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ABSTRACT
Procedure for Asphalt Mixture Friction Evaluation for WVDOH

Danielle Hoyer

Monitoring asphalt skid resistance in the laboratory could aid in improved friction
prediction capabilities and provide insight for developing alternative asphalt mixture designs in
the future. The West Virginia Department of Highways (WVDOH) sought the design of a
laboratory accelerated asphalt polishing machine to further expand on current skid resistance
measurement practices. The design is modeled after the North Carolina State University (NCSU)
polishing machine detailed in ASTM E660. The purpose of this research was to develop a testing
procedure for the polishing equipment. Friction was monitored with the British Pendulum Tester
(BPT) according to ASTM E303.

Specimens were prepared using a Superpave Gyratory Compactor (SGC) at two air void
contents (4% and 8%) using four asphalt surface course mixtures (JFA 12.5mm Skid-RAP, WVP
WI1-RAP, Greer W1, WVP 12.5mm Skid-RAP). Specimens were placed in the polishing
machine for a minimum of 48,000 wheel passes and conditioned with silicon carbide abrasive
powder for accelerated polishing. Tire toe angles were adjusted between low (4° toed in and 2°
toed out) and high (8° toed in and 4° toed out) toe angles. Average BPN values were plotted and
used for slope calculations to investigate asymptotic behavior. These trend lines were also used
as prediction models to determine the number of wheel passes required to reach minimum BPN
limits; a larger number of wheel passes indicates more polish resistance. Variables evaluated:
specimen air void content (VTM), tire toe angles, tire type, nominal maximum aggregate size
(NMAS), and asphalt production company were considered for analysis. Data were compared
using t-tests at 95% confidence to determine statistical differences between average BPN
measurements. The most polish resistant mixture was the WVP W1-RAP mix; JFA 12.5mm
Skid-RAP was the least. T-tests concluded only statistically different results for toe angles and
lab/field comparisons. Lower friction values for higher toe angles suggest increased polishing
when using higher toe. These results could provide insight on polishing procedure optimization
and skid resistant characteristics of asphalt mixtures.
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Chapter 1: Introduction

Background

As an integral part of infrastructure, roadways provide a daily avenue for individuals to
carry out various activities or trips. Because the roadway infrastructure is so important, it is
imperative for engineers to maintain the safety of the public, which includes the maintenance of
proper levels of skid resistance. Skid resistance poses issues for a number of crash types
including non-departure and departure accidents. According to statistics stated by the Federal
Highway Administration (FHWA), more than half of the 35,092 fatalities reported in 2015 were
due to roadway departures (FHWA, 2016). Specific to the state of West Virginia, 214 out of a
total of 303 fatalities reported in 2017 (71%) were due to at least one vehicle departing the
roadway, placing West Virginia in the top five within the United States (including Washington
D.C.) for the largest percentage of fatalities associated with roadway departures (National
Highway Traffic Safety Administration, 2017). While there are many factors affecting roadway
departures, the lack of proper skid resistance on roadway surfaces remains a large contributing
factor, especially in wet conditions (FHWA, 2016). Wet conditions contribute to the majority of
roadway departure crashes, and approximately 70% could be mitigated with friction

improvements (FHWA, 2016).

To combat skid resistance issues, pavement engineers have developed skid resistance
surface courses, high friction treatments, as well as various other high friction developments. In
order for these treatments to be successful, engineers rely heavily skid resistant aggregates.
Unfortunately, the supplies of these aggregates are quickly diminishing in West Virginia,
prompting a need for the West Virginia Department of Highways (WVDOH) to develop
additional approaches in providing the public with proper skid resistance on asphalt pavements.
Eliminating the substantial reliance on skid resistant aggregates requires research in the
laboratory to measure the skid potential of hot mix asphalt (HMA) mixtures, rather than
aggregate properties specifically. This approach involves the proper polishing of asphalt samples
as well as measurements of a skid resistance parameter. This information can provide insight on
an alternate approach in providing appropriate skid resistance properties based the asphalt

concrete mixture itself.



Problem Statement

Available skid aggregate in West Virginia is quickly depleting. While aggregates can be
transported from alternate locations, it is costly and time consuming. Because of this, research is
necessary to investigate the behavior of readily available aggregates as well as alternate methods
of providing sufficient skid resistance on roadway surfaces. WVDOH MP 402.02.20 describes
the procedure for prequalifying aggregates for skid by determining the content of polish
susceptible carbonate particles in the aggregates. Field skid resistance measurements are
performed using the locked skid trailer, ASTM E274. The WVDOH does not currently employ
laboratory methods of measuring skid resistance for asphalt mixtures. Improved testing and

research is needed in order to improve friction monitoring and predicting capabilities.

This study was performed in order to evaluate asphalt concrete mixtures with respect to
skid resistance by means of a newly developed polishing machine and a British Pendulum Tester
(BPT). Gathering data tracking asphalt mixtures’ ability to resist polishing can provide the
WVDOH and other agencies with necessary information for performing efficient laboratory
testing procedures. In addition, this research will aid in developing alternative techniques for

providing skid resistant mixtures and better predicting pavement performance in the future.

Objectives

There are two primary objectives for this research study. The WVDOH has not
previously incorporated an accelerated polishing machine into laboratory friction testing
procedures. As such, an accelerated polishing machine was developed. This lead to the first key
objective for this research, which is to develop an optimal protocol for polishing asphalt concrete
samples using an accelerated polishing machine. In establishing a proper polishing procedure,
the next main objective of the study was to evaluate the skid resistance of some current asphalt

mixtures used across the state by analyzing BPT measurements.

In addition to the key goals established for this experiment, it is necessary to complete
supplemental tasks. This primarily includes the monitoring of factors having the potential to
influence skid resistance and subsequent BPT readings. With continued testing, results could

provide insight on current issues in correlating laboratory and field friction measurements. This



research could also aid in discovering alternative characteristics that influence pavement surface

friction to compensate for the limited supply of skid aggregates available in the state.

Scope and Limitations

Within this experimental study, there were a few constraints regarding asphalt mixture
types and polishing machine design. Testing materials were limited to plant produced mixtures
as well as field and laboratory cores provided by contractors and the WVDOH. This includes the
amount and type of asphalt concrete available from participating plants prior to the experiment.
Because of this, sample heights also varied. While all laboratory compacted samples could be
prepared or measured at specific air void contents for tracking purposes, field core air void

contents could not be controlled.

The WVDOH provided the accelerated laboratory polishing machine and the BPT used
for this research. Alternative methods of friction and surface texture measurements were not
available. With restrictions in the equipment and variety of testing materials, overall conclusions

from the experiment are also limited.

Report Outline

This thesis contains five chapters including an introduction, literature review,
methodology, results and discussion, and conclusion and recommendations. Chapter 1 is the
introduction, which is then followed by a literature review (Chapter 2). The literature review is
comprised of three key topics: pavement surface texture and friction, laboratory polishing
methods, and friction and texture evaluation. Chapter 3 corresponds to the methodology of the
experiment. Chapter 4 includes general and statistical results from the experiment. Finally, a
summary of conclusions and recommendations are presented in Chapter 5. Appendices

comprised of additional experimental information and details are located at the end of this thesis.



Chapter 2: Literature Review

Skid resistance is a function of vehicle parameters and the texture of the pavement
surface. Other than field testing for skid resistance, e.g. the locked wheel skid trailer, pavement
engineers cannot control the vehicle parameters. Hence, laboratory evaluation of asphalt
mixtures is forced to focus on polishing methods and a measure of how the polishing affects
either the texture or a controlled friction test. According to Panagouli and Kokkalis (1998),
pavement surface texture can be categorized into three orders: microtexture, macrotexture, and
megatexture. While megatexture is an important parameter to monitor for general roadway
safety, skid resistance relies heavily on pavement microtexture and macrotexture (Corley-Lay,
1998). A simplified illustration of pavement microtexture and macrotexture is shown in Figure 1

(Liang, 2013).

In general terms, macrotexture is the texture caused by aggregate arrangement or spacing,
while microtexture describes the texture contained on the aggregate itself on a small-scale level
(“Skid Resistance,” 2019). Texture variations ranging between 0.3-4.0 millimeters and 0.005-0.3
millimeters represent macrotexture and microtexture, respectively (Panagouli and Kokkalis,
1998). Within this distinction, macrotexture describes the texture allowing for excess water
storage on a pavement’s surface, and microtexture represents the interaction between the tire and
the pavement surface (Federal Highway Administration Research and Technology, 2015). “Tire-
pavement friction” combines friction elements of hysteresis and adhesion. Hysteresis and
adhesion correspond to macrotexture and microtexture, respectively (FHWA, 2015).

Microtexture
Macrotexture e

Figure 1: Representative Illustration of Pavement Surface Microtexture and Macrotexture
(Liang, 2013)



Erukulla (2011) found that microtexture defines the magnitude of skid resistance at low
speeds, while macrotexture controls the slope of skid resistance versus speed relationship. The
FHWA issues guidelines for roadway departure safety; the compliance by state agencies requires
monitoring and maintaining proper pavement surface friction. While most state agencies employ
high speed methods to measure skid resistance, there are techniques in measuring skid resistance

in low speed applications, which are important for monitoring pavement surface texture.

Polishing

During the life of a pavement, the surface becomes polished due to the environment,
number of wheel passes, and durability of the pavement surface materials. The polishing action
occurring in the field can be demonstrated under laboratory conditions with accelerated polishing
devices, which is the focus of this research. Polishing devices are categorized in terms of

aggregate, HMA, or aggregate and HMA polishing.

Generally speaking, polishing is discussed in terms of the polishing of aggregates. With
respect to aggregates, polishing can be described as “the wearing down and smoothing of the
small surface irregularities of the aggregate under traffic loading” (Gandhi et al., 1991).
Aggregate polishing devices include the British Polishing Wheel (BPW) and the Michigan
Indoor Wear Track (MIWT). The ability of aggregates to provide a skid resistant surface can also
be evaluated with the Micro-Deval Device (MDD) given in (Greer and Heitzman, 2017) and the
Insoluble Residue Test (WVDOH, 2018). While the polishing of aggregates is important to
understand the polishing of asphalt mixtures, it is not the focus of this research, and will not be

further discussed.

HMA polishing devices include the National Center for Asphalt Technology (NCAT)
Three Wheel Polishing Device (TWPD), Ohio Polisher, and Third-Scale Model Mobile Load
Simulator (MMLS3). There are also devices to polish either HMA or aggregates, including the
Pennsylvania State University (PSU) Reciprocating Polishing Machine, Wehner/Schulze
Polishing Machine (WSPM), Aachen Polishing Machine (APM), and North Carolina State
University (NCSU) Circular Track Polishing Machine (CTPM).

Hall et al. (2009) recognize the three most relevant polishing devices as the NCSU
CTPM, MIWT, and NCAT TWPD. The NCSU CTPM is the only device with a published

5



ASTM Standard (ASTM E660). The Ohio Polisher (Liang, 2013) is a recent development since
the completion of the NCHRP report. For this research, the NCSU, NCAT, and Ohio polishing
devices were primarily considered for equipment development due to their relevancy in current
standards and usage. Table 1 is Hall et al.’s (2009) summary of polishing devices. Table 2 is a
summary of the WS and Ohio polishing devices compiled from Freil et al. (2013) and Liang
(2013). Table 3 provides additional information on the strengths and weaknesses of laboratory

polishing equipment (Liang, 2013).
Friction and Texture Evaluation

Friction Measuring Devices

Friction measuring devices provide measurements at either high or low speeds. Hall et
al., 2009 recognizes four primary types of high-speed devices: locked-wheel, side-force,
variable-slip, and fixed-slip. Descriptions of test methods and corresponding devices are
summarized by Hall et al. (2009) in Table 4. The locked-wheel skid trailer (ASTM E274) is
identified as the most used method in the U.S. (Hall et al., 2009). This is also the current method
used by the WVDOH.

Table 5 (Hall et al., 2009) describes additional lower speed test methods including the
BPT and the Dynamic Friction Tester (DFT). The BPT is specified in ASTM E303 and is the
friction measuring equipment used for this research. While the BPT was a favored low-speed
friction measuring device in the past, the DFT is often used in current methods (Hall et al.,
2009). It is typically used by NCAT along with the CTM device (Hall et al., 2009). The CTM is
specific to pavement texture evaluation. Generally speaking, texture measuring methods rely on
volumetric or laser techniques for evaluating surface friction. Methods for pavement surface
texture measurements are described by Hall et al., 2009 and displayed in Table 6. However,

texture measuring devices were not available for this research.



Table 1: Summary of Polishing Devices

Polishing .
Method/D | Standard Testing Description Equipment
. Material
evice
The MIWT is a wheel-type
accelerated polishing
L. device for coarse
Michigan aggregates. the wear track
Indoor design allows for two tires
to pass over samples
Wear N/A Aggregates placed in a horizontal
circular path. Once
Track polished, aggregates are
evaluated for an aggregate
(MIWT) wear index by measuring
the frictional tire resistance
on a wetted sample surface (Erukulla, 2011)

(MDOT, 2019).

The CTPM provides
polishing action by rotating
wheels on twelve samples
in a circular track
formation. ASTM E660
specifies the use of four
smooth, 11 x 6.00 x 5 inch
tires rotated over samples
NCSU at a rate of 30 rpm.
Vertical force on the tires

Circular is controlled with weights
(Mullen et al., 1977). Per
Track ASTM HMA E660-90, slab samples are
Polishing E660 cut into triangular sections
to allow the samples to fit
Machine together into a circular
track. E660-90 indicates an
(CTPM) 8-hour sufficient polishing

time, or 57,600 cycles. A
variable speed friction
tester (VFT) and a BPT
were used to measure (ASTM E660-90)
friction (Mullen et al.,
1977).




NCAT
Three
Wheel
Polishing
Device

(TWPD)

N/A

HMA

The NCAT TWPD
polishes asphalt concrete
slabs by the rotation of
three wheels on the asphalt
surface. Laboratory
samples are prepared using
arolling kneading
compactor, resulting in 20-
inch square slabs, which
are 2 inches in thickness
(NCAT, 2016).
Supplemental friction
measurements are typically
performed with a dynamic
friction tester (DFT).
Texture can be measured
with the Circular Texture
Meter (CTM).

(NCAT, 2016)




Table 2: Summary of Additional Polishing Devices

Polishing
Method/
Device

Standard

Testing
Material

Description

Equipment

Wehner-
Schulze
Polishing
Machine

(WPSM)

N/A

Aggregates
and HMA

The WPSM uses cone-shaped
rubber rollers for polishing
(Do et al., 2013). These
rollers rotate on the surface
of 225mm diameter samples
at 500 revolutions per minute
(Patrick, 2011). An abrasive
water mixture is supplied to
accelerate polishing. The
device also includes friction
measuring equipment, using
three rotating rubber pads to
measure the coefficient of
friction (Friel et al., 2013).

(Friel et al., 2013)

The Ohio
Polisher

N/A

HMA

The Ohio Polisher polishes
by rotating a rubber shoe
against a sample surface. It
has the ability to polish either
slab or gyratory compacted
samples with dimensions of
18 x 18 x 2 inches and 6 x 4
inches, respectively (Liang,
2013). The rubber pads and
vertical forced placed, the
rotational speed, and the rate
of water applied to the
sample can be varied. (Liang,
2013). Samples are measured
for surface friction using
either the Dynamic Friction
Tester (DFT) or the Circular
Track/Texture Meter (CTM).
The Ohio Polisher is the only
commercially available
polishing machine in the U.S.

(Liang, 2013)




Table 3: Strengths and Weaknesses of Laboratory Polishing Devices (Liang, 2013)

Device

Strengths

| Weaknesses

Specifications

Polishing Devices for Agoresates

British Polishing
Wheel

Accelerated
polishing for lab
testing.
Bench sized.

Used for aggregates
only

ASTM D3319

Michigan Indoor
Wear Track

Close to real world,

Specimen
preparation is
cumbersome and
fime-consuming.
Used for aggregate
only.

MDOT

Micro-Deval

Eftective for
polishing aggregates
in a short time.

Used for aggregates
only

AASHTO T327-
05/Tex-461-A

Polishing Dev

ices for HMA

NCAT Polishing
Machine

Sized to match DFT
and CTM.
Can be used in the
lab or in the field.

42 hours to
complete the test.
Specimen
preparation is
cumbersome and
labor intensive.

NCAT

Polishing Devices for Both

NCSU Wear and
Polishing Machine

No need for water
or grinding

Polishes a relatively
small area.

ASTM E660

compounds.
Carconua Unable to handle
Wehner/Schulz polishing and el : _
N : o gyrafory-compacted ASTM E1393
Polishing Machine friction 2 ereme
measurements P i
Penn State Portable. Polishes a relatively

Reciprocating
Polishing Machine

Cuan be used in the

small area.

lab or in the field.

Fallen into disuse.

Do et al., 2006
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Table 4: Table of Field Friction Test Methods and Devices (Hall et al., 2009)

Test Method Measurement Index Applications Advantages Disadvantages
Locked-Wheel |The measured resistive drag force and | Field testing Well developed and Can only be used on
the wheel load applied to the pavement | (straight very widely used in straight segments (no
are uzed to compute the coefficient of segments). the TU.5. More than curves, T-sections, or
friction, u. Friction is reported as 40 statez usze locked- |roundabouts). Can miss
friction number (FN) or skid number MNetwork-level wheel devices. shppery spots because
(SN). friction Systems are user measurements are
monitoring. friendly, relatively intermittent.
simple, and not time
consuming.

Side-Force The zide force perpendicular to the Field testing Relatively well Very sensitive to road
plane of rotation iz measured and straight controlled skid irregularities (potholes,
averaged to compute the Mu Number, |zections, curves, | condition similar to cracks, etc.) which can
MulN. or the sideways force coefficient, |steep grades. fixed-slip device destroy tires quickly.
SFC. Data i results.

different MMeasurements are Mu-Meter 15 primarily
applications continuous only used for airports in
chould be throughout a test the U.5.
collected pavement section.
separately. Method i1z commonly
used in Europe.
Fixed-Slip The measured resistive drag force and | Field testing Continuous, high Fixed-zlip devices take

the wheel load applied to the pavement
are used to compute the coefficient of
friction, i Friction is reported az FIV.

(straight
segments).

Network-level
friction
monitoring.
Project-level
friction
monitoring.

rezolution friction
data collected.

readings at a specified
shp speed. Their slip
gpeeds do not always
coincide with the critical
zhp zpeed value,
ezpecially over 1ce- and
snow-covered surfaces.
Uses large amounts of
water In continuous
mode.

Requires skillful data
reduction.

Variable-Shp

When uzed for variable-zlip
measurements, the system provides a
chart of the relationship between shp
friction number and shp speed. The
resulting indices are:

» Longitudinal zlip friction number
» Peak slip friction number

» Critical slip ratic

s Slip ratio

+ Shp to skid friction number

* Estimated friction number

* Rado Shape factor

When uzed for locked-wheel
measurements, the system provides
FN walues.

Field testing
(straight or
curved
segments).

Network-level
friction
monitoring.
Project-level
friction
monitoring.

Can provide
continuously any
desired fixed or
variable shp friction
results.

Can provide the Rado
shape factor for
detailed evaluation.

Large, complex
equipment with high
maintenance costs and
complex data processing
and analy=is needs._
Uszes large amounts of
water in continuous
mode.
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Table 5: Table of Lower Speed Friction Test Methods (Hall et al., 2009)

Azszociated
Test Method | Standard Description Equipment
Stopping ASTM E 445 | The pavement surface 1z A paccenger car or light
Distance zpraved with water unril truck (at least 3,200 Ib
Meazurement saturated. A vehicle iz driven | [preferable equipped
at a constant speed (40 miuhr | with a heavy-duty
[64 Em/hr] specified) over the |suspension system]) 18
zurface. The wheels are specified. The braking
locked, and the distance the |system chould be
vehicle travels while reaching | capable of full and
a full stop 15 measured. sustained lockup. Tires
Alternatively, different should be ASTAM E 501
speeds and a fully engaged ribbed design.
antilock braking system
(ABS) have been used
Deceleration ASTM E | Testing iz typically done in Mechanical or electronic
Rare 2101 winter contaminared equipment, shown at
Meazurement condittons. While traveling | right, is installed on
at standard speed (20 to 30 any vehicle to measure
mihr [32 to 48 Em/hr]), the | and record deceleraton
brake: are applied to lock the | rate during stopping.
wheels, until deceleration
rates can be measured. The
deceleration rate 15 recorded
for friction computation
Portable ASTM E 303 | Portable testers can be used | -The BPT 1= manually
Testers ASTME |to measure the frictional operated and
1911 properties of pavement documented, as shown
surfaces. These testers use at top right.
pendulum or shider theory to
measure friction In & -The DFT, chown at
laboratory or in the field. bottom right, 1= a

The Britich Pendulum Tezter
{BPT) produces a low-speed
shding contact between a
standard rubber shder and
the pavement surface. The
elevation to which the arm
swings after contact provides
an indicator of the frictional
properuies. Diata from five
readings are typically
collected and recorded by
hand.

The Dynamic Friction Tester
measures the torgue
necessary to rotate three
=mall, spring-loaded, rubber
pads in a circular path over
the pavement surface at
gpeeds from 3 to 55 muhr (5
to 8% km/hr). Water 1z
applied at 0.95 galimin (3.6
Limin) during testing.
Rotational speed. rotational
torgue, and downward load
are meazured and recorded
electronically.

modular system that 1s
controlled
electronically. Hesultz
are typically recorded at
12, 24, 36, and 48 mi‘hr
(20. 40, 60, and &0
Em/hr), and the speed,
friction relationship can
be plotted. It fits in the
trunk of a car and iz
accompanied by a water
1ank and portable
COIMPULET.
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Table 6: Table of Methods for Pavement Texture Measurements (Hall et al., 2009)

Test Method/ | Associated
Equipment Standard Description Equipment
Sand Patch ASTM E 965, |This volumetric-based spot Equipment includes:
Method (SPM) ISO 10844 test method provides the Wind screen, 1.5 1n?
mean depth of pavement (25,000 mm3)
surface macro-texture. The |[container, scale,
operator spreads a known brush, and disk (2.5-
volume of glass beads in a to 3-in [60- to 65-
circle onto a cleaned surface | mm] diameter).
and determines the diameter [ ASTM D 1155 glass
and subsequently mean beads.
texture depth (MTD).
Outflow Meter | ASTM E 2380 | This volumetric test method | Equipmentisa
(OFM) meacures the water drainage | cylinder with a
rate through surface texture |rubber ring on the
and interior voids. It bottom and an open
indicates the hydroplaning |top. Sensors
potential of a surface by measure the time
relating to the escape time of | required for a known
water beneath a moving tire. | volume of water to
Correlations with other pass under the seal
texture methods have also or into the
been developed. pavement.
Circular ASTM E 2157 | This non-contact laser device | Equipment includes
Texture Meter measures the surface texture | a water supply,
(CTM) inan 11.25-in (286-mm) portable computer,
diameter circular profile of and the texture
the pavement surface at meter device.
intervals of 0.034 in (0.868
mm), matching the
measurement path of the
DFT. It rotates at 20 ft/min
(6 m/min) and provides
profile traces and mean
profile depth (MPD) for the
pavement surface.

Friction Criteria

Transportation agencies provide recommendations for minimum skid numbers (SN)

using skid trailers in the field. However, the BPT was the only friction measuring device

available for this research. There are limited reports providing minimum skid requirements in

terms of British Pendulum Numbers (BPN). Asi (2005) provides values for varying roadway

applications, listed in Table 7. The California Department of Transportation (CalTrans) display

plotted minimum BPT measurements for both Virginia DOT and British standards (Lu and
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Steven, 2006), Figure 2. Kowalski et al. (2010) compare minimum SN and BPN measurements

for various mean traffic speeds of roadways in Table 8.

Table 7: Recommended Minimum BPN Measurements for Various Roadway Applications (Asi,

2005)

Category Type of site

Mimimum skid resistance value (surface
wet)

A Difficult sites such as:
(i} Roundabouts
{n} Bends with radms less than 153 m on unrestncied
{1} Gradients. 1 in 20 or steeper, of lengths greater than 100m
{iv} Approaches to traffic lights on unrestricted roads

B Motorways, trunk and class | roads and heavily trafficked roads in urban arcas (carrying more
than 2000 vehicles per day)
o All other sites

5

L

45

Nuote: For category A and B sites where speed of traffic is high (in excess of %5 km/h) an additional requirement i1s a minimum texture depth of 065 mm.

14
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Figure 11: Correlation of California Skid Tester and British Portable Tester. (8)

Figure 2: Minimum Skid Resistance Requirements (Lu and Steven, 2006)

Table 8: Suggested SN and BPN Minimum Measurements for Various Mean Traffic Speeds
(Kowalski et al., 2010)

Mean Traffic Speed. Skid Number, British Pendulum Number,

km'h SN* BPN
48 31 35
64 33 40
8l 37 45
97 41 50
113 46 -
129 51 -

* ASTM E-274 friction trailer test conducted at 64 km/h using rib tire

Asphalt Mixture Friction Characteristics

There are several asphalt mixture characteristics that influence pavement skid resistance.

Characteristics discussed in this thesis include: air void content (VTM), aggregate type,
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aggregate size, aggregate gradation, binder content, and asphalt mixture type. A general increase
in pavement friction with the addition of skid aggregates and textural differences is reported
throughout literature. The effects of skid aggregate are indicated by Kowalski et al. (2010), Do et
al. (2007), Erukulla (2011) and Asi (2005), especially with slag. Textural differences from VTM,
aggregate size, and aggregate gradation are reported to increase skid resistance according to
Liang (2013) and Hall et al. (2009). Table 9 summarizes the effects of mixture characteristics on

pavement friction measurements from various reports.

Table 9: Friction Results According to Different Asphalt Mixture Characteristics

Mix

.. Testing Details Friction Observation Reported By
Characteristic N

Specimens at 0.8%, 2 8%, and | Statistical difference
VIM 5.4% VIM between friction values
Increase VIM Increase friction values Liang, 2013
Presence of carbonate, steel
slag, or quartzite
Comparison of aggregate
specimens and field cores

Liang,. 2013

Increase friction values Kowalski et al., 2010

Pavement friction

corresponds to aggregate Do etal, 2007
composed of identical fric‘riog 8eres ’
Aggregate Type |aggregates
D fricti t _—
ECTEase MICUON AESTSE® | Decrease friction values Erukulla, 2011

amount
Comparison of Marshall,

Highest friction values

S e, slag, and SMA . Asi, 2005
upelzpave, Sag. & for slag specimens st
specimens
Increase aggregate size Increase friction values | Kowalski et al , 2010
. TR e
Aggregate Size Decrease aggregate size ierease fI"lCth:l vill;es Do etal., 2007
Increase aggregate size , creaStla maclrolex & Hall et al_, 2009
increasing friction
Coarse aggrepate gradation  |Increased field friction Asi. 2005
Aggregate (SMA) values ~
Gradation L . gap, ifi In texture depth,
arger open, gap, or uniform | Increase texture depth, Hall et al., 2009
oraded mix increasing friction
Iny d bind tent, - .
creasea i Ier contert, Decrease friction values Asi 2005
. Marshall specimens
Binder Content S , 6.9
MA specimens at 6. - .
P ’ Low friction values Asi 2005

binder content
Comparison of Marshall,

Increased friction values

Superpave, and SMA Asi, 2005
. . for Superpave
Mix Type specimens
. In d field fricti .
SMA specimens creased e weton Asi1, 2005
values
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Chapter 3: Research Methodology

The two main objectives of this research were to develop a polishing procedure for
asphalt samples with a newly developed laboratory accelerated polishing machine and

subsequently evaluate some current surface mixtures approved by the WVDOH.

Materials

Because the primary focus of this research was the development of laboratory polishing
protocol, only a total of four asphalt mixtures were obtained for testing. Asphalt mixtures used
for this research include J.F. Allen 12.5mm Skid-RAP (JFA 12.5mm SR), West Virginia Paving
12.5mm Skid-RAP (WVP 12.5mm SR), West Virginia Paving W1-RAP (WVP W1-RAP), and
Greer W1 Heavy (Greer W1H). Additional specimens prepared at the WVDOH laboratory for
preliminary testing were also used, but the mixture type is unknown. Table 10 provides a
summary of the four primary mixtures used for this research. Mixture T400 sheets are provided

in Appendix A.

Table 10: Asphalt Mixture Material Information

Plant Name Plant Location | DMix NAMAS Aix Type T400 Number
I.F. Mlen Company (JFA) | Lorentz, WV [ 12 5mm (1/2") | Skid-EAP (SR) 1462122
Waest Virginia Paving, Inc.

Dunbar, WV | 12.5mm (1/2") | Skid-RAP (SR)| 1462115

(WVP)
West Virginia Paving, Inc. i Ao Wearing 1-RAP
1". J n A
(WVP) Huntington, WV | 9.5mm (3/8") (W1-RAP) 1436773
Wearin
Greer Asphalt (Greer) Greer, WV | 0.Smm (3/8") caring 1 1360465

Heavv (W1H)

There were also several tire substitutions made throughout the experiment due to either
poor performance results or availability. Table 11 lists the tires used in this experiment. Tire
hardness was monitored throughout the experiment to ensure that polishing was consistent
throughout. The procedure used for measuring tire hardness is in Appendix B. Measurements

remained consistent throughout and are provided in Appendix C.
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Table 11: Tire Information

. Shore A

Manufacturer Type Size Hardness
Burris B44A 11 x 6-5.00" 75
Burris B55SA 11 x 6-5.00" 84
Hoosier RSB0 11 x6-5.00" 79

Equipment

The WVDOH hired a machinist to fabricate the polishing machine based on ASTM

E660-90. The primary features include:

e Polishes 12 samples at once

e Four tires for polishing

e Variable rotation speed

e Accommodates variable sample heights and gyratory compacted or field core

samples

e Maintains sample height settings for extraction

The polishing machine components are displayed in Figures 3 through 6.
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(a) Side View (b) Top View

Figure 3: WWDOH Polishing Machine Overview

Equipment frame

Upper surface plate, Figure 4

Lower base plate

Safety guards, Figure 6

Rotating wheel assembly, Figure 5

Specimen housing components

Central shaft for rotation

Support pin for wheel assembly in upright position

Tie rod connection for toe angle adjustments

19



Figure 4: Specimen Housing and Clamping Assembly

. Upper surface plate
. Clamping assembly
Specimen height adjustment

Specimen extraction openings
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Figure 5: Equipment Wheel Assembly

. Weights for wheel loading (50 pounds total)

. Tires (size 11x6-5.00 inches)

. Wheel hub and bolt pattern

. Wheel fender

. Castellated nut for wheel bearing preload

. Wheel axle
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Figure 6: Equipment Operating System

1. Interlock switch mechanism
2. Safety guards
3. Polishing cycle counter

4. Variable frequency drive for 3-phase gear motor control

Sample Preparation

Three primary steps for the sample preparation process included inventory, compaction,
and volumetric verifications. Mixtures were first inventoried and randomized to reduce bias.
Specimens were compacted to a height of 90mm using a Superpave Gyratory Compactor (SGC)
according to AASHTO T-312. Target air void contents of 4% +0.5 and 8% +0.5 were verified
using the saturated surface dry (SSD) method, AASHTO T-166. Three replicates of two mixtures

and two VTMs were prepared, totaling 12 specimens for each polishing session.
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Development of Accelerated Polishing Procedure

The polishing procedure was developed through a sequence of trials as summarized in
Table 12. Various parameters that could affect the polishing process were evaluated with the
different trials. The first trial evaluated the operation of the polisher; no friction data were
recorded. The second and third trials used tires that were harder than the original set. Both sets of
tires used for trials one through three were provided by the WVDOH. An attempt to purchase
another set of the Burris tires found they were no longer produced. Hoosier R80 tires were
selected as the replacement based on their properties and availability. These tires were used for
trials 4 to 9. ASTM specifies toe angles of 2° and 4° on alternating tires. For trials 3, 4, and 7, the
toe angles were increased to 4° and 8° to check if the greater toe angle increases the rate of
polishing. Table 13 shows differences between the equipment and procedures described in

ASTM E660-90 and this research.

Table 12: Table of Testing Parameters for Trial Experiments

Number of Toe-In/Toe
Trial |Maximum Wheel| Mixtures Tested Test Surface VIM 0 i " | Tire Type
Passes u
1 160000 M’Dh?;ggm“ /A /A Low Toe | Burris B44A
3
2 48000 Egi:f&i“;i;“d Top 4% and 8% | Low Toe | Buis BSSA
2
3 80000 E’;&:ﬁ&?ﬁ;ﬁ;"d Bottom 4% and 8% | High Toe | Burris BSSA
: D)
4 48000 WVP (;;ejfll\l?zllilR and Top 4% and 8% | High Toe | Hoosier R80
- 2
5 64000 WvP él"e;m‘?l?{R and Bottom 4% and 8% | Low Toe | Hoosier R80
2
6 48000 JF%}V:PS\I;HIHS:; ud Bottom 4% and 8% | Low Toe | Hoosier R80
3
7 48000 Egi:f&i“;i;“d Top 4% and 8% | High Toe | Hoosier R80
2
8 48000 E‘:Il(ll‘ﬁséﬁucsiéab N/A 4% and 8% | High Toe | Hoosier R80
: .
9 48000 TFA 1“'551;1;;:1{ Ficld N/A N/A High Toe | Hoosier RS0

Note:
*Low Toe = 4° toed in and 2° toed out, alternating; High Toe = 8° toed in and 4° toed out, alternating.
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Table 13: Differences Between ASTM E660 and WVDOH Polishing Equipment and Procedure

ASTM E660-90

WVDOH

Pressure = 20psi

Pressure = 30psi

Tires Nylon smooth no
Equipment pattern; 2-ply rating Hoosier R80
Wheels OEtioln for studded No studded wheels
wheels
Laboratory = 6" L.a boratory = 6
diameter, no height dle}meterz'9(.)mm
o 1 e height; 6" diameter
specified; field core . .
— 6" diameter field core specimens
Specimens . ’ ~90mm height if
p 38mm height ossible &
(bituminous) DOSSIDY
(bituminous)
Option for concrete | No concrete
specimens specimens

Abrasive | No abrasive Silicon Carbide

Powder
Toe 4° toe in 2° toe out 4° toe in 2° toe out;
Angles | only 8° toe in 4° toe out
Monitored with
durometer every
Procedure Tire o 4,000/6,000
No monitoring .

Hardness revolutions
(16,000/24,000
wheel passes)

NCSU Variable British Pendulum
Speed Friction Tester (BPT)
Tester recommended
Friction | Measurements M

Evaluation | recorded at 0, 7200 casurements
14400 2800(3 > | recorded at 0, 8000,
43200’ and 57’ 600 16000, 32000, and
wheel ’passes ’ 48000 wheel passes

Sufficient | 37,600 wheel passes

Polishing (7,200 wheel passes | 48,000 wheel passes

per hour for 8hr)
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Friction Evaluation

The procedures for calibrating and testing surface friction using the BPT were followed
as described in ASTM E303-93. Arm length and center of gravity were verified; sliders were
conditioned by swinging the arm ten times over dry sand paper. Each sample required five
swings of the pendulum, and the first swing was not recorded. Sample surfaces were wetted prior
to all swings. Sliders were replaced according to ASTM E303-93 failure criteria. There are

supplementary notes significant to laboratory and field procedures in this experiment.

BPT Laboratory Procedure Notes

Supplementary information includes BPT slider preparation, general procedure specifics,

and optional documentation performed throughout the experiment. These details include:

* ASTM E303-93 recommended slider spring clip, Figure 7, to reduce rotation of slider during
impact by the addition of a spring clip.

I—- A SPRING SPRING CLIP

L"‘ A A
Figure 7: Recommended Spring Clip Design for BPT Slider Foot (ASTM E303-93)

Figure 8: WVU Fabricated Spring Clip on BPT Slider Foot
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+ BPT fixing jig for SGC laboratory prepared specimens, Figure 9.

(a) Top View (b) Front View (c) Jig with sample
Figure 9: BPT Fixing Jig

» BPT slider conditioning apparatus, Figure 10.

Figure 10: Slider Conditioning Apparatus
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+ Consistent specimen surface wetting, described in ASTM E303-93. A spray bottle was used to
spray a total of 30 sprays for the first swing of the pendulum and 5 sprays for each of the four
final swings of the pendulum. Figure 12 displays a specimen following the wetting process.
Table 14 provides a quantification of the amount of water used for this process. Approximately
60% of the sprayed water did not cover the specimen surface. This was calculated by
subtracting dry paper towel weight from the overspray water weight captured on the towels
after wetting a specimen. This is represented in Table 13 as the actual volume of water on the

surface.

Figure 11: Wetted Specimen Surface for BPT Measurements

Table 14: Amount of Water Used for Specimen Surface Wetting

Weight of Water Volume of Actua} Volume
Number of Sprays @ Water (mL) of Water on
Surface (mL)
5 4.22 4.22 1.68
30 25.24 25.24 10.04

« Slider failure occurred at approximately 1,200 BPT swings.

» Randomize specimen measurement order to reduce slider wear bias.
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BPT Field Procedure Notes

Although not a large portion of the experimental procedure, BPT measurements were
also completed in a field environment for laboratory and field comparisons. There is little
information in the specification regarding field testing. As such, procedural steps were assumed
to parallel laboratory techniques accompanied by additional equipment leveling protocol.

Supplementary notes describing the field procedure used in this experiment include:

« Field measurement locations were the fast lane of I-79 in Flatwoods, WV. Additional location

details are provided in the Appendix A.

» The BPT was leveled according to each of the five location geometries, Figure 12. Testing
locations were chosen based on the corresponding field cored specimens tested in the
laboratory. Cored specimens were either extracted from the left or right wheel path.
Measurements were recorded in either wheel path (dependent on the core location) and in the
center of the lane. Measurements were also recorded in both the uphill and downhill directions

due to varying roadway elevations.

Figure 12: BPT in Field Application
« Surfaces were wetted with the same technique used in the laboratory. However, it should be

noted that precipitation began in the middle of the testing period, which could have influenced

measurements. Figure 13 depicts the wetted surface in the field.
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Figure 13: Wetted BPT Surface in Field

British Pendulum Number Analysis

Average BPN values were calculated for each specimen using the four recorded
measurements after each polishing session. These values were plotted versus the number of
wheel passes. Average measurements calculated for each set of replicates was averaged a second
time to compute a mixture average. There were three replicates for each mixture. Mixture
averages were also plotted and used to create trend lines for data fitting. Specimens were
polished until plotted measurements displayed the appearance of a plateau. BPN measurements

showed asymptotic behavior varying between 48,000 and 80,000 wheel passes.

Various fitting methods were considered including polynomial, logarithmic, and power
functions. Power functions were ultimately chosen due to high R? values and visual observation.
This was completed for all mixtures and trials throughout the experiment. The slope was
calculated for each trend line by inputting the final number of wheel passes = 100 to determine a
asymptotic behavior. For example, 47,900 and 48,100 wheel passes were used for trials with a
maximum of 48,000 wheel passes. Plots were then replicated and altered to represent the
independent and dependent variables as BPN and the number of wheel passes, respectively. This
allowed for the prediction of the number of wheel passes (N;) required to achieve two BPN
limits: BPN=35 (Kowalski et al., 2013) and BPN=47 (Lu and Steven, 2006). For trials where the
number of wheel passes exceeded 48,000, slope and BPN calculations were computed at 48,000

wheel passes and the ending number of wheel passes.
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Statistical Analysis

BPN measurements were analyzed statistically to determine the significance of variables
in the polishing procedure. Data were organized according to various factors and levels. Factors
include tire types, tire toe angles, VTM, nominal maximum aggregate size (NMAS), contractor,
and environment (lab/field). Factors were broken down into several levels, displayed in Table 15.
Table 16 shows the factors and levels and the samples. Various statistical analysis methods were
considered for this experiment including t-tests, ANOVA, and regression. These methods were
reviewed and discussed in a meeting with a qualified statistician (Pyrialakou, 2020). Based on
the layout of the data and the advice from a statistical expert, t-tests were chosen for analyzing
BPN data. All t-tests were for two-tail, assumed equal variances, null hypothesis of equal means,
and alpha of 0.05.

Table 15: Experimental Factors and Levels

Factors
Tires Toe Angles | VIM | NMAS (Contractor| FEnvironment
Burris B5SA Low 4% 9. 5mm JEA Laboratory
Levels |Hoosier R80 High 8% 12 5mm WVP Field Core
Greer | Field Measurements

The significance of toe angles was determined first by comparing measurements
collected from low and high toe angles with Burris BS5A tires. This was followed by analyses
for all factors using only data collected with Hoosier R80 tires. Additional testing was performed
for laboratory and field specimens obtained from J. F. Allen by comparing initial BPN
measurements to determine potential differences in friction behaviors. The same samples were
compared using BPN data collected after polishing for 48,000 wheel passes. Final t-tests were
performed comparing initial BPN measurements of field core specimens to measurements
completed in their corresponding locations on Interstate 79 (I-79). All location details and raw

data are located in Appendices A and D, respectively.
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Table 16: Testing Parameter Breakdown and Potential Sample Comparisons

Experimental Factors
Burriz B55A Tires | Hoozier R80 Tires
Specimens

Toe VIM | NMAS (Surface | Contractor

JFA
Top WVP 7T, 8T, 5T
Graer
JFA
Bottom WP 31B, 32B, 33B
Graer 16B, 17B, 18B
JFA 4T, 5T, 6T
Top WP
Graer
JFA 25B, 26B, 27B
Bottom WVE 185, 20B, 21B
Grazer
JFA
Top WVEe 10T, 11T, 12T
Graer
JFA
Bottom WVE 34B. 33B, 36B
Graer 13E, 14B, 15B
JFA 1T, 2T, 3T
Top WVP
Graer
JFA 28B, 29B, 30B
Bottom WP 212B. 23B, 24B
Greer
JFA
Top WVP 31T, 32T, 33T
Greer 16T, 17T, 18T
JFA
Bottom WP 7B, 8B, 9B
Graer
JFA 25T, 26T, 27T
Top WP 19T, 20T, 21T
Graer
JFA 4B, 3B, 6B
Bottom WVE
Grazer
JFA
Top WVEe 34T, 35T, 36T
Greer 13T, 14T, 15T
JFA
Bottom WVE 10E, 11B, 12B
Graer
JFA 28T, 29T, 30T
Top WVEP 22T, 23T, 24T
Graer
JFA 1B, 2B, 3B
Bottom Wve
Greer
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Chapter 4: Results and Discussion

Mixture and procedure evaluations were completed through BPN trend fitting and
statistical methods. Discussed first are friction trend behaviors, followed by a statistical analysis
of collected BPN data. All raw data are in Appendix D. Figures and data used for analyses are in

Appendices E and F.

BPN Analysis

Trend behaviors were analyzed for specimens tested in trials 2 through 9. Figure 14
displays average BPN data for the JFA 12.5mm SR specimens at 8% VTM, polished with Burris
B55A tires. A power function trend line equation and corresponding R? value is provided for the

average of the three replicates.

90
80 ¥
70
60 [ X
............................ i
% 5 G
>, : K
A
m
40
30 4 Specimen IT
Specimen 2T
20 B Specimen 3T
X Mix Average
10
-------- Power (Mix Average)
0
0 10000 20000 30000 40000 50000 60000
Number of Wheel Passes

Figure 14: Average BPN Measurements for Trial 2 JFA 12.5mm SR (Top Surfaces) 8% VITM
Specimens After 48,000 Wheel Passes at Low Toe Angles and Burris B55A Tires
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The behavior on Figure 14 is similar to those reported by Vollor and Hanson (2006) and
Kowalski et al. (2010) when polishing with the NCAT TWPD. There are minimal changes in
slope after approximately 16,000 wheel passes. The slope of the trend line is 4.27E-05, which is
close to a slope of zero and appears to visually fit the data. This indicates minimal change in
BPN measurements after 48,000 wheel passes, which could provide insight for determining the
number of wheel passes required for sufficient laboratory polishing. Slope values and trend line

coefficients are summarized in Table 17.
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Table 17: Trend line Coefficients, R2 Values, and Calculated Slopes for General Data and Predicted Number of Wheel Passes at BPN
Limits of 35 and 47

Total Analvzed | Power Coefficients Power Coefficients Predicted Number of
. Toe . . Test . o b . Average b . . . .
Trial Tire Wheel Tested Mixture | Wheel y=ax *** R- . y=ax *EE* R~ | Required Wheel Passes (N})
Angles Surface = Mix Slope =
Passes Passes a b a b BPN=35 BPN =47
A12
JFAL2ZSmm SR -0 78.883 | -0.040 | 0.9449 | 4.27E-05 | LS0E+45 | -23.71 |0.9449| 2.46E+08 2.26E+05
at 8% VTM
A12
JFA 1;;51{1m SR 48k 81.228 -0.047 | 0983 | 4.79E-05 | 3.93E+39 -20.70 0.983 4.36E+07 9.76E+04
2 | Low | BS5A* | 48000 | Top |—2td%VIM
“Tl;:/‘ if\‘? at 48k 84.459 -0.042 | 0.9679 | 4.70E-05 | 7.86E+44 -23.24 0.9679 1.04E+09 1.11E+06
0 1V
“‘];3:(_11'{\‘? at 48k 83.334 -0.043 | 0.9609 | 4.70E-05 | 3.49E+43 -22.6 0.9609 3.81E+08 4.87E+05
i) LW
JFA 12.5mm SR 48k 70.591 -0.035 | 0.9835 | 3.53E-05 | 4.54E+52 -28.45 0.9835 5.89E+08 1.34E+05
[T T |
at 8% VIM 80k 70.102 -0.032 | 0.9374 | 3.31E-05 | 5.06E+53 -28.97 | 0.9374 9.28E+08 1.81E+05
JFA 12.5mm SR 48k 71.27 -0.037 | 0.9812 | 3.69E-05 | 6.98E+49 -26.87 | 09812 2.27E+08 8.24E+04

at 4% VTM
80k 70.714 -0.034 | 0.9257 | 3.47E-05 | 3.80E+50 -27.19 | 0.9257| 4.16E+08 1.37E+05

3 | High | B55A* | 80000 | Bottom

WVP WI1-RAP at| 48k 75.967 | -0.037 | 0.9709 | 3.93E-05 | 3.16E+49 | -26.27 |09709| 821E+08 | 3.56E+05
[ 77 T |
8% VIM 80k 75954 | -0.037 | 0.9721 | 3.93E-05 | 3.52E+49 | 2629 |09721| 1.02E+09 4.39E+05
WVP WI1-RAP at| 48k 72284 | -0.04 | 0.9659 | 4.24E-05 | 1.52E+46 | -243 |09659| 6.03E+08 4.67E+05
4% VIM 80k 78232 | -0.039 | 0.9705 | 417E-05 | 4.50E+46 | -24.58 |09705| 5.57E+08 | 3.97E+05
J bl
WVP 12.5mm 48k 86.716 | -0.053 | 0.9694 | 5.41E-05 | 4.53E+35 | -18.34 |09694| 240E+07 | 1.08E+05
SR at 8% VTM
J 2
“‘Tl‘;'s"nm 48k 84.523 | -0.053 | 0.9817 | 5.27E-05 | 9.57E+35 | -18.64 |09817| 1.65E+07 | 6.79E+04
4 | High [Hoosier=*| 48000 | Top [SRat4% VIM
Greer WiHat | 0, 86.629 | -0.054 | 0.9769 | 5.19E-05 | 4.56E+34 | -18.04 |0.9769| 6.98E+06 3.42E+04
8% VTM
Greer WiHat | 0, 84792 | -0.058 | 0.9643 | 5.48E-05 | 2.19E+32 | -16.71 |0.9643| 3.16E+06 2.29F+04
4% VTM
Notes:
* Burris #%% BPN=a(N,)°

#* Hoosier  **%* Np=a(BPN)"
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Power Coefficients Power Coefficients Predicted Number of
Toe Total Test Analyze b Average b s Required Wheel P _
Trial Tire | Wheel >" | Tested Mixture |d Wheel y=ax R? Mix y=ax g2 [Required Wheel Passes (\,)
Angles Surface ~ -
Passes Passes a b Slope a b BPN =35 BPN =47
WVP 12.5mm 48k 78.666 -0.047 | 0.9432 | 4.64E-05 | 1.98E+38 | -20.10 | 0.9432 1.84E+07 4.92E+04
SR at 8% VTM 64k 79.406 -0.05 0.9137 | 4.83E-05 | 6.17TE+34 | -18.14 | 0.9137 5.87E+06 2.79E+04
WVP 12 5mm 48k 78.353 -0.044 0.9502 | 4.47E-05 | 9.12E+40 | -21.53 | 0.9502 5.13E+07 8.99E+04
. SR at 4% VTM 64k 79.26 -0.048 | 0.8957 | 4.72E-05 | 3.76E+35 | -18.53 | 0.8957 9.78E+06 4.15E+04
5 Low |Hoosier**| 64000 |Bottom —
Greer W1H at 48k 76.496 -0.046 | 0.9531 | 4.46E-05 | 6.23E+38 | -20.48 | 0.9531 1.43E+07 3 42E+04
8% VTIM 64k 77.342 -0.05 0.8931 | 4.70E-05 | 2.15E+34 | -17.97 | 0.8931 3.58E+06 1.79E+04
Greer W1H at 48k 77.02 -0.047 | 0.9393 | 4.54E-05 | 1.41E+38 | -20.11 | 0.9393 8.89E+06 2.37E+04
4% VTM 64k 78.119 -0.052 | 0.8707 | 4.83E-05 |1.72E+32 | -16.78 | 0.8707 2.46E+06 1.75E+04
A12
JFA 1"5]{]"] SR 48k 76.732 -0.038 0.974 | 4.03E-05 | 1.62E+48 | -25.53 | 0.974 7.60E+08 4.10E+05
at 8% VTM
A12
J-FAt i;fsln_ng 48k 77.795 -0.042 | 0.9662 | 4.33E-05 | 3.15E+43 | -22.94 | 0.9662 1.14E+08 1.32E+05
6 Low |Hoosier**| 43000 |Bottom “?\"P ";1 RAP
i 48k 85.405 -0.044 0.9452 | 4.87E-05 | 4.97E+41 | -21.49 | 0.9452 3.29E+08 5.83E+05
at 8% VTM
WivP “IITRAP 48k 86.397 -0.046 | 0.9501 | 5.04E-05 | 1.04E+40 | -20.57 | 0.9501 1.73E+08 4.03E+05
at 4% VTM
A12
JFA 1"5]{]]“ SR 48k 76.37 -0.054 | 0.9218 | 4.80E-05 | 2.55E+32 | -17.07 | 0.9218 1.32E+06 8.60E+03
at 8% VTM
A12
J-FAt i;fsin;{ISR 48k 75.42 -0.053 | 0.9117 | 4.70E-05 | 5.29E+32 | -17.27 | 0.9117 1.08E+06 6.64E+03
7 High |Hoosier**| 48000 | Top “?\"P ";1 RAP
i 48k 83.173 -0.059 | 0.9025 | 5.41E-05 | 5.97E+29 | -15.33 | 0.9025 1.28E+06 1.40E+04
at 8% VTM
WVP W1-RAP 48k 80.715 -0.055 | 0.8709 | 5.11E-05 | 247E+30 | -15.7 | 0.8709 1.15E+06 1.12E+04
at 4% VTM
A12
J]:F: é_.SmmtSfl{ 48k 59.736 -0.03 0.9742 | 2.70E-05 | 1.15E+58 | -32.64 | 0.9742 4.00E+07 2.65E+03
8 | High |Hoosier**| 48000 | N/A ﬁ[‘“ S"R
o mm 48k 62.892 -0.035 | 0.9943 | 3.14E-05 | 1.96E+51 | -28.51 | 0.9943 1.90E+07 4.26E+03
Field Core
A12
9 High |(Hoosier**( 48000 | N/A H;\_liasénm SR 48k 52.53 -0.017 | 0.6879 | 1.55E-05 | 7.12E+71 | -41.18 | 0.6879 1.82E+08 9.73E+02
ie ore
Notes:
* Burris wHE BPN:a(Np)b
** Hoosier — **%* Np:a(BPN)b
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Figure 14 shows the conventional way to show polishing data. The trend line equation
from this figure can be used to predict the BPN for certain number of wheel applications. For
evaluating a mix for skid resistance suitability, a relationship for using BPN limit criteria to

compute the number of applications is needed. This relationship is shown on Figure 15.
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Figure 15: Number of Wheel Passes vs. Average BPN Measurements for Trial 2 JFA 12.5mm SR
(Top Surfaces) at 8% VIM Specimens at Low Toe Angles and Burris B55A Tire

For JFA 12.5mm SR specimens 1T through 3T, the number of wheel passes required to
reach BPN values of 35 and 47 were calculated to be 2.46E08 and 226,235 passes, respectively.
While 2.46E08 passes is significantly larger than those reported in literature, this value was
extrapolated from the data, rather than interpolated. Extrapolation can produce inaccurate results
in some applications. Additionally, a BPN of 35 was reported by Kowalski et al. (2010) as the
BPN limit for roadways intended for 30 mph speeds, which may not be applicable for a majority
of roadways. Evaluating at a BPN of 47 produced a more reasonable result, which is more
consistent to values reported by Vollor and Hanson (2006) and Kowalski et al. (2010).
Therefore, further discussions of results are in reference to those calculated for a BPN limit of

47. Figure 16 shows the predicted number of wheel passes for all mixtures to reach a BPN of 47.
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Figure 17 shows the predicted number of wheel passes at BPN=47 for JFA 12.5mm Skid-RAP

lab and field core specimens.

700000
G00000 JFA 12 5mm Skid-RAP
WVP W1-RAP
500000 mGreer WiH
@ WVP 12.5mm Skid-RAP
W
§ 400000
(=9
¥
% 300000
Z
g
< 200000
100000
0 A - IS
4% VIMLowToe 8% VTMLowToe 4% VIMHigh Toe 8% VTMHigh Toe
Testing Parameters

Figure 16: Predicted Number of Wheel Passes to Achieve BPN of 47 for All Mixtures
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Figure 17: Predicted Number of Wheel Passes at BPN of 47 for JFA 12.5mm Skid-RAP
Laboratory and Field Core Specimens
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The projected number of wheel passes at various friction limits can also be used to
evaluate asphalt mixtures in the experiment. An increased number of wheel passes represents a
more polish resistant mixture, which could provide insight for asphalt mixture design. From
Table 17 and Figure 16, it can be seen that the WVP W1-RAP mixture at 8% VTM in trial 2
resulted in the largest projected number of wheel passes (1.11E06 wheel passes). The five
samples with the greatest number of wheel passes were the WVP W1-RAP mixture, suggesting
the WVP W1-RAP mixture is more polish resistant than other tested mixtures. Additionally, the
majority of mixtures with the largest calculated number of wheel passes were prepared at 8%
VTM. This result could indicate that the increased surface texture allows for excess water

storage, producing higher friction measurements.

The lowest calculated number of wheel passes resulted from trial 9 JFA 12.5mm SR field
core specimens (973 passes). This is significantly lower than the number of passes calculated for
WVP W1-RAP specimens, which resulted in the highest calculated values. Lower values could
be an indication of differences in compaction for field and laboratory samples. However,
additional testing is required to determine a cause. JFA 12.5mm SR specimens represent five of
the lowest resulting number of wheel passes, which could suggest that this mixture is the least
polish resistant of those tested in this experiment. Figure 16 also shows a generally lower number
of wheel passes for trials using high toe angles with Hoosier R80 tires, revealing a potential

increase in polishing by implementing higher toe angles.

For trials 3 and 5, wheel pass predictions were also performed using data up to the
maximum number of wheel passes (80,000 and 64,000). The majority of these predictions were
higher than values computed using data for 48,000 wheel passes. This could indicate that
additional data are useful when predicting the number of wheel passes required to achieve BPN

limits. Additional testing is needed to determine the value of increased polishing.

When looking at fitted trend equations, some trials have R? values less than 0.9. Low R?
values could indicate that a more complex function is required to properly fit asphalt friction
behavior. This is observed visually on Figures 54, 58, 73-76, 81, and 82 in Appendix E.
Inadequate fitting functions could have caused unexpected polishing predictions. Predictions of
80,000 passes are not reasonable based on literature (Vollor and Hanson, 2006 and Kowalski et

al., 2010) and laboratory observations. Predictions greater than or equal to approximately
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400,000 passes is more consistent with values mentioned in literature. Further research is

required to develop a more complete conclusion. The BPN figures are in Appendix E.

Statistical Analysis

Table 18 provides a summary of t-test results including the mean, variance, degrees of

freedom, and p-values for the tested factors. All raw data and outputs used for the analysis are

included in Appendix F. Figure 18 shows comparisons of all parameters and standard errors in

the t-test analysis. Toe angles were evaluated for Burris BS5SA tires using measurements

collected from JFA 12.5mm SR and WVP W1-RAP mixtures. The resulting p-value when

comparing BPN measurements from low and high toe angles for Burris B55A tires is 0.09645.

This results in a failure to reject the null hypothesis of equal means, indicating measurements are

statistically similar. Because the influence of toe angles for Burris BS5A data was insignificant,

toe angles remained in the analysis when analyzing data using Hoosier R80 tires. Remaining

analyses were performed only on data using Hoosier R80 tires.

Table 18: Summary of T-test Results

Tire Data Used| Analyzed Factor | Compared Variables | Mean |Variance| df | P-Value | Decision
. Low Toe 50.0 7.05
B B55A Toe Angl - 22 | 0.09645 F*
S 0¢ Angles High Toe 485 1.90
. 4% VIM 447 11.0
7 .85
Hoosier R80 VIM 2% VIM 149 116 46 0.8561 F
. Low Toe 46.7 8.7
H R80 Toe Angl ; 46 | 3.34E-05 R**
oostet 00 ANgIes High Toe 43.0 6.8
JFA 44 .6 17.7 ” 03337 F
. WVP 459 2.1
Hoosier R80 Contractor
Greer 43.4 0.5 ” 0.1593 F
WVP 454 23.1 o
. 9.5mm 44 .4 12.4
H R80 NMAS 46 0.3741 F
OOSIET 12.5mm 453 9.9
Im_tl_al La_tboratory 594 20.8 10 0.4035 E
. Initial Field Core 62.8 66.8
Hoosier R80 Sample Type -
Polished Laboratory 423 0.8 10 0.1116 F
Polished Field Core 43.0 0.4 ’
. Field Core 51.9 17.3
Hoosier R80 | Measurement Type Fiold Moasurement 743 53.0 8 0.0003 R
Notes:

* F = Fail to reject null

** R = Reject null
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Figure 18: Average BPN Comparison for Tested Parameters
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VTM comparisons for data collected using mixtures with only Hoosier R80 tires report
similar results. A p-value of 0.8561 indicates a failure to reject the null hypothesis of equal
means, or no significant difference between BPN measurements for all mixtures. However, it can
be seen from Table 18 that variances for 4% and 8% VTM were 11.0 and 11.6, respectively.

High variances may be explained by the lack of direct factor comparisons isolating VTM.

When comparing low and high toe angles for measurements using Hoosier R80 tires, the
resulting p-value is 3.342E-05. This results in a rejection of the null hypothesis of equal means,
which suggests statistical difference between BPN measurements. This contradicts the previous
toe angle analysis using Burris B55A tires. While resulting variances are high, increased toe
angles reported a lower variance of 6.81 when compared to the lower toe angle variance of 8.71.
This could suggest that higher toe angles produce more consistent polishing and should be used
for future testing. When analyzing mean values, the mean BPN value of 42.9 for higher toe
angles is several points lower than the mean value of 46.7 reported for lower toe angles. This
suggests that there is an increase in the polishing for specimens exposed to higher toe angles,

which decreases the testing time required in the laboratory.

Insignificant results were reported when comparing data collected from JFA and WVP
12.5mm SR mixtures to determine the influence of contractor on measured BPN values. The
resulting p-value i1s 0.3337, failing to reject the null hypothesis of equal means. However, it is
important to note that specimens compacted with the JFA mixture resulted in a variance of 17.7
when compared to WVP specimens with a variance of 2.1. Large variances could be explained
by the use of data from both toe angles in the analysis, which reported significant differences

between BPN measurements previously using data from Hoosier R80 tires.

Similar results are reported when comparing Greer and W VP contractors for the 9.5mm
mixtures. A p-value of 0.1593 suggests no significant difference and a failure to reject the null
hypothesis of equal means. For this analysis, specimens compacted using the Greer mixture
reported a low variance of 0.5, while data from W VP mixtures resulted in a high variance of
23.1. Low variances using the Greer mixtures suggests that this is a relatively consistent mixture
in terms of measured friction values. Data collected from both toe angles were included in the

analysis, which could contribute to higher resulting variances.
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Analysis performed investigating the influence of NMAS on measured friction values
reported insignificant results. When comparing all 9.5mm and 12.5mm mixtures, the resulting p-
value is 0.3741, suggesting no significant difference between mean BPN measurements and a
failure to reject the null hypothesis. Higher variance is reported for data collected from 9.5mm
specimens when compared to the variance reported from 12.5mm specimens, which were 12.4
and 9.9, respectively. However, there are difficulties in determining a cause for high variances
and distinct conclusion in terms of significance due to the lack in direct factor comparisons

present in the analysis. Additional testing is required to determine more concise results.

Final t-tests were completed for JFA 12.5mm SR field and laboratory data. Data was first
compared using initial BPN measurements collected from matching laboratory and field core
specimens. Comparing initial BPN measurements resulted in a p-value of 0.4305, indicating a
failure to reject the null hypothesis of equal means. This suggests that there is no significance
between the laboratory and field samples. However, it should be noted that reported variances
are 20.8 and 66.8 for laboratory and field core specimens, respectively. These values are
extremely large and could potentially be due to differences in compaction. After polishing for
48,000 wheel passes, the collected measurements were analyzed again, producing a p-value of
0.1116. This also suggests that there is no significant difference between the paired laboratory
and field specimens. Reported variances were also less than one, suggesting consistency between

measurements.

Measurements were also collected from extracted field core specimens and matching
field locations on I-79 in Flatwoods, WV. Table 19 displays differences between average initial
field core measurements and corresponding field measurements. For this comparison, the
resulting p-value is 0.0003. Because the p-value is less than 0.05, the null hypothesis of equal
means is rejected, suggesting a statistical difference between BPN measurements. Variances are
also high for field core and field measurements with values of 17.3 and 53.0, respectively. These
differences are evident in Table 19 when comparing laboratory and field measurements. Large
differences could be explained by varying compaction procedures and difficulties setting up
equipment in the field. However, additional testing is required to further analyze potential

differences between laboratory and field friction measurements due to inadequate sample sizes.
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Table 19: Differences in BPN Measurements for Corresponding I-79 JFA 12.5mm SR Field
Core and Field Measurements

Specimen Avelagfe‘;;_b Inmitial Avetf:;%e{vlfleld Difference
D1 59.0 74.5 15.5
D2 48.0 69.9 21.9
D3 50.5 67.4 16.9
D4 50.8 73.5 22.8
D5 51.3 86.3 35.1
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Chapter 5: Conclusions and Recommendations

Significance of Work

Prior to this thesis experiment, the WVDOH did not employ an accelerated laboratory
polishing machine in asphalt pavement evaluation practices. This thesis provides descriptions of
best practices in polishing procedures and laboratory friction measuring techniques for continued
use within the agency. Data collected from this experiment contributes to information regarding
asphalt pavement performance. Findings from this research also provide insight into factors
influencing pavement polishing resistance. Results from this experiment and those completed in

the future will assist the WVDOH in providing increased safety for the public.

Conclusions

BPN Analysis

The majority of friction behaviors for laboratory compacted specimens was consistent
throughout the experiment. BPN measurements decreased as polishing increased. Friction values
displayed asymptotic behavior for most specimens and testing periods. Fitting this behavior with
power functions allowed for predictions of the number of wheel passes required to achieve BPN
limits of 35 and 47. Mixtures with the greatest number of calculated wheel passes at given BPN
limits were deemed more polish resistant. For calculations at BPN=47, W1-RAP at 8% VTM
had the highest prediction (1.11E06 wheel passes). The WVP W1-RAP mixture made up the
majority of predictions with the largest number of wheel passes, suggesting that this is the most
polish resistant mixture. The JFA 12.5mm SR field core data in trial 9 displayed the least polish
resistant behavior. Five of the lowest computed wheel passes resulted from the JFA 12.5mm SR

mixture.

Most JFA 12.5mm SR field core specimens reported increased friction values compared
to laboratory samples. These measurements could be due to differences in field compaction.
However, limited specimens were available for performing comparisons. Additional

comparisons completed on field core and field measurement pairs produced mixed results. When

44



compared to field measurements performed in the same locations, large differences in values

were computed. This could be due to variability in BPT procedures in the field.

Statistical Analysis

Statistical analysis procedures were performed on average BPN data to determine the
influence of different variables on specimen polishing resistance. A t-test comparing low and
high toe angles using Burris BS5A tires resulted in a p-value of 0.09645, which suggests that
there is no significant difference between mean BPN measurements. However, this tire type is no
longer available. Analysis completed for all data using Hoosier R80 tires suggests that toe angles
are a significant influence on friction behavior. This was the only factor suggesting significant
difference for data using Hoosier R80 tires. T-test outputs indicate the mean friction value
reported after polishing with high toe angles is lower than the mean for data at lower toe angles.
This suggests increased polishing when using higher toe angles, which could decrease the time
needed for testing. Comparisons between VTM, contractor, and NMAS did not result in any
statistically significant results. Resulting p-values were 0.8561, 0.3337, 0.1593, and 0.3741,
respectively. P-values result in a failure to reject the null hypothesis, suggesting no significant

influence from differences in VITM, contractor, or NMAS.

When comparing initial BPN measurements for JFA 12.5mm SR field core and
laboratory compacted specimens, a p-value of 0.4305 was reported, suggesting no significant
difference. A similar result is reported when comparing the same specimens after polishing for
48,000 wheel passes. This comparison resulted in a p-value of 0.1116, which again results in a
failure to reject the null hypothesis of equal means. Comparisons between JFA 12.5mm SR field
core specimens and corresponding field locations on I-79 suggest there is a statistical difference
between friction values. This result is consistent with the differences calculated in Table 18.
Differences in measurements could be a result of difficulties leveling the equipment and

compaction variabilities in the field.

It is important to note that sample sizes were limited for a reliable statistical analysis,
specifically for field data. Inadequate sample sizes could introduce bias in the results. There were
limited comparisons available for the majority of t-tests, which could have skewed the results. A

limited sample size is also the cause of higher reported variances, which minimizes the reliability
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of the results. Because of these implications, a majority of the results could be considered
inconclusive. Further testing is needed to address sample size and variance issues and provide

better observations.

Recommendations

In terms of equipment, Hoosier R80 tires are recommended for future testing because
they appear to provide adequate sample surface polishing and maintain their integrity for
extended testing durations. Following the completion of statistical analysis, VIM had no
significant influence on BPN measurements. Because of this, it is recommended that specimens
are compacted at a VITM most similar to those achieved in field applications (approximately 7%.
Additionally, mean friction values reported for higher toe angles were significantly lower than
lower toe angles. Higher toe angles are recommended to accelerate the polishing process.
Similarly, less frequent friction measurements are suggested to further decrease testing durations.
For this experiment, 48,000 wheel passes in the polishing machine was deemed sufficient to
reach a stopping point for measurements. Additional testing could also be performed to
determine the significance of abrasive on the polishing process. The procedure for applying the
silicon carbide abrasive remained constant; specimens were not tested without the use of

abrasive. Further analysis is recommended to determine the influence of abrasive.

Testing is also needed to determine the influence of sample testing surface (top and
bottom) on average friction measurements. This could provide insight for investing potential
influences of laboratory compaction on friction measurements. Additionally, mixtures were
limited to three contractors and two aggregate sizes. NMAS values of 9.5mm and 12.5mm
mixtures were specific to Marshall and Superpave designs, respectively. Skid and non-skid
mixtures were also specific to Marshall and Superpave designs. Alternate mixture designs for
these sizes and 4.75mm mixtures are recommended for future testing. Mixtures with varying skid
and non-skid designations should also be tested to increase data collection and provide further

insight on the polishing behavior of various mixtures.

This experiment also lacked data comparing field and laboratory measurements. The
sample size for comparisons was limited to six laboratory-compacted and field extracted

specimen pairs and five field core specimens and field measurement pairs. This is an inadequate
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sample size for proper statistical analysis. Further investigation of field and laboratory friction
behaviors is recommended. Upgrading the testing equipment could also provide more insight for
developing laboratory and field relationships. Skid resistance becomes a more sensitive issue as
vehicles travel at higher speeds. The BPT measures friction a low speeds, which could explain t-
test results reporting no significant differences for various factors in the analysis. The DFT is a
state-of-the-art friction measuring apparatus that allows for testing at higher speeds (Hall et al.,
2009). Upgrading to this equipment would allow for more meaningful comparisons between

laboratory and field friction behaviors in the future.
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Appendix A: Mix Design, Specimen Characteristics,

and Field Location Information

Mix Design T400 Sheets

WVDOH MCS&T Approval

Recommended for Approval:

T400 SP P. Cyrus
04=10 Aporoved By:
WEST VIRGINIA DIVISION OF HIGHWAYS e
JOB MIX FORMULA FOR SUPERPAVE HOT-MIX ASPHALT
Report Number: 1462122 Date Accepted: March &, 2018
HMA Type: 12,5 mm Skid - RAP HMA Code: 402,002,015
Producer: J. F. Allen Company Plant Location: Lorentz, WV
Designed By: Chadlay Miller Design Lab: J. F. Allen (Elkins, W)
Plant Type: Batch Plant Make: McCarter
Plant Code: JFA1.02.400 Design ESALs: 3 to < 30 Million {3)
MIX COMPOSITION
Coarse Aggregate Source Code Fine Aggregate Source Code
CA, J.F Allen Campany (Mashey Gap, W) JFAZ,01.704 FA, JF allen Company (Elking, W) JFAZ.02,704
CA,; JF allen Company (Mashey Gap, WV) JFAZ.01.704 FA;
CA, FA,
CA, CA, CA, FA, FA; FA,
ﬁ’_ﬂ- Type #78 Shod #H Skid L. Stone Sandg
Agg, Code 703,001,078 703,001,008 702,003,001
% Total Agag. 20 a7 33
%% RAP Total Agg.: | 10 Blended Binder G'/sin delta If > 25% RAP: |
% Binder In RAP Design: | 4.7 Binder Type: | PG&4H-22 | Binder Code: | 705.005.009
Binder Source: | Marathon Petroleum - Floraffe | Binder Source Code: MPC,02,705
Sieve Fraction Fines [ Effective Tensile
Sieve Allowable Sieve Allowable Asphalt Ratio  |Strn. Ratio
Size Target Min. | Max. Size Target Min. Max, 0.9 84.9
2" (50 mm) #HA (a7 mm) 52 Temperature Range
1,5"(37,5mm) #8 (2,36 mm) a5 29 41 Completed Mixture (°F)
1" (28 mm) H#16 (1,18 mm) 22 Desirable Temp. Range
34" (19 mm) 100 100 100 | #30 (80 pm) 14 Mean Temp. [ Min, Max,
1/2"12,5mm) a5 a0 100 | #50 (300 pm) g
378" 9,5 mm) 82 90 | #200 (75 pm) 4.1 2.0 10.0 316 291 341
JOB MIX FORMULA VALUES
Job Mix Formula Job Mix Formula Tolerances
Specific gravity stone Design Property Desiﬁn Targets Minimum Maximum
bulk (Gsb): 2,656 Asphalt (%) 54 5.0 58
Maximum Air Voids (%) 4.0 2.8 52
Density (kg/m’) VMA (%) 146 14,0 16,0
2498 VFA (%) 73 72 79
Gyrations g N juign: 80 | Desirable Mean Temp. for Lab, Spacimens (*F): | Comp. Temp.: | 298 | Mixing Temp.: | 316

Remarks:

Sister Version: 1462123

Figure 19: T400 Sheet for JFA 12.5mm SR Mixture
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jeF .17
T400
Lo Approved 3/18/2015
WEST VIRGINIA DIVISION OF HIGHWAYS
m— JOB MIX FORMULA FOR HOT-MIX ASPHALT
Number: - -
HMA Type: :
Producer:
| DesignedBy: o —————— - em ocion e
Plant !m:
Code:
Coarse Source
a: ~ — | _m365A
Ch, A F FAs F
| Agg. Code 1136 1116 1115 1114
% Total Agg. 40 4 30 10 1
% RAP Total Agg.: l 15 Blended Binder G*/sin delta if > 25% RAP: |
% Binder In RAP PG 64-22 | Binder Code: 1093
Binder Source: Binder SourceCode: MOO01A
= Voids filled with Fines to
o | Target | Min. | Max. T T
63 80 Temperature Range
= 50 43 | 55 | Completed Mixture ('F) |
e 42 Desirable | T Range
= 3: Mean Temp. | Min, ' }
1 ‘
58 | 20 | 90 288 o |
— | Job Mix Form Job Mix_Formula T
St R rge ‘Minimum mn
s 6.1 8.7 85 -~
T e :\M 25 5.
= :~ = £ & —
— 2 _j'.‘;:-:,

Figure 20: T400 Sheet for WVP W1-RAP Mixture
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WVDOH MCS&T Approval

Recommended for Approval:
T400SP P. Cyrus
04-10 Approved By:
WEST VIRGINIA DIVISION OF HIGHWAYS *oanazos
JOB MIX FORMULA FOR SUPERPAVE HOT-MIX ASPHALT
Report Number: 1462115 Date Accepted: February 27, 2018
HMA Type: 12.5 mm Skid-RAP HMA Code: 402.002.015
Producer: West Virginia Paving, Inc Plant Location: Dunbar, WV
Designed By: Jason Frame/Jack Withrow Design Lab: WV Paving-Dunbar, WV
Plant Type: Drum Plant Make: ASTEC
Plant Code: WVP1.02.400 |Design ESALs 3to <30 milion
MIX COMPOSITION
Coarse Aggregate Source Code Fine Aggregate Source Code

CA, Mulzer Stone-Chadestown, IN MCS32.02.704 FA, Mulzer Stone-Cape Sancy, IN MCS2.01,704

CA; Appalachian Aggregates-Beckley, WV  |BAC1.01.704 FA, Mulzer Stone-New Amsterdam, IN MCS2.03.704

CA, FA

CA, FA, 8ag House Fines WVP1.02.400

CA CA, CA; CA: "~ FA FA; FA, Fh:
#78
Limestone- Limestone | Limestone
| Agg. Type Skid #8 Sandstone (W) #10 (W) BHF
M._Code 703.001.078 |703.001.008 702.003.001 |702.003,001 702.003.001
% Total Agg. 22 22 20 20 1
% RAP Total Agg.: [ 15 Blended Binder G*/sin delta if > 25% RAP: I
% Binder In RAP Design: | 5.0 Binder Type: | PG64H-22 | Binder Code: |705.005.008
Binder Source: | Shelly Liquid Division-Kanauga, OH | Binder SourceCode:  [sLD1.01.705
Sieve Fraction Fines/Effective Tensil
Sieve Allowable Sieve Allowable |asphait Ratio Strn. Ratio
Size Target Min. Max. Size Target Min. | Max. 1.1 90.3
2" (50 mm) #4 (4.75 mm) 60 Temperature Range
1.5" (37.5mm) #8 (2.38 mm) 37 31 43 Completed Mixture (°F)

1" (25 mm) #16(1.18 mm) 24 Desirable Temp. Range
314" (19 mm) 100 100 100 | #30 (600 pm) 17 Mean Temp. Min. Max.
1/2"{12.5 mm) 93 90 100 #50 (300 pm) 12
3/8" (9.5 mm) 85 90 #200(75 pm) 5.5 2.0 10.0 329 304 354

JOB MIX FORMULA VALUES
Job Mix Formula Job Mix Formula Tolerances
Specific gravity stone Design Property Doﬁ_gn Targots Minimum Maximum
|bulk (Gsb): 2.612 Asphalt (%) 5.9 55 6.3
Maximum Air Voids (%) 4.0 2.8 5.2
Density (kg/m®) VA (%) 15.2 142 16.2
2451 VFA (%) 74 72 79
Gyrations @ N g, 80 Iommblo Mean Temp. for Lab, Speci (°Ff |Comp. Temp.: I 308 Mixing Temp.: l 329
Remarks: _ Additional information for this JMF can be found in the accompanying 12.5mm RAP PG 64-22 mix design
packet (JMF#1452114).

Figure 21: T400 Sheet for WVP 12.5mm SR Mixture
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T400
03-00

WEST VIRGINIA DIVISION OF HIGHWAYS

JOB MIX FORMULA FOR HOT-MIX ASPHALT

Report Number: 1360465 Date Accepted: March 8, 2004
HMA Type: Wearing-1 HMA Code: 13966
Producer: Greer Asphalt Plant Location: Greer, WV
Designed By: Rich Nuzum Design Lab: Clarksburg Asphalt
Plant Type: Batch Plant Make: McCarter
Plant Cade: GO12A Traffic Type: Heavy
MIX COMPOSITION
Coarse Aggregate Source Coda Fine_Agg. / Mineral Filler Source Coda
CA, Greer Industries, Greer, WV GO120 | FA4 Greer Industries, Greer, WV GO120
CA; FA,; Greer Industries, Greer, WV G0120
CA, FhAy
CA, CA, CA, FA, FA, FA,
Agg. Type #B Limestone Limestone Limestone
Agg. Code 1135 1116 1116
% Total Agg. 48 3z 20
% RAP Total Agg.: | Blended Binder G*/sin delta if > 25% RAP: |
% Binder In RAP Design: | Binder Type: | PG 64-22 | Binder Code: | 1093
Binder Source: | Marathon/Ashiand Oil, Floreffe, Pa. | Binder SourceCode: | A0D22B
Sieve Fraction Voids filled with|  Fines to
Sieve Allowabie Sieve Aliowable |Asphalt"vFa“(%)| Asphait Ratio
Size | Target | Min. [ Max. | Size | Target [ Min. | Max. 75 | 08
2" (50 mm) #4.(4.75 mm) 60 80 Temperature Range
1.5" (37.5mm) #B@Ewmm)| 39 33 45 Completed Mixture -(°F)
17 (25 mm) #16(1.18 mm 23 Desirable | Temp. Range.
3/4" (18 mm) #30 (600 pm 12 Mean Temp. | Min. | Max.
1/2"(12.5 mm) 100 100 100 [#50 (300 um) 7
3/8" (9.5 mm) a5 B85 100 [#2007spm)| 4.4 2.0 9.0 295 270 320
JOB MIX FORMULA VALUES
Job Mix Formula Targets Job Mix Formula Tolerances
Specific gravity stone | Design Property Accepted Target Minimum Maximum
bulk (Gst):  2.562 Asphalt (%) 5.7 5.3 6.1
Maximum Air Voids (%) 4.0 25 55
Density (kg/m®) VMA (%) 15.7 14.7 16.7
Stability (N) 10400 8000 NA
2476 Flow (0.25mm) 11 a 14
Remarks:

Figure 22: T400 Sheet for Greer WIH Mixture
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Field Core Specimen and Location Information

L.F. Allen Company - 179 Fla

Lab Specimen / Field Cor
IR :
Date Produced / : mple
Placed sampleD _ sampleType "~ Gmb __ Gmm )
g 2392
Asus i et
4/29/2019 ;’: nl::g:a
4/30/2019
4/30/2019
5/1/2019
5/7/2019

Figure 23: JFA 12.5mm SR Laboratory Compacted and Field Core Specimen Information

56



el - '.;

T-432 (Density)
Rev. 8-2013
. WEST VIRGINIA DIVISION OF HIGHWAYS N In
Worksheet For Recording Core In Place Density and Thickness Sample Data
Enter data in blue shaded areas.
Project Authorization ‘ NFA-2117(040) < T-400 # 14621! |
Source JF Allen-Lorentz Source Code JFA1.02.400
Material Type 12.5mm-Rap Matr'l code 401.002.009
Lot Number SL9 C Target 55 Verified Date 4/11/2019
[ " Technician
Lab Number
Sample ID
Station Number
Offset
Date Sampled
Date Completed
CORE MEASUREMENTS -
Sample ID SL9-DT1 |SLS-DT2 [SLY- -DT4 - - |SL
Thickness 1 (mm)
Thickness 2 (mm)
Thickness 3 (mm)
Thickness 4 (mm)
Avg. Thickness (mm) 53.75 54 53.5 52.5 L5
Avg Thickness (Inch) 242 213 211 2.07 1.99
Density Data =
SL9-DT1 |SL9- 9- L9-DT4 -  |SLS -
(A) Weight of Bag
(B) Weight of Prepared Sample
(C) Samples Submerged Weight
(D) Weight After Submersion
(E) Ratio... B/A 78 82 82 80 75
(F) Bag Apparent Gravity(See note) |_0.768 0.766 0.766 0.767 __| O.77 "elien
(G) Total Volume...(A+D)-C 950.7 953.0 9911 961.1 9031 |
(H) Volume of Bag...AIF 34.8 38 352 35.2 3B5
(1) Volume of Sample...K-L 915.9 928.9 955.9 925.9 8676
(J) Bulk Specific Gravity... F/M 2.268 2.361 2.305 2.328 2.351
(K) Daily Target Gmm

In-Place Density (J/K)x100% 91.19 95.16 92.91 94.02

* + ¢ 1l

=ote: Apparent Gravity of bags must be verified

Figure 24: JFA 12.5mm SR I-79 Field Core and Field Measurement Location Information
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Specimen Information

Table 20: Specimen Characteristics Catalog

Specimen Mixture NMAS VITM | Surface | Toe Tires
T JFA ls%ésmm 12.5mm 8% Top | Low g‘;grx
- JFA ls%ésmm 12.5mm 8% Top | Low g‘;grx
- JFA ls%ismm 12.5mm 8% | Top | Low g‘;grx
4T TFA IS?{'S mm 12.5mm 4% | Top | Low 1;‘5“;{:
5T JEA ISZRSmm 12.5mm 4% Top Low BBlSH;E
6T JEA ISZRSmm 12.5mm 4% Top Low BBlSH;E
7T | WYPWI-RAP |  9.5mm 4% | Top | Low BBI;I;E
8T | WWPWI-RAP |  9.5mm 4% | Top | Low g‘gl;i;
9T | WVPWI-RAP |  9.5mm 4% | Top | Low BB‘;TE
10T | WVP WI-RAP 9.5mm 8% Top | Low BB‘;I;E
11T | WWPWI-RAP |  9.5mm 8% | Top | Low BB‘;TE
12T | WWPWI-RAP |  9.5mm 8% | Top | Low BB‘;TE
1B TFA é%smm 12.5mm 8% | Bottom | High BB‘;TE
2B AL | 25mmo | 8% | Bowom | High | bum
3B AL | 125mm | 8% | Bowom | High | DT
4B JEA L omm 12.5mm 4% | Bottom | High BB‘S‘ETE
5B IFA 3{'5 mm 12.5mm 4% | Bottom | High BB‘S‘ETE
6B JEA L omm 12.5mm 4% | Bottom | High glsn;ixs
7B | WYPWI-RAP |  9.5mm 4% | Botom | High | il
88 | WWPWIRAP |  9.5mm 4% | Bottom | High BB‘;‘;K
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Specimen Mixture NMAS VTM | Surface | Toe Tires
9B | WVPWI-RAP |  9.5mm 4% | Bottom | High | il
10B | WWPWI-RAP |  9.5mm 8% | Bottom | High g‘;‘;f
1B | WWPWI-RAP |  9.5mm 8% | Bottom | High g‘;‘;f
2B | WWPWI-RAP |  9.5mm 8% | Botom | High | Dome
13T Greer W1H 9.5mm 8% | Top | High H;%Séef
14T Greer WIH 9.5mm 8% | Top | High | oover
15T Greer W1H 9.5mm 8% Top | High H(I;%S(i)ef
16T Greer WIH 9.5mm 4% | Top | High | TOONT
17T Greer WIH 9.5mm 4% Top High Hcl){(és(;er
18T Greer WIH 9.5mm 4% | Top | High | TOONT
19T WVP S}é.Smrn 12.5mm 4% Top High Hcl;(;séer
20T WVP S}é.Smrn 12.5mm 4% Top High Hcl;(;séer
21T WVP S}é.Smrn 12.5mm 4% Top High H(l;(;séer
29T WVP S}é.Smrn 12.5mm 3% Top High Hcl;(;séer
23T WVPp Sl}%.Smm 12.5mm 3% Top High H(l;(gséer
24T WVP Sllg.Smm 12.5mm 3% Top High H(l;(;séer
13B Greer W1H 9.5mm 8% Bottom | Low H(l;%séer
14B Greer W1H 9.5mm 8% Bottom | Low H(l;%séer
15B Greer W1H 9.5mm 8% Bottom | Low H(l;%séer
16B Greer W1H 9.5mm 4% Bottom | Low H(l;%séer
17B Greer W1H 9.5mm 4% Bottom | Low H(l){%s(i)er
18B Greer W1H 9.5mm 4% Bottom | Low H(l){%s(i)er
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Specimen Mixture NMAS VTM | Surface | Toe Tires
19B WVPsllg.Smm 12.5mm 4% Bottom | Low H(}){(éséer
20B WVPsllg.Smm 12.5mm 4% Bottom | Low H(}){(éséer
21B WVPsllg.Smm 12.5mm 4% Bottom | Low H(}){(éséer
g | WVP 5113'5 mm ) Smm 8% | Bottom | Low H;%Séer
3 | WYP 5113'5 mm ) Smm 8% | Bottom | Low H;%Séer
24B WvPp Sl é.Smm 12.5mm 8% Bottom | Low H(l;(éséer
26T i ls%ismm 12.5mm 4% | Top | High H(ﬁ%s(;er
21T i ls%ismm 12.5mm 4% | Top | High H(ﬁ%s(;er
28T i ls%ismm 12.5mm 8% | Top | High H(ﬁ%s(;er
29T JEA &'Smm 12.5mm 8% | Top | High H%%Séer
30T IFA lSi.Smm 12.5mm 8% Top High H(é%séer
31T | WWPWI-RAP | 9.5mm 4% | Top | High H‘};%Séef
32T | WVWPWI-RAP |  9.5mm 4% | Top | High H%%Séef
33T WVP W1-RAP 9.5mm 4% Top High H‘I;%Séef
34T | WVP WI-RAP 9.5mm 8% Top | High H‘};‘;Séef
35T WVP W1-RAP 9.5mm 8% Top High H‘};‘;Séef
36T | WVP WI-RAP 9.5mm 8% Top | High H‘};‘;Séef
25B JFA lsi.Smm 12.5mm 4% Bottom | Low H(l;%séer
26B JFA lsi.Smm 12.5mm 4% Bottom | Low H(l;%séer
27B JFA 1S§5mm 12.5mm 4% Bottom | Low H(l){%s(i)er
28B JEA ﬁfmm 12.5mm 8% | Bottom | Low H;%Séer
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Specimen Mixture NMAS VTM | Surface | Toe Tires
20 | TPALEIMM 10 5mm 8% | Botom | Low | oover
30B IFA 151'5 i 12.5mm 8% | Bottom | Low H(l’{%%er
32B | WVPWI-RAP |  9.5mm 4% | Bottom | Low H;%Séer
33B | WWPWI-RAP | 9.5mm 4% | Botom | Low | MO0
34B | WWPWI-RAP | 9.5mm 8% | Bottom | Low | oover
35B | WYPWI-RAP | 9.5mm 8% | Bottom | Low | oof
36B | WYPWI-RAP | 9.5mm 8% | Bottom | Low | oof
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Appendix B: Polishing Procedure
Polishing

1. Prepare and label 12 specimens at desired VIM using SGC.

2. Mark specimens with a vertical line for equipment placement, Figure 23.

Figure 25: Vertical Sample Markings

3. Perform BPT measurements as per ASTM E303 for each sample prior to placement in the

polishing machine.
4. Randomize sample positions in the polishing machine to reduce bias.

5. Place dry specimens in the polishing machine by aligning vertical markings with the clamp
opening and adjusting height sample surface to be flush with top plate of machine. Proper

specimen placement is pictured below in Figure 25.
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Figure 26: (a) Specimen Vertical Alignment; (b) Specimen Flushed with Surface Plate

Tighten all height adjustment and clamping bolts to ensure zero movement.

Record specimen surface temperatures and both the tire tread and sidewall temperatures with

an infrared laser thermometer gun for documentation.

Measure 2 grams of silicon carbide abrasive powder and distribute over each specimen

surface, Figure 26.

Figure 27: Silicon Carbide Abrasive Distribution on Specimen
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10. Lower the wheel assembly down carefully and place two 25-pound weights on top of each

wheel assembly.
11. Latch safety gates and turn the machine on.

12. With the drive (Figure 27) initially set to “zero,” press “system reset” and adjust to desired
rotation speed to begin polishing. In this experiment, the desired speed was marked for
consistent polishing, Figure 27b. The speed marked was approximately 30 revolutions per

minute (rpm).

AC MOTOR SPEED CONTROL
Hybrid Drive™

KBMA SERIES « NEMA 1/1P 50

(a)

Figure 28: (a) General Equipment Controls; (b) Variable Speed Drive

13. When desired polishing is achieved, press the “stop” button.

14. When the polishing machine is fully stopped, measure specimen surface and tire
temperatures to track initial and final temperatures (if applicable). Examples of these

measurements are displayed in the Appendix C.
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15. Remove excess abrasive from specimen surfaces. In this experiment, an air hose was used
initially to remove abrasive while specimens remained in the machine. Following specimen
removal, a vacuum was used to remove any remaining abrasive from surfaces. This is an

important step in the procedure to ensure abrasive has no influence on BPT results.
16. Perform BPT measurements.

17. Repeat above steps for each round of polishing until desired ending is reached.

Sample Removal
1. Place wheel arms in the locked position as pictured previously in Figure 28.

2. Loosen clamp assembly to allow sample movement. Note: It is not necessary to loosen the

height adjustment mechanism to remove specimens.

3. Using the removal tools (Figure 28), push on specimens in the upward direction via the holes
in the plastic holding platens, and lift specimens from the machine. Height adjustments will

not be affected.

Figure 29: Specimen Removal Tools
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Tire Hardness

1. Ensure tires are fully cooled (room temperature) before measuring hardness.

2. Remove tires from machine. This is done by loosening the nuts from the hub and pulling the

tire and hub assembly directly from the axle.

3. Assemble durometer by attaching the weight carefully, Figure 29.

Figure 30: Durometer with Weight Attached

4. Make sure durometer needle is located at the “zero” position before performing

measurements.

5. Place durometer above tire vertically, and carefully roll over tire surface. Durometer should
remain perpendicular to tire surface for proper measurements. Record measurement as per
the marking needle. For this experiment, hardness was measured on the outside edge of the
tire tread (side with valve pointing outwards), inside edge of the tire tread, center of the tire

tread, and the sidewall of the tire. Tire hardness measurements are located in Appendix C.

6. Repeat for all 4 tires.

66



Additional Procedure Notes

The procedure listed above is a generalized polishing procedure developed using results
and observations documented throughout the length of this thesis experiment. It should be noted
that a portion of the procedural steps are specific to this particular experiment and can be
adjusted according to the scope of testing. Details specific to this experiment and those which

can be modified as per user discretion include:

* Polishing wheel pass increments were chosen as 8000, 16000, 32000, and 48000 passes. The
number of increments can be increased or decreased dependent on desired outcomes. A total

of 48,000 wheel passes were deemed sufficient for analysis during this experiment.

* Corresponding to the chosen polishing increments, tire hardness was monitored prior to use

as well as following 16000, 32000, and 48000 wheel passes in the polishing machine.

* Silicon abrasive powder was placed on specimen surfaces prior to each polishing session.

This can be altered based on the scope of testing.

* Sample tracking pictures and temperature tracking measurements were taken for
documentation purposes throughout the experiment. This can be withdrawn from the

procedure if the information is not valuable to the user.
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Appendix C: Specimen and Experiment Tracking Data

Specimen Surface Temperature

Table 21: Trial 2 JFA 12.5mm SR and WVP W1-RAP Initial and Final Surface Temperatures (°F) During Polishing Procedure

Surface Temperature at Each Wheel Pass Increment
Polishing Position | Specimen Number 8000 16000 32000 48000
Initial | Final |Difference| Initial | Final |Difference| Initial | Final |Difference| Initial | Final |Difference

1 T 1135 824 19 733 804 31 173 82 4.7 16 79.8 38
2 6T 77.1 829 38 737 707 4 16.6 82 4 16 802 42
3 12T 77.1 833 6.2 733 80.9 36 17 80.6 3.6 762 802 4
4 9T 77.1 83.1 6 737 813 36 139 824 6.5 16 79.8 38
3 11T 16.6 833 6.7 737 80.0 43 16.6 82 4 16 80.2 42
6 10T 77.1 833 6.2 737 80.9 32 17.7 80.7 3 16 80.8 48
7 4iT 76.8 82 32 737 773 1.8 78 82 4 13.9 79.1 32
8 2T 16.6 833 6.7 733 784 3l 177 824 47 133 19.8 45
g 1T 16.6 83.6 7 732 80.9 3. 16.6 80.6 4 16 80 4
10 8T 1715 824 49 753 804 49 755 80.6 5. 753 197 44
11 3T 16.6 83.6 7 753 81.1 56 17 81.8 48 743 804 6.1
12 5T 771 83.6 6.5 752 81.1 5.9 159 81.1 52 159 16.6 0.7

Average 6.1 Average 4.7 Average 4.7 Average 4.0
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Table 22: Trial 3 JFA 12.5mm SR and WVP W1-RAP Initial and Final Surface Temperatures (°F) During Polishing Procedure

Surface Temperature at Each Wheel Pass Increment

Polishing Position | Specimen Number 8000 16000 32000 48000 64000 a0000
Initial | Final |Difference| Initial | Final |Difference| Initial | Final |Difference| Initial | Final |Difference| Initial | Final |Difference| Initial | Final |Difference

1 B 748 83.8 11 76.1 36.7 10.6 734 874 14 733 87.6 12.3 748 36.7 11.9 733 847 94
2 6B 743 36.3 12 76.8 36.9 10.1 7 37 14 733 37.6 12.3 15 36.3 11.3 76.4 34.7 3.3
3 12B 743 85.1 10.8 76.8 854 8.6 73 853 12.3 76.1 7 10.9 75 85.9 10.8 75 843 8.3
4 9B 74.8 36 112 76.8 87 10.2 734 872 13.8 73.7 879 122 733 86.5 112 733 851 0.8
3 11B 748 86.3 113 76.4 86.7 10.3 73 876 146 73.7 879 12.2 75 87 12 733 851 0.8
6 10B 744 36.7 12.3 76.8 87 10.2 737 832 113 764 874 11 733 83.8 10.5 733 843 92
7 4B 743 36 117 764 87 10.6 73 37.6 14.6 737 372 113 748 36.9 12.1 73 831 10.1
3 2B 748 36 112 76.8 86.3 8.3 73 872 142 75.7 87.6 11.9 75 87 12 746 85.1 10.5
9 1B 744 834 11 76.8 86.7 9.9 734 86 12.6 73.7 87.8 121 75 86.1 11.1 737 849 92
10 8B 732 86.7 113 76.4 86.7 10.3 734 872 13.8 76.4 87.8 114 75 87 12 733 834 10.1
11 3B 743 36.7 124 76.1 87 10.9 734 876 142 737 38.1 124 75 87 12 73 847 9.7
12 3B 743 36 11.7 76.8 36.7 LAY 13 36.3 13.3 76.1 38.1 12 74.8 36.5 11.7 73 83.6 3.6

Average 11.5 Average 10.1 Average 13.6 Average 11.9 Average 11.6 Average 9.5

Table 23: Trial 4 WVP 12.5mm SR and Greer W1H Initial and Final Surface Temperatures (°F) During Polishing Procedure

Surface Temperature at Each Wheel Pass Increment
Polishing Position | Specimen Number 5000 16000 32000 48000
Initial | Final |Difference| Initial | Final |Difference| Initial | Final |Difference| Initial | Final |Difference

1 13T 75 89 14 78.2 80.2 11 76.8 00.6 13.8 71.7 §9.2 11.3
2 15T 75 88.3 13.3 78.2 88.5 10.3 76.4 90.3 13.9 71.7 89.6 11.9
3 14T 75.3 87.4 12.1 78.2 88.5 10.3 76.4 91 14.6 7113 87 9.3
4 16T 75 89 14 78.4 89.6 11.2 71 90.3 13.3 78 §9.2 11.2
5 24T 73.4 87 11.6 78.8 88.5 9.7 76.6 88.1 11.5 7113 88.1 10.4
6 18T 74.4 88.1 13.7 78.4 88.7 10.3 76.2 90.1 13.9 71.7 87 03
7 21T 744 87.6 13.2 78 88.3 10.3 76.2 89 4 13.2 717 87.9 10.2
8 23T 75 86.7 11.7 78.4 87.4 g 759 B8.5 12.6 717 87.4 97
9 19T 744 86.9 12.5 78.2 87.4 02 76.8 90.1 133 717 86.9 92
10 22T 74.4 88.5 14.1 78.2 88.3 10.1 76.4 804 13 717 87 03
11 20T 733 87.8 12.5 78.2 87.4 0.2 76.4 87.8 11.4 71.7 88.1 10.4
12 17T 74.4 86.9 12.5 78.6 §7.0 03 76.4 91 14.6 71.7 87.2 9.3

Average 12.9 Average 10.0 Average 13.3 Average 10.2
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Table 24: Trial 5 WVP 12.5mm SR and Greer W1H Initial and Final Surface Temperatures (°F) During Polishing Procedure

Surface Temperature at Each Wheel Pass Increment
Polishing Position | Specimen Number 8000 16000 32000 48000 64000
Initial | Final |Difference| Initial | Final |Difference| Initial | Final [Difference| Initial | Final |Difference| Initial | Final | Difference

1 13B 75 83.6 8.6 782 84.5 6.3 75.9 85.4 0.5 78.6 85.8 1.2 753 84 8.7
2 15B 75 833 83 782 83.8 5.6 75.5 85.4 0.9 78.2 86.1 7.9 753 84 8.7
3 14B 75 825 7.5 782 83.6 3.4 76.2 834 7.2 77.9 86.9 9 76.2 83.8 7.6
4 16B i5 §2.2 7.2 78.6 85.2 6.6 76.6 84.5 1.9 78.2 86.1 7.9 75.7 83.4 1.7
5 24B 753 81.8 6.5 782 83.8 5.6 76.2 84.2 8 78.8 86 7.2 75.9 83.5 7.6
6 18B 74.8 82.9 8.1 782 84.5 6.3 759 83.3 74 78.8 86 1.2 75.9 83.8 7.9
7 21B 753 822 6.9 784 845 6.1 76.2 84.2 8 78.4 86.3 7.9 76.2 83.8 7.6
8 23B 753 822 6.9 78 843 6.3 759 84.2 83 78.8 852 6.4 76.1 84 7.9
0 19B 74.8 825 7.7 78.6 845 5.9 76.2 83.3 7.1 78.6 86 7.4 76.2 83.6 7.4
10 22B 75 822 7.2 71.5 84 6.5 759 84.5 8.6 78.2 86 1.8 76.2 83.6 7.4
11 20B 753 §2.9 7.6 782 83.3 5.1 75.9 83.8 1.9 78.9 85.8 6.9 76.2 84 1.8
12 178 748 82 7.2 782 84.7 6.5 76.6 84.7 8.1 78.2 85.8 7.6 76.6 843 1.7

Average 7.5 Average 6.0 Average 8.2 Average 7.5 Average 7.8

Table 25: Trial 6 JFA 12.5mm SR and WVP W1-RAP Initial and Final Surface Temperatures (°F) During Polishing Procedure

Surface Temperature at Each Wheel Pass Increment
Polishing Position |Specimen Number 000 16000 32000 48000
Initial | Final |Difference| Initial | Final |Difference| Initial | Final |Difference| Initial | Final |Difference

1 288 74.3 70.8 3.5 75.3 80.4 4.9 73.4 §2.9 0.3 71.9 78.0 7
2 30B 739 80.9 7 74.8 82 72 74.1 804 6.3 71.6 79.7 B.1
3 34B 74.3 80.2 5.9 75.2 81.3 6.1 74.1 §2.2 8.1 71.9 70.3 7.4
4 31B 73.0 80 6.1 75.2 80.4 5.2 74.8 g2 1.2 71.6 78.6 7
5 328 73.9 80.6 6.7 74.8 81.6 6.8 74.4 §2.2 1.8 71.6 79.3 1.7
6 238 73.9 80.6 6.7 74.8 80.9 6.1 74.4 82.4 8 71.9 79.7 7.8
7 268 74.6 80.9 6.3 74.8 81.1 6.3 74.8 82.7 7.9 71.9 79.3 7.4
3 33B 73.9 80.6 6.7 74.4 81.6 7.2 74.1 §2.9 8.8 71.6 701 1.5
9 33B 739 80.2 6.3 74.8 80.9 6.1 74.8 824 1.6 719 791 7.2
10 368 73.9 80.9 7 75.2 81.6 6.4 74.1 §2.9 8.8 72.3 79.5 7.2
11 208 73.9 80.6 6.7 74.4 80.2 5.8 74.8 g2.7 7.0 71.0 70.0 8
12 278 74.3 80.2 5.9 75.2 80.9 5.7 74.1 §2.2 8.1 71.9 7981 7.2

Average 6.4 Average 6.2 Average 8.0 Average 7.5
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Table 26: Trial 7 JFA 12.5mm SR and WVP W1-RAP Initial and Final Surface Temperatures (°F) During Polishing Procedure

Surface Temperature at Each Wheel Pass Increment

Polishing Position [Specimen Number 3000 16000 32000 45000
Initial | Final [Difference| Initial | Final |[Difference| Initial | Final |[Difference| Initial | Final |[Difference

1 28T 76.6 874 10.8 78.4 87.6 0.2 71.3 80.6 12.3 77.3 80.6 12.3
2 30T 76.2 87.2 11 71.7 88.7 11 77.1 00.6 13.5 77.3 82.6 5.3
3 34T 76.2 88.5 12.3 78.4 88.8 10.4 76.8 90.3 13.5 71.3 804 12.1
4 31T 76.6 86 94 784 87.8 94 71.5 903 12.8 773 894 12.1
3 32T 77 87.8 10.8 78 88.5 10.3 71.5 00.38 12.88 71 88.1 11.1
6 25T 77 87.8 10.8 78 87.6 0.6 77.9 804 11.5 77.3 38 10.7
7 26T 77 87.8 10.8 78 88.1 10.1 77.1 00.6 13.5 77.3 804 12.1
8 35T 76.2 87.2 11 71.7 87.6 0.9 77.1 01.4 143 71.3 88.3 11
g 33T 759 87.2 11.3 78 879 049 71.5 90.6 13.1 773 89.6 12.3
10 36T 76.2 87.2 11 71.7 86.9 0.2 771 80.7 12.6 76.6 89.2 12.6
11 20T 76.6 §7.0 11.3 1.7 88.3 10.6 76.8 01.7 149 71.7 87.0 10.2
12 27T 76.2 87.2 11 78 88.3 10.3 71.3 00.3 13 77.3 80.2 11.9

Average 11.0 Average 10.0 Average 13.2 Average 11.1
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Table 27: Trial 8 JFA 12.5mm SR Laboratory Compacted and Field Core Initial and Final Surface Temperatures (°F) During

Polishing Procedure

Surface Temperature at Each Wheel Pass Increment
Polishing Position |Specimen Number 8000 24000 48000
Initial | Final |Difference| Initial | Final |Difference| Initial | Final [Difference

1 IF 76.8 87.4 10.6 76.1 88.5 12.4 76.2 80.9 13.7
2 3L 76.8 86.9 10.1 75.7 87.6 11.9 750 80.6 13.7
3 6F 76.8 86.9 10.1 753 88.5 13.2 750 88.5 12.6
4 3F 76.6 87 10.4 76.1 87.8 11.7 750 80.6 13.7
3 1L 77 86.9 0.9 76.1 88.1 12 76.2 802 13
g 2F 70.6 86.5 0.9 76.1 88.3 12.4 750 88.7 12.8
7 6L 16.2 B6.9 10.7 76.1 87.8 11.7 75.9 802 13.3
8 4F 16.2 88.1 11.9 75.7 88.8 13.1 75.5 89.6 14.1
g 2L 16.8 87.4 10.6 75 88.3 13.3 753.5 88.7 13.2
10 4L 76.8 86.5 0.7 75.3 87.8 12.5 759 88.8 12.9
11 5L 76.1 87 10.9 75.7 87.0 12.2 75.0 804 13.5
12 3F 76.4 87 10.6 75.7 88.3 12.6 75.5 88.3 12.8

Average 10.5 Average 12.4 Average 13.3

Table 28: Trial 9 JFA 12.5mm SR I-79 Field Core Initial and Final Surface Temperatures (°F) During Polishing Procedure

Surface Temperature at Each Wheel Pass Increment
Polishing Position |Specimen Number 8000 24000 48000
Initial | Final [Difference| Initial | Final |Difference| Initial | Final [Difference|
3 D4 753 872 119 76.6 003 137 777 001 12.4
5 D1 755 867 112 76.6 206 13 777 005 12 8
7 D3 753 86.9 11.6 768 024 15.6 78.4 017 133
8 D2 753 86.3 11 759 896 137 78.4 801 11.7
9 D5 753 885 132 76.6 014 14 8 78 807 11.7
Average 11.8 Average 14.2 Average 12.4
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Tire Surface Temperature

Table 29: Trial 2 JFA 12.5mm SR and WVP W1-RAP Initial and Final Tire Surface Temperatures (°F) During Polishing Procedure

Surface Temperature at Each Wheel Pass Increment
Tire 3000 16000 32000 48000
Initial Final |Difference] Imitial Final [Difference| Initial | Final (Sidewall) | Difference | Tread |Difference|lnitial (Sidewall)|Final (Sidewall)| Difference |Initial (Tread)Final (Tread)|Difference|
1 719 2.2 43 732 78.8 36 735 739 34 83.1 7.6 76.1 713 12 76.1 80 39
2 78.2 818 36 75.2 79.1 g 735 79.7 43 83.6 8.1 73 78.2 32 75.3 80 47
3 78.6 833 47 739 79.5 36 739 793 34 3.1 743 78 37 748 80.4 hKi]
4 718 818 ER] 759 78.2 23 733 789 3.6 82.2 6.9 741 713 32 74.1 78.9 48
Average 4.1 Average A3 Average A7 Average 1.7 Average 18 Average 48

Table 30: Trial 3 JFA 12.5mm SR and WVP W1-RAP Initial and Final Tire Surface Temperatures (°F) During Polishing Procedure

Surface Temperature of Sidewall at Each Wheel Paszs Inerement
Tire 5000 16000 32000 48000 64000 80000
Imitial Final |Differencd Initial Final |Difference| Initial Final Difference | Initial Final Difference Initial Final Difference Final |Difference
1 762 80.6 44 76.1 81.1 5 741 80.2 6.1 825 72 753 2 6.7 80.2 45
2 738 824 6.5 76.8 82.5 5.7 74.1 834 93 52.9 72 73 83.6 3.6 81.6 59
3 733 513 34 T84 81.8 34 73.7 80.6 6.9 2.2 6.5 73 81.1 6.1 2.4 6.3
4 T6.6 331 6.5 76.1 834 73 744 833 3.9 73.3 83.6 78 757 342 8.5 82 6.7
Average 5.7 Average 5.9 Average 7.8 Average 72 Average 75 Average 5.9
Surface Temperature of Tread at Each Wheel Paz: Increment
Tire 5000 16000 32000 48000 64000 80000
Imitial Final [Difference Inmitial Final |Difference| Imitial Final Difference | Initial Final Difference Initial Final Difference Initial Final |Difference
1 762 858 0.6 T64 3438 3.5 741 34 B 7517 86.9 11.2 73 86.1 11.1 7517 83.1 T4
2 76.6 89.6 13 T64 88.7 12.3 44 88.7 143 753 88.7 134 74.8 87 22 5.4 84.7 3.3
3 762 827 6.5 T64 845 8.1 741 343 10.2 753 85.2 o5 753 83.8 8.5 757 83.1 T4
4 76.6 88.5 11.9 76.1 5.4 133 74.1 88.1 14 76.1 88.7 12.6 733 869 11.6 73 831 10.1
Average 10.3 Average 10.6 Average 12.1 Average 11.8 Average 10,9 Average 8.3
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Table 31: Trial 4 WVP 12.5mm SR and Greer W1H Initial and Final Tire Surface Temperatures (°F) During Polishing Procedure

Surface Temperature of Tread at Each Wheel Pass Increment

Tire 5000 16000 32000 48000
Imitial Final |Difference| Imitial Final |Difference| Imitial Final |Difference| Imitial Final |Difference
1 771 2813 11.2 779 9.0 111 768 29.0 12.2 173 256 g3
2 779 93.0 151 775 9315 16.0 771 9317 16.6 173 o1.4 141
3 775 294 119 784 9.6 11.2 771 g92 121 177 276 99
4 771 9213 15.2 78.0 919 139 76.6 915 149 173 g92 119
Average 13.4 Average 131 Average 14.0 Average 11.1
Surface Temperature of Sidewall at Each Wheel Pass Increment
Tire 5000 16000 32000 48000
Imitial Final |Difference| Imitial Final |Difference| Imitial Final |Difference| Imitial Final |Difference
1 779 g1.8 ig 779 218 ig9 768 249 2.1 173 2.4 51
2 775 354 79 773 4.0 6.7 768 26.1 913 177 249 72
3 779 83113 54 78.0 g2.0 4.0 76.4 8313 6.9 784 g42 58
4 771 852 3.1 758 334 4.6 76.2 356 94 173 g4.5 72
Average 6.3 Average 4.8 Average 8.4 Average 6.3
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Table 32: Trial 5 WVP 12.5mm SR and Greer W1H Initial and Final Tire Surface Temperatures (°F) During Polishing Procedure

Surface Temperature of Tread at Each Wheel Pass Increment

Tire 8000 16000 32000 48000 64000
Initial Final |Difference| Inmitial Final |Difference| Imitial Final |Difference| Inmitial Final |Difference| Inmitial Final |Difference
1 76.4 85.6 9.2 719 858 79 76.6 854 8.8 719 87.2 9.3 78 847 6.7
2 771 872 10.1 779 885 10.6 77 878 10.8 78.6 894 10.8 788 858 7
3 77.1 84.9 7.8 71.5 86.3 88 76.6 858 92 78.6 86.7 8.1 78 842 6.2
4 6.4 86 96 779 874 9.5 76.6 86.1 95 784 874 9 777 851 74
Average 9.2 Average 9.2 Average 9.6 Average 9.3 Average 6.8
Surface Temperature of Sidewall at Each Wheel Pass Increment
Tire 8000 16000 32000 48000 64000
Initial Final |Difference| Inmitial Final |Difference| Imitial Final |Difference| Imitial Final |Difference| Imitial Final |Difference
1 76.4 80.9 4.5 719 824 4.5 77 822 52 78.2 83.4 5.2 77.1 813 4.2
2 76.8 8§22 54 782 829 47 77 827 57 782 84 58 78 824 4.4
3 76.4 81.5 5.1 782 825 4.3 77 818 4.8 78.8 84 5.2 717 815 38
4 76.1 825 6.4 782 829 47 76.6 824 58 78 842 6.2 777 82 43
Average 5.4 Average 4.6 Average 5.4 Average 5.6 Average 4.2
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Table 33: Trial 6 JFA 12.5mm SR and WVP W1-RAP Initial and Final Tire Surface Temperatures (°F) During Polishing Procedure

Surface Temperature of Tread at Each Wheel Pass Increment

Tire S000 16000 32000 45000
Imitial Final |Difference| Initial Final |Difference| Imitial Final Difference | Initial Final Difference
1 739 827 8.8 75.2 824 712 5.5 84.2 8.7 72.6 80.6 8.0
2 730 4.7 108 752 85.6 104 759 343 B4 72.6 818 02
3 743 824 5.1 75.2 836 34 750 8314 15 72.6 807 3.1
4 730 8318 09 744 83113 50 752 842 0.0 73.0 807 77
Average 0.4 Average 8.7 Average 8.4 Average 8.3

Surface Temperature of Sidewall at Each Wheel Pass Increment

Tire S000 16000 32000 45000
Imitial Final |Difference| Initial Final |Difference| Imitial Final Difference | Initial Final Difference
1 730 77.9 4.0 752 797 45 752 788 36 723 77.0 47
2 730 76.8 20 75.2 802 50 752 309 57 72.6 77.1 4.5
3 743 782 30 748 793 4.5 748 784 36 73.0 76.8 33
4 7310 78.4 4.5 748 798 50 748 797 40 72.6 77.7 5.1
Average 35 Average 4.8 Average 4.5 Average 4.5
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Table 34: Trial 7 JFA 12.5mm SR and WVP W1-RAP Initial and Final Tire Surface Temperatures (°F) During Polishing Procedure

Surface Temperature of Tread at Each Wheel Pass Increment

Tire 8000 16000 32000 48000
Imitial Final |Difference] Imitial Final |Difference| Imitial Final Difference | Imitial Final Difference
1 76.6 890 12 4 788 204 10.6 7749 500 12.0 773 888 115
2 77.0 042 17.2 78.4 024 14.0 782 026 14 4 77.3 005 132
3 77.3 88.8 11.5 78.0 88.5 10.5 779 8909 12.0 LN 88.8 11.1
4 773 500 12.6 784 008 12.4 782 023 14 .6 777 91.0 133
Average 134 Average 11.9 Average 13.3 Average 12.3

Surface Temperature of Sidewall at Each Wheel Pass Increment

Tire s000 16000 32000 48000
Initial Final |Difference] Imitial Final |Difference| Initial Final Difference | Initial Final Difference
1 77.0 &40 7.0 78.4 &4.7 63 775 865 00 77.0 851 5.1
2 76.6 843 17 78.4 847 6.3 780 87.0 00 77.0 86.0 00
3 77.0 836 6.6 784 834 50 782 344 6.2 773 847 74
4 77.3 847 74 78.0 86.1 a1 782 851 6.9 777 858 5.1
Average 7.2 Average 6.4 Average 7.8 Average 5.2
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Table 35: Trial 8 JFA 12.5mm SR Laboratory Compacted and Field Core Initial and Final Tire Surface Temperatures (°F) During
Polishing Procedure

Surface Temperature of Tread at Each Wheel Pass Increment

Tire 3000 24000 48000
Inirtial Final |Difference Final |Difference| Initial Final Difference
1 7715 874 0.9 76.8 87.2 10.4 76.6 87.8 11.2
2 78.0 804 11.6 76.8 804 12.8 77.3 00.3 13.0
3 773 874 10.1 76.4 87.6 11.2 77.0 87.6 10.6
4 78.2 003 12.1 76.4 go7 13.3 77.3 00.6 13.3
Average 10.9 Average 11.9 Average 12.0

Surface Temperature of Sidewall at Each Wheel Pass Increment

Tire 000 16000 48000
Initial Final [Difference] Initial Final |Difference| Initial Final Difference
1 779 B34 55 771 g2.9 58 77.0 815 4.5
2 773 838 6.3 76.8 847 7.9 76.6 £4.0 83
3 77.0 B2.5 55 764 B2.4 6.2 76.8 842 7.4
4 775 84.0 6.3 76.8 816 6.8 76.6 83.8 7.2
Average 6.0 Average 6.7 Average 6.9
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Table 36: Trial 9 JFA 12.5mm SR I-79 Field Core Initial and Final Tire Surface Temperatures (°F) During Polishing Procedure

Surface Temperature of Tread at Each Wheel Pass Increment

Tire 3000 24000 45000
Initial Final |Difference| Final |Difference| Initial Final Difference
1 753 g7 8 12.5 77.0 g0.2 122 77.0 887 11.7
2 76.2 01.5 15.3 771 04.2 17.1 77.3 023 15.0
3 737 £8.1 12.4 77.3 £0.6 12.3 777 88.7 11.0
4 757 914 15.7 77.0 92 4 15.4 777 90.5 12.8
Average 14.0 Average 143 Average 12.6

Surface Temperature of Sidewall at Each Wheel Pass Increment

Tire 000 24000 48000
Initial Final [Difference| Initial Final |Difference| Initial Final Difference
1 753 £3.6 83 77.3 g5.1 78 77.0 83138 6.8
2 75.9 §4.5 5.6 77.1 £6.1 0.0 777 85.6 7.9
3 757 824 6.7 77.0 84.0 7.0 76.6 833 6.7
4 753 843 9.0 77.0 869 09 78.0 856 7.6
Average 5.2 5.4 Average 7.3
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Tire Hardness

Table 37: Trial 2 JFA 12.5mm SR and WVP W1-RAP Durometer Measurements During
Polishing Procedure for Burris B55A Tires

Number of Ti Hardness (Durometer Reading)
ire
Wheel Passes Outside Edge|Inside Edge| Center | Sidewall
1 85 85 79 70
0 2 85 85 77 73

3 84 84 73 73
4 83 82 75 69
1 82 83 79 85
2

33000 2 20 g1 20 70
3 79 80 80 63
4 82 79 78 66
1 83 81 81 68
2 2 2

48000 2 82 82 80 a7
3 80 78 78 70
4 83 82 20 66

Table 38: Trial 3 JFA 12.5mm SR and WVP W1-RAP Durometer Measurements During
Polishing Procedure for Burris B55A Tires

Number of Tire Hardness (Durometer Reading)
Wheel Passes Outside Edge|Inside Edge| Center | Sidewall
1 83 81 81 68
0 2 82 82 80 67
3 80 78 78 70
4 83 82 80 66
1 81 81 81 66
2
32000 2 81 80 78 70
3 79 79 76 74
4 80 80 77 70
1 79 81 82 69
2 2
48000 2 78 79 82 66
3 78 78 77 76
4 81 79 78 69
1 80 81 79 72
2
20000 2 80 78 81 71
3 79 78 77 74
4 81 79 30 68
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Procedure for Hoosier R80 Tires

Table 39: Trial 4 WVP 12.5mm SR and Greer W1H Durometer Measurements During Polishing

Number of

Hardness (Durometer Reading)

I
Wheel "¢ lOutside Edgellnside Edge Center |Sidewall
1 79 80 81 75
. 2 78 79 79 74
3 79 80 79 74
4 30 80 79 76
1 76 76 77 75
'} Loy r
12000 2 75 77 77 74
3 76 75 78 74
4 76 77 78 73
1 79 79 79 75
2
45000 2 78 79 79 73
3 79 78 79 76
4 79 79 79 74

Procedure for Hoosier R80 Tires

Table 40: Trial 5 WVP 12.5mm SR and Greer W1H Durometer Measurements During Polishing

Number of Tire Hardness (Durometer Reading)

Wheel Outside EdgeInside Edge| Center |Sidewall

1 79 79 79 75

0 2 78 79 79 73

3 79 78 79 76

4 79 79 79 74

1 76 76 77 73

2 2

16000 2 76 17 78 72

3 76 17 77 74

4 76 17 78 74

1 77 78 79 72

2

33000 2 77 17 79 76

3 77 17 78 72

4 77 78 78 73

1 80 g0 80 73

2 2

43000 2 79 80 80 72

3 80 79 80 74

4 79 79 79 74

1 79 80 80 76

2 .

64000 2 79 79 80 75

3 79 79 79 76

4 79 80 80 76
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Table 41: Trial 6 JFA 12.5mm SR and WVP W1-RAP Durometer Measurements During
Polishing Procedure for Hoosier R80 Tires

Number of Tire Hardness (Durometer Reading)
Wheel Passes Outside Edge|Inside Edge| Center | Sidewall
1 79 80 80 76
0 2 79 79 30 75
3 79 79 79 76
4 79 80 30 76
1 79 81 80 78
2
16000 2 80 79 79 76
3 81 g1 81 77
4 81 80 81 79
1 81 82 81 77
2
32000 2 81 80 31 79
3 81 80 81 79
4 80 82 82 30
1 81 81 81 77
2 2
48000 2 80 82 30 77
3 81 81 81 78
4 80 81 81 78

Table 42: Trial 7 JFA 12.5mm SR and WVP W1-RAP Durometer Measurements During
Polishing Procedure for Hoosier R80 Tires

Number of Tire Hardness (Durometer Reading)
Wheel Passes Outside Edge|Inside Edge| Center | Sidewall
1 81 81 81 77
0 2 80 82 80 77
3 81 81 31 78
4 80 81 31 78
1 79 78 80 79
2
16000 2 80 80 31 79
3 80 82 80 80
4 79 79 31 78
1 79 79 79 78
2
37000 2 78 g1 79 20
3 &0 79 20 78
4 79 79 20 78
1 81 g0 20 78
2
43000 2 &0 g0 20 20
3 79 79 20 20
4 79 g0 20 79
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Table 43: Trial 8 JFA 12.5mm SR Laboratory and Field Core Durometer Measurements During
Polishing Procedure for Hoosier R80 Tires

Number of Tire Hardness (Durometer Reading)
Wheel Passes Outside Edge|Inside Edge| Center | Sidewall
1 81 30 30 78
0 2 80 80 80 80
3 79 79 80 80
4 79 80 80 79
1 79 81 79 77
2
24000 2 80 31 80 78
3 78 79 81 79
4 80 81 79 78
1 30 79 81 80
2
48000 2 80 81 81 78
3 81 79 80 78
4 79 31 81 80

Table 44: Trial 9 JFA 12.5mm SR 1-79 Field Core Durometer Measurements During Polishing
Procedure for Hoosier R80 Tires

Number of Tire Hardness (Durometer Reading)
Wheel Passes Outside Edge|Inside Edge| Center | Sidewall
1 20 79 81 30
0 2 20 81 81 78
3 g1 79 80 78
4 79 81 81 30
1 78 81 30 78
2
24000 2 81 20 81 78
3 20 79 78 30
4 20 20 81 21
1 30 79 81 30
2
48000 2 30 81 80 19
3 81 80 81 79
4 20 81 20 30
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Appendix D: Raw Recorded BPN Measurements

Trial 1: WVDOH Specimens (Unknown Mixture)

Table 45: BPN Measurements for Trial | WVDOH Specimens (Unknown Mixture) Polished
with Burris B44A Tires at Low Toe for 160,000 Wheel Passes

British Pendulum Number (BPN)
Numb}e):;;;iSWheel Specimen | Trial 1 | Trial 2 | Trial 3 | Trial 4 | Trial 5 | Average
8000 2 61 59 57 56 56 57.8
8000 3 60 59 58 56 55 57.6
8000 5 56 56 55 54 53 54.8
8000 6 61 60 58 57 56 58.4
8000 8 54 53 50 49 50 51.2
8000 9 56 55 54 54 53 54.4
8000 11 54 52 52 51 51 52
8000 12 61 59 56 55 54 57
16000 2 52 50 49 48 48 494
16000 3 60 58 58 57 56 57.8
16000 5 55 53 52 51 51 524
16000 6 53 52 50 49 50 50.8
16000 8 58 55 54 54 53 54.8
16000 9 54 52 51 51 50 51.6
16000 11 50 50 49 48 48 49
16000 12 52 50 49 49 48 49.6
32000 2 72 62 60 59 58 62.2
32000 3 60 59 55 55 54 56.6
32000 5 55 54 54 50 49 52.4
32000 6 56 54 52 54 51 534
32000 8 50 49 49 46 46 48
32000 9 53 53 49 48 47 50
32000 11 54 53 51 53 52 52.6
32000 12 56 54 52 51 51 52.8
64000 2 50 47 46 45 45 46.6
64000 3 46 44 42 41 40 42.6
64000 5 52 50 48 48 46 48.8
64000 6 46 44 43 42 42 434
64000 8 44 42 41 40 39 41.2
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British Pendulum Number (BPN)

N“mbl‘f;s‘;zz"heel Specimen | Trial 1 | Trial 2 | Trial 3 | Trial 4 | Trial 5 | Average
64000 9 45 42 42 41 40 42
64000 11 44 42 42 40 40 41.6
64000 12 50 48 46 45 45 46.8
96,508 2 45 43 41 40 39 41.6
96,508 3 51 45 45 43 44 45.6
96,508 5 47 45 42 42 41 434
96,508 6 45 43 41 40 38 41.4
96,508 8 42 39 38 36 36 382
96,508 9 46 42 40 39 36 40.6
96,508 11 46 43 42 41 40 42.4
96,508 12 47 45 42 42 40 432
128000 2 48 45 43 43 42 44.2
128000 3 50 47 45 44 43 458
128000 5 46 46 43 43 42 44
128000 6 45 42 42 40 40 418
128000 8 41 39 39 36 35 38
128000 9 48 45 45 43 42 44.6
128000 11 47 44 43 42 41 434
128000 12 46 43 42 41 41 42.6
160000 2 48 46 43 42 41 44
160000 3 50 47 44 43 42 452
160000 5 47 44 41 41 40 42.6
160000 6 47 44 42 40 39 42.4
160000 8 46 45 43 41 40 43
160000 9 45 43 40 38 37 40.6
160000 1 46 44 41 41 38 42
160000 12 50 48 44 43 42 454
160000 1 45 42 40 29 37 38.6
160000 4 38 45 35 34 32 36.8
160000 7 40 38 36 36 35 37
160000 10 42 39 37 36 35 37.8
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Trial 2: JFA 12.5mm SR and WVP W1-RAP Specimens (Top
Surfaces)

Table 46: BPN Measurements for Trial 2 JFA 12.5mm SR and WVP W1-RAP (Top Surface)
Specimens Polished with Burris BSSA Tires at Low Toe for 48,000 Wheel Passes

Number of British Pendulum Number (BPN)
Mix Type Wheel Specimen | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 Average
JFA 12.5mm 0 1T 81 81 77 77 79.0
Skid-RAP 0 2T 77 75 77 77 76.5
8% VIM 0 3T 81 80 77 76 78.5 78.0
JFA 12.5mm 0 AT 84 82 82 81 82.3
Skid-RAP 0 5T 85 85 84 81 83.8
4% VIM 0 6T 77 76 | 76 75 76.0 80.7
WYV Paving 0 7T 86 78 84 82 82.5
W1-RAP 0 8T 85 82 79 77 80.8
4% VTM 0 9T 85 85 84 83 84.3 82.5
WYV Paving 0 10T 88 81 80 83 83.0
W1-RAP 0 11T 88 87 85 83 85.8
8% VIM 0 12T 84 83 82 81 82.5 83.8
JFA 12.5mm 8000 1T 65 62 59 61 61.8
Skid-RAP 8000 2T 60 58 58 57 58.3
8% VIM 8000 3T 63 60 55 54 58.0 59.3
JFA 12.5mm 8000 4T 58 49 50 55 53.0
Skid-RAP 8000 5T 59 56 56 56 56.8
4% VIM 8000 6T 57 58 57 54 56.5 55.4
WYV Paving 8000 7T 64 61 59 56 60.0
W1-RAP 8000 8T 64 60 60 59 60.8
4% VIM 8000 9T 64 62 58 61 61.3 60.7
WYV Paving 8000 10T 65 62 61 58 61.5
W1-RAP 8000 1T 63 62 62 60 61.8
8% VIM 8000 12T 63 63 61 60 61.8 61.7
JFA 12.5mm 16000 1T 56 56 55 55 56
Skid-RAP 16000 2T 53 52 51 50 52
8% VIM 16000 3T 56 56 50 54 54 53.7
JFA 12.5mm 16000 AT 43 45 49 49 47
Skid-RAP 16000 5T 55 51 49 52 52
4% VIM 16000 6T 51 49 49 52 50 51.1
16000 7T 59 54 55 55 56
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Number of British Pendulum Number (BPN)
Mix Type Wheel Specimen | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 Average
valplgzvsi;g 16000 8T 56 55 55 54 55
4% VTM 16000 9T 59 | 54 | 54 | 52 55 55.2
WYV Paving 16000 10T 58 55 56 55 56
W1-RAP 16000 1T 60 56 58 57 58
8% VIM 16000 12T 59 51 52 55 54 56.0
JFA 12.5mm 32000 1T 55 54 53 53 53.8
Skid-RAP 32000 2T 50 49 49 48 49.0
8% VIM 32000 3T 52 50 49 48 49.8 50.8
JFA 12.5mm 32000 4T 52 51 50 49 50.5
Skid-RAP 32000 5T 51 50 49 48 49.5
4% VIM 32000 6T 51 49 48 48 49.0 49.7
WYV Paving 32000 7T 55 53 52 51 52.8
W1-RAP 32000 8T 55 53 52 52 53.0
4% VTM 32000 9T 54 52 52 52 52.5 52.8
WYV Paving 32000 10T 56 54 54 53 54.3
W1-RAP 32000 1T 55 51 52 52 52.5
8% VIM 32000 12T 55 56 54 54 54.8 53.8
JFA 12.5mm 48000 1T 54 52 50 50 51.5
Skid-RAP 48000 2T 50 48 47 46 47.8
8% VIM 48000 3T 52 50 48 47 49.3 49.5
JFA 12.5mm 48000 AT 51 48 47 46 48.0
Skid-RAP 48000 5T 48 46 45 44 45.8
4% VTM 48000 6T 50 48 46 46 47.5 47.1
WV Paving 48000 7T 54 52 50 49 51.3
W1-RAP 48000 8T 54 52 51 50 51.8
4% VIM 48000 9T 52 | 49 | 48 | 48 49.3 50.8
WYV Paving 48000 10T 54 52 51 50 51.8
W1-RAP 48000 1T 53 51 49 48 50.3
8% VIM 48000 12T 58 | 56 | 55 54 55.8 52.6
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Trial 3: JFA 12.5mm SR and WVP W1-RAP Specimens
(Bottom Surfaces)

Table 47: BPN Measurements for Trial 3 JFA 12.5mm SR and WVP W1-RAP (Bottom Surface)
Specimens Polished with Burris BSSA Tires at High Toe for 80,000 Wheel Passes

Number of British Pendulum Number (BPN)
Mix Type Wheel Sample | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 Average

JFA 12.5mm 0 1B 72 72 69 70 70.8

Skid-RAP 8% 0 2B 72 72 71 70 71.3
VIM 0 3B 72 70 69 67 69.5 70.5

JFA 12.5mm 0 4B 73 71 70 69 70.8

Skid-RAP 4% 0 5B 75 75 74 73 74.3
VM 0 6B 69 67 67 67 67.5 70.8

WY Paving W1- 0 7B 80 79 78 77 78.5

RAP 4% VTM 0 8B 79 77 77 75 77.0
0 9B 80 79 77 73 77.3 77.6

WV Paving Wi- 0 10B 83 81 80 77 80.3

RAP 8% VTM 0 11B 75 74 73 73 73.8
0 12B 74 73 70 72 723 75.4

JFA 12.5mm 8000 1B 54 52 51 50 51.8

Skid-RAP 8% 8000 2B 55 54 53 52 53.5
VIM 8000 3B 55 54 53 53 53.8 53.0

JFA 12.5mm 8000 4B 54 52 51 51 52.0

Skid-RAP 4% 8000 5B 56 54 54 53 54.3
VIM 8000 6B 54 53 52 52 52.8 53.0

WYV Paving Wi- 8000 7B 60 58 58 57 58.3

RAP 4% VIM 8000 8B 57 56 55 55 55.8
8000 9B 61 59 58 58 59.0 57.7

WY Paving W1- 8000 10B 58 56 56 55 56.3

RAP 8% VIM 8000 11B 60 59 58 57 58.5
8000 12B 59 57 56 56 57.0 57.3

JFA 12.5mm 16000 1B 51 49 48 48 49.0

Skid-RAP 8% 16000 2B 51 50 48 48 49.3
VIM 16000 3B 51 49 48 47 48.8 49.0

JFA 12.5mm 16000 4B 50 48 48 47 48.3

Skid-RAP 4% 16000 5B 53 52 51 50 51.5
VM 16000 6B 50 48 48 47 48.3 50.6

16000 7B 56 55 54 53 54.5
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Number of British Pendulum Number (BPN)
Mix Type Wheel Sample | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 Average

WYV Paving W1- 16000 8B 54 52 52 51 52.3
RAP 4% VIM 16000 9B 56 55 54 53 54.5 53.8

WY Paving W1- 16000 10B 55 53 52 51 52.8

RAP 8% VM 16000 11B 54 53 52 52 52.8
16000 12B 54 53 53 52 53.0 52.8

JFA 12.5mm 32000 1B 49 48 47 46 47.5

Skid-RAP 8% 32000 2B 54 52 51 50 51.8
VIM 32000 3B 52 51 49 49 50.3 49.8

JFA 12.5mm 32000 4B 50 48 47 47 48.0

Skid-RAP 4% 32000 5B 51 50 48 48 49.3
VM 32000 6B 50 48 47 46 47.8 48.3

WV Paving W1- 32000 7B 53 52 50 49 51.0

RAP 4% VTIM 32000 8B 53 51 50 49 50.8
32000 9B 54 52 52 51 52.3 51.3

WY Paving W1- 32000 10B 53 51 50 49 50.8

RAP 8% VTM 32000 11B 53 52 51 50 51.5
32000 12B 53 52 51 50 51.5 51.3

JFA 12.5mm 48000 1B 51 49 48 46 48.5

Skid-RAP 8% 48000 2B 51 48 47 46 48.0
VM 48000 3B 52 49 48 47 49.0 48.5

JFA 12.5mm 48000 4B 47 45 44 43 44.8

Skid-RAP 4% 48000 5B 50 48 47 46 47.8
VIM 48000 6B 50 48 47 46 47.8 46.8

_ 48000 7B 52 50 48 47 49.3

VIZXIE 3‘%“%%}' 48000 8B 51 49 48 47 48.8
48000 9B 51 49 48 48 49.0 49.0

WY Paving W- 48000 10B 52 49 48 48 49.3

RAP 8% VTM 48000 11B 53 50 49 48 50.0
48000 12B 52 50 49 48 49.8 49.7

JFA 12.5mm 64000 1B 52 49 47 46 48.5

Skid-RAP 8% 64000 2B 53 49 48 47 49.3
VIM 64000 3B 50 48 47 46 47.8 48.5

JFA 12.5mm 64000 4B 54 51 49 47 50.3

Skid-RAP 4% 64000 5B 49 48 47 46 47.5
VM 64000 6B 47 46 45 45 45.8 47.8

WYV Paving W1- 64000 7B 55 52 49 47 50.8

RAP 4% VTM 64000 SB 53 50 48 47 49.5
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Number of British Pendulum Number (BPN)
Mix Type Wheel Sample | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 Average

64000 9B 55 52 51 49 51.8 50.7

) 64000 10B 53 50 48 47 49.5

bt %%“%YN}' 64000 1B | 53 | 50 | 48 | 47 | 495
64000 12B 53 51 49 47 50.0 49.7

TFA 12.5mm 80000 1B 55 | 52 | 49 | w7 50.8

Skid-RAP 8% 80000 2B 57 53 51 49 52.5
VIM 80000 3B 57 53 50 49 52.3 51.8

TFA 12.5mm 80000 4B ss | s2 | 49 | 48 51.0

Skid-RAP 4% 80000 5B 56 53 50 48 51.8
VIM 80000 6B 57 54 51 49 52.8 51.8

) 80000 7B 54 50 48 47 49.8

h zg)n\g,gv}' 80000 88 | 55 | 52 | 49 | 48 | 510
80000 9B 54 51 48 47 50.0 50.3

WV Paving W1- 80000 10B 56 52 50 48 51.5

RAP 8% VTM 80000 11B 53 50 48 47 49.5
80000 12B 55 52 50 48 51.3 50.8

Trial 4: WVP 12.5mm SR and Greer W1H Specimens (Top

Surfaces)

Table 48: BPN Measurements for Trial 4 WVP 12.5mm SR and Greer W1H (Top Surface)
Specimens Polished with Hoosier R80 Tires at High Toe for 48,000 Wheel Passes

Number of British Pendulum Number (BPN)
Mix Type Wheel Specimen | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 verag Average
0 13T 83 82 81 80 81.5
1 H %
Greer W1 eavy 8% 0 14T 84 | 84 | 8 | 8 | 833
0 15T 82 81 80 80 80.8 81.8
0 16T 85 84 84 83 84.0
1H 4
Greer WVTMeaVy % 0 17T 88 88 87 86 87.3
0 18T 85 85 83 82 83.8 85.0
WYV Paving 12.5mm 0 19T 85 83 83 81 83.0
vi .
SKid-RAP 4% VTM 0 20T 87 85 84 82 84.5
0 21T 85 85 83 83 84.0 83.8
0 22T 86 86 85 84 85.3
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Number of British Pendulum Number (BPN)
Mix Type Wheel Specimen | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 verag Average
WYV Paving 12.5mm 0 23T 88 89 88 87 88.0
Skid-RAP 8% VTM 0 24T 86 85 84 82 84.3 85.8
8000 13T 55 54 53 53 53.8
Greer VX,ITI;;*‘VY 8% 8000 14T 55 | 54 | 54 | 54 | 543
8000 15T 53 53 52 52 525 53.5
8000 16T 52 51 50 50 50.8
1 Heavy 4
Greer “;TMeaVy % 8000 17T 55 53 53 52 533
8000 18T 56 55 54 53 54.5 52.8
WY Paving 12.5mm 8000 19T 57 56 55 54 55.5
SKId-RAP 3% VIM 8000 20T 58 56 55 55 56.0
8000 21T 57 56 55 54 55.5 55.7
WY Paving 12.5mm 8000 20T 60 59 58 57 58.5
V1 .
SKId-RAP 8% VIM 8000 23T 60 58 57 56 57.8
8000 24T 59 57 57 56 57.3 57.8
Greer W1 Heavw $% 16000 13T 50 49 48 47 48.5
reer VTMeaVy 0 16000 14T 50 49 49 48 49.0
16000 15T 52 51 50 50 50.8 49.4
Greer W1 Heavy 4% 16000 16T 48 47 46 45 46.5
reer VTI\;“Y 0 16000 17T 48 47 46 46 46.8
16000 18T 50 48 48 47 48.3 47.2
WV Paving 12.5 16000 19T 52 51 50 50 50.8
vin <IN
SKId-RAP 4% VIM 16000 20T 52 51 50 49 50.5
16000 21T 52 51 49 49 50.3 50.5
WY Pavine 12.5 16000 20T 54 53 52 52 52.8
aving 12.5mm
SKid-RAP 8% VIM 16000 23T 54 53 52 51 525
16000 24T 50 49 48 48 48.8 51.3
Greer W1 Heavy $% 32000 13T 47 47 46 45 46.3
reer VTNi’avy o 32000 14T 47 46 46 45 46.0
32000 15T 51 49 48 48 49.0 47.1
32000 16T 47 46 46 45 46.0
Greer V?Tlﬁavy 4% 32000 17T 46 45 44 44 44.8
32000 18T 48 47 46 46 46.8 45.8
WY Pavine 12.5 32000 19T 48 47 46 46 46.8
aving 12.5mm
SKId-RAP 3% VIM 32000 20T 48 48 47 46 473
32000 21T 53 51 50 49 50.8 483
WYV Paving 12.5mm 32000 20T 53 51 50 49 50.8
Skid-RAP 8% VITM 32000 23T 52 50 49 48 49.8
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Number of British Pendulum Number (BPN)
Mix Type Wheel Specimen | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 Average
32000 24T 51 50 49 48 49.5 50.0
Greer W1 Heavy 8% 48000 13T 45 43 42 42 43.0
VIM 48000 14T 45 44 43 42 43.5
48000 15T 47 45 44 43 44.8 43.8
48000 16T 46 45 44 43 44.5
Greer VX,ITI;;*‘VY 4% 48000 17T 45 | 43 | 43 | 42 | 433
48000 18T 44 43 42 42 42.8 43.5
WY Pavine 12.5mm 48000 19T 48 47 45 45 46.3
Skid_RApﬁ % VM 48000 20T 48 46 45 44 45.8
43000 21T 50 48 47 46 47.8 46.6
] 48000 22T 49 48 47 46 47.5
g{;ﬂ;‘;‘l‘,‘gs ‘173‘5]‘;1‘\“4 48000 23T 48 | 47 | 45 | 45 | 463
48000 24T 49 48 46 45 47.0 46.9

Trial 5: WVP 12.5mm SR and Greer W1H Specimens (Bottom
Surfaces)

Table 49: BPN Measurements for Trial 5 WVP 12.5mm SR and Greer W1H (Bottom Surface)
Specimens Polished with Hoosier R80 Tires at Low Toe for 64,000 Wheel Passes

Number of British Pendulum Number (BPN)
Mix Type Wheel Specimen | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 Average

0 13B 77 75 76 74 75.5

Greer VCTIKTVY 8% 0 14B 77 | 76 | 75 | 74 | 755
0 15B 76 76 75 74 75.3 75.4

0 16B 77 77 77 75 76.5

Greer VCTIKEE‘VY 4% 0 17B 77 76 74 74 75.3
0 18B 77 77 76 75 76.3 76.0

WY Pavine 12.5mm 0 19B 79 78 77 77 77.8

SIGA-RAP 4% VM 0 20B 79 | 78 | 18 | 77 | 780
0 21B 77 77 77 75 76.5 77.4

WY Pavine 12.5mm 0 22B 80 81 80 79 80.0

SIIA-RAP 8% VM 0 23B 76 | 75 | 74 | 74 | 748
0 24B 79 79 77 77 78.0 77.6
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Number of British Pendulum Number (BPN)
Mix Type Wheel Specimen | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 Average

8000 13B 56 55 54 53 54.5

Greer V‘(}T}ﬁavy 8% 8000 14B 56 55 54 54 54.8
8000 15B 55 54 54 53 54.0 54.4

8000 16B 53 52 52 52 52.3

Greer VCTIKEaVy 4% 8000 17B 55 | 54 | 54 | 53 | 540
8000 18B 56 55 54 54 54.8 53.7

WY Pavine 12.5mm 8000 19B 57 56 56 55 56.0

SKId.R APg4% TM 8000 20B 59 57 56 56 57.0
8000 21B 56 55 55 54 55.0 56.0

WY Paving 125 8000 20B 56 56 55 55 55.5

p dﬁXSgg o -Vanﬁ 8000 23B 56 55 54 54 54.8
8000 24B 56 56 55 54 55.3 55.2

16000 13B 52 51 50 49 50.5

Greer VCTPﬁavy 8% 16000 14B 54 52 52 51 52.3
16000 15B 50 50 48 48 49.0 50.6

16000 16B 51 50 49 49 49.8

Greer VCTIK/‘;M 4% 16000 17B 53 52 51 50 51.5
16000 18B 52 52 50 50 51.0 50.8

WY Pavine 12.Smm 16000 19B 55 54 54 53 54.0

SIidR Ap%l% VM 16000 20B 54 53 51 51 52.3
16000 21B 52 51 50 49 50.5 52.3

WY Pavine 12.5mm 16000 22B 54 53 52 52 52.8

p d_RXng o VM 16000 23B 52 51 50 50 50.8
16000 24B 53 52 51 50 51.5 51.7

32000 13B 50 48 47 47 48.0

Greer VCTIK/‘EE‘VY 8% 32000 14B 48 | 47 | 47 | 46 | 470
32000 15B 48 47 46 46 46.8 47.3

32000 16B 49 48 47 47 47.8

Greer VCTIK/‘;“Y 4% 32000 17B 49 48 47 47 47.8
32000 18B 48 47 47 46 47.0 47.5

WY Pavine 12.5mm 32000 19B 51 49 49 48 49.3

SR APg4% TM 32000 20B 52 50 49 48 49.8
32000 21B 50 49 48 47 48.5 49.2

WY Pavine 12.5mm 32000 22B 50 47 47 46 47.5

SKid.R Apgg% VTM 32000 23B 50 48 47 47 48.0
32000 24B 48 47 46 46 46.8 47.4
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Number of British Pendulum Number (BPN)
Mix Type Wheel Specimen | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 Average
48000 13B 46 44 43 42 43.8
Greer V‘(}T}ﬁavy 8% 48000 14B 43 | 43 | 42 | 42 | 425
48000 15B 46 44 43 42 43.8 43.3
48000 16B 45 43 42 42 43.0
Greer VCTIKEaVy 4% 748000 17B 4 | 3 | 42 | 2 | a8
48000 18B 45 43 42 42 43.0 42.9
WY Pavine 12.5mm 48000 19B 47 46 45 44 45.5
SKId.R Api% TM 48000 20B 50 48 47 45 47.5
48000 21B 46 44 44 43 44.3 45.8
WY Pavine 12.5 48000 20B 46 44 43 42 43.8
SKIA-RAP 8% VM | 48000 23B 45 | 44 | 43 | 42 | 435
48000 24B 47 46 45 45 45.8 44.3
64000 13B 42 40 39 39 40.0
Greer VCTIKZ’WY 8% 64000 14B 42 41 40 39 40.5
64000 15B 42 40 39 39 40.0 40.2
64000 16B 41 39 39 37 39.0
Greer VCT};/‘E&VY 4% 64000 17B 40 38 37 37 38.0
64000 18B 40 38 38 37 38.3 38.4
WY Pavine 12.5 64000 19B 44 43 42 41 42.5
SKIA-RAP 1% VM | 64000 20B 4 | 2 | 2 | 4 23
64000 21B 42 40 39 39 40.0 41.6
WY Pavine 12.5mm 64000 22B 43 41 40 39 40.8
SKA.RAP R VM 64000 23B 45 | 42 | 41 | 40 | 420
64000 24B 44 42 41 41 42.0 41.6

Trial 6: JFA 12.5mm SR and WVP WI1-RAP Specimens

(Bottom Surfaces)

Table 50: BPN Measurements for Trial 6 JFA 12.5mm SR and WVP W1-RAP (Bottom Surface)

Specimens Polished with Hoosier R80 Tires at Low Toe for 48,000 Wheel Passes

Number of British Pendulum Number (BPN)
Mix Type Wheel Specimen | Trial | Trial | Trial | Trial A Mix
Passes 1 2 3 4 verage Average
JFA 12.5mm 0 25B 78 79 79 77 78.3
Skid-RAP 4% 0 26B 75 76 76 76 75.8
VM 0 27B 78 75 76 80 77.3 77.1
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Number of British Pendulum Number (BPN)
Mix Type Wheel Specimen | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 Average

JFA 12.5mm 0 28B 73 74 73 73 73.3

Skid-RAP 8% 0 29B 77 77 80 80 78.5
VIM 0 30B 76 79 76 76 76.8 76.2

WY Paving W1- 0 31B 85 86 87 87 86.3

RAP 4% VTM 0 32B 81 85 85 85 84.0
0 33B 86 86 86 85 85.8 85.3

WV Paving W1- 0 34B 85 86 85 84 85.0

RAP 8% VTM 0 35B 83 82 82 81 82.0
0 36B 87 86 85 86 86.0 84.3

JFA 12.5mm 8000 25B 58 56 56 56 56.5

Skid-RAP 4% 8000 26B 58 57 57 56 57.0
VIM 8000 27B 58 56 56 55 56.3 56.6

JEA 12.5mm 8000 28B 59 57 57 56 57.3

Skid-RAP 8% 8000 29B 56 55 54 54 54.8
VM 8000 30B 61 59 58 58 59.0 57.0

WYV Paving W1- 8000 31B 63 62 62 61 62.0

RAP 4% VTM 8000 32B 63 62 61 60 61.5
8000 33B 63 62 61 61 61.8 61.8

WY Paving W1 8000 34B 64 63 61 61 62.3

RAP agg‘% ™ 8000 35B 63 62 61 60 61.5
8000 36B 63 61 60 60 61.0 61.6

JFA 12.5mm 16000 25B 53 52 51 51 51.8

Skid-RAP 4% 16000 26B 52 51 51 50 51.0
VTM 16000 27B 54 52 52 51 52.3 51.7

JFA 12.5mm 16000 28B 53 52 51 51 51.8

Skid-RAP 8% 16000 29B 54 53 52 51 52.5
VM 16000 30B 55 54 53 53 53.8 53.1

. 16000 31B 56 55 54 53 54.5

VIZXIE ZY,;“%}VN}' 16000 32B 57 | 56 | 54 | 54 | 553
16000 33B 58 56 55 54 55.8 55.2

WV Paving W1- 16000 34B 59 56 56 55 56.5

RAP 8% VTM 16000 35B 59 56 56 56 56.8
16000 36B 58 57 56 56 56.8 56.7

JFA 12.5mm 32000 25B 50 48 48 47 48.3

Skid-RAP 4% 32000 26B 52 50 49 48 49.8
VM 32000 27B 52 50 50 49 50.3 49.4

32000 28B 52 50 49 49 50.0
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Number of British Pendulum Number (BPN)
Mix Type Wheel Specimen | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 verag Average
JFA 12.5mm 32000 29B 52 51 50 49 50.5
Skid-RAP 8%
VIM 32000 30B 54 | 53 | 53 | s2 53.0 51.2
WV Pavine W1 32000 31B 55 53 53 52 53.3
aving -
RAP 4% VTM 32000 32B 54 52 52 51 52.3
32000 33B 54 53 52 51 52.5 52.7
WV Pavine W1 32000 34B 55 53 53 52 53.3
aving -
RAP 8% VTM 32000 35B 55 54 53 52 53.5
32000 36B 56 55 53 53 54.3 53.7
JFA 12.5mm 48000 25B 49 48 47 46 47.5
Skid-RAP 4% 48000 26B 49 47 47 46 47.3
VIM 48000 27B 51 49 48 47 48.8 47.8
JFA 12.5mm 48000 28B 52 50 49 48 49.8
Skid-RAP 8% 48000 29B 51 50 48 47 49.0
VIM 48000 30B 52 50 48 47 49.3 49.3
WV Pavine W1 48000 31B 53 51 50 49 50.8
aving -
RAP 4% VTM 48000 32B 51 49 48 47 48.8
48000 33B 52 51 50 49 50.5 50.0
WV Pavine W1 48000 34B 53 51 50 49 50.8
aving -
RAP 8% VTM 48000 35B 53 51 49 48 50.3
48000 36B 51 49 48 47 48.8 49.9

Trial 7: JFA 12.5mm SR and WVP W1-RAP Specimens (Top Surfaces)

Table 51: BPN Measurements for Trial 7 JFA 12.5mm SR and WVP W1-RAP (Top Surface)
Specimens Polished with Hoosier R80 Tires at High Toe for 48,000 Wheel Passes

Number of British Pendulum Number (BPN)
Mix Type Wheel Specimen | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 Average
JFA 12.5mm 0 25T 74 74 73 73 73.5
Skid-RAP 4% 0 26T 77 76 76 75 76.0
VIM 0 27T 74 73 72 71 72.5 74.0
JFA 12.5mm 0 28T 80 79 77 78 78.5
Skid-RAP 8% 0 29T 74 73 73 73 73.3
VM 0 30T 76 74 75 75 75.0 75.6
WYV Paving W1- 0 31T 81 80 80 79 80
RAP 4% VTM 0 32T 80 82 82 83 81.8
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Number of British Pendulum Number (BPN)
Mix Type Wheel Specimen | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 Average

0 33T 77 74 74 73 74.5 78.8

WYV Pavine W1 0 34T 82 82 80 80 81.0

RAP 87 %,TM 0 35T 81 86 81 81 82.3
0 36T 79 82 81 81 80.8 81.3

JEA 12.5mm 8000 25T 52 51 50 50 50.8

Skid-RAP 4% 8000 26T 55 53 53 52 53.3
VIM 8000 27T 53 52 52 51 52.0 52.0

JFA 12.5mm 8000 28T 53 51 51 50 51.3

Skid-RAP 8% 8000 29T 53 52 52 51 52.0
VIM 8000 30T 53 52 51 51 51.8 51.7

WYV Pavine W1 8000 31T 57 56 55 54 55.5

RAP 4% %,TM 8000 32T 57 56 55 54 55.5
8000 33T 57 55 54 54 55.0 55.3

WV Pavine W1 8000 34T 55 54 53 53 53.8

RAP 8% %,TM 8000 35T 57 56 55 55 55.8
8000 36T 53 55 55 54 54.3 54.6

JEA 12.5mm 16000 25T 48 47 47 46 47.0

Skid-RAP 4% 16000 26T 48 47 47 46 47.0
VIM 16000 27T 50 48 48 47 48.3 47.4

JEA 12.5mm 16000 28T 48 47 47 46 47.0

Skid-RAP 8% 16000 29T 49 47 47 47 47.5
VIM 16000 30T 49 47 47 47 47.5 48.6

WV Pavine W1 16000 31T 54 53 52 51 52.5

RAP 4% %,TM 16000 32T 52 50 49 48 49.8
16000 33T 53 51 51 49 51.0 51.1

WYV Pavine W1 16000 34T 51 50 48 47 49.0

DA 80 \g/TM 16000 35T 56 51 53 53 53.3
16000 36T 52 50 49 48 49.8 50.7

JFA 12.5mm 32000 25T 41 39 39 38 39.3

Skid-RAP 4% 32000 26T 42 41 41 40 41.0
VIM 32000 27T 42 41 41 40 41.0 40.4

JEA 12.5mm 32000 28T 40 40 39 39 39.5

Skid-RAP 8% 32000 29T 42 41 40 40 40.8
VIM 32000 30T 41 41 40 40 40.5 40.3

WYV Pavine W1 32000 31T 42 40 40 40 40.5

RAP 4% \g/TM 32000 32T 43 42 41 41 41.8
32000 33T 43 42 41 41 41.8 41.3

97




Number of British Pendulum Number (BPN)
Mix Type Wheel Specimen | Trial | Trial | Trial | Trial Average Mix
Passes 1 2 3 4 Average

WY Pavine W1 32000 34T 42 41 41 40 41.0

RAP 8% %,TM 32000 35T 44 43 42 41 425
32000 36T 42 41 41 41 41.3 41.6

JFA 12.5mm 48000 25T 42 41 40 38 40.3

Skid-RAP 4% 48000 26T 41 41 40 38 40.0
VTM 48000 27T 42 41 41 40 41.0 40.4

JFA 12.5mm 48000 28T 42 41 40 39 40.5

Skid-RAP 8% 48000 29T 44 42 41 40 41.8
VIM 48000 30T 42 41 40 39 40.5 40.9

WY Pavine W1 48000 31T 42 41 40 39 40.5

RAP 4% %,TM 48000 32T 43 41 40 39 40.8
48000 33T 43 42 41 40 41.5 40.9

WY Pavine W1 48000 34T 43 42 41 40 41.5

RAP %Y;%TM 48000 35T 42 41 41 40 41.0
48000 36T 42 41 39 38 40.0 40.8

Trial 8: JFA 12.5mm SR Laboratory Compacted and Field Core

Specimens

Table 52: BPN Measurements for Trial 8 JFA 12.5mm SR Laboratory Compacted and Field
Core Specimens Polished with Hoosier R80 Tires at High Toe for 48,000 Wheel Passes

Mix Type Number of Specimen Specimen British Pendulum Number (BPN)
Wheel Passes Type Trial 1 | Trial 2 | Trial 3 | Trial4 | Average
0 1L Lab 60 60 59 58 59.3
0 1F Field 63 61 61 59 61.0
0 2L Lab 57 56 54 54 55.25
0 2F Field 67 66 66 65 66.0
0 3L Lab 63 62 60 59 61.0
JFA 12.5mm 0 3F Field 75 73 72 71 72.8
Skid-RAP 0 4L Lab 56 55 53 53 54.25
0 4F Field 55 53 53 52 53.3
0 5L Lab 62 60 59 58 59.8
0 5F Field 56 54 53 52 53.8
0 6L Lab 70 67 66 65 67.0
0 6F Field 72 71 69 67 69.8
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Mix Type Number of Specimen S pecimen British Pendulum Number (BPN)
Wheel Passes Type Trial 1 | Trial 2 | Trial 3 ‘ Trial 4 | Average
8000 1L Lab 47 46 45 45 45.8
8000 1F Field 48 47 46 46 46.8
8000 2L Lab 48 47 46 45 46.5
8000 2F Field 48 47 47 47 47.3
8000 3L Lab 49 47 47 47 47.5
JFA 12.5mm 8000 3F Field 49 47 47 47 47.5
Skid-RAP 8000 4L Lab 50 48 48 47 48.3
8000 4F Field 46 45 45 44 45.0
8000 5L Lab 49 48 47 47 47.8
8000 5F Field 48 47 46 46 46.8
8000 6L Lab 49 48 47 47 47.8
8000 6F Field 50 47 47 47 47.8
24000 1L Lab 46 44 43 43 44
24000 1F Field 46 45 43 43 44.25
24000 2L Lab 43 42 42 41 42.0
24000 2F Field 46 44 43 42 43.75
24000 3L Lab 45 43 42 42 43.0
JFA 12.5mm 24000 3F Field 45 43 43 42 43.3
Skid-RAP 24000 4L Lab 46 44 43 42 43.8
24000 4F Field 45 43 42 42 43.0
24000 5L Lab 46 45 45 44 45.0
24000 5F Field 45 44 43 42 43.5
24000 6L Lab 48 47 46 45 46.5
24000 6F Field 46 45 43 43 44.3
48000 1L Lab 44 42 41 41 42
48000 IF Field 46 44 42 42 43.5
48000 2L Lab 42 41 41 39 40.75
48000 2F Field 46 44 43 42 43.75
48000 3L Lab 44 42 42 41 42.25
JFA 12.5mm 48000 3F Field 45 43 42 41 42.75
Skid-RAP 48000 4L Lab 46 44 42 42 43.5
48000 4F Field 44 42 42 40 42
48000 5L Lab 45 43 41 41 42.5
48000 5F Field 46 44 42 42 43.5
48000 6L Lab 44 43 42 41 42.5
48000 6F Field 45 43 42 41 42.75

99




Trial 9: JFA 12.5mm SR Field Core Specimens and

Corresponding Field Measurements

Table 53: BPN Measurements for Trial 9 JFA 12.5mm SR Field Core Specimens Polished with

Hoosier R80 Tires at High Toe for 48,000 Wheel Passes

. Number of ) British Pendulum Number (BPN)
Mix Type r;lslse:; Specimen Trial 1 | Trial 2 | Trial 3 | Trial4 | Average
0 D1 63 60 57 56 59.0
JFA 12.5mm Skid- 0 D2 51 48 47 46 48.0
RAP 179 Field 0 D3 54 51 49 48 50.5
Cores 0 D4 53 51 50 49 50.8
0 D5 54 52 50 49 51.3
0 T2 (JFA) 77 77 78 77 77.3
0 T5 (WVP W1) 72 72 72 71 71.8
0 T6 (WVP W1) 86 85 87 86 86.0
Dummy Samples 0 T ;S;;VP 77 78 78 77 77.5
T14 (WVP
0 12(. 5) 82 84 85 84 83.8
0 S8G (Greer) 74 72 71 70 71.8
0 S11G (Greer) 74 73 73 72 73.0
8000 D1 52 50 48 48 49.5
JFA 12.5mm SKkid- 8000 D2 49 47 47 46 47.3
RAP 179 Field 8000 D3 50 47 47 47 47.8
Cores 8000 D4 50 48 48 48 48.5
8000 D5 50 49 48 48 48.8
8000 T2 (JFA) 51 49 48 48 49.0
8000 T5 (WVP W1) 57 55 54 54 55.0
8000 T6 (WVP W1) 58 52 51 51 53.0
Dummy Samples 8000 T 112(.\;])\7}) 55 53 53 52 53.3
8000 T14 (WVP 55 53 52 52 53.0
12.5)

8000 S8G (Greer) 51 50 49 49 49.8
8000 S11G (Greer) 48 47 47 47 47.3
) 24000 D1 48 46 46 45 46.3

JF{{‘ A}I%.Is%l?iflkdld- 24000 D2 46 46 44 44 45
Cores 24000 D3 45 43 42 42 43.0
24000 D4 47 46 45 44 45.5
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Number of

British Pendulum Number (BPN)

Mix Type I‘?;::; Specimen | .11 | Trial2 | Trial3 | Trial4 | Average
24000 D5 47 45 45 44 45.3
24000 T2 (JFA) 47 46 46 45 46.0
24000 T5 (WVP W1) 50 48 48 47 48.3
24000 T6 (WVP W1) 51 49 48 48 49.0
Dummy Samples 24000 T 112(.\)5\7)\/13 52 50 49 48 49.8
24000 Tl‘{z(gVP 53 52 51 51 51.8
24000 S8G (Greer) 48 46 46 46 46.5
24000 S11G (Greer) 47 46 46 45 46.0
48000 D1 43 43 41 41 42
JFA 12.5mm Skid- 48000 D2 43 42 42 41 42
RAP 179 Field 48000 D3 42 40 39 39 40
Cores 48000 D4 42 40 40 39 40.3
48000 D5 42 41 40 39 40.5
48000 T2 (JFA) 41 40 39 38 39.5
48000 T5 (WVP W1) 47 46 45 44 45.5
48000 T6 (WVP W1) 45 43 43 42 43.3
Dummy Samples 48000 T llz(gv)vp 47 45 44 44 45.0
48000 Tl‘ll 2(.\’5\])\'13 46 45 44 44 44.8
48000 S8G (Greer) 42 41 41 41 41.3
48000 S11G (Greer) 41 40 39 38 39.5
Trial 10: JFA 12.5mm SR 1-79 Field Measurements
Table 54: BPN Measurements for Trial 9 JFA 12.5mm SR 1-79 Field Locations
British Pendulum Number (BPN)
Location . . . . . . Uphill/
/Core Downl’ull/Up Location | Trial | Trial | Trial | Trial Avg. Lane Downhill
Number hill on Lane 1 2 3 4 Avg. Ave,
Right
Wheel 76 72 73 72 | 73.25| 74.5
D1 Flat Curve Path 74.5
Center 75 76 76 76 75.75
Left
D2 Uphill Wheel 86 84 82 80 83 84.5 69.9
Path
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British Pendulum Number (BPN)

Location Downhill/Up | Location | Trial | Trial | Trial | Trial Lane Uphlll./
/Core . Avg. Downbhill
hill on Lane 1 2 3 4 Avg.
Number Avg.
Center 86 86 86 86 86
Left
i Wheel 56 55 54 54 | 5475 | 554
Downhill Path
Center 56 55 56 57 56
Left
) Wheel 77 75 74 74 75 74.1
Uphill Path
Cent 74 74 73 72 | 73.25
D3 ke 67.4
Left
i Wheel 61 62 61 60 61 60.6
Downbhill Path
Center 61 60 60 60 | 60.25
Right
i Wheel 55 55 54 53 | 5425 | 55.5
Downhill Path
Center 57 57 57 56 | 56.75
D4 - 73.5
Right
i Wheel 93 92 91 92 92 91.5
Uphill Path
Center 92 92 90 90 91
Right
i Wheel 77 76 75 74 75.5 | 76.3
Downhill Path
Center 77 77 77 77 77
D5 Right 86.3
Wheel 96 95 95 94 95 96.4
Uphill Poths
Center 97 99 98 97 | 97.75
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Appendix E: BPN Analysis
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Figure 31: Trial 2 Average BPN Trend for JFA 12.5mm SR Specimens (Top Surfaces) at 4%
VIM After 48,000 Wheel Passes
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Figure 32: Trial 2 Prediction of Required Wheel Passes at BPN Limits for JFA 12.5mm SR
Specimens (Top Surfaces) at 4% VITM After 48,000 Wheel Passes
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Figure 33: Trial 2 Average BPN Trend for WVP WI1-RAP Specimens (Top Surfaces) at 4% VIM
After 48,000 Wheel Passes
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Figure 34: Trial 2 Prediction of Required Wheel Passes at BPN Limits for WVP WI-RAP
Specimens (Top Surfaces) at 4% VIM After 48,000 Wheel Passes
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Figure 35: Trial 2 Average BPN Trend for WVP WI1-RAP Specimens (Top Surfaces) at 8% VIM
After 48,000 Wheel Passes
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Figure 36: Trial 2 Prediction of Required Wheel Passes at BPN Limits for WVP WI-RAP
Specimens (Top Surfaces) at 8% VITM After 48,000 Wheel Passes
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Figure 37: Trial 3 Average BPN Trend for JFA 12.5mm SR Specimens (Bottom Surfaces) at 8%

VTM After 48,000 Wheel Passes
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Figure 38: Trial 3 Prediction of Required Wheel Passes at BPN Limits for JFA 12.5mm SR

Specimens (Bottom Surfaces) at 8% VITM After 48,000 Wheel Passes
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Figure 39: Trial 3 Average BPN Trend for JFA 12.5mm SR Specimens (Bottom Surfaces) at 4%
VTM After 48,000 Wheel Passes
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Figure 40: Trial 3 Prediction of Required Wheel Passes at BPN Limits for JFA 12.5mm SR
Specimens (Bottom Surfaces) at 4% VITM After 48,000 Wheel Passes
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Figure 41: Trial 3 Average BPN Trend for WVP WI1-RAP Specimens (Bottom Surfaces) at 4%
VTM After 48,000 Wheel Passes
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Figure 42: Trial 3 Prediction of Required Wheel Passes at BPN Limits for WVP WI-RAP
Specimens (Bottom Surfaces) at 4% VTM After 48,000 Wheel Passes
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Figure 43: Trial 3 Average BPN Trend for WVP WI1-RAP Specimens (Bottom Surfaces) at 8%
VIM After 48,000 Wheel Passes
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Figure 44: Trial 3 Prediction of Required Wheel Passes at BPN Limits for WVP WI-RAP
Specimens (Bottom Surfaces) at 8% VITM After 48,000 Wheel Passes
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Figure 45: Trial 4 Average BPN Trend for Greer WIH Specimens (Top Surfaces) at 8% VIM
After 48,000 Wheel Passes
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Figure 46: Trial 4 Prediction of Required Wheel Passes at BPN Limits for Greer WIH
Specimens (Top Surfaces) at 8% VITM After 48,000 Wheel Passes
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Figure 47: Trial 4 Average BPN Trend for Greer WIH Specimens (Top Surfaces) at 4% VIM
After 48,000 Wheel Passes
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Figure 48: Trial 4 Prediction of Required Wheel Passes at BPN Limits for Greer WIH
Specimens (Top Surfaces) at 4% VIM After 48,000 Wheel Passes
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Figure 49: Trial 4 Average BPN Trend for WVP 12.5mm SR Specimens (Top Surfaces) at 4%
VTM After 48,000 Wheel Passes

20000

50000

70000 i
o 60000 i
" i
= i
A 50000 00
] H
g 40000 .,
e - H
= Specimen 19T ;
o 30000 peet A
o Specimen 20T
E 20000 B Specimen 21T i

Mix Average ‘._
10000 — ... Power (Mix Average) "-._\l
|:| Tenn, X
0 10 20 30 40 50 60 T0 g0 a0
EPN

Figure 50: Trial 4 Prediction of Required Wheel Passes at BPN Limits for WVP 12.5mm SR
Specimens (Top Surfaces) at 4% VIM After 48,000 Wheel Passes
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Figure 51: Trial 4 Average BPN Trend for WVP 12.5mm SR Specimens (Top Surfaces) at 8%
VIM After 48,000 Wheel Passes
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Figure 52: Trial 4 Prediction of Required Wheel Passes at BPN Limits for WVP 12.5mm SR
Specimens (Top Surfaces) at 8% VIM After 48,000 Wheel Passes
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Figure 53: Trial 5 Average BPN Trend for Greer WIH Specimens (Bottom Surfaces) at 8% VIM
After 48,000 Wheel Passes
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Figure 54: Trial 5 Prediction of Required Wheel Passes at BPN Limits for Greer WIH
Specimens (Bottom Surfaces) at 8% VTM After 48,000 Wheel Passes
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Figure 55: Trial 5 Average BPN Trend for Greer WIH Specimens (Bottom Surfaces) at 4% VIM
After 48,000 Wheel Passes
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Figure 56: Trial 5 Prediction of Required Wheel Passes at BPN Limits for Greer WIH
Specimens (Bottom Surfaces) at 4% VTM After 48,000 Wheel Passes
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Figure 57: Trial 5 Average BPN Trend for WVP 12.5mm SR Specimens (Bottom Surfaces) at 4%
VTM After 48,000 Wheel Passes
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Figure 58: Trial 5 Prediction of Required Wheel Passes at BPN Limits for WVP 12.5mm SR
Specimens (Bottom Surfaces) at 4% VTM After 48,000 Wheel Passes
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Figure 59: Trial 5 Average BPN Trend for WVP 12.5mm SR Specimens (Bottom Surfaces) at 8%
VTM After 48,000 Wheel Passes
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Figure 60: Trial 5 Prediction of Required Wheel Passes at BPN Limits for WVP 12.5mm SR
Specimens (Bottom Surfaces) at 8% VTM After 48,000 Wheel Passes
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Figure 61: Trial 6 Average BPN Trend for JFA 12.5mm SR Specimens (Bottom Surfaces) at 4%
VTM After 48,000 Wheel Passes
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Figure 62: Trial 6 Prediction of Required Wheel Passes at BPN Limits for JFA 12.5mm SR
Specimens (Bottom Surfaces) at 4% VITM After 48,000 Wheel Passes
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Figure 63: Trial 6 Average BPN Trend for JFA 12.5mm SR Specimens (Bottom Surfaces) at 8%
VTM After 48,000 Wheel Passes
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Figure 64: Trial 6 Prediction of Required Wheel Passes at BPN Limits for JFA 12.5mm SR
Specimens (Bottom Surfaces) at 8% VITM After 48,000 Wheel Passes
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Figure 65: Trial 6 Average BPN Trend for WVP WI1-RAP Specimens (Bottom Surfaces) at 4%
VIM After 48,000 Wheel Passes
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Figure 66: Trial 6 Prediction of Required Wheel Passes at BPN Limits for WVP WI-RAP
Specimens (Bottom Surfaces) at 4% VTM After 48,000 Wheel Passes
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Figure 67: Trial 6: Average BPN Trend for WVP WI1-RAP Specimens (Bottom Surfaces) at 8%
VIM After 48,000 Wheel Passes
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Figure 68: Trial 6 Prediction of Required Wheel Passes at BPN Limits for WVP WI-RAP
Specimens (Bottom Surfaces) at 8% VTM After 48,000 Wheel Passes
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Figure 69: Trial 7 Average BPN Trend for JFA 12.5mm SR Specimens (Top Surfaces) at 4%
VIM After 48,000 Wheel Passes
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Figure 70: Trial 7 Prediction of Required Wheel Passes at BPN Limits for JFA 12.5mm SR
Specimens (Top Surfaces) at 4% VIM After 48,000 Wheel Passes
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Figure 71: Trial 7 Average BPN Trend for JFA 12.5mm SR Specimens (Top Surfaces) at 8%
VTM After 48,000 Wheel Passes
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Figure 72: Trial 7 Prediction of Required Wheel Passes at BPN Limits for JFA 12.5mm SR
Specimens (Top Surfaces) at 8% VIM After 48,000 Wheel Passes
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Figure 73: Trial 7 Average BPN Trend for WVP WI1-RAP Specimens (Top Surfaces) at 4% VTM
After 48,000 Wheel Passes
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Figure 74: Trial 7 Prediction of Required Wheel Passes at BPN Limits for WVP WI-RAP
Specimens (Top Surfaces) at 4% VIM After 48,000 Wheel Passes
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Figure 75: Trial 7 Average BPN Trend for WVP WI1-RAP Specimens (Top Surfaces) at 8% VTM
After 48,000 Wheel Passes
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Figure 76: Trial 7 Prediction of Required Wheel Passes at BPN Limits for WVP WI-RAP
Specimens (Top Surfaces) at 8% VIM After 48,000 Wheel Passes
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Figure 77: Trial 8 Average BPN Trend for JFA 12.5mm SR Laboratory Compacted Specimens
After 48,000 Wheel Passes
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Figure 78: Trial 8 Prediction of Required Wheel Passes at BPN Limits for JFA 12.5mm SR
Laboratory Compacted Specimens After 48,000 Wheel Passes

126



80
10
60 4
E ]
50 fe 1
B e T I i. %
40 =
&
ia]
30 Specimen 1F
Specimen 2F
= Specimen 3T
20 & Specimen 4F
= Specimen 5F
O Specimen 6F
10 *¥  Field Average
-------- Power (Field Average)
0
0 10000 20000 30000 40000 30000 60000
Number of Wheel Passes

Figure 79: Trial 8 Average BPN Trends for JFA 12.5mm SR Field Core Specimens After 48,000

Wheel Passes
60000
50000 E
0
40000
: :
g 30000
= ' 3
5 Specimen IF i
o 20000 Specimen 2F :
2 = Specimen 3F
B & Specimen 4F i
= o Specimen 3F
10000 o Specimen 6F
% Field Average ny
........ Power (Field Average) ’
[} by :‘_ﬂ- & =
0 10 20 30 40 30 50 ?o .
BPN

Figure 80: Trial 8 Prediction of Required Wheel Passes at BPN Limits for JFA 12.5mm SR Field
Core Specimens After 48,000 Wheel Passes
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Figure 81:Trial 9 Average BPN Trends for JFA 12.5mm SR Field Core Specimens After 48,000

Wheel Passes
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Figure 82: Trial 9 Prediction of Required Wheel Passes at BPN Limits for JFA 12.5mm SR Field
Core Specimens After 48,000 Wheel Passes
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Appendix F: Statistical Analysis Data and T-test

Results

Toe Angles (BS5A Tire Data)

Table 55: Data and Excel Output for JFA 12.5mm SR and WVP W1-RAP Polished with Burris

B55A Tires at Low and High Toe Angles

t-Test: Two-Sample Assoming Equal Variances

Variable 1 | Variable 2
Mean 49.979167| 48.479167
Variance 7.0506629| 1.9029356
Observations 12 12
Pooled Variance 44767992
Hypothesized Mean Difference 0
df 22
t Stat 1.7365331
P(T<==t) one-tail 00482271
t Critical one-tail 1.7171444
P(T<=t) two-tail 0.0964541
t Critical two-tail 20738731

Mix Sample | BPNigpoo
Low Toe | JEA 125 4T 43
JFA 125 5T 45.75
JFA 125 6T 47.5
JFA 125 1T 315
JEA 125 2T 47.75
JFA 125 iT 49.25
WVE W1 T 51.25
WVE W1 8T 51.75
WVE W1 9T 4925
WVE W1 10T 51.75
WVE W1 11T 50.25
WVE W1 12T 3575
High Toe | JFA 125 4B 4475
JFA 125 5B 47.75
JEA 125 6B 47.75
JFA 125 1B 48.5
JFA 125 2B 43
JFA 125 iB 49
WVE W1 B 49.25
WVE W1 EB 438.75
WVE W1 9B 49
WVE W1 10B 4925
WVE W1 11B 50
WVE W1 12B 4975
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VTM (Hoosier R80 Tire Data)

Table 56: Data and Excel Output for All Mixtures Polished with Hoosier R80 Tires at 4% and

8% VTM

t-Tezt: Two-Sample Azsuming Fqual Variances

Variable 1

Variable 2

hlean 44 7303583 44 016667
Variance 11.018%09| 11.623188
Ohbservations 24 24
Poolad Variance 11.321043
Hypothesized hMean Difference 0
df 45
t Stat -0.1823161
B{T<=t) one-tail 04230675
t Critical one-tail 16736604

B(T<=t) two-tail

0.8561358

t Critical two-tail

20128956

Mix | Sample |BEN,.,.
4% VTM |Greer W1| 16B 43
Greer W1| 17B | 42.75
Greer W1| 18B 43
WVP 125| 18B | 455
WVP 12.5| 208 | 475
WVP 12.5| 218 | 4425
JFA125| 25B | 473
JFA125| 26B | 4725
JFA125| 27B | 48.75
WVEW1| 318 | 50.75
WVPW1| 328 | 48.75
WVBWIL| 33B 50.5
Greer W1| 16T | 445
Grese W1| 17T | 43.25
Greer W1| 18T | 42.75
WVP 12.5| 18T | 4625
WVP 12.5| 20T | 45.75
WVP 12.5| 21T | 47.75
JFA125| 25T | 4025
JFA12.5| 26T 40
JFA125| 27T 41
WVEW1| 31T | 405
WVEW1| 32T | 40.75
WVEW1| 33T | 415
8% VIM |Greer W1| 13B | 43.75
Greee W1| 14B | 425
Grees W1| 15B | 43.75
WvP 125 122 43.75
WVP 12.5| 238 | 435
WVP 125 24B | 4575
JFA125| 28B | 49.75
JFA12.5| 29B 49
JFA125| 30B | 49.25
WVEW1| 34B | 50.75
WVPW1| 35B | 3025
WVEW1| 36B | 48.75
Greer W1| 13T 43
Greer W1| 14T | 435
Greer W1| 15T | 44.75
WVE 125 12 475
WVP 12.5| 23T | 4625
WVE 125| 24T 47
JFA125| 28T | 403
JFA125| 29T | 4175
JFA125| 30T | 403
WVEW1| 34T | 415
WVBEWL| 35T 41
WVBWI1| 36T 40
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Toe Angles (Hoosier R80 Tire Data)

Table 57: Data and Excel Output for All Mixtures Polished with Hoosier R80 Tires at Low and

High Toe Angles
hlix Sample | BPM 550 t-Tezt: Two-Sample Azsuming Fqual Variancesz
Low Toe [WVP 125 18B 455 Variable 1 | Variable 2
WVP 12.5| 20B 475 hlean 46.67T083( 42.8979147
WVP12.5| 21B 4425 Variance 8.7143607| 6.8003247
WVP 12.5| 22 4375 Obzervations 24 24
WVP12.5| 23B 435 Pooled Variance 7.7619452
WVP 12.5| 24B 4575 Hipothesized Mean Difference 0
Greer W1 16B 43 af 46
Greer W1 17E 42.75 t Stat 4.5575311
Greer W1 185 43 B(T<=t) ons-tail 1.671E-05
Greer W1 135 43.75 t Critical one-tail 16786604
Greer W1 145 42.5 B(T<=t) two-tail 3 342E-05
Greer W1 155 43.75 t Critical two-tail 20128956

JFA 125 258 475

L

JFA 125 268 47.25
JFA 125 278 48.75
JFA 125 286 458,75
JFA 123 288 45

JFA 125 308 45625

WYPWI1| 31B 3075
WYEWI1| 321B 48.75
WYEWI1| 33B 0.5

WYEWI1| 34B 30.75
WYEWI1| 33B 3025
WYEWI1| 368 48.75
High Tee |WVE 12.5| 15T 46.25
WVP 123 20T 4375
WVP 12.3] 21T 47.75
WVP 12,3 22 475

WVP 12.5| 23T 46.25
WVE 12.5| 24T 47

Greer W1 16T 443
Greer W1 17T 43.25
Greer W1 18T 42.75
Grzer W1 13T 43

Greer W1 14T 435
Greer W1 15T 44.75
JFA 125 25T 40.25
JFA 125 26T 40

JFA 125 27T 41

JFA 125 28T 40.5
JFA 125 28T 41.75
JFA 125 30T 40.5
WYPW1| 31T 40.5
WYPW1| 32T 40.75
WYPWI1| 33T 415
WYEW1| 34T 415
WYPW1| 35T 41

WYEW1| 36T 40
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NMAS (Hoosier R80 Tire Data)

Table 58: Data and Excel Output for All Mixtures Polished with Hoosier R80 Tires Comparing
9.5mm and 12.5mm NMAS

Whx Sample | BPM 5000 t-Test: Two-Sample Azsuming Fqual Variances
93mm | WVPEWIL| 31B 50.75 Variable I |Pariable 2
WYEWL| 32B 48.73 Mlzan 44363833 | 45.26042
WYEWLl| 33B 30.5 Variancs 12.338245( 9.910213
WYE WL | 34B 30.73 Obzervations 24 24
WVEWL| 33B 30.23 Poolad Varianes 11.13422
WVE W1 36B 48.73 Hypothesized Mean Difference 0
WYPWIL| 31T 40.5 df 45
WYBEWIL| 32T 40.75 t Stat -0.8875681
WVBEW1| 33T 41.5 B(T==t) one-tail 0.1870445
WYE WL | 34T 41.5 t Critical one-tail 16786604
WVBEW1| 35T 41 P(T==t) two-tail 0.3740897
WVBEW1| 36T 40 t Critical two-tail 20128956
Graer W1 138 43.75
Graer W1 14B 425
Graer W1 15B 4375
Graer W1 16B 43
Graer W1 17B 4275
Gresr W1 186 43
Gresr W1 13T 43

Greer W1 14T 43.3
Greer W1 15T 4475
Graer W1 16T 443
Graer W1 17T 43.23
Graer W1 18T 42.75

12.5mm [WVP 12.5| 19E 453
WP 12.5| 20B 47.5
WP 12.5| 21B 4423
WVP 125 22 4373
WVE 12.5| 23B 43.5
WWE 12.5| 24B 4573
WP 125 18T 4623
WVP 125 20T 4573
WP 125 21T 47.73
WvP 125 22 47.3
WVE 125 23T 46.23
WYE 125 24T 47
JFA 125 238 473
JFA 125 268 47.23
JFA 125 27 48.73
JFA 125 25T 40.25
JFA 125 26T 40
JFA 125 27T 41
JFA 125 236 4873
JFA 125 258 45
JFA 125 308 4523
JFA 125 28T 40.5
JFA 125 28T 41.73
JFA 125 30T 40.5
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Contractor (Hoosier R80 Tire Data)

Table 59: Data and Excel Output for 12.5mm Mixtures Polished with Hoosier R80 Tires
Comparing JFA and WVP Contractors

133

Mix Bample | BPM, ;00 t-Test: Two-Sample Assuming Fqual Variances
JFA | JFA 123 258 47.5 Variable I |Fariabis 2
JFA 125 26B 4725 Mean 44 625| 45 80533
JFA 125 27 48.75 Variancs 17.72155%1| 2.118845
JFA12.5 25T 40.23 Observations 2 12
JFA 125 26T 40 Pooled Variance 00202178
JFA 125 27T 41 Hypothesized Mean Difference 0
JFA 125 28B 4975 df 22
JFA 125 29B 45 t Btat -0.5883337
JFA 125 30B 4523 B(T==t) on=-tail 0. 1663677
JFA 125 28T 40.5 t Critical on=-tail 17171444
JFA12.5 28T 41.73 P(T<=t) two-tail 0.3337353
JFA 125 30T 40.5 t Critical two-tail 20738731
WVE |WVP 125 15B 455
WVe 125 20B 475
Wve 125 21B 4425
WVE 125 19T 46.23
WVE 125 20T 45,75
WvP 125 21T 47.75
WVP 125 22 43.73
WVP 125 23B 433
WWVE 125 24B 4573
WVE 125 22 473
WVE 125 23T 46.25
WVE 125 24T 47




Table 60: Data and Excel Output for 9.5mm Mixtures Polished with Hoosier R80 Tires
Comparing Greer and WVP Contractors

Mix Sample | BPMN 5000 t-Test: Two-Sample Aszuming Equal Variances
Graer | Greer W1 135 4375 Veariable I |Farviable 2
Graer W1 148 4235 Mlzan 43.375( 45 41667
Greer W1 15B 43,75 Variance 0.4943182| 23.07197
Graer W1 168 43 Observations 12 12
Graer W1 178 4275 Pooled Variance 11.783144
Graer W1 135 43 Hypothesized Mean Difference 0
Greer W1 13T 43 af 22
Greer W1 14T t Btat -1. 4560004
Greer W1 15T P(T<=t) one-tail 00796349
Graer W1 16T t Critical one-tail 17171444
Greer W1 17T P(T<=t) two-tail 0.1592698
Greer W1 18T t Critical two-tail 20738731

WYE | WVBEWI1| 31B

WWVEWL| 32B

WYEWL1| 33B

WYEWL1| 34B

WYEWL| 33B

WWVEWL| 368

WVYEWI1| 31T

WVYBEWI1 | 32T

WYEWIL| 33T

WWVEWI1| 34T

WVYBEWI1| 35T

WVYEWI1 | 36T
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Environment (Laboratory vs. Field)

Table 61: Data and Excel Output Comparing Initial BPN Measurements for JFA 12.5mm SR Laboratory
Compacted and Corresponding Field Core Specimens Polished with Hoosier R80 Tires

t-Test: Two-Sample Assuming Equal Variances
Sample | BPN, Variable I | Variable 2
1L 59.3 Mean 59.41666667 62.75
JFA 12.5mm SR 2L 553 Variance 20.84166667 66.775
3L 61.0 Observations ] ]
Laboratory 4A 54.3 Pooled Variance 43.80833333
Compacted 5L 598 Hypothesized Mean Difference 0
6L 67.0 df 10
IF 61.0 t Stat -0.8722%023
JFA 12.5mm SR 2F 66.0 P(I'.<.=t) one-tail 0.201753992
3F 72.8 t Critical one-tail 1.812461123
1.79 Field Cores 4F 533 P(T<=t) two-tail 0.403508
5F 53.8 t Critical two-tail 2228138852
6F 69.8

Table 62: Data and Excel Output Comparing BPN Measurements After Polishing 48,000 Wheel Passes
for JFA 12.5mm SR Laboratory Compacted and Corresponding Field Core Specimens Polished with

Hoosier R80 Tires
Sample |BPN 50 t-Test: Two-Sample Assuming Equal Variances
1L 42 Variable I | Variable 2
JFA 12.5mm SR 2L 40.8 Mean 42.25| 43.0416667
3L 423 WVariance 0.8 0.43541667
Laboratory 4A 435 Observations 6 ]
Compacted SL 42.5 Pooled Vanance 0.617708333
6L 425 Hypothesized Mean Difference 0
IF 435 df 10
JFA 12.5mm SR 2F 438 t Stat -1.74466182
3F 428 P(T<=t) one-tail 0.055820236
179 Field Cores 4F 42.0 t Critical one-tail 1.812461123
SF 435 P{T<=t) two-tail 0.1116405
6F 42.8 t Critical two-tail 2.228138852
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Table 63: Data and Excel Output for JFA 12.5mm SR Field Core Specimens and Corresponding Average
Field Measurements

t-Test: Two-Sample Assuming Equal Variances
Variable 1 | Variable 2
Sample | BPN Mean 51.9 74325
D1 39 WVariance 17.33125] 52.9910156
D2 48 Observations 5 5
*Field Cores D3 50.5 Pooled Variance 35.16113281
D4 50.75 Hypothesized Mean Difference 0
D3 51.25 df 8
D1 74.5 t Stat -5.97958477
*Avg. Field D2 69.9 P(Ti:t) one-tail [}.0?0355422
Measurements D3 67.4 t Critical one-tail 1.859548038
D4 73.5 PB(T<=t) two-tail 0.0003308
D3 86.3 t Critical two-tail 2306004135
Notes:

*Initial BEN measurement (no polishing)
**BPN measured after approximately 3 weeks of traffic and averaged between wheel path and center measurements and downhill and
uphill measurements in the North bound fast lane
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