limited, if any, rutting was noted initially. Subsequent
measurements in the last two sublots revealed minor amounts of rutting.
In the remaining field visits, rut measurements were routinely obtained.
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Summary of Air Permeability Measurements (1)

Table 5

State Average High Low Range
Time (Sec) | Time (Sec.)| Time (Sec.)] of Time
Section per per
) Section Sublot,
cT 140.5 304 16 14.5-265
MA 1 228.36* 456 118.8 12.7-
302.5
2 673.7 2456 270.7 71.7-
' 1994.3
RI 1 363.94** 1084 70 5.2-1014
2 347.03 677 81 44 3-285.8
VT 1 66.91** 176 7.0 44-139.2
2 23.61 107.6 3.12 0.68-22.86

*1 Test Zero Permeability Reported - not included in Average

**9 Tests Zero Permeability Reported - not included in Average

(1) Method of Test Used ASTM D3637-91

Table 6
 Summary of Rutting Measurements (1)
State Section Range of
Rut Measured
(mm)
CT 8-10
MA 1. 2-12
2 0-12
RI 1 0-8
2 0-5
VT 1 4.5-9
2 3-b

(1) Method of Test Used - Stringline drawn taut across the outer lane
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Distresses observed are summarized in Table 7. These data are the
total distress recorded in the 1000-ft test section. It is the sum of all of the
respective distresses in each 200-ft sublot. The total is the sum of each
individual distress measured. It is noteworthy that only two of the seven
test areas have distress. The remaining five contain no distress

whatsoever.
Table 7
Summary of All Distresses Observed

State | Sec | Patching | Long | Trans | Map | Alligator | Raveling| Spalling | Gouges | Total all
(sf) (ft) {ft) (sf) {{(sf) (s1) {sf) (sf) Distress
Measures
CT 258 as 2629 1 2701 151 12.5 i2.b 4 5793.5
MA 1 19 223 3 66 80 60 1.5 ] 398.5
2 NO- DISTRESS OBSERVED
RI 1 :
NO DISTRESS OBSERVED
2
vT 1 )
, NO DISTRESS OBSERVED
2 . )
Table 8 ,
Summary of Friction Measurements
State Average
Frictiop
Number? High Low Range
CT 41.7 43.2 41.0 2.2
MA 1 51.2 52.2 50.2 2.0
2 51.0 51,7 50.3 14
RI 1 49.6 : 51.2 48.3 2.9
2 517 52.4 50.9 15
VT 1 58.1 60.5 56.5 4.0
2 57.9 594 57.0 | 2.4

“Ribbed-Tire Friction Values (ASTM 274-90)
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Table 8
Summary of Friction Measurements (Continued)

State Average
L Friction
Number™® High Low Range
CT | 39.7 422 38.3 3.9
MA 1 480 | 49.5 - 47.2 2.3
2 47.2 484 48.8 2.6
RI 1 45.2 47.7 43.9 3.8
2 50.3 51.3 49.6 1.7
vT 1 b6.2 599 54.6 5.3
2 575 60.5 5b.56 5.0

**Smooth Tire Friction Values (ASTM E274-90)

Friction data are presented in Table 8. The averages shown are for
either 8 or 10 individual measurements. The values shown reflect the
friction characteristics of the test site plus a short distance before and after
the designated area. All tests were performed by ConnDOT staff in
accordance with the requirements of ASTM E274-90. Separate runs were
conducted with the ribbed and smooth ASTM test tires. All tests were
performed using the left-hand wheel of the skid test trailer.

In all cases, the data shows good to excellent friction for the OGFC,
both ribbed-tire and smooth-tire measurements Flgure 1 presents a
graphlcal comparison of these data

For VT the friction data shown for Section 2 was not obtained at the
exact location the other data were obtained. The field site was moved
approximately 3 miles south of the location of the friction tests to avoid a
potential traffic conflict. Retest was considered and subsequently discarded
when the friction data for Sections 1 and 2 were compared. Observations of
the pavement surface and texture data support the decision not to refest
Section 2. '
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Technical analysis of the preceding data was started by first
assigning a performance rating to each section evaluated. For this
purpose, pavement rating manuals from Massachusetts and Connecticut
were employed. Based on the criteria used by these two states, five of seven
sites evaluated are rated excellent. There was no distress observed at these
five sites. The remaining sites are classed good (MA) and fair to poor (CT).

Table 9 presents a comparison of the research team's ratings to those of the

individual state. The data were then plotted, to determine if trends existed,
prior to conducting a more rigorous statistical analysis. In all cases, no
trends could be detected.
Table 9
Comparison of Field Test Site Ratings -

State Rating By
State + Location Rating Researchers
CT 1-84/Union Poor Fair-Poor
MA 1-290 Northboro  Good ~ Excellent
1-495 ‘ Poor Good
RI 1-95 (Exit 6) Good ~ Excellent
1-95 (MM 12.0) Good Excellent
VT 1-89 (MM70) Good Excellent
1-89 (MM 60) Poor Excellent

Two factors appear to have adversely impacted these results. First,
the lack of data on poorly performing sections negates a focused statistical
analysis of variance to determine the effect of various factors on OGFC
performance. Further, delamination was considered to be a major failure
in OGFC. No signs of delamination were recorded. Secondly, the broad
variation on a range of data obtained (see Table 4) leads one to question the
precision of the tests employed. Other researchers have encountered
similar data variations and have associated these ranges with the wide
range construction practices employed. Efforts to obtain as-built
construction data have not been successful to date,

Based on the results of our preliminary analyses, or lack thereof, an
advisory panel meeting was held 2/18/99. These data were discussed at
length and the following direction provided.
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1) Statistical analysis of the data and additional tests on OGFC
mixes are not warranted; :

(2) The researchers will seek additional projects in which OGFC
is performing poorly. These projects will be field reviewed;

(3)  'The researchers will analyze cores removed from the initial

" seven OGFC test sites to see if performance trends are
. indicated; and, .

(4) A final Report was to be initiated summarizing the results to
date and focusing on implementation concepts to improve the
performance of OGFC. '

Analysis of the OGFC cores was initiated by measuring the thickness
of OGFC on each core. Four measurements were made at cardinal points.
The average values obtained by sublot and for the entire lot, are shown as
Table 10. ; |

- Table 10
Summary of Thickness Measurements on OGFC Cores

Avg. Thickness (mm)/Sublot

. Avg.
Section | Depth
1 2 3 14 ) per lot

(mm)

CT (A) |30.4C)|346(C) 256 133200 ... 30.9

MA1(B) 294 28.2 29.6 252 26,5 |27.7
MA2(B) |19.9 17.9 20.3 20.9 254 1209
RIT(A) [341 32.8 - 30.2 32.2 386 |33.6
RI2(A) [328 42.5 36.4 44.1 369 |38.5
VT1(B) {265 15,7 216 29.0 287 |243
VT2(B) [26.5 21.0 22.3 234 189 224

(A) 2 4-inch Cores/sublot
(B) 1 6-inch Core/sublot
(C) Average of 4 measurements

Where 6-inch cores were removed the sublot value shown represents the
average of four measurements. For 4-inch cores the average is for eight
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measurements, except for the Connecticut cores. In the cores from
Connecticut, five of the ten cores obtained, two in sublot 5, ecrumbled during
the coring process and thicknesses were not obtained. This is the reason
that for sublot 5 there are no data.

Inspection of Table 10 shows the substantial variation in core depths
measured. Subsequent analysis of these data did not show any trends
which could be attributed to performance or affect performance of the
OGFC. '

Following the measurements, the OGFC layer was separated from
the core. For this purpose a 3/16-inch steel dowel was used to focus or
concentrate stress at the layer interface. This process placed the bonded
interface in direct tension. For the four-inch cores, the OGFC separated at
the interface when the dowel had penetrated the core approximately 3/16-
inch TFor the six-inch cores a single load did not separate the OGFC from
the base material. Separation took as many as five separate loads on the
circumference of the 6-inch core sample. This tenaceous bond explains
why no delamination was found at the various field test sites.

Once removed, the OGFC was heated 10 minutes in a 160C oven. The
perimeter, which contained sawn aggregate, was then removed. During
the removal process, pockets of uncoated fines were found. These, it is |
assumed, are the remains of winter sanding operations. The presence of
these fines can affect the gradation and asphalt contents determined.
Figure 3 presents the gradation analyses. Table 11 is a tabulation of all
binder gradations obtained from the cores.

In general, all mixes fell within applicable OGFC ranges. The
Rhode Island and Mass sections have more fines and were less permeable
than the CT and VT sections. It is recognized that the presence of uncoated
fines have biased these results such that they may not truly reflect mix
properties, measured at the time of construction. Limited attempts were
made to quantify these errors. For example, the difference in the values for
the fine sieves was tested and found to be about five percent on the minus 50
sieve. However, the nominal maximum size aggregate is reduced by only a
few tenths of a percent. It is judged that all OGFC materials tested reflect
the as-built OGFC pavement surface.
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Table 11
Gradation and Binder Content of OGFC Mixes from Cores

Sieve Percent Passing

mm  British CT MA-1 MA-2 RI-1 RI-2 VT-1 VT-2

381 1.5 100 100 100 100 100 100 100

25.4 1" 100 100 100 - 9956 100 100 100

19 8/4" 100 98.6 100 90.7 93.6 100 100

12.5 1/2" 100 874 100 71.3 79.5 100 100

9.5 3/8" 96.2 68.2 76.6 68.7 62.9 99.2 98.7

6.35 1/4" 68.3 48.8 56.6 66 46.3 75 72.9

4.75 #4 41.8 35.5 3.5 54.2 32.6 41.7 42.9

2.36 #8 22.5 23.7 - 238 384 20.6 18.8 21.6

1.18 #16 156.7 18.2 18.9 304 15.3 13.6 17.1

0.6 #30 12.1 14.3 154 22.3 126 108 14.6

0.3 #50 8.4 105 11.1 144 10.4 8.1 11.8

0.15 #100 6.2 65 - b8 7 7.6 4.9 7.3
0.075  #200 3.7 3.3 3 38 51 2.9 4.3

AC, % 5,96 5.7 689 692 6.89 6.98 7.1

Follow-up performance observations were made on two sections of I-
89 in Vermont at approximately Mile-post 63. These were the only two
additional sections (one in each roadway approximately 0.2 mile long)
recommended by the participating state representatives who, by the way,
made exhaustive searches of records for poor performing OGFC
pavements. The limited number of poor performers is attributed to prompt
pavement treatments applied by maintenance forces. o

The results of field inspections revealed transverse cracking in fill
areas. Few transverse cracks were detected in cut section and there were
no longitudinal cracks found, The pavement's surface texture is the same
as that in the test sections at Milepost 70.0 and 57.1, indicating good friction
characteristics. Based on the fact that no delamination or patching was
found and the limited amount of transverse cracking found the section is
judged to be rated as a "good" performing pavehient. The transverse
cracking documented is in all likelihood the reflection of temperature
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cracks in the overlain pavement. Several marks which at first view

appeared to be cracks were actually depressed grooves as yet uncracked.
The OGFC appears to be settling into an underlying crack.

CONCLUSIONS:

The following conclusions are set forth based on the results of field
surveys conducted and literature searches.

(D

2

3

4

- OGFC surfaces can be designed and constructed and perform

very well under the conditions encountered in New England.
Field surveys showed that seven sections are performing
éxceptionally well. Their ages range from two to seven years.
In all these cases the OGFC had a nominal maximum
aggregate size of 3/8 inches which should have improved the
handling and placement compared to earlier mixes. The
higher percentage of fines in the RI and MA mixes accounts
for the lower permeability of these sections compared to the CT
and VT sections. These OGFC pavements can be expected to
provide reasonable performance until they reach the age of 12-
15 years. This is supported in the literaure and by the
performance of the CT section studied. The CT section, placed
in 1986, is 7-10 years older than those inspected in other states,
yet it is performing reasonably well.

Friction values obtained, using both ribbed and smooth test
tires are good to excellent. If the poorest performing section is
eliminated the friction values range in the high 40's and 50's.
Surface texture measurements follow the general trend that
the more surface relief measured (smaller measurement
value), the higher the friction value measured. This is true
when the reader compares data from VT to that from MA and
RI. This is not true when CT values are compared to those of
the other states.

In general, the new sections placed appear to be less
permeable than the older sections. Although the data obtained
showed wide variability, this conclusion is supported by the
"zero" values obtained and statements by state personnel
noting that the OGFC section employed a "modified" or denser
OGFC mix.
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(5)

(6)

Adherence of OGFC layers to the pavement layer immediately
below the OGFC is excellent. Researchers had a difficult time
separating the OGFC from the base layer in order to determine
the gradation of the OGFC sections.

The results of gradation analyses performed on core samples
show that all materials complied with applicable state

~ gradation requirements. In general, the gradations reflect a

fine OGFC. There were marked variations where the samples
approached the extreme limits of the individual master range
values. For example one state was high on the number 4 sieve,
another on the plus 3/8-in. sieve, but in all cases the minus 200
material was well within the gradation limits even though the
winter sand residue was included. |

DESIGN RECOMMENDATIONS: The following recommendations
represent the current state-of-practice in the application of OGFC
technology. They were gleaned_ from available literature, contacts with
OGFC practitioners and experience of those on the research team.

(1)
(2)

3

@

OGFC should be placed on a firm dense-graded base layer.
Patching of potholes, sealing of cracks, correcting ruts or other
surface distortions should be completed prior to placing OGFC
to avoid internal drainage blockage. If bleeding is present in
the old surface, the effect on the new OGFC should be
evaluated before placement. |

OGFC layers should be placed full width (including shoulder
and paved borders) over the pavement being overlaid to
preclude entrapment of surface runoff.

The thickness of OGFC placed varies from project to project.

In general, the old thickness rule of thumb that the layer

should be placed at least twice as thick as the largest nominal
size aggregate has been proven worthwhile.

Additional recommendations concerning construction and
maintenance of OGFC pavements follow.
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CONSTRUCTION RECOMMENDATIONS: As stated above, an
extensive literature search was conducted using the Transportation
Research Information Service (TRIS) as well as other data sources known
to the Research team. Early performance observations and studies in
Europe confirmed U.S. findings of premature failures in OGFC
applications. These failures were attributed to rapid oxidation or
hardening of the binder in the OGFC. Due to the substantial benefits
associated with OGFC surfaces, studies to improve the performance of
OGFC in Europe were undertaken. Similar initiatives were persued in the
U.S. with the Georgia DOT becoming a leader in this area.

Research results in Europe which employ modified asphalt cements
and the use of fiber additives to increase binder film thicknesses have
improved OGFC performance substantially. These changes to the OGFC
provided longer life to the layer and provided a larger internal void
structure to facilitate drainage of surface waters from the pavement's
surface. In 1991 Georgia modified their open-graded mix in accordance
with European recommendations. To date results from trial sections
placed by the Georgia DOT project a 50% increase in life (8-yr for
conventional OGFC vs, 12-yr. for modified OGFC). Improved drainage
capability and significantly smoother surfaces when compared to dense-
graded are reported also. | | ’ '

The down side of modified OGFC is that placement is more difficult
than dense graded mixes. The mix is stiff and has a tendency to "set-up"
quickly. Cold lumps can form during transportation, which can blemish
the final surface by being dragged under the screed. These problems
predominate when OGFC is placed in cooler weather. To minimize these
cold weather related problems, the mix is run at higher temperatures and
proper truck heating and tarping are emphasized. A material transfer
device virtually eliminates lumping problems and improves smoothness. A
nominal maximum aggregate size of 3/8 is recommended with a slightly
increased amount of fines. A trial specification, which employes
SUPERPAVE design technology, has been developed. It is included as
Appendix G.
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OGFC material should be placed during warm periods. An air
temperature of 60°F and rising is recommended for this purpose. To
assure proper adhesion of the OGFC surface to the receiving or base layer a
tack coat is recommended. The application rate should comply with
individual state practice and experience. ' |

MAINTENANCE RECOMMENDATIONS: Little was uncovered
during the literature search and subsequent activities concerning the
maintenance of OGFC. In general failures in OGFC which resulted in loss

of material were patched with available materials. In some cases the patch
material was thought to hasten the OGFC deterioration by trapping surface
water at the top of the underlying HMA. '

In general, OGFC is usually badly oxidized and beginning to ravel
when rehabilitation is scheduled. This is true for the test site in CT. Photos
of the cores removed show progressive signs of raveling when compared to
cores from more newly placed OGFC (i.e. the RI sections).

Based on the foregoing: (1) removal of a raveled OGFC surface is
recommended. Milling has proven to be an excellent tool for this purpose
(2) Routine patching of OGFC should be accomplished with an open-graded
patch. This is designed to preclude damming and trapping surface water
at the OGFC/dense-graded interface. ' : :
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APPENDIX B
TEST EQUIPMENT USED

Photo B1 — Air Permeability Set-up
Photo B2 — Close-up of Permeabiltiy Test

Photo B3 — Apparatus for Determining Surface Texture
- Silly Putty Method

Photo B4 — Texture Determined by Silly Putty Method

Photo B5 ~ Determining Surface Texture Using
the Sand Patch Method

Photo B6 ~ ConnDOT Friction Measuring Equipment
Photo B7 ~ Coring Equipment

Photo B8 — Rut measured by Stringline, Sub-lot 4 (6-800 ft)

B1

B3
B3
B4
B4
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- APPENDIX C

CONNECTICUT TEST SITE
I-84 WB; Union, CT Between Exits 74 & 73 (911/98)
o . T page
Photo C1 - Start of Test Site ' : ' C2
Photo C2 - Sub-lot 1 (0-200 ft) Longitudinal Crackmg and
- Surface "Gouges" o G2
Photo C3 - Sub-lot 1 (0-200 ft) Typical surface ' - C3
Photo C4 - Sub-lot 4 (6-800 ft) Loss of Matenal @ Right-hand S
Edge of Pavement - C3
- Photo C5 - Sub-lot 5 (8-1000 ft) General View of Sub-lot. . C4
Photo C6 - Close-up of Cored Surface ' . C4
Photo C7 -Core 7; OGFC 3.0 cm thick - C5
Photo C8 - Core 4 ; OGFC 2.8 cm. thick C5
Table C1 Data obtained from CT, I-84WB C6.
Table C2  Summary of Distresses Observed C7

Table C3  Pavement Friction Testing Results - C8
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Photo C1 — Start of Test Site

Photo C2 — Sub-lot 1 (0-200 ft) longitudinal cracking and surface
ilgougesﬂ
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, TABLE C3
Pavement Friction Testing Results
October 1998

Results for Connecticut Site No, 1:

[-84 Westbound, Right Lane, Milepost 95.39 - 95.17, Town of Union.
Test Date: October 9, 1998

Ribbed Tire
" Milepost (SN40R)

95.39 414
95.36 414
95.34 41.0
95.32 41.1
95.29 416
95.27 415
95.24 42.0
95.22 41.5
95.20 41.8
95.17 432
Average 41,7

C8

Smooth Tire
(SN408S)
38.7
39.4
42.2
39.5
394
40.4
39.6

"~ 38.3
39.5
39.9
39.7




-~ APPENDIX D
- MASSACHUSETTS TEST SITES

- 1-290 WB NORTHBORO (10/5/98)
'1-495 NB @ EXIT 31 (10/6/98)

Photo D1 - 1-290 WB Test Area Looking Easterly (8-1000 {t)

Photo D2 - 1-290 WB Typical Surface Texture, Inner Wheel Path

Photo D3 - 1-290 WB Gouge in Pavement Surface (4-600 ft)

Photo D4- T 495 WB Test Area Looking Southerly (8-1000 ft)

Photo D5 - I-290 WB Close up of Typical Core (0-200 ft)

Photo D6 - I-495 NB Typical Surface Texture (6-800 ft)

Photo D7 - I-495 NB Distress @ Outer Edge of Pavement (6-800 ft)

Photo D8 - I-495 NB Surface Texture & Distress @ Outer Edge of
. Pavement (8-1000 ft)

Photo D9 - 1-495 NB - Close up of Typical Core (6-800 ft)

Table D1 - Data Obtained from MA Section 2, I-200 WB
Table D2 - Summary of Distresses Observed I-290 WB |
Table D3 - Data Obtained from MA Section 1 I-495 NB, Exit 31
Table D4 - Summary of Distresses Observed I-495 NB

Table D5 - Pavement Friction Testing Results

D1

D8

D10
D11
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Photo D2 - 1-290 WB Typica! Surface Texture, Inner Wheel Path
(8-1000 ft)
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" Photo D9 - 1-495 Close-up of Typical Core (6-800 ft)

D6




50269 008 520 £y $9°61 2BEIAY
$H'90€ 0001 §Z0 Py $T61 SBeroAy
61y 6 163 $'61 6 968
9 £The 0001 §T0 6 S06 't 6 5168 SLgl 6 688
01 9'0L7 0001 ST 6 668 £y 6 £68 $°61 6 £68 0001 “ 008
$L'R0E1 0001 s70 284 L0z aBeiany
) 2a s SOL SL0T 59 60L
6 ¥6L1 0001 ST $'9 90L STy $9 L6 §'0Z $'9 669
1 4 0001 $T0 59 104 'y $9 S00L ST6l S0 Z0L 008 ~ 009
$1°98¢ 0001 (4] LY ££'61 SBRUSAY
7 £ $'015 §L61 € €1
S by 0001 §Z0 £ 805 STY . £ £ 705 $'61 ST SLeY
0l LEE 0001 T4 £ 66¥ £l £ S'66% SL81 £ 108 009 - 00t
68501 0001 $T0 £€T w6y 762 £2°07 £8'S L9562 sBeray
ST¥ sL6 $'9L2 $'0Z $g 00€
0 9SHT 0001 $T0 9 #0E sTY [=5 86T 1z 9 76T
1 g9 0001 SZ0 s $'862 Sy $€ $°10E 1z 9 $62 00% = 002
$T0 94 LY'8E 28enAy
AR $'g 501 $'8l ¥ Ly
S A0] ON £ So11 21y € £01 81 ¥ 901
9 oyt - 0001 ST ¥ 66 g1y $'g 001 $'61 $e 101 002~ 0
fui) foasjouny | {r)danueny| (wpeoy | Gfiasyo | ()uones |(mpmewen) (0wsuQ | (fuenms |eouepuwrerd @espo | (1 voyms
Buny AiqesuLag Iy (w2 og) 121, Anad Al1S (w8 ($g) 152, ysied pueg

86/5/01 aeq

AHANNS FS¥N00 NOLLOINA 90V N3dO

uiog Bunteig

gmoez1 =m0y

SSE - JImG

dMO6T-] T uondes YN Wo paue1qo ee( - T 2I9EL

P~
[



(4 0001-008)

_ panIasqQ sso4s1J ON m
a panesqO sselsIGON| (1 (008-009) 1
|

u_nmuzwmmﬁe. a N: panesqQ ssadsi(d ON E OO@-OOE m.
PanesqO sSeSIAON| ()} 00V-00Z) ¢
i - poAJesgQ $$0.1s1q ON (1 002 -0 v L

s 69 Us) us) _ () (#) ) gs) 8/ 06Z°1 VIN UoHEO0T]
(i) sueqy) (3)"buol
$abnog) puleds pulj|eaey Jojenl|ly: dep pupoel) mc_coumn__ jojlansg

aM 062-1 ‘poAIasqQ sessansiq 0 Alewwng - Zd slgqel




£88TL 0001 $Z0 26'C LL'I aBesany
£8p0¢ 0001 570 , gt 81 oderay
90y 6 $'906 581 6 5606
§ 95t 0001 A 6 $H06 ve's 6 $'E06 §Ll 6 L63
1 L'g51 0001 $T0 6 006 a7 6 106 21 6 206 0001 ~ 008
SE00T 0001 ) vy 561 afriany
¥ s o0L . |siel og LOL
. z 907 . | 0001 §T0 5 00L ¥ $'s $OL <61 5’5 70L
9 61 0001 §Z0 s £0L y - |ss 69 sT6L ' 269 008 ~ 009
5091 0001 520 90'F Ly61 aFerany
(R4 € 66¥ $6l € f449
z ¥E61 0001 §70 £ Loy 0% £ S'86Y S'61 € S6
£ L8l 0001 §20 £ 005 4 £ £6v 02 ¢ 67 009 - 00¥
(4213 0001 §T°0 26°€ 26°81 sdesay
0¥ ¢ 00¢ 5761 3 10¢
Al 43 0001 570 9 $0g 14 9 $'862 sLl 9 6T
zl v9LE 0001 ST0 9 208 RRE 9 67 61 9 $967 00¥ - 002
T9E1 0001 570 Yy 80°81 adtioay
z ral 0001 A g 001 4 £ 001 ¢'8l £ 001
L ¥zl 0001 sT0 £ 201 33 £ 001 81 £ 701
384 € 501 $LLL £ 26 002~ 0
) - | osjouny, |(rofawendy apeayy’ | fwsuo | (fuonms |anmpurea] (fpspo | (fuones (mmpweg) (1010s50 | (1) uoung
Bumny SAIgEsUiB 1Y T (g o5} 150, Annd AiiS (WZ 06E) 1897, Gored pues
1€ 31%3 - U0 1EIg ANS64-1 Wm0
86/9/01 1eQ SSE - AIHS
ABA¥NS ASUNOD NOLLOTIA AFAVYED NIJO

1€ XA €N S6v-T T UONI9g VN WOy pourelqo zre( - €I 2IqEL

D9




suoN | gl 09 ouoN 9 QUON SUON z . (4 000L-008) G
w

SUON . w , mCOZ o gmi_..h.nw._fz_i \-nz...il,.lm..;mhm?._,..! B N.. ) mC.OZ mﬂmz SUON Cu— AOO@IOO@V .v[
.mCOZ. ) -lm.wCOZ ) SlUON mCO.Zi,. - QM{[ N e 0¢ SUON “ ﬁn_. OO@...OO.VV .i:imif

a mcoz o mco.z BUON SUON £z BUON £/l BUON E. 00t-007 v N
BUON | 8UoN SUoN 08 sl aUON 0z L #00z-0) L
s T s T s s us) 0s) sy 4s) S8 ININ G611 WIN UoneooT
S B ‘ i \Wrsuen| y)buoj |
$abnog)| buijleds| buljjeAey |Joyeblly| dep bupoeI) BUIUOIEd S

AN S61-| ‘POAISSAQ S9sSaASI 40 Alelwng - v SiqeL

D1O



D1
TABLE D3
Pavement Friction Testing Results
Qctober 1998

Results for Massachusetts Site No. 2:

1-290 Westbound, Right Lane, 0.04-0.21 miles west of BM 67.45 on bridge,
Northborough.

Test Date: October 1, 1998

Miles West Ribbed Tire Smooth Tire
BM 67.45 - (SN40R) (SN4082
0.04 50.2 ' 47.2
0.07 50.8 - 472
0.10- 50.7 - 474
0.12 51.4 48.3
0.14 51.3 47.9
0.17 52.2 49.5
0.19 _ 52.1 : o - 482
0.21 511 480

Average 51.2 ' - 48,0

Results for Massachusetts Site No, 1;
I-495 Northbound, Right Lane, Milepost 85.00-85.24, Town of Westford
Test Date: October 1,1998 -

Ribbed Tire Smooth Tire
Milepost (SN40R) (SN40S)
85.01 50.4 46.8
85.04 50.6 - 46.7
85.06 50.3 45.8
86.09 51.3 46.9
85.11 50.8 47.6
85.14 51.8 484
85.17 50.8 . 46.9
85,19 51.2 48.0
85,22 51.7 48.3
85.24 51.2 470

Average 51.0 47.2

D11




APPENDIX E

RHODE ISLAND TEST SITES
I-95 SB @ RT 3, BRIDGE (10/7/98
1-95 SB @ MM 12.0 (10/7/98)

Photo E1 - 1-95 SB @ RT 3 Typical Surface Texture @ Centerline
{6-800 ft) :

Photo E2 - I-95 SB @ RT 3 Typical Surface Texture in Left Wheel
Path (8-1000 ft) :

Photo E3 - 1-95 SB @ Rt 3 - Close-up of Typical Core (8-1000 Fit)

Photo E4 - 1-95 SB MM 12.0 Typical Surface Texture (0-200 ft)

Photo E5 -I-95 SB MM 12.0 Typical Surface @ Edge of Pavement

Photo E6 - 1-95 SB MM 12-0 - Close up of Typical Core

Table E1 - Data obtained from RI Section 1, I-95 SB, Exit 6

Table E2 - Summary of Distresses Observed, I-95 SB

- Table E3 - Data obtained from RI Section 2, I-95 SB, MM 12.0
Table B4 - Summary of Distresses observed, [-95 SB, MM 12.0..
Table E5 - Pavement Friction Testing Results o
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Photo E5 - 1-95 SB MM 12.0 Typical Surface
' @ Edge of Pavement (8-1000 ) . -

Photo EB — 1-95 SB — MM12.0 Close-up of Typical Core (0-200 ft)
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TABLE E3
Pavement Friction Testing Results
October 1998

Resulis for Rhode Island Site No. 1:

I-95 Southbound, Right Lane, 0-.70-0.95 miles south of Route 3 Overpass,
West Greenwich, ' .

Test Date: October 2, 1998

Miles South Of Ribbed Tire Smooth Tire

Rt. 3 Overpass = (SN40R) (SN40S)

- 0.72 49.0 44.9
0.75 49.6 46.1
0.78 48.3 43.9
0.80 : 49.0 44.3
0.83 50.4 45.3
0.85 51.2 " 4586
0.88 50.9 47.7
0.90 '_ 48.9 : 43.9
0.93 49.2 44.5
0.95 491 46.1

Average : 49.6 45.2

Results for Rhode Island Site No. 2:
I-85 Southbound, Right Lane, Milepost 12.00-11.77, Town of Exeter.
Test Date: October 2, 1998

Ribbed Tire Smooth Tire
Milepost (SN40R) (SN40S)
12.00 51.3 50.5
11.97 _ 50.9 50.2
11.94 51.7 - 499
11.91 51.3 49.9
11.89 52.1 50.0
11.86 52.4 51.3
11.84 51.7 50.3
11.82 51.5 49.7
11.79 51.9 496
11.77 518 ' 511
Average 51.7 50.3




APPENDIX F

VERMONT TEST SITES
1-89 SB, MM 70.0 (10/1/98)
1-89 SB, MM 57.1 (10/2/98)

Phbto F1-1-89 SB, MM 70-0 Southerly View of Test Area
Photo F2-1-89 8B, MM 70 0 Typlcal Surface Texture @ Center .
' of Lane '

Photo '3 - -89 3B, MM 70.0 Close up of Typical Surface Texture -'

Photo F4 - I-89 SB, MM 57.1 General View of Test Area
- Looking Northerly '
Photo F5 - 189 SB, MM 57.1 Typical Surface Texture in Right
Wheel Path (4-600 ft)
Photo F6 - 1-89 SB, MM 57.1 Close up of Typical Surface Texture

Table F1 - Data obtained from VT I-89 SB, MM 70.0

Table F2 - Summary of Distresses Observed, I-89 SB, MM 70.0
Table F3 - Data obtained from VT, I-89 SB, MM 57.1

Table F4 - Summary of Dlstresses Observed, I-89 SB, MM 57 1
Table F5 Pavement Frlctmn Testmg Results
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Photo F5 — 1-87 SB — MM 57.1 Typical Surface Texture in Right Wheel
' Path (4-600 ft)

Photo F6 ~ Close-up of Texture of Cores

F4




RO°ZE 008 zZ'0 £0'y §5°01 o3wmoay
$5°08 0001 sT0 £y 7991 aguioay

£6'¢ 6 ¥06 oLl 6 Z06

§y N2 0001 ST 6 006 Ty 6 £'106 5791 6 5168

6 98 0001 $T0 6 868 STy 6 £63 91 6 663 0001 - 008
0 570 L6 £9'91 a8uRay

4 [ SOL £91 £1 £0L

9 Mold oN ST g5 269 3 L SOL §'91 5 00L
s MoLd ON $2'0 9 SOL ¥ 9 L0L 9l $'9 90L 008 - 009
Syl 0001 $T0 ¥ _ 76'91 : a3erony

§6°¢ € $'36 Ll A 56t

£ oL 0001 $T0 §t 66b S0t ST¥ 105 $91 $'T £05
Sl 1z 0001 $T'0 gg 708 ¥ SLE $'€08 sTLl £ 005 009 - 00,
Ly 0001 sTO Loy LE9t a3e1onY

¥ 9 1'v82 $T91 9 L'Y8T

gL 9'gg 0001 $Z'0 9 8T SI'y STL S'E8T 5161 9 182
9 9 0001 STO 9 (%04 50y 9 L'¥8T $'51 Tl €8¢ 00% - 00T
so81 0001 Iy ¥ 681 BEIBAY

54791 8¢ 86

i 9'g1 0001 10 € L'S6 ¥ SLT £86 91 7% L'96
9 A 0001 10 € L6 ¥ ¥ 86 51 sz L'96 00Z - 0

(wu) | (eas) sun g [(udmuendy| (ut) peey | () 10810 | () uonmg | (un) sesowrerc | () esyyo | () wonmg [(un) teteweicy | (W) sgo | () vonms
Fumny Alfiqeatuiad Iy : (UE gg) 152l Aund AllLS (W2 0g€) 131 Ydied pues

86/1/01 97eQ

0°0L NI - Wiod Mg

ATAINS FSHNOD NOLLOR AHAVED NIIO

Y8681 2Ny

1A -21818

0'0L NN S 68-1 ‘T Uonoeg J A Wol paureiqo ze ~ [ JqEL

F5



ponesd0 SSeISIGON| (1 000L-008) G

— —— paniesdo sseasia oN| (1 (008-009) ¥
e ponesq0 SSOASIOON. (3 009-00V) €
= ponesdQ SSISIGON| (1) 00V-00Z) ¢

poniesd0 sseisIGON| . (13002 -0) b

s s (s) Gs) T Gs) (s) “s) Gs) " "0'0Z W €S 6871 LoyeooT]
| e (1) sued}| (i) duo
Sabnogy | buljedg| buljjorey | jojebily| dep Buoe) buitoied 1019NS

‘buieds

0'0. W ‘gS 68-] ‘POAISSAQ Sassalsiq 0 Alewiwng - 24 9jqel

Fé6



0TLZ 0001 110 10y LTLL a8woAy
799 0001 §T0 §3¢ 6721 a3eiony
¥6'€ 6 5006 $8°L1 8 £'606
v oL 0001 570 6 006 8¢ [t L£06 61 8 206
¥ 8% 0001 §T0 6 $'106 I8¢ 6 206 )| $'g S06 0001 - 008
£ 0001 SO0 oy STLL ageiasy
v §'9 869 sTLL (] 169
g 951 0001 S0°0 59 669 v $'9 00L STLL 59 69
Sy - al 0001 SO0 59 104 €0y 579 T0L STl $'9 0L 008 - 009
$'gl 0001 60°0 $6'¢ LTLY a8eny
P6E £ 586k STLY € §LEY
£ 61 0001 80'0 £ 66% 8t £ 00 LA £ 67
¥ b4 0001 r'o £ 105 I'y £ €05 SL91 £ SP0S 009 - 00t
$9'91 0001 100 L&'E 9191 IBeroay
AR 9 667 L8751 5'¢ 96T
< 251 0001 50'0 9 66 13°€ ) 10€ 7991 9 §'L0g
4 $'Ll 0001 600 9 $'10¢ 6 [ Z0¢€ 91 95 £08 00¥ ~ 00T
£eLl 0001 10 ST §'Ll o3etoAy
sTY £ 595 81 $'E 5§16
3 761 0001 10 £ L6 A ST §°L6 ¢ L1 [ S5
¥y 5¥'51 0001 10 £ 001 LEY |t S0l Ll $'g $'86 00Z-0
(W) | (ae8) ouy ((un) Apuend | (20 peaH | ) 1950 | () sonig [(up) swwerg | () 1sj0 | (@) vonmg | (un) mewerq | (g) 050 | () wonug
By Apiqesiiia ny (W gg) Io L Anng ALlg (UF 05¢) 1931 yoled pues
I"LS AW - uied HEIS 4S68-1 Moy
86/¢/01 g LA -amg

AFAMNS ASYNO0D NOILIA A3AVHD NadO

['LS ININ €S 68-1 T U0U9§ LA Wol paureiqo eje( - ¢ SqeL

F7.



b

penlesqQ ssausig oN

(3 000L-008) G

paAlasqQ) ssesig ON

(4 (008-009) ¥

paAIasSqaQ S$Sa4si] ON

(% 009-00¥) ¢

paAlasSqQ 8534510 ON

M oov-00Z) 7

peAlesqQ ssalisid ON

- (Wo0z-0) L

F A

)

Gs)

#s)

Gs)

(#s)

(1s)

(}})'suelj

(}4)"buo

$8bnog)

buijeds

BuljeAey

10Dy

deiy

BuBpEelD

bulydled

TS

1°2S INN ‘€S 68-1 ‘PentesqQ sessausiq Jo Alewwng - v 9jqel

F8



TABLE F5
Pavement Friction Testing Results
October 1998

Results for Vermont Site No. 1: ‘
1-89 Southbound, Right Lane, Milepost 70.00-69.75, Town of Bolton.
Test Date: October 13, 1998

Ribbed Tire . Smooth Tire

Milepost (SN40R) (SN40S)
69.99 - 59.2 ' 55.6
69.96 57.6 - 548
69.93 - 566 o - 54.6
69.91 57.56 - 54.9
69.88 ' 57.1 S
69.86 58.5 , ' - 56.9
69.83 57.6 . 518
69.81 58.6 : 55.9
69.78 _ 60.5 : 59.9
69.76 : 57.8 56.3

Average 58.1 56.2

Results for Vermont Site No. 2:
1-89 Southbound, Right Lane, Milepost 60.00-59.75, Town of Waterbury
Test Date: October 13, 1998 :

Ribbed Tire Smooth Tire
Mllepos §SN40R! ~ (SN408)
59.99 . 594 o - 58.0
5996 - . .. 59.0 o - B7.6
59.93 o 58.3 : 58.3
59.90 58.4 __ 56.9
59.88 58.1 57.9
59.85 57.4 60.5
59.82 , 57.0 - B7.5
59.80 57.5 _ _ 55.5
59.77 - b76 . _ 56.2
59.75 56.5 : ' 56.4

Average 57.9 57.5




APPENDIX G
SAMPLE SPECIFICATION

OPEN-GRADED FRICTION COURSE (CGFC)
HOT MIX ASPHALT CONCRETE MIXTURES

BACKGROUND:

Most states will have converted to Superpave for the mix design process by
the year 2000. Several Superpave principles such as aggregate angularity and
percentage flat and elongated can be applied to OGFC mixes but the gradation
design process can not. The Superpave protocol requires that, using the
gyratory compactor, the mix is compacted to 4% air voids at a designated
number of compaction cycles. As an OGFC mix requires, and is designed for a
minimum of 15% air voids, it is apparent that a mix meeting Superpave
requirements could not be classed open graded. The Superpave equipment
and design approach might possibly work if new limiting values for air were
developed. All OGFC mixes inspected in the field were or had performed
well at young ages. The two classed poor and fair were the oldest and carry
the heaviest traffic volumes. It is then doubtful that there would be any gain
from changing the gradation limits.

A weak correlation was observed between pavement age and condition. As
the aggregate does not age appreciably, this trend must be due to the aging of
the binder. Given that a major portion of binder aging is due to binder
oxidation, the air accessibility of the OGFC accelerates aging. This same
permeability is wanted for water escapement under tires which in turn, acts as
a means of safely reducing vehicle hydroplaning. Thicker binder films would
slow the aging process of the OGFC mix. A simple increase in the percentage
of PG 64 - 28 binder would reduce the mix stability without appreciable

- slowing of aging as the additional binder would drain down in the large voids -
and not increase the film thickness coating aggregate particles in the bulk of
the mix.

An increase in film thickness has been accomplished in Europe and some
states, Georgia for example, by a slight increase in the binder quantity and the
addition of fibers or cellulose to stiffen the films against drain-down.

Not to be disregarded are the effects of construction on performance.

Typically an OGFC can be expected to cool faster than a conventional hot-mix
layer. This is not a property of the material but is a function of the mass being
placed. As an OGFC surface layer is typically thinner than a surface hot-mix
layer, rolling must be accomplished more quickly. The thinness also makes
surface preparation very important. Irregularities can cause sharp differences
in degree of compaction in thin layers. When using a smooth steel roller,
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with or without vibration, the top surface is brought to a plane. For a two-
inch overlay a half-inch deep gouge in the old surface can result in a one or
two percent reduction in voids when compacted. However for a*.75 inch
layer, that half-inch increase in depth can increase the voids after compaction
by 8 to 10 percent.

The Georgia OGFC specification provides for the addition of hydrated lime
and/or an anti-strip to reduce the detrimental effect of moisture. As
aggregates-in New England are less susceptible to stripping, the cost and
inconvenience of this procedure may not be justified for all New England
sites. :

SUGGESTIONS FOR AN OGEC SPECIFICATION IN NEW ENGLAND
Purpose: Provide a thin overlay to improve the frictional characteristics of a
pavement. -

Binder: Binder shall be a PG graded asphalt cement either 64 - 22 or 64 -28 .
depending on the annual temperatures at the site.

Aggregate: The Aggregate to comply with Superpave criteria except for
gradation.

Estimated Traffic Coarse Agg Maximum
Million Angularity % Flat
80kN ESALs Minimum Elongated
% 1 Face/%2 . 1/5ratio

(PennDOT 621)  ASTM (D 4791)

<0.3 - b5/~ -
<1 : 65/- : -

- <3 75/- 10
<10 85/80 ~ 10
<30 95/90 10
<100 100/100 10
>100 100/100 10

Toughness, I..A.Abrasion (AASHTO T 96): Maximum allowable loss 40%
Sulfate Soundness (AASHTO T 104): Maximum allowable Loss 15%

Deleterious Materials (AASHTO T 112); Maximum allowable Loss 2%

Fine Aggregate: The Superpave requirements for fine aggregate, Sand
Equivalent and Angularity, are of little or no value for OGFC as the

G2




percentage of fines is so low that these properties have very little effect on
performance of the mix. '

Aggregation Gradation:

Standard Nominal Size OGFEC
Sieve 9.5 mm 2.5mm

25.5 mm 100 _

19.0 mm © 100 100

125 mm - 100 90-100
9.5 mm - 90-100 - 60-80
4.75 mm 25-45 : 20-40
2.35 mm 5-15 10-25

0.075 mm 2-4 2-4

AC 5.5-7.5 7.75-7.25

Modifiers: Mixes using modified binders or fibers may have less binder
drain-down thus permitting the use of thicker films. A specification could
give the engineers the option of using such a modified mix but at the present
time this would be on a test or research basis as there is little information on
using modified binders or fibers in OGFC in a cool or cold environment,

The use of fibers would r_equiré determination of a fiber testing procedure and
a specification for fibers. Those used by Georgia DOT (GDT-124) and included
as Appendix Ga provide a starting point.

Determination of binder content for OGFC is somewhat different from that
for a Superpave or Marshall processes. The controlling factor is drain-down
of the binder. The goal is maximum film thickness without serious drain-
down. Procedure at the present time is to prepare a number of identical
graded mixes with different AC levels and observe the drain-down. There is
no precise factor to measure and so the experience of the observer is a factor
in the decision. ‘The Georgia Procedure (GDT - 114) is part of Appendix Ga.
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APPENDIX GA
GEORGIA TEST METHODS

GDT - 114 Method of Test for Determining Optimum Asphalt Content for
Open-Graded Bituminous Paving Mixtures

GDT - 124 Method of Test for the Resistance of Flbers to Degradatmn by
Abrasion in the Mlcro-Deval Apparatus




£

~Revised-May 28,1956~

GDT-114
METHOD OF TEST FOR
DETERMINING OPTIMUM ASPHAI T CONTENT FOR
OPEN-GRADED BITUMINOUS PAVING MIXTURES

The purpose of this test method is to determine the optimum asphalt content for an open-graded
bjtuminous mix.

TEST METHOD A (USING UNMODIFIED ASPHALT CEMENT)

A.

S COPE

‘This method of design for standard ‘open-graded bituminous mixtures consists of_five

steps. The first is to conduct a measurement of the surface capacity (KC) of the
predominant aggregate size fraction (material retained on No. 4 sieve). Surface capacity
includes absorption, superficial area, and surface roughness, all of which affect asphalt
cement requirements, The second step is to mold nine samples by using a modified
ASTM-D-1559. The third step is to prepare samples for. visual evaluation in Pyrex pie

pans. Determine optimum asphalt content is the fourth step and then GDT-56 performed
as the final step.

APPARATUS:

_The apparams rcqliired shall consist of the following:

1. 13 metal pie pans
2. oven capable of maintaining 250"1 3.5°F temperature
3. oven capable of maintaining 140°+ 3.5°F temperature
4, beakers, glass, 500 ml
5. balance, 5000 gr. Capacity, .1 gr. accuracy
6. glass funnels, top diameter =3 1/2 in.; height = 4 1/2 in.; orifice = 1/2 in with a
piece of No. 10 sieve positioned at the top of the funnel neck. Cork stopper to fit
outlet of funnel neck. :
7. oil, S.A.E. No. 10 lubricating
8. timer
9. Marshall design equipment as specified in AASHTO: T-245
0.

4 twelve inch diameter Pyrex pie pans

Page I of 6




C. STEP 1 - SURFACE CAPACITY (XC)

L. Determine the surface capacity of the aggregate fraction that is retained on a
No. 4 sieve in accordance with the following procedure.

1.1

1.2
1.3

1.4

1.5
1.6

1.7

1.8

1.9

1.10

Quarter out 105 gr. of aggregate representative of the material passing the
three-eighth inch sieve and retained on the No. 4 sieve.

‘Dry aggregate in 250°+ 3.5°F oven to a constant weight and allow to cool.

Weigh out 100.0 gr. and place in glass funnel.

‘Completely immerse the aggregate in S.A.E. No. 10 oil for five minutes by

plugging funnel outlet with cork stopper.
Remove cork stopper from funnel outlet.
Drain for two minutes.

Place funnel containing sample in' the 140°F oven for 15 minutes for
additional drammg

- Pour sample from fundel into a tared pan; cool and reweigh sample to

nearest 0.1 gram. Subtract ongmal weight and record difference as percent
oil retamed (based on 100 gr of dry aggregate).

Use the attached chart for deterrmnatxon of “KC”.

a. If the apparent speciﬁc gravity for the fraction is greater than 2.70 or
less than 2.60 apply correction to oil retained, using the following
formula:

- oil Rctmned Correctcd (%) = Qil Retained (%) X Apparent Sp. Gr. of Coarse Ags.
2. 65

b. Start at the bottom of chart with the corrected percent of oil retained,;
follow a straightedge vertically upward to intersection with diagonal
line; hold point, and follow the straightedge horizontally to the left. The
value obtained will be the surface content for the retained fraction and is
known as KC. ‘

Determine the required asphalt content from the following formula.

Percent Asphalt = 2.0 (KC) + 3.5
{(no correction need be applied for viscosity)

" Page2of 6
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D.

STEP 2 - MODIFIED MARSHALL DESIGN

2.

The following procedure is sﬁggested for the Modified Marshall design:

2.1 Heat aggregate to 275°F+3.5°F; heat molds to 300°F+3.5°F and heat A.C.
to proper mixing temperature specified in Mixture Control Temperature
Chart.

2.2 Mix aggregate with asphalt at three asphalt contents in 0.5% intervals
nearest the optimum asphalt content established in step 1. Three specimens
should be compacted at the nearest 0.5% interval to optimum and three
specimens each at both 0.5% above and below the mid- interval.

2.3 After mixing, return to oven if necessary, and when at 250°F£3.5°F
compact using 25 blows on each side. (Use oil on base plate to prevent
sticking.)

2.4  When compacted, cool to room temperature before removing from mold.

2.5 Bulk Spemﬁc Gravity

a. Deterrmnc the dcn51ty of a recrular shaped specxmen of compacted
nixture from its " dry" mass’ (in- - grams) and its volume in cubic
centlmeters obtained frorn its “dimeénsions for height and radius.
Convert the densﬂy to bulk ‘specific  gravity by dividing by
0.99707 gr/cm’, the densny of water at 25°C (77°E).

- Formula: Bulk Sp. Gr. = W . = Weight (gms.) X 0.0048417
xh Height (in.)
0.99707

W = Wei ght of specimen in grams

n=3.1416

r = Radius in centimeters (5.08 cm for 4" diameter ﬁolds)
. h=Height in centimeiers

0.99707 = Density of water at 25°C (77°)F

Page 3 of 6




2.6

2.7 -

2.8

2.9

Determine stability and flow after 1 hour in 77°F water bath.

Calculate percent voids, VMA, and voids filled w1th asphalt based on
ag gregate bulk specific gravity.

Plot VMA curve versus A.C. content.

Select the optimum asphalt content at the lowest point on the VMA curve.

E.  STEP3:PYREXBOWL METHOD

3. The following procedure is to be used for visnal evaluation:
. 3.1 Batchup 990 gms. of aggregate in each of four pans and heat aggregate to
: 25019°F; heat'A.C fo temperature specified in Step 2.1 above.

3.2 Add 10 grams hydrated lime into mixing bowl of heated agpregate; mix
‘thoroughly to coat aggregate.

3.3 Add A.C. at 5.5% for total weight and thoroughly mix. Pour mixture
evenly into clean, clear glass (Pyrex) pans without disturbing the mixture
after it comes in contact with the pan. Repeat the process for the remalmng
pans except that the . amount of A.C. in the total mix is increased in 0.5%
mcrements (such as 5.5%, 6. 0%, 6.5%, 7.0%).

3.4 Place samplcs back in 250°F+3. 5°F oven for one hour remove and let cool
to room temperature.

3.5  Visually observe the amount of liquid asphalt on the bottom of each pan.

3.6 Select the optimum asphalt content at a level where ample bonding is

evident between film coating and glass pan without having excessive
drainage. Estimate optimum between the 0.5% intervals,

STEP 4 - SELECT OPTIMUM A.C.

Determine the optimum A.C. content for the mix by averaging the selected asphalt
contents from the three methods:  surface capacity, Modified Marshall and Pyrex Bowl.
Any previous field experience should also be considered in establishing the optimum A.C.

. Page4of 6
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STEP 5 - BOIL TEST

Perform Boil Test according to GDT - 56 with a complete batch of open-graded mix at
the optimum asphalt content determined in Section FF above. If the sample treated with
hydrated lime fails to maintain 35% coating, a sample shall be tested in which 0.5% liquid
anti-strip additive has been used to treat the asphalt cement in addition to treatment of

aggregate with hydrated lime. - In some cases a specific brand of A.C. and/or liquid
additive may be needed to prevent stripping.

TEST METHOD B (USING MODIFIED ASPHALT CEMENT)

A,

SCOPE

This method of design for a modified open- graded bituminous mixture consxsts of four
steps. The first step is to conduct a modified AASHTO T-245 to determine asphalt
cement content; secondly, determine optimum asphalt content. The third step is to
perform GDT-127. The final step is to perform GDT-56.

APPARATUS

The éppara;us required shall ’cohsi's;"pf the following; B

1. Drain-Down eﬁuipmcnt as specified in GDT-127

2. Marshall design equiément as specified in AASHTO T-245
3. Equipment as specified in GDT-56

4, i%alancc, 5000 gr. Capacity. 0.1 gr. accuracy .

STEP 1 - MODIFIED MARSHALL DESIGN

Perform test in accordance with Section D, Step 2 of Test Method A with the following
exceptions:

Section 2.1 Aggregate should be heated to 350°Fx3.5°F; heat molds to
300°F+3.5°F and heat A C. to 330°F+£3.5°F,

Scctlgn 2.3: After Imxmg, retum to oven if necessary, and when at
325°F+3.5°F compact using 25 blows on each side. .
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D. STEP 2 - SELECT OPTIMUM A.C.

Determine the Optimum A.C. content for the mix by using Modified Marshall Process as
outlined in Step 2 of Test Method “A™.

E. STEP 3 - DRAIN-DOWN TEST
Perform Hrain test in accordance with GDT-127 (Method of Test for Determining Drain-

Down Characteristics in Uncompacted Bituminous Mixtures). If the sample fails to meet
the requirements increase the fiber content by 0.1% and repeat the test.

F. STEP 4 - BOIL TEST

Perform boil test in accordance with GDT-56 as referenced in Step 5 of Method “A™.”

Offiee-of Materials-arid Résearch
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GDT-124
METHOD OF TEST
FOR

THE RESISTANCE OF FIBERS TO DEGRADATION
BY ABRASION IN THE MICRQ-DEVAL APPARATUS

1. SCOPE

1.1 This method covers the testing of fibers to determine thclr abrasion loss in
the presence of water and an abrasive charge.

2. APPARATUS

2.1 MICRGC-DEVAL ABRASION MACHINE: A jar rolling mill capable of
running at 100 + 5 rpm.

2.2 CONTAINERS: Stainless steel, micro-Deval abrasion jars having a 5 liter

capacity with a rubbber ring in the rotary locking cover. Internal diameter = 194
mm, Internal height = 170 mm.

2.3 ABRASION CHARGE: Stainless steel balls with a diameter of 9.5 0.5
mm. Each jar requires a charge of 1250 # 5 grams of balls.

2.4 SIEVES: Sieves of 200 mm diameter with square openings, and of the
following sizes conforming to AASHTO: M 92 specifications:

2.36 mm
118 mm
600 pm
300 ym
150 pm
75 pm
45 pm
38 pm

2.5 OVEN: An oven capable of maintaining a temperature of 110 % 5°C.

2.6 BALANCE: A balance or scale accurate to 0.1 grams.




June 21, 1995 I11-124
Page 2 of 3

3. SAMPLE PREPARATION
3.1 Dry two representative 10 gram samples of the fibers. -

3.2 Subject one of the samples to AASHTO: T 11 (Total minus 75 pm alternate

except that the sample is washed over a 38 pm sieve instead of a 75 pm seive).
This will be the reference sample. '

4. TEST PROCEDURE

4.1 Place the remaining sample in the micro-Deval abrasion container with 1250
+ 5 grams of steel balls and 750 m] of tap water. Place the micro-Deval
container on the machine.

4.2 Run the machine at 100 = 5 rpm for ten minutes.

4.3 Remove the balls from the sample by pouring the sample and water onto a
nest of 200 mm diameter sieves with 4.75 pum and 38 pm openings, being careful
not to lose any material that is retained on the 38 pm sieve.

4.4 Subject the sample to AASHTO: T 11 (Total minus 75 pum alternate except
that the sample is washed over a 38 pm sieve instead of a 75 pum sieve) using the
10 gram original weight for calculations. Record the cumulative percent retained
on each sieve for the 2.36 mm through the 38 um sieves.
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5. CALCULATION AND REPORT

5.1 A percent loss per sieve, 2.36 mm through the 38 ym, is calculated by
dividing the original cumulative percent retained (from the reference sample) on
each sieve into the loss for the same sieve on the abrasion test sample and

multiplying by 100. The loss is simply expressed as the arithmetic average loss
per sieve (2.36 mm thru the 38 pm seive). . '

EXAMPLE:
Acc. % Ret. Acc. % Ret,
Reference Test Reference .

Sieve Sample - Sample = Loss  Loss :  Sample x 100 = % Loss/Sieve
236mm 890 - 435 = 455 455 : 89.0 x 100 = 511
L18mm 90.1 - 442 = 459 459 : 50.1 x 100 = 509
600 um 924 - 450 = 474 474 : - 924 x 100 = 513
300pum 933 - 496 = 437 437 : 933 x.100 = 468
I150pum 966 - 53.1 = 435 43.5: 96.6 x 100 = 450

T5pm - 98.7.- 577 = 410 410 : 987 x 100 = 415

45pum  99.0 - 62.1 = 369 369 : 990" x 100 = 373

38pum 993 - 650 = 343 343 : 99.3 x 100 = 345

Average % Loss = 448

Office of Materials and Research
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