High Friction Surface Treatment (HFST)

Synthesis for Florida Pavements
Final Report

Prepared for the Florida Department of Transportation
Research Project BE923

Bryan T. Wilson, P.E. Moises Saca
Associate Research Scientist Research Assistant

Texas A&M Transportation Institute

Date Submitted August 31, 2021




DISCLAIMER

The opinions, findings, and conclusions expressed in this publication are those of the authors and
not necessarily those of the Florida Department of Transportation.

Prepared in cooperation with the State of Florida Department of Transportation.

1



TECHNICAL REPORT DOCUMENTATION PAGE

1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.
FHWA Report #
4. Title and Subtitle 5. Report Date

High Friction Surface Treatment (HFST) Synthesis for Florida Pavements | Published August 31, 2021

6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.
Bryan T. Wilson and Moises Saca Report BE923-R1
9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)

Texas A&M Transportation Institute

College Station, Texas 77843-3135
11. Contract or Grant No.

BE923
12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
Florida Department of Transportation Final Report:
Research Center March 2020-August 2021

605 Suwannee St., MS 30

14. Sponsoring Agency Code
Tallahassee, FL 32399-0450

15. Supplementary Notes
Project performed in cooperation with the Florida Department of Transportation and the Federal Highway
Administration.

16. Abstract

The State of Florida has successfully used high friction surface treatment (HFST) since 2006, but there were
several concerns to address that could improve the state of the practice. The goal of this research was to enhance
Florida’s HFST program and practice and update their current HFST specifications and guidelines.

The research team conducted a comprehensive literature review, a survey of 26 state agencies, and interviews
with contractors, manufacturers, and the Federal Highways Administration on national HFST practices. The
following topics were addressed: site selection, contracting and cost control methods, binder and aggregate
testing, construction, construction acceptance, long-term performance monitoring, expected service life, and
repair and rehabilitation strategies. The team then conducted a gap analysis comparing the current HFST
practices in Florida with the best practices among other agencies. Recommendations to improve Florida’s
practice were made.

Through an implementation plan, the recommendations were adopted into the HFST Dev 333 specification and
into the HFST guidelines. A list of future needs and goals was provided for consideration by the State Materials
Office and the State Safety Office.

17. Key Words 18. Distribution Statement
High friction surface treatment, HFST, horizontal No restrictions.
curve, crash reduction, skid resistance, specification,
guidelines
19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22. Price
Unclassified Unclassified 147
Form DOT F 1700.7 (8-72) Reproduction of completed page authorized

i1



ACKNOWLEDGMENTS

This project was conducted for FDOT, and the authors thank FDOT and FHWA for their support
in funding this research. We acknowledge the continuing support of the members of the
Technical Panel, including Guangming Wang (project manager), Charles Holzschuher, Awilda
Merced, Edith Wong, and Matthew Nance.

The cooperation of several state agency representatives in answering a project survey was greatly
appreciated. The authors also thank industry experts for providing their time responding to
interviews, namely Richard Baker (DBi Services), Mark Houdmann (Total Highway
Maintenance), Julian Yuan (Cornerstone Epoxies), Gregg Freeman (Kwickbond Polymers), and
Joe Cheung (FHWA-Safety Program).

v



EXECUTIVE SUMMARY

High friction surface treatment (HFST) is a thin safety-focused surface treatment used to
increase friction in high-accident locations. The treatments consist of high-friction aggregate
embedded in a thin layer of polymer resin binder. The State of Florida has successfully used
HFST since 2006, but still there remain a series of questions about HFST that, if answered,
would improve the state of the practice within the state. These questions address the expected
service life of the treatment, methods to monitor HFST performance, areas for improving the
HFST specification, possible contracting and cost-controlling methods, and rehabilitation
strategies. Therefore, a synthesis was necessary to document available and quantifiable
information from agencies, industry, and research institutions.

The goal of this research was to provide the enhance Florida’s HFST program and practice and
update their current HFST guidelines and specifications.

The research team conducted a comprehensive literature review, a survey of 26 state agencies,
and interviews with contractors, manufacturers and the Federal Highway Administration
(FHWA) on national HFST practices. The following topics were addressed:

e Site selection

e (Contracting methods and cost control
e Binder and aggregate testing

e Construction

e Construction acceptance

e Safety performance

e Distress and service life

e Repair and rehabilitation

The team then conducted a gap analysis comparing the current HFST practices in Florida with
the best practices among other agencies. Recommendations to improve Florida’s practice were
given.

Through an implementation plan, the recommendations were adopted into the HFST Dev 333
specification and into the HFST guidelines. A list of future needs and goals was provided for
consideration by the State Materials Office and the State Safety Office. The proposed changes
and future needs and goals are summarized below.

HFST Specifications

Four changes were made to Dev 333: High Friction Surface Treatments. An exception to the
viscosity test method was detailed. An infrared spectrum analysis was added to binder testing.
The dated chemical analysis was replaced with X-ray fluorescence (XRF) testing was for




aluminum oxide content. And lastly, a line about friction testing during the warranty period was
removed.

HFST Guidelines

The HFST guidelines have undergone substantial modification. The first section on Site
Selection was expanded to include evaluations of crash frequency, roadway geometry, friction,
alternative countermeasures, pavement condition, and HFST start and end locations. A section
on repair and rehabilitation was also added. Small changes were made throughout the document
to incorporate changes as discussed with the FDOT panel, and to generally improve readability.

References were added throughout.

Future Needs and Goals

Nine specific items were highlighted for the consideration and implementation by the State
Materials Office and/or the State Safety Office. See Chapter 4 for more details.

e Systemic approach for site selection.

e Create larger-sized HFST contracts.

e Create a separate contract for preparatory hot mix asphalt resurfacing work ahead of
HFST installation.

e Assess a modified American Society for Testing and Materials (ASTM) C884 for thermal
compatibility testing.

e Consider a study on the effect of ultraviolet (UV) aging on HFST service life.

e Establish a comparison between aluminum oxide content results between the portable and
the laboratory XRF.

e Long-term friction monitoring on a subset of projects.

e Long-term distress monitoring on a subset of projects.

e Naive before-after crash analyses on all HFST installations, and incorporate into
decision-making when allocating safety funds.
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CHAPTER 1
INTRODUCTION

PROBLEM STATEMENT

High friction surface treatment (HFST) is a thin safety-focused surface treatment used to
increase friction in high-accident locations (Figure 1-1). The treatments consist of high-friction
aggregate embedded in a thin layer of polymer resin binder. The State of Florida has successfully
used HFST since 2006 and has observed an average 75 percent reduction in wet weather crashes
on tight radius curves (/). Still, there remain a series of questions about HFST that, if answered,
would improve the state of the practice within the state. These questions address the expected
service life of the treatment, methods to monitor HFST performance, areas for improving the
HFST specification, possible contracting and cost-controlling methods, and rehabilitation
strategies. Therefore, a synthesis was necessary to document available and quantifiable
information from agencies, industry, and research institutions.

Figure 1-1. HFST Example and Texture Compared to Dense-graded HMA.

RESAERCH GOALS AND SCOPE

The goal of this research was to provide the enhance Florida’s HFST program and practice and
update their current HFST guidelines and specifications. The scope of this research was to:

1. Conduct a literature review, survey, and interviews on national HFST practices.




2. Identify critical gaps within Florida’s HFST specifications and guidelines.
3. Update the HFST specifications, HFST guidelines, and outline future needs and goals.
4. Develop an implementation to rollout the HFST program updates.

OUTLINE

This report contains four chapters:

e Chapter 1 describes the problem, research goals, and research scope.

e Chapter 2 provides the methods and results of a literature review, survey, and interviews.

e Chapter 3 presents a gap analysis of Florida’s state of the practice compared to national
practice and details the recommended changes.

e Chapter 4 concludes with an implementation plan which includes changes to the HFST
specifications and guidelines, and a future needs and goals.




CHAPTER 2
LITERATURE REVIEW, SURVEY, AND INTERVIEWS

OVERVIEW

A comprehensive literature review was conducted as were a survey and interviews on national
HFST practices. The following topics were addressed:

e Site selection

e Contracting methods and cost control
e Binder and aggregate testing

e Construction

e Construction acceptance

e Safety performance

¢ Distress and service life

e Repair and rehabilitation

METHODOLOGY

To complete the literature review, the research team used several sources including general
online searches and the Transportation Research International Documentation (TRID) database.
The review focused on research reports, journal articles, agency specifications, and other
repositories of industry expertise.

The team distributed a survey questionnaire to several state agencies about their experiences with
HFST. The following 26 states responded to the survey:

e Alaska e Kentucky e Pennsylvania

e Arkansas e Louisiana e South Carolina
e (California e Maryland e South Dakota
e Connecticut e Michigan e Tennessee

e Florida e Mississippi e Texas

e (Georgia e Missouri e Utah

e Indiana e North Carolina e Washington

e Jowa e New York e Wisconsin

e Kansas e Ohio

Figure 2-1 shows each state’s usage rate. While not exact, very high usage is roughly over 100
applications, high usage is between 50 and 100, moderate usage is between 10 and 50, and low
usage is 2 to 10 applications. The questionnaire is included in the appendix.
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Figure 2-1. Surveyed States and HFST Usage Rates.

Some additional questions about long-term performance monitoring of friction/texture, distress,
and crash reduction, were asked specifically to high-usage state agencies.

The researchers interviewed contractors and manufacturers in the industry; namely Richard
Baker (DBi Services), Mark Houdmann (Total Highway Maintenance), Julian Yuan
(Cornerstone Epoxies), and Gregg Freeman (Kwickbond Polymers). They also interview Joe
Cheung from the Safety Program at the Federal Highway Administration (FHWA).

RESULTS

The discussion of results is organized by topic with contributions from the literature review,
agency survey, and interviews integrated throughout. The complete survey results and interview
notes are in the appendix.

Site Selection

General Installation Locations

Given the relatively high cost of HFST and limited funding for roadway safety improvements,
agencies seek to maximize the benefit of installations by selecting sites where the greatest gains
in crash reductions are likely. As shown in Figure 2-2, HFST was most frequently applied on
horizontal curves, where 55 percent of surveyed states had at least 11 installations, and 15
percent of states had over 100 installation. The next most common location was on freeway
ramps, followed by intersections. Bridge deck installations, specific for safety improvements,
and not routine maintenance, were the least common. Less than 40 percent of states had one or




more bridge installations. One state mentioned installations at a roundabout, and the literature
also suggests HFST at railroad crossings, school crossings, and tolling areas.

Horizontal
Curves

Ramps

Intersections

Bridge Decks* '

0% 20% 40% 60% 80% 100%
Percent of Responding States

Installation Location

Installation B >100 m51-100 @11-50
Count 02-10 01 O None
*For safety, not maintenance

Figure 2-2. Number of HFST Installations by Location.

Systemic Approach

A quarter of state agencies surveyed adopt a systemic approach to installing and managing
HFST. As described thoroughly by Atkinson et. al. (2), a systemic approach is an agency-wide
initiative to improve safety through sophisticated data management and analysis to deploy low-
cost safety countermeasures across the system on a prioritized basis. This approach both
addresses current problems (high crash rates) and proactively identifies high-risk locations based
on roadway geometry, friction performance, and roadside features. This approach recommends
the optimal countermeasures for each at-risk location. For HFST, the benefits of a systemic
approach are:

e streamlined HFST design process,
e reduced planning and installation costs, and
e Dbetter long-term management of treatments.

States with a systemic approach that includes HFST are Georgia, Indiana, Maryland,
Pennsylvania, Tennessee, and Washington. Louisiana is in progress of adopting a systemic
approach.
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Figure 2-3. Whether State Agencies Have a Systemic Approach for Installing HFST.

Factors for Site Selection

When selecting sites for HFST installation, there are several factors that can be considered. Each
surveyed state agency rated the importance of some of these factors in Figure 2-4. The most
important factor was the rate of wet weather and roadway departure crashes. Next were
pavement condition and roadway geometry (essentially tied). The fourth most important factor
was pavement friction. The least important factors were traffic volume, crash diagrams, and prior
use of a low-cost crash countermeasure.

Many of these factors are discussed in more detail below.

Crash rate (Wet or RwD)
Pavement condition
Roadway geometry

Friction

Crash rate (Total)

Cost-benefit analysis

Prior use of low-cost

Factor for Site Selection

Crash diagrams

Traffic volume

0% 20% 40% 60% 80% 100%
Percent of Responding States

Importance  mHigh ® Moderate OLow/None

Figure 2-4. Importance of Different Factors for HFST Site Selection.




Crash Rate. Over 75 percent of states said that the rate of wet-weather and roadway departure
crashes was of high importance when selecting sites, and an additional 10 percent said it was of
moderate importance. Focusing on specific crash types is significant as only half as many states
consider the total crash rate to be important. Wet-weather and roadway departure crashes are
more indicative of a friction deficiency that could be corrected with HFST. Pennsylvania,
however, specifically does not look at total or wet crash rates because they can be “misleading.”

The measurement of crash rate varies among agencies. The simplest approach is obtaining the
reported crashes per year at a given location or calculating the average crash rate over a number
of years (2). The crash rate is the number of crashes normalized by the traffic volume. A more
robust method, described in the Highway Safety Manual, is to perform a crash analysis
comparing the observed crashes to predicted crashes from carefully calibrated safety
performance functions (SPFs). SPFs are developed for a specific statewide network, like these
examples for Texas (3) and Virginia (4).

Agencies may even normalize the wet weather crash frequency by the percent wet-time. This
approach would highlight how much the wet-weather crashes might be overrepresented in that
location.

In addition to crash rates, studying crash diagrams can help a state agency determine the nature
of the crashes. HFST will mitigate loss-of-control type crashes, but will do little for drunk
driving, asleep-at-the-wheel, and most intersection conflict crashes.

Despite the prominence of crash rates, FHWA encourages agencies to move beyond a strictly
reactionary approach to site selection. As discussed, FHWA promotes an intelligent systemic
approach that considers metrics like roadway geometry and site friction to identify problem areas
and correct them proactively before the crashes occur (5). They do not, however, provide
specific metrics to use and criteria to warrant HFST, but leaves these decisions up to state
agencies.

Roadway Geometry. More than 50 percent of the states rated roadway geometry of high
importance for site selection, and another 30 percent rated it as moderate importance. The
geometry (curve radius and superelevation) will influence the speed at which a curve can safely
be navigated. Pratt et al. related a small curve radius with an increase in crash frequency (6). The
crash rate increases exponentially as curve radius decreases (2-5).
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Figure 2-5. Crash Modification Factor as a Function of Curve Radius. (6)

Even when a safe curve speed limit is known and clearly posted, the presence of a large speed
differential can still be dangerous. The speed differential in a horizontal curve is defined as the
difference between the posted speed limit for the tangential roadway segment and the advisory
speed for the curve. The greater the differential, the faster a driver needs to decelerate to safely
maneuver through the curve without losing control, and the greater the friction demand will be.
Other scenarios that have high speed differentials are high approach-speed intersections, freeway
toll booths, and crosswalks.

Pavement Friction. From the survey, 30 percent of states ranked pavement friction as a highly
important factor for site selection, and 40 percent ranked it as moderately important. Wet-
weather crashes largely correlate with friction deficiencies of the pavement. A study by Pratt et.
al. with the Texas A&M Transportation Institute (TTI) developed crash modification factors that
include the effect of skid resistance (6). The authors found a significant increase in crashes as the
skid number (SN50S) decreased. On average, wet-weather run-off-road crashes doubled as the
skid number dropped from 40 to 20, and crashes were halved as the skid number increased from
40 to 80.
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Figure 2-6. Skid Number Crash Modification Factors for Wet-Weather Crashes. (6)

State agencies with pavement management systems routinely measure the skid number along the
roadway network. The skid numbers are often incorporated into decision-making tools for




maintenance funds allocation. Skid number, however, is not collected along horizontal curves in
most agencies due to the inability of traditional friction measurement devices to operate on
horizontal curves without traffic interruption. Instead, skid number is measured at tangent
sections ahead of the curve to infer the skid number along the curve section. After a candidate
site is identified based on crash frequency, most agencies then collect friction data specifically
on the curve.

FHWA is promoting the use of continuous pavement friction monitoring (CPFM) devices for
routine testing of horizontal curves (5). Since these devices measure every 5 ft, instead of every
60 or 70 feet, an engineer will identify localized friction deficiencies that usually go overlooked,
but still cause traffic crashes. Two possible devices are a Side-Force Coefficient Routine
Investigation Machine (SCRIM) and a Grip Tester. Only two states interviewed have such
devices (North Carolina and Kentucky) and whether they are used for site selection decision-
making is unknown. Moving states from the locked-wheel skid trailer standard to a CPFM has
several logistical challenges, and the case can be made that the change is unnecessary, or at least
that the benefits gained do not outweigh the costs and inconvenience of the change.

Transportation agencies in the United Kingdom and New Zealand both use the SCRIM and
define an investigatory level (IL) of friction for different types of sites (7, §). In New Zealand,
for example, the highest demand locations have IL friction values of 0.5 to 0.6 and added a
threshold level of 0.1 below the IL or 0.3, whichever is lowest. On the topic of HFST, one
category of sites is curves with small radii less than 250m (820 ft).

Pavement Condition. The other top-rated site selection factors focus on safety performance.
The pavement condition does not influence curve safety, yet this factor was still rated as high
importance by more than 50 percent of the states, and as moderate importance by 30 percent of
the states. This factor directly influences the treatment service-life, and the longer the treatment
lasts, the more crashes can be avoided, the more lives can be saved, and the better the return on
investment.

HFST should only be used on structurally sound pavements requiring minimal surface repair. If
the pavement surface is in marginal or poor condition, or has any significant non-structural
defects, the agency should repair or replace the layer. HFST applications on weak and aged
pavement can actually accelerate pavement failure. For asphalt pavement, the deteriorated layer
should be milled and replaced with an asphalt inlay. For concrete pavement, distressed slabs
should be repaired or replaced (9). Over 50 percent of the states often or sometimes resurface the
substrate prior to HFST installation (Figure 2-7).
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Figure 2-7. How Often Resurfacing the Substrate is Required Prior to HFST Installation.

The agency must still ensure that the surface distress is not related to larger structural problems
through a forensics investigation. If there is a structural problem, the pavement would require
extensive rehabilitation, at which time realigning the curve or correcting the superelevation may
be more cost effective to improve safety.

HFST applications over open-graded pavement present unique challenges which may discourage
this approach. Because of the high voids content, open-graded asphalt pavement requires
significantly more resin binder and often a two-layer application. This thick application may
increase problems with thermal incompatibility between the HFST and the asphalt (/). Moisture
may also get trapped under the HFST, causing stripping and substrate failure.

Other important maintenance operations could govern the use of HFST. Routine maintenance of
the surrounding and underlying pavement was of moderate and high importance when deciding
to remove HFST in 70 percent of the states (Figure 2-28). Agency decision-makers should
communicate with the maintenance office to coordinate the timing of other nearby resurfacing
operations. An agency may delay HFST construction if the road is scheduled for a mill and inlay
soon, or the maintenance operation could be expedited.

Failure of Prior Low-Cost Treatments. Outside of a geometric redesign, HFST is a
comparatively expensive treatment for crash reduction. As a cost-saving measure, agencies
might employ different low-cost treatments first to effectively reduce crashes, such as:

e horizontal alignment signs (see Manual of Uniform Traffic Control Devices),
e center line and edge line pavement markings,

e on-pavement or vertical roadside delineators,

e advanced curve warning pavement markings,

¢ audible milled-in rumble strips, and

e guardrail.

10



Signs, markings, and rumble strips require the driver to first observe and then react to avoid a
crash. A guardrail does not prevent crashes but mitigates the crash severity. HFST, on the other
hand, is a passive countermeasure that is always acting to help the driver stay on the road as they
navigate a curve. If the other countermeasures fail to reduce crashes to an acceptable level,
HFST may be the next most cost-effective option (2).

FHWA, however, encourages state agencies to employ a more strategic approach to site
selection. If the agency can determine that the site warrants HFST, based on curve geometry,
approach speeds, and available friction, they could skip the lower-cost, less-effective, strategy
and start saving lives earlier (5).

Site Verification. Once candidate sites have been identified, the agency should do a thorough
in-person review of the site conditions to verify that the site is still a suitable candidate for
HFST. Much of the following check list was recommended by Atkinson et. al. (2).

e Physically Locate Crashes
e Record Roadway and Traffic Conditions
o Presence of skid marks
Damaged roadside barriers and other objects
Presence and condition of previous low-cost countermeasures
Superelevation if applicable
Driver speed and general behavior
Speed advisory measurements
Point of curvature and point of tangent
Horizontal and vertical sight distances
Intersections near or within the curve
Heavy vehicle use (winter chains)
o Speed differentials
e Determine HFST Begin and End Points
o Begin at or before where vehicles start to brake (observe brake lights)
o Additional guidance suggested by TTI (/0) based on the curve speed differential

0O 0O O 0O 0O O O O O

e Conduct a Friction Test
e Check Pavement Condition
e Screening Sample Questions
o Are the collisions related to physical conditions of the location?
o Are existing signs, delineation, and pavement markings accomplishing their
purpose?
o Are there any specific traffic movements to be prohibited or favored?
o Is special nighttime enhancement needed (i.e. lighting, delineation, and sign
visibility)?
o Are selective enforcement or maintenance procedures needed?
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o Is parking contributing to collisions?
o Are there adequate advance guide signs so that motorists may choose proper lanes
and directions well in advance of need?

The engineer can also determine the HFST start and end points during this field visit. While half
the agencies have predetermined locations in relationship to curve geometry, another quarter
make an in-person visit to decide the best course of action (Figure 2-8). An engineer may
observe the location where vehicles start applying brakes. Some states review crash diagrams to
make the decision. Additional guidance for the starting location of HFST is given by Brimley
and Carlson with TTI (/0). The recommendations in (Table 2-1) assume a deceleration speed of
10 ft/s> and possible combinations of different approach speeds and curve speeds.

Other

Engineering judgement 1, 3%

Predetermined in relationship

Determined from to curve geometry

crash diagrams 5, 14%

17, 47%

Determined from in-person
site observations

Figure 2-8. Methods for Selecting Begin and End Locations of HFST Within a Curve.

Table 2-1. Recommended Distance (ft) Upstream of the Point of Curvature to Begin HFST
Application. (10)

Curve Speed (mph)
Approach Speed (mph) |~ 0TS T 50 | 55 ] 60
35 35 - - - - - -
40 80 | 45 - - - - -
45 1251 90 | 50 - - - -
50 175 1140 | 100 | 55 - - -
55 230 [ 195 | 155|110 | 60 - -
60 2951260 | 220 | 170 | 120 | 65 | -
65 360 | 325 | 285|240 | 190 | 130 | 70
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State Agency Approaches

Half the states have or will have written guidelines for the selection of HFST sites. States that
currently have guidelines are Florida, Georgia, Michigan, Pennsylvania, Texas, and Washington.
Additional general guidance for site selection is available in the “High Friction Surface
Treatment Curve Selection and Installation Guide” by Atkinson et. al. in 2016 (2).

In Progress Yes

6, 24% 6, 24%

Figure 2-9. Whether State Agencies Have a Written Guidelines for Selecting HFST Sites.

Kentucky. In 2009, the Kentucky Transportation Cabinet identified over 150 sites with high
frequency of crashes, then selected the 30 sites with the highest run-off road crash rates with a
wet/dry crash ratio greater than 50 percent (/7).

Texas. In the 2018 Pratt et al. study, the team developed the Texas Curve Margin of Safety
spreadsheet program. The Texas Department of Transportation uses this program to compare the
friction margin of safety at three key points along a curve’s length, which illustrates how the
greatest friction enhancement is needed at the beginning and mid-points of the curve.

Florida. Due to several premature failures, the Florida Department of Transportation has
specific guidance on the allowable existing pavement condition prior to installing HFST(7).

The top layer of flexible pavement should be milled and inlaid prior to HFST
application in the following conditions: cracking covering 6% or more of the
surface;, widespread rutting of 0.25 inches or greater; raveling, or bleeding
surface. On concrete, slab repair or replacement is required for any single slab
with moderate or severe distress (specifically transverse cracking, longitudinal
cracking, spalling, or corner cracking) or a shattered slab in more than three

pieces.

Additionally, existing open-graded layers need to be milled and inlaid with dense-graded asphalt
before applying HFST. In contrast, applications over open-graded pavement in California have
generally been successful (12).
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Georgia. The Georgia Department of Transportation uses a ball-bank indicator to select sites
(13). The device consists of a curved glass tube filled with liquid, and a weighted floating ball

(Figure 2-10). If the indicator value is 12 or more when driving at the recommended speed, the
curve is eligible for HFST.

Figure 2-10. Ball-Bank Indicator. (/4)

Pennsylvania. The state has a well-developed safety guideline with specific steps for applying
HFST as a wet-crash counter measure (/5). The hierarchy of suggested improvements starts with
eliminating/reducing the need for friction (often non-attainable); then installing new pavement
surfaces with good friction qualities (like HFST); and finally, attempting to lower operating
speeds. A candidate section must meet these criteria:

5. A speed limit > 40 MPH and at least 8 and 12 wet pavement crashes in 5 years for rural
and urban roadways, respectively; or a wet/total crash ratio of 0.30 or greater.

6. Qualify as a higher friction need area (e.g. high speed differential, curve or intersection
with limited sight distance, frequent skid marks, etc.).

7. Have a skid number with ribbed tire of <35 or skid number with smooth tire <20.

All the safety improvement projects will be evaluated with benefit/cost ratios, weighting factors,
and a prioritization method. After sites are built, the agency continues to evaluate performance
with “after” crash data. A final report for each project is developed and evaluated for ongoing
consideration of potential improvements.

Other Research Reports.

Even when a safe curve speed limit is known and clearly posted, the presence of a large speed
differential can still be dangerous. The greater the differential, the faster a driver needs to
decelerate to safely maneuver through the curve without losing control, and the greater the
friction demand will be. Herrstedt and Greibe, from Denmark, evaluated curve risk based on the
energy required to change a vehicle’s speed going into a curve (/6). They defined curve risk
categories based on the 85" percentile tangent speed and the curve design speed (Figure 2-11).
HFST can provide additional friction to the motorist when rapid deceleration is required, such as
in categories D and E.
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Figure 2-11. Curve Risk Categories. (16)

Contracting Methods and Cost Control

The typical HFST unit cost was between $20 and $25 per square yard (/sy) with an average price
of $23.20/sy (Figure 2-12). One outlying response of $46/sy was from California. No
explanation for this high cost was provided.

$23.2/sy

Outlier
I |0 } | Qo

0 5 10 15 20 25 30 35 40 45 50
HFST Unit Cost ($/sy)

Figure 2-12. Distribution of Typical HFST Unit Costs.

As a state starts to experiment with HFST, they often install the treatment in just a few sites.
Initially, these spot treatments tend to be more expensive. One method to reduce the cost of
HFST is to identify several sites for treatment and bid them together in a single larger contract,
which reduces the cost of mobilization per location and makes the bidding process more
streamlined. Still, most states contract out single sites at a time, as shown in Figure 2-13. Most
states also group 2 to 5 sites in a contract at least some of the time, while larger contracts (6 to 10
and greater than 10 sites) are only done by about 20 percent of states. The states that do larger
contracts most often are Arkansas, Indiana, Louisiana, Pennsylvania, and South Carolina.
Notably, however, very high HFST usage states like California, Georgia, Kentucky, and
Tennessee have tended to use the smaller contracts.
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Figure 2-13. The Number of HFST Sites Agencies Typically Include in Letting Contracts.

When asked how agencies bid HFST materials, all but one state, California, said they bid the
aggregate and binder as a single item. When resurfacing is required (over 50 percent of states
sometimes or often require this [Figure 2-7]), most states include the resurfacing work in the
same contract as the HFST (Figure 2-14). The other states typically do the resurfacing in a
separate paving contract, either by itself or as part of a larger paving effort. When the resurfacing
work is grouped with other paving needs, the cost of resurfacing often comes down. Kentucky
and Pennsylvania use their internal maintenance forces to mill and inlay the season before HFST
installations. This approach costs significantly less than hiring a contractor to pave small
quantities in rural isolated areas. In Utah, the traffic and safety program coordinates with
pavement program to ensure the HFST will be in place for at least 6 to 10 years.

Separate stand-alone

) 4,21%
paving contract

Same contract as HFST

11, 58%
4,21%
Separate larger

paving contract

Figure 2-14. How Resurfacing Work is Bid in HFST Contracts. Often Resurfacing the
Substrate is Required Prior to HFST Installation.
(Respondents could select multiple answers.)
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Binder and Aggregate Testing

Binder

A summary of binder test methods and criteria is in Table 2-2. The table shows the typical
criteria used by most states, then specific states and criteria that differ, and states that omit the
test entirely. The table only shows the polymeric resin binder properties. Five states allow methyl
methacrylate, and those details are in the appendix.

Viscosity was usually 7 to 30 poises, but testing was omitted by six states. Gel time is typically
10 minutes minimum and Arkansas and California add an upper gel time. Tensile strength,
elongation, hardness, and compressive strength criteria vary significantly among the states.
Notably, the very-high usage states, California, Georgia, and Arkansas, have omitted the first
two requirements. Indiana lowered the tensile strength and raised the elongation break point, to
promote a more flexible binder. Florida uses the typical criterion in all cases. Other notable
unique parameters are the delamination test in Arkansas and Iowa, a chloride ion permeability
test in South Dakota and Kansas (possibly relates to winter maintenance), and a peak exothermic
temperature test in Kentucky and New York.

A couple states are considering alternative binder tests. Florida may add thermal compatibility
testing. Pennsylvania may develop an instate test method for casting and testing epoxy binders
for ultimate tensile strength.
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Table 2-2. Binder Test Methods and Criteria.

Property

Test Method

Typical Criterion

Different Criteria

Omit Test

Arkansas (7-25)

Georgia, Kentucky, New
York, Mississippi

Viscosity (poises) ASTM D2556, D2196 7-30 California (10-30) (likely mistake in how specs
Virginia (7-70) are written)
Arkansas (10-45)
. . . ASTM (881, California (10-30)
Gel time (min, minutes) AASHTO M235 10 Kansas (15-45) Alabama
Mississippi (15)
No Max

Ultimate tensile strength @ 7 days

ASTM D638,

2,000 to 2,650

Kentucky (2,500-3,600)

Alabama, Arkansas,
California, Georgia,

(min-max, psi) AASHTO M235 - 5000 Indiana (1,500- 5,000) Mississippi, North Carolina,
New York
Alaska, Pennsylvania
No Max
. . . ASTM D638, Indiana (30-80) Alabama, California,
[V -
Eletzticnotireakipaintlzinay AASHTO M235 30-70 Kansas (30-80) Kentucky, Mississippi, North
Carolina, South Carolina,
Virginia
California (65-75)
Georgia (60-75)
Durometer hardness (Shore D) ASTM D2240 60-80 Kentucky (70 min) Kansas, Virginia
Mississippi (70 min)
New York (70 min)
ASTM D695, 1600 Kentucky (1,885)
AASHTO M 235 ’ Virginia (5,000 @ 24 hr)
Compressive Strength (min, psi)
1,000 @ 3hrs South Carolina

ASTM C579

5,000 @ 7days

(2,000-5,000?)

California (None @7 day)

18




Table 2-2. Binder Test Methods and Criteria. (continued)

Property Test Method Typical Value Different Value Omit Test
Cure time, 55 mil wet thickness @ 75 F ASTM D1640 3 Alabama, Kansas,
(max, hrs)
Water absorption (max, %) ASTM D570, 1 Kentucky (0.25) Kansas, South Dakota

AASHTO M235

ASTM C1583,
' - - VTM-92, 250 or 100% o California, Georgia,
Adhesive strength @ 24 hrs. (min, psi) ACI 503R, substrate failure Mississippi (200) Kansas, Kentucky, South
ASTM D4541, Carolina
ASTM C1583
Thermal compatibility ASTM C884 - Arkansas (No delam.) All others
lowa (No delam.)
Permeability to chloride ion @ 28 Kansas (100)
- AASHTO T 277 - South Dakota (100) All others
o .
Styrene content (% by weight) ASTM D2369 i California (30-40) All others
(Polyester resin only)
. . Kentucky (150)
Peak exothermic temperature (min, F) ASTM D2471 - New York (150) All others
Infrared Spectrum NA NA Kansas All others
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One issue with most current binder specifications is an over-emphasis on high strength and high
modulus criteria. The two polymer manufacturers interviewed both agree that the focus should
rather be on toughness or resilience, and less on ultimate strength and stiftness (/7, /8). The
binder needs to hold the aggregate, bind to the road, and resist shearing. Once those criteria are
met, the binder should be as flexible as possible. This would reduce failures from thermal
incompatibility and reduce aggregate loss. One precaution is that lowering the compressive
modulus alone does not achieve that goal. Manufacturers can add in non-reactive diluents
(neoprene) to lower the stiffness, but these leave the system over time and result in a more brittle
system long-term.

One manufacturer argued that, even though better performing materials could be created, there is
no encouragement in the market for a polymer manufacturer to develop such a material (/7).
Overall, the amount of money made on epoxies and polyester binders for HFST is relatively
small. The margins are slim, the quantity of product is relatively small, and the current materials
are not performing poorly. In order to get a more advanced product, the agencies’ specifications
would need to change. The producers will follow the lead of the states.

Aggregate

Table 2-3 shows the aggregate specifications for several states. The gradation is the same for all
states except a slight change for Michigan. Most states test the abrasion resistance using the LA
Abrasion machine for fine aggregate, while Tennessee uses the micro-deval for the same
purpose. The alumina oxide content is 87 percent for all states except Florida, who lowered the
criteria slightly to 86 percent after the previous FDOT funded study on HFST (/7). Less than half
the states have a polish stone value of 38. Soundness testing and a few other tests are used by a
few states.

Georgia is looking at using light-weight aggregate for HFST. Pennsylvania is considering
specification adjustments to reduce dust while placing aggregate.
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Table 2-3. Aggregate Test Methods and Criteria.

Property M::::) d TJ:;::' Different Value Omit Test
. No. 4 (min, %) 100 I\I/\u/.l_cl,zzsﬁ?;;.(?ggg) Kentucky, Texas, Virginia
g No. 6 (min, %) 95 Kansas, Michigan, Mississippi
§ Kansas (95)
e No. 8 (%) - Michigan (30- All others
§ AASHTO 75)
s No. 16 (max, %) 127, 5
s CTM202
o Indiana (1)
§ Kansas (1)
g No. 30 (max, %) - Michigan (1) All others
Ohio (0.2)
Wisconsin (1)
Sand Equivalent (min) CT 217 - California (95) All others
Fineness Modulus - Michigan (2.28- All others
2.81)
Fine Aggregate
Angularity, Method A | AASHTO 304 - Wisconsin (45) All others
(min, %)
Indiana (10)
Resistance to Abrasion South Dakota
Value AASHTO (30) California, Kansas, Michigan,
(LA Machine) @ 100 796, 20 Texas (10) Tennessee
Iy CTM 211 Wisconsin (10
! @ 100rev;
25 @ 500rev)
PL:';T:::I? (1;:;22) AASHTO T96 - Alaska (20) All others
CT 211,
LA R?:tl'e(:':isg 100 Table 1, - California (10) All others
! Grading D
ASTM
Micro Deval Resistance D7428, i Tennessee (5) All others
(max, %) AASHTO Virginia (5)
1327
, South Dakota
Moh's hardness scale NA i 7) All others

(min)

Indiana (8)
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Table 2-3. Aggregate Test Methods and Criteria. (continued)

Test

Typical

Property Method Value Different Value Omit Test
Moisture content AASHTO T- Kansas, Kentucky,
(max, %) 255, CT 226, 0.2 Utah (0.3) Michigan, Mississippi,
0 ASTM C566 Ohio, Texas, Virginia
Arkansas, Florida,
Georgia, lllinois, lowa,
A Sl Indiana (38-44) !(ar.lsas, Keptt.jdfy' .
. 279, . Michigan, Mississippi,
Polish Stone Value 38 North Carolina
. ASTM (50) Montana, New York,
(min) D3319 South Dakota,
Tennessee, Texas, Utah,
Virginia, Wisconsin
ASTM E660 Ohio (75)
Aluminum Oxide ASTM C-25 87 Florida (86) Kansas
(min, %)
Fourier Transform
Infrared - Kansas (no details) All others
Spectrophotometry
Arkansas (12)
Sodium Sulfate AASHTO T Callforr'na (10)
S T 104, - Georgia (15) All others
! ASTM C88 Indiana (12)
South Dakota (12)
Magnesium Soundness | ASTM (C88, California (30)
- All others
(max, %) Tex-411-A Texas (30)
. - ASTM . .
Aad(:::::l;t)nhty D3042, Tex- - Ca_:zi;zl(ag(oE;O) All others
7 512-)
Freeze-Thaw AASHTO T . .
Soundness 103 - Wisconsin (9) All others
Appare.nt Sp?aflc AASHTO T i Arkansas (3.1) All others
Gravity (min) 84 South Dakota (3.1)

FDOT is considering an alternative method of X-ray fluorescence (XRF) for measuring
aluminum oxide content. Presently, all states use ASTM C-25 (Standard Test Methods for
Chemical Analysis of Limestone, Quicklime, and Hydrated Lime). This traditional wet method
relies on chemical separation, distillation, titration, and gravimetric measurements. The method
has a long turn-around time for laboratories. A modern test method is ASTM C1271 (Standard
Test Method for X-Ray Spectrometric Analysis of Lime and Limestone). This XRF method is
faster and uses almost no chemicals; however, the upfront and ongoing maintenance costs for the
equipment outpaces the costs of ASTM C-25. The XRF method also requires that the chemical
and physical compositions of the sample closely match the reference calibration materials. While
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all states specify ASTM C-25, many of the laboratories seem to actually use XRF in lieu of the
older method, so the written standards are out of date with current practice.

The traditional wet and XRF methods were compared in a white paper from Bower Morner, a
civil engineering testing and consulting company (/9). The quantitative evaluation of aluminum
oxide is best reported by the XRF method. For the two reference samples tested, the repeatability
and reproducibility of the XRF method were less than half that of the wet method (lower is
better). Specific examples of using XRF to test mineral composition of bauxite are available in
the literature (20, 21).

Several research studies have investigated the use of alternative high-performance aggregates (/,
22-24). Consistently, the research shows that calcined bauxite outperforms other aggregates like
granite, slag, and flint.

Construction

Surface Preparation

Correct surface preparation techniques are critical to ensure a long-lasting HFST installation.
Without this, the treatment is liable to debond and delaminate, especially on concrete. On asphalt
pavements, first clean with a mechanical sweeper or vacuum sweeper, then follow-up with a
high-pressure air wash to dry. A sweeper alone or a poorly maintained vacuum sweeper, can
leave a lot of dust on the surface. Air washing should be done with dry compressed air, a
minimum of 180 cfm, with the air lance held perpendicular and within 12 inches of the surface.
Also, the compressor oil traps must be well maintained, or the compressor may start misting oil.

)

On concrete pavement, the surface first needs to be shot blasted to remove curing compounds,
loosely bonded mortar, surface carbonation, etc. Sand blasting will be inadequate. The operator
should go slowly enough that the final surface profile obtains a minimum texture of concrete
surface profile (CSP) 5, and no greater than 7, as specified by the International Concrete Repair
Institute. California considers adding this explicitly in their specification. Kansas restricts the
CSP to 5 or 6, requires the surface to pass a bond strength test, and gives guidance on how to
dispose of waste material. One contactor, however, suggested that using the CSP is not
appropriate for assessing good preparation.

Abrasive blasting is also recommended on asphalt pavements in certain circumstances. South
Dakota recommends abrasive blasting on all polished and new asphalt concrete pavements. One
contractor recommended shot blasting highly polished asphalt concrete pavement (25). Five
projects with delamination failures were all 2-lane rural roads with heavy turning truck traffic out
of an existing plant entrance. When reinstalled, shot blasting was used and the delamination
problem was gone. Ultra-high water blasting is also an option for removing surface binder from
flushed seal coats.
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Cover utilities, drains, and curbs to protect them from the HFST treatment. Tape and plastic
sheeting work well. Pavement markings should be covered or removed if within the intended
treatment area. Fix any outstanding pavement distresses. Pre-treat any joints and cracks greater
than 1/4-inch wide with resin binder.

Applications over new asphalt pavement should be installed a minimum of 30 days after asphalt
placement. In that time, any asphalt binder still coating the surface will likely wear away under
traffic and ultraviolet (UV) exposure. In addition, the surface texture will be more compact,
reducing the amount of resin binder required for the HFST. Applications on new concrete
pavement should also be delayed 30 days so the concrete can fully cure.

Application

The application process can be done through manual, semi-automated, or fully-automated
methods. The specific delineation of these methods is not uniformly defined. For this report, the
manual (hand) application method involves measuring binder components, mixing with power
tools, spreading the binder manually with squeegees, and spreading aggregate by hand or with a
mechanical blower. Fully-automated applications are when the binder is mechanically metered,
mixed, applied at the target film thickness without the use of hand squeegees, and the aggregate
is uniformly broadcast within seconds of the epoxy. The semi-automated method is anything
between the two definitions provided, including when aggregate is mechanically broadcast but
not uniformly (circular broadcasting).

Figure 2-15 shows the number of states that allow or limit the use of manual application. Most
states only permit manual applications to small (typically less than 300 sy), irregular areas that
could be difficult to reach with the automated equipment. Some states have no limitations for
manual applications while others only allow it for lower volume traffic areas.

Generally Not allowed
allowed 5,19%
|
Limited to lower
volume areas nﬁ\ ‘
Limited to

small/irregular areas
15, 58%

Figure 2-15. Use of Manual Application.

The states agencies were asked how frequently they encounter problems with the different
application methods (Figure 2-16). About 70 percent of states had problems with the manual
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application often and sometimes. For semi-automated methods, just under 60 percent of the
states sometimes had problems with this method, while 30 percent of states had problems with
the fully-automated method often and sometimes. The one state that “often” had problems with
the fully-automated method had only placed one section with the equipment and is having
premature failures. It is likely that their issue is related to surface preparation and not the

application method.
Manual -

Semi-Automated

HFST Application Method

Fully-Automated F

0% 20% 40% 60% 80% 100%
Percent of Responding States

Frequency of

) B Often @ Sometimes [1Rarely [JNever
Construction Problems

Figure 2-16. Frequency of Construction Problems for Different Application Methods.

The resin binder should be applied to achieve a film thickness of 50-65 mils. The goal is to
achieve 50 percent embedment depth of the aggregate. If the binder is applied too thin, it may
not be sufficient to retain aggregate, leading to excessive aggregate loss and loss of friction. Too
much binder and the treatment macrotexture is decreased, also compromising friction
performance. In addition, thick applications are more stiff and likely to cause thermal cracking
on weaker asphalt concrete pavements.

Too Low - Poor Too High - Poor
Prone to ravel Low texture depth, Material waste

Figure 2-17. Aggregate Embedment. (/)
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Curing, Sweeping, and Restriping

Before opening to traffic, the HFST must be allowed to cure. Curing will typically happen within
a few hours, but will depend on the type of binder used, the effect of binder additives, and the
ambient/pavement temperature. Loose aggregate should be swept away as well. If the contractor
wishes to reuse the aggregate, they must ensure the vacuum sweeper filters are clean and free of
dust. Reused aggregate should be clearly labeled as such. Over several weeks, the HFST will
continue to lose aggregate (this is normal) which should be swept again on a periodic basis.

Construction Acceptance

The locked-wheel skid trailer is the most common device used to test friction among the
surveyed states, with the ribbed tire being more common than the smooth tire. The dynamic
friction tester (DFT) was used by a quarter of the respondents, and two states (Kentucky and
North Carolina) use a continuous friction measurement system (CFMS) in addition to their skid
trailer and DFT. Louisiana uses a British Pendulum Tester for spot measurements rather than a
DFT.

Continuous Friction

P ?)/ Locked-wheel skid
Monitoring System 3%5 0 trailer, Ribbed
Brittish Pendulum 18 47%
Tester 7
9, 24%

Dynamic friction
tester
Locked-wheel skid
8,21% —— trailer, Smooth
Figure 2-18. Friction Measurement Devices for HFST Testing Used by State Agencies.
(Respondents could select multiple devices.)

Sixty (60) percent of states measure friction of the proposed site before HFST installation.
Eighty (80) percent require friction testing shortly after installation and have a friction criterion
for acceptance. Just over 40 percent of states continue to monitor friction of HFST sites routinely
while in service, between semiannually and every 3 years. This is generally part of routine
network-level testing. Focused tracking of HFST friction is done by only a handful of states (at
least Georgia, Indiana, and Maryland). Kentucky and Alaska initially monitored HFST friction
over time but have since stopped the practice. For Kentucky, the performance has consistently
been good so now they only do a visual inspection every other year. For Alaska, the treatments
rapidly failed and they have no plans to install any more HFST.
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Figure 2-19. Whether State Agencies Measure HFST Friction Before and After
Construction.

Friction and texture acceptance criteria vary dramatically among the states, as summarized in
Table 2-4. Those that use the DFT require either a value of 0.75 or 0.9. Ten states have an FN40
requirement of 65 and eight states require a higher value between 70 to 75. Indiana is
considering a requirement above 80. Five states have a texture requirement of 1.0 mm mean
profile (or mean texture) depth.
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Table 2-4. Friction and Texture Acceptance Criteria.

Property Method Alaska Arkansas California Connecticut Florida Georgia Indiana lowa
Dynamic Friction at 20 km/h 0.75 - - - - - 0.9 -
ASTM E1911
Value (min) at 60 km/h - - 0.75 - - 0.9and 0.8 - -
Friction/Skid Number Ribbed ASTM E274, - 65 - 72 65 - 83* 65
@ 40 mph (min) Smooth AASHTO T242 = = = = = = = =
Mean Profile Depth (min, mm) ASTM E2157 - - - - - - 1.0 -
Mean Texture Depth (min, mm) ASTM E965 - - - - - - - -
. . s Within
Period Befo!'e Beforej'ob Before traffic and 7—15 . Within 90 days and 5-day and 90-day Within 60 days %0
traffic completion days after traffic 1-yr warrantee days
At engineer's . . *Under review. FN
. . Detailed test locations. .
Speed not discretion. every 0.1 mile/lane.
Notes o 90% payment after 5-day.
specified Corrected for DFT and texture
10% pavement after 90-day. .
speed optional.
Table 2-4. Friction and Texture Acceptance Criteria. (continued)
Property Method Kansas Kentucky Louisiana Maryland Michigan M ppi Missouri North Carolina New York
Dynamic Friction at 20 km/h None - 0.9 - None - - - -
ASTM E1911
Value (min) at 60 km/h - - - - - - - - -
Nu;r;zt:o@q/jglfn A Ribbed ASTM E274, None 75 65 72 None 65 65 70 65
2 g Smooth | AASHTOT242
(min) - - - - - - - - -
Mean Profile Depth (min, mm) ASTM E2157 None - 1.0 1.0 None - - - -
Mean Texture Depth (min, mm) ASTM E965 - - - - - - - 1 -
. Between 60 . After clean up and Within 30 Within 7 ~2 weeks after
Remites and 90 days Within 50 days within 60 days days days After 90 days construction
If can't test at Corrected FN. FN every 0.1 mile in each If can't test at
40mph, accept 0.1 mile/lane. DFT and § 40mph, accept
Notes b . lane. Correct FN i
with visual MPD every location or 1 with visual
R . for speed. R .
inspection. per 1,500 ft/lane. inspection.
Table 2-4. Friction and Texture Acceptance Criteria. (continued)
Property Method Ohio Pennsylvania South Carolina South Dakota Ter Texas Utah Washington Wisconsin
Dynamic Friction at 20 km/h None - - - - For info. only - - None
Value (min) at 60 km/h LS Sl - - - - 0.75 - - - -
Friction/Skid Number Ribbed ASTM E274, None 70 65 70 NA 75 65 None
@ 40 mph (min) Smooth AASHTO T242 - 65, 65-70, 70 - - - - - - -
Mean Profile Depth (min, mm) ASTM E2157 None - - - - - - - None
Mean Texture Depth (min, mm) ASTM E965 - - - - 1 - - - -
Period Betweer:j:jsand 120 After 90 days - After 90 days Within 5 years -
Three meas. If can't test at 0.1 mile in If can't test at .
Not required for Average,
>70: Full payment. 40mph, accept each lane. 40mph, accept
Notes e i acceptance. For none under
65-69: 90% payment. with visual Correct FN for with visual
. . . . warranty. FN60
<65: remove/replace. inspection. speed. inspection.

28




Also of interest are the different time periods when the test is performed. Some agencies test
immediately after construction, some test between construction and 60 or 90 days, and some
specifically test after 90 days. The later the test date, the more responsibility is put on the
contractor to ensure high quality construction.

Five of the surveyed states do not have a friction requirement: Kansas, Michigan, Ohio, Texas,
and Wisconsin. While the specific motivation for this decision is not known, it suggests the
agencies are relying on a method specification approach, rather than a performance specification.
This will free-up testing and verification resources for the agencies. In phone interviews, two
HFST contractors were concerned about the lack of friction test requirements. (25, 26) One
contractor said that testing is needed closer to 6 months, as opposed to right after construction. If
the binder film thickness is inadequate, the aggregate will start breaking away from the
polymeric resin and will leave a slick surface when wet. Omitting a friction test or testing too
soon after construction leaves the agency vulnerable to accepting poor construction.

Some states also consider bonding as a performance requirement. Kansas requires 4 pull-off tests
in accordance with KT-70 Part V on a test patch placed each day. On concrete, the tests should
have a minimum bond strength of 250 psi or substrate failures deeper than 0.25 inches below the
surface. A failure less than 0.25 inches means the substrate should be repaired. On asphalt, the
failure should be 100 percent in the substrate. Louisiana uses ASTM C 1583, and minimum of
250 psi on concrete and complete failure in the substrate for asphalt pavement installations.

Another method for construction acceptance was visual observation of treatment uniformity,
especially when friction testing is not possible.

Methods for measuring texture are in Figure 2-20. A third of the agencies use spot measurements
(sand patch and circular track meter), another third use vehicle-based measurements. The
remaining third did not measure pavement texture.

We do not measure
pavement texture

Sand patch

11, 36% Circular texture

4,13% meter

2,7% .
Profilometer

Wheel-path 3, 10% b
line laser ' 2% Wheel-path point laser

Figure 2-20. Texture Measurement Tests and Devices Used by State Agencies.
(Respondents could select multiple tests and devices.)
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As previously discussed, most states do not measure friction for HFST, though half the states do
measure texture on a routine basis, likely as part of their regular network monitoring.

Before construction

Shortly after
construction

Measure Texture

Routine monitoring
in service

0% 20% 40% 60% 80% 100%
Percent of Responding States

EYes ENo

Figure 2-21. Whether State Agencies Measure HFST Texture Before and After
Construction.

Exploratory Studies

The following discussion addresses some of the exploratory laboratory tests for binders and
aggregates. These are found in the research literature but have not been implemented by states.
Some tests were never meant for implementation.

Heitzman, Turner, and Greer, from the National Center for Asphalt Technology (NCAT), tested
HFST using alternative aggregate types (23). The aggregates tested were calcined bauxite,
granite, flint, basalt, slag, taconite, and silica. In a laboratory, the treatments were applied to
slabs and tested with a CTM and DFT after various cycles of simulated traffic. In a
complimentary field study, eight treatments were installed on a test track and were subject to
between 2.6M and 10.6M ESALs. Friction and texture were again measured with a CTM and
DFT, and on certain sites with a lock-wheel skid trailer. Overall, calcined bauxite consistently
ranked highest in friction, which is why it is still the only HFST aggregate recommended by
FHWA.

Safety Performance

This section summarized HFST friction performance in terms of crash reduction and friction
number, as reported in the literature.
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Crash Reduction

Merritt et al. collected crash data from eight states for ramp and curve HFST installations and
performed two crash analyses: a naive before-after analysis and a before-after comparison-group
analysis (27). The data were insufficient to perform a robust empirical Bayes crash analysis.
Based on FHWA recommendations for small sample sizes with possible regression to the mean
errors, the CMF was corrected by multiplying by 1.25. The results are summarized in Table 2-5.
Crash modification factors for total crashes ranges between 0.484 to 0.759, and were much better
for wet-road crashes with between 0.139 and 0.481. The authors conclude that HFST is “a highly
safety- and cost-effective treatment for which implementation should continue.”

Table 2-5. Crash Modification Factors for HFST from 2015 FHWA Study. (27)

Number of CMF with Correction
Study Type Group )
Sites Total Crashes | Wet-Road Crashes
: All Ramps 27 0.484 0.211
N Before-Aft

AIve BEIOTEANET Al Curves 43 0.628 0.373
Before-After Control- Ramps 12 0.653 0.139
Group Curves 35 0.759 0.481

Merritt had a follow-up study to define CMF values again with the before-and-after method and
using the empirical Bayes method. The final results to FHWA have not been published yet,
through preliminary findings were presented in the Evaluations of Low-Cost Safety
Improvements-Pooled Fund Study committee meeting (28). The presentation slides are not clear
which results are shown, but the CMF for total crashes on curves and ramps was 0.430 and
0.212, respectively. The CMF for wet-road crashes was 0.168 and 0.079 for curves and ramps,
respectively. Other CMFs were presented for other crash types and for different categories
(traffic level, percent friction change, and crash rate).

FHWA also sponsored an investigation on the long-term performance of HFST, which was led
by TTI and Oklahoma State University (29). Wang et al. developed an enhanced SPF using a
negative binomial regression model. The existence of median, higher macrotexture, larger
pavement friction, and urban traffic pattern has a positive contribution to crash reduction. On the
contrary, the existence of the pavement shoulder and more pavement lanes may increase the
crash occurrence. Human behaviors were not considered in the development of the model.

Georgia DOT performed an inhouse study of crash reduction on eight HFST sites using a naive
before-and-after method and a more advanced analysis method (details were not provided). A
few slides of the results were shared with the TTI project team but are not publicly available.
Based on the before-after study, property damage only crashes reduced 16 percent on average,
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and injury/fatality crashes reduced 36 percent. Based on the other crash analysis, property
damage-only crashes reduced 19 percent and injury/fatality reduced 49 percent.

In the 2016 study for FDOT, Wilson et al. summarized the performance of 47 unique HFST
sections and performed a naive before-and-after crash analysis (/). Crash reduction was most
effective for HFST treatments on tight curves (including ramps) where the average reduction in
crash rate was 32 and 75 percent for total and wet weather crashes, respectively. Crash rates did
not notably change on wide curves/tangents.

The following is a summary of older studies on crash reduction. Kentucky placed HFST on 26
curves and to date has seen an average reduction from 6.2 to 1.9 crashes per year at those
locations. In another study, crashes rates were analyzed on 43 ramp and horizontal curve
applications. Yearly wet-weather accidents on horizontal curves decreased 86 percent and total
crashes fell 73 percent. On ramps, wet weather and total crashes fell 85 and 66 percent,
respectively (30). NCHRP report 617 investigated the crash reduction after friction treatments at
locations with a low friction numbers and a high proportion of wet-road accidents and found
reductions of 24 and 57 percent for total and wet weather crashes, respectively (37). In a 2008
Wisconsin DOT study, the number of accidents at HFST sites decreased by 93 percent (32).
Preliminary results from four sites in Michigan saw an overall 60 percent reduction in crashes
after 1 year (33).

Friction Improvements

Comparisons of the pavement friction number before and after HFST installation are very
common; however, this comparison is not entirely appropriate since HFST friction number is
independent of the preexisting surface. A more appropriate discussion is the initial and long-term
friction number that HFST provides.

Wang et al. tested the friction and surface distress properties of 36 HFST sections in 12 states
over 3 years (29). The average coefficient of friction for all calcined bauxite sections, as
measured with the grip tester, was 0.85 and ranged from 0.55 to 0.95. The team developed a
statistical model for the friction ratio (HFST friction/existing pavement friction) identifying the
influential factors that affect the long-term HFST performance. The data had significant scatter,
resulting in a model R? of 0.26. Treatment age and annual precipitation had significant
decreasing effects (lower friction ratio with time and annual precipitation), while AADT had an
increasing effect (higher friction with more traffic). Air freezing index was also statistically
significant, but practically insignificant.

The unpublished Merritt study for FHWA covers friction performance testing as well. A
preliminary presentation shows the HFST friction values and also the existing pavement (lead-in
and lead-out) friction values in six states (28). Friction was tested with a Dynatest CMF. The
average reported HFST friction coefficient was between 0.90 and 0.98 among different states.

32



The authors incorrectly restricted individual friction coefficients to a maximum value of 1.0,
nonetheless, the exceptional friction characteristics of HFST are still clearly demonstrated. In
comparison, the existing pavement had average coefficients between 0.51 and 0.60. When
plotting friction data from all sites together, there is no clear trend versus time. Most of the
HFST values over as much as 10 years are greater than 0.8.

In the FDOT 2016 study (/), Wilson and Mukhopadhyay reported the average initial and long-
term friction number, FN40R, of HFST was 80 and 63, respectively. The range of values
measured was between 50 and 90.

In 2008, the Wisconsin DOT conducted a study to evaluate if the HFST was a cost-effective
technique to improve the safety of roadways and found that the average initial friction number
was 73, and the value was 59 after 5 years (32). The lowa DOT studied the skid resistance of the
HFST applied on a highway bridge deck and the results indicated that the initial SN was 67.5,
and 4 years later, the SN was 64.5 (34). In another lowa DOT case study, the average skid
number was 74 after application. A case study in Michigan shows that the DFT (at 20kph) was
0.98 after application and 0.94 after 1 year (33).

In an early study, Meggers evaluated the effectiveness of the application of HFST using flint at
several locations in Kansas (35). For one project, the initial skid number (SN30R) was 88, and
after 4 years dropped to 58. Another project had an initial SN40R of 70, and after 4 years, the
skid value dropped to 49. This demonstrates how calcined bauxite is consistently preferred over
other high friction aggregates.

Distress and Service Life

The following figures illustrate they types and frequency of distress that state agencies encounter
(Figure 2-22), the time when these distresses typically occur (Figure 2-23). Aggregate loss and
“pop-oft” substrate failure were the most common distresses reported, followed by cracking and
delamination. While uncommon, uncured binder failure is the first distress to appear (within 6
months) followed by “pop-off” substrate failure (likely within the year). About 20 percent of
respondents say aggregate loss will happen within 6 months, but most say it’s within 2 years.
This may be considered when evaluating the proposed method of testing after 6 months, as
aggregate loss and low friction may still occur after this period.
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Figure 2-22. Frequency of Distresses Observed in HFST Sites.
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Figure 2-23. Time When HFST Distress Typically Occurs.

The expected causes of the distress are shown in Figure 2-24. The most common construction-
related factors were too thin HFST binder application and inadequate cleaning and shot blasting
of the pavement surface. Nearly 50 percent of respondents said this was a problem often or
sometimes. The existing surface condition was also a concern sometimes, specifically cracked
pavement and aged and weak pavement. FDOT has significant experience with premature HFST
failures placed over weaker open-graded mixtures (/).
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Figure 2-24. Frequency That a Particular Factor Caused HFST Distress.

For northern regions, snowplows and studded tires can have a significant impact on treatment
life. Some state agencies have had no issues with winter damage (PennDOT, WashDOT, lowa,
Kansas.) On the contrary, other agencies state that winter damage is a frequent occurrence
(AKDOT, CalTrans, Maryland, Ohio, Utah.). Alaska DOT reported severe wear and
delamination on a newly installed HFST, which may be an indication of poor bond strength or
thin binder application. Indiana DOT reported distress frequently caused by thermal variation,
particularly during the winter.

Overall, the median expected life of HFST, based on the multi-state survey, is 5 to 10 years
(average life was 5.4 to 9.4 years). States had service life as low at 3 years and as high as 15
years. This matches the service life reported in the literature, which describes an acceptable long-
term estimate of 10 years (/0) and a conservative low service life estimate of 5 years (36). A
Q&A document, also by FHWA, indicates that HFST on bridge decks can last over 15 years

(37).
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Figure 2-25. Service Life of HFST.

For northern regions, snowplows and studded tires can have a significant impact on treatment
life. Some state agencies have had no issues with winter damage (PennDOT, WashDOT, Iowa,
Kansas.) On the contrary, other agencies state that winter damage is a frequent occurrence
(AKDOQOT, CalTrans, Maryland, Ohio, Utah.). Alaska DOT reported severe wear and
delamination on a newly installed HFST, which may be an indication of poor bond strength or
thin binder application. Indiana DOT reported distress frequently caused by thermal variation,
particularly during the winter.

In the Wang et al. report on long-term performance, the 38 sites tested had minor cracking or no
cracking as observed from the vehicle-based distress analyzer. On one site with distress, the
system measured crack growth over time. Crack growth was approximately linear over the 3-
year period. Only two sites experience significant delamination. The first started with less than 1
percent delamination and increased to 2.5 percent over a 3-year period. This site still had
acceptable friction performance. The other project experienced very severe delamination. After
6-months of service, the treatment had nearly 50 percent delamination. Because of the small
number of distressed sections, the team was unable to draw conclusions about which factors
significantly affected the treatment performance.
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Figure 2-26. HFST Delamination Measured with a 3D Laser Imaging System.

Repair and Rehabilitation

Of the states interviewed, 25 percent have performed small HFST repairs to correct localized
defects, and 66 percent have removed or replaced HFST installations. To repair, Pennsylvania
scarifies areas with excess binder then reapplies treatment. They also simply reapply the
treatment to bare areas. Tennessee sweeps with a steel or nylon brush combo sweeper than
reapplies HFST.

Most states have not needed to remove or replace HFST within 5 years of construction (Figure
2-27). Several states had to prematurely remove some sites, and a couple states had to remove
many sites prematurely. The top two reasons for replacing HFST were aggregate loss or
delamination and the loss of friction. What is interesting is that the next two most common
reasons have little to do with safety. If the surrounding or underlying pavement is in poor
condition and needs treatment, then it’s likely that the HFST section will removed as well. This
was ranked as high importance for triggering HFST removal.

More than 10

5to 10

' None

10, 38%

Less than 5 14, 54%

Figure 2-27. Number of HFST Removals/Replacements Within 5 Years of Construction.
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Figure 2-28. Importance of Various Factors for Triggering Removal or
Replacement of HFST.

Louisiana does not specify which removal procedure to use for a given situation but does say to
remove the treatment to a depth of 1/2-inch. When using diamond grinding, the blades must have
a minimum cutting width of 36 inches. Also ensure equipment will establish correct slope
elevations and profile grades. Florida mills and resurfaces the pavement with dense-grade HMA,
followed by an HFST overlay. Kansas will mill off one treatment when the pavement below was
deteriorating. Maryland used a carbide grinder to remove the HFST. Tennessee allows both
grinding and milling.

Two contractors provided insights for repair, removal, and replacement. DBi emphasized that the
approach depends on the type of problem encountered (26). If materials are uncured (i.e. binder
mixed incorrectly), then the treatment should be removed by scraping it off with a loader. The
contaminated surface then needs to be prepared with shot blasting. If binder thickness was too
thin and the treatment is losing aggregate, the contractor should brush/shot blast, then reapply.
One issue with this option in northern states is creating variable thickness which will lead to
problems with snowplows. If complete removal of cured treatment is required, then DBi says
that diamond grinding is required to not damage the existing pavement. In their experience,
micromilling, regular milling, and shot blasting did not work. In contrast, THM suggested that a
regular milling machine can remove cured HFST without problems and that diamond grinding
was not necessary (25).
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SUMMARY

The research team performed a comprehensive literature review, and conducted a survey and
interviews on national high friction surface treatment (HFST) practices. Key findings are as
follows:

Site Selection

e HFST was most frequently applied on horizontal curves, where 55 percent of surveyed
states had at least 11 installations, and 15 percent of states had over 100 installation. The
next most common location was on freeway ramps, followed by intersections.

e A quarter of the states surveyed adopt a systemic approach to installing and managing
HFST.

e The most important factor for site selection was the rate of wet weather and roadway
departure crashes. Next in importance were pavement condition and roadway geometry,
followed by pavement friction. The least important factors were traffic volume, crash
diagrams, and prior use of a low-cost crash countermeasure.

e Over 50 percent of states often or sometimes resurface the substrate prior to HFST
installation.

e Most states use curve geometry to define begin and end HFST locations. A quarter of
states also make in-person site observations to inform this decision.

e Georgia DOT uses a ball-bank indicator to select sites for HFST.

Contracting Methods and Cost Control

e The typical HFST unit cost was between $20 and $25/sy with an average price of
$23.20/sy.

e Most states contract out single sites at a time and contract out 2 to 5 sites at least some of
the time.

e States that do larger contracts most often are Arkansas, Indiana, Louisiana, Pennsylvania,
and South Carolina. But some very high HFST usage states like California, Georgia,
Kentucky, and Tennessee have tended to use smaller contracts.

e Most states include resurfacing work in the same contract as HFST. Kentucky and
Pennsylvania use their internal maintenance forces to mill and inlay the season before
HFST installations. In Utah, the traffic and safety program coordinates with pavement
program to ensure the HFST will be in place for at least 6 to 10 years.
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Binder and Aggregate Testing

Binder

All states allow epoxy and polyester binders, while only four of these states allow methyl
methacrylate.

In general, the criterion for each property is the same across all states, but in several
instances a state may have a slight change to the criteria or may add or remove a test
method.

Viscosity is the same for all states except California has a higher minimum (10 poises
rather than 7). Gel time is typically 10 minutes, though some states omit this test. Tensile
strength generally is specified as 2,500 to 5,000 psi, but Florida has a lower minimum
(2,000 psi) and Kentucky has a lower maximum (3,600 psi). Elongation starts at a
minimum of 30 percent. Some have a maximum limit of 70 percent, some omit the upper
limit, and some omit the test entirely. Other notable unique parameters are the
delamination test in Arkansas, a chloride ion permeability test in South Dakota (possibly
relates to winter maintenance), and a peak exothermic temperature test in Kentucky.

An over-emphasis on high strength, high modulus, binder (rather than high resilience)
would reduce failures from thermal incompatibility. Manufacturers can add in non-
reactive diluents (neoprene) to lower the stiffness, but these leave the system over time
and result in a more brittle system long-term.

Aggregate

The gradation is the same for all states except a slight change for Michigan.

Most states test the abrasion resistance using the LA Abrasion machine for fine
aggregate, while Tennessee uses the micro-deval for the same purpose.

The alumina oxide content is 87 percent for all states except Florida, which lowered the
criteria slightly to 86 percent.

Less than half the states have a polish stone value of 38.

Soundness testing and a few other tests are used by a few states.

This XRF method is faster and uses almost no chemicals but requires a reference
calibration to quantify mineral composition. The XRF method has better repeatability and
reproducibility than the traditional wet test method.

The research consistently shows that calcined bauxite outperforms other aggregates like
granite, slag, and flint.

Construction

Asphalt concrete surface preparation involves cleaning with sweeper and vacuum
sweepers followed by a high-pressure air wash. Shot blasting to CPS 5 to 7 is needed for
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concrete surfaces. Abrasive blasting can also be done on highly polished or flushed
asphalt concrete

HFST should not be applied within 30 days of new asphalt or Portland cement concrete
construction.

About 75 percent of states limit the use of manual application to small areas, less than
300 sy.

About 70 percent of states said they had problems with the manual application method
often or sometimes, as compared to about 25 percent of states that have had problems
with the fully automated method.

Construction Acceptance

The locked-wheel skid trailer is the most common device used to test friction among the
surveyed states.

The DFT is used by a quarter of the respondents.

80 percent require testing after installation, but some test immediately after construction,
some between construction and 60 or 90 days, and some specifically after 90 days. The
later test date puts more responsibility on the contractor to ensure higher quality
construction.

Five of the states surveyed do not have a friction requirement, possibly because they are
relying more on a method specification approach, rather than a performance
specification.

Kansas and Louisiana require bond strength tests.

15 percent of respondents require a texture measurement for acceptance.

Safety Performance

Most studies of crash reductions were done with naive before-after analysis.

Among the different studies and types of analyses, the CMF for wet weather crashes was
between 0.079 and 0.481.

The CMF for total crashes was between 0.212 and 0.759.

The friction of calcined bauxite HFST is considerably higher than treatments and other
HFST with alternative aggregates. Locked-wheel friction numbers were between 50 and
90; Dynatest CMF values range from 0.8 to over 1.0; Grip tester values range from 0.55
to 0.95.

Distress and Service Life

Aggregate loss and “pop-off” substrate failure were the most common distresses reported,
followed by cracking and delamination.
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e  While uncommon, uncured binder failure is the first distress to appear (within 6 months)
followed by “pop-off” substrate failure (likely within the year). About 20 percent of
respondents say aggregate loss will happen within 6 months, but most say it is within 2
years.

e The most common construction-related factors that causes distress were too thin HFST
binder application and inadequate cleaning and shot blasting of the pavement surface.

e The existing surface condition was also a concern sometimes, specifically cracked
pavement and aged and weak pavement.

e Some northern region states had severe problems with snowplows and studded tires,
while some other northern states had no reported issues.

e The median expected life of HFST, based on the multi-state survey, is 5 to 10 years.
States had service life as low at 3 years and as high as 15 years.

Repair and Rehabilitation

e Of'the states interviewed, 25 percent have performed small HFST repairs to correct
localized defects, and 66 percent have removed or replaced HFST installations.

e Most states have not needed to remove or replace HFST within 5 years of construction.

e Aggregate loss or delamination and the loss of friction were the two most common
reasons replacing HFST. Pavement maintenance is the next most common reason for
replacement.

e Recommendations for HFST repair were provided by two contractors.
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CHAPTER 3
GAP ANALYSIS

OVERVIEW

The research team conducted a gap analysis comparing the current practices for HFST in Florida
with the best practices among other agencies. The gap analysis was performed using a six-step
framework. A summarized list of recommend changes to the HFST specifications, HFST
guidelines, or future need or goal is presented.

METHODOLOGY

The research team developed the five-step framework for the gap analysis as illustrated in
Figure 3-1. Each step is discussed in further detail. The results are summarized in a gap analysis
table for each HFST focus topic, with steps 1 through 6, as shown the Table 3-1 example.

v

{ 2. Summarize FDOT and "best J

practices" approaches.

[
A

R

Figure 3-1. Six-Step Gap Analysis Framework.
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Table 3-1. Example Gap Analysis for One Focus Topic.

1 Aggregate Testing and Criteria
Alumina Oxide Content
\
2 FDOT Approach “Best Practices” Approach
e Method: ASTM C-25 (Standard Test Methods for e  Method: Fourier Transform Infrared (FTIR) and
Chemical Analysis of Limestone, Quicklime, and XRF Spectrophotometry.
Hydrated Lime). e FTIR and XRF are state of the practice in labs.

e Criteria: 86% criteria e AASHTO MP41 and NTPEP program use XRF.
’\ e  Criteria: 87%

\3) Gap Analysis

The traditional “wet” test method is very slow and relies on several chemicals to perform. The FTIR and XRF
methods are the state of the practice in testing labs and AASHTO MP 41-19 uses XRF to measure alumina oxide
content following ASTM E1621. The same language could be used in FDOT specifications. To get accurate
measurements will require a careful calibration process.

FDOT has a portable XRF device. This device can give a quick verification of materials, but the accuracy and

precision of this portable tool and associated test methods should undergo rigorous comparison to a laboratory-
rade bench model before adopting it for official verification testing.

4 ) Recommendation

RECOMMENDATION: Adopt AASHTO MP 41-19 language to measure AlO2 content by XRF. Before
/“s’{ng the portable XRF for verification, perform rigo;ous\cgmparisons to a laboratory-grade bench model.

5 6 o tunit Adoption Feasibili
‘J Possible Benefits \J pp01.‘ umty option .eas1 thity
Rating Rating
e Reduce testing overhead * % +* % % Kk
e Improve friction (more accurate testing)

Step 1. Identify HFST focus topics.

In this step, the team identified specific topics that will be considered in the gap analysis as
shown in the list below. These are largely mirrored from topics in the literature review.

e Site selection

o Systemic approach

o Factors and criteria for site selection
= (Crash rates
* Roadway geometry
= Pavement friction
= Pavement condition

o Site verification
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o Begin/end location within curve
e (Contracting methods and cost control

o Contract size

o Materials bidding

o Resurfacing contracts
e Binder testing and criteria

o Viscosity
Gel time
Ultimate tensile strength
Elongation at break point
Durometer hardness
Compressive strength
Adhesive strength
Thermal compatibility
Ultraviolet light exposure
o Infrared spectrum

O 0O 0O 0O 0 0O 0 O

e Aggregate testing and criteria
o Resistance to abrasion value
o Polish stone value
o Aluminum oxide content
o Soundness
e Construction
o Surface preparation
o Application method
o Binder thickness
e Construction acceptance
o Friction
o Texture
o Bond strength
e Long-term performance
o Monitoring field performance
o Monitoring safety performance
e Repair and rehabilitation

Step 2. Summarize FDOT and “best practices” approaches.

For each topic, the Florida DOT approach was summarized and contrasted with the “best
practices” approaches taken by other agencies and recommended by the industry. A handful of
state agencies have substantially more experience with HFST than others, based on the Literature
Review (see Figure 2-1) and FHWA reporting. In alphabetical order, these are:
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e Arkansas (ARDOT),

e C(California (CalTrans),

e Georgia (GDOT),

e Kentucky (KYTC),

e Pennsylvania (PennDOT), and
e Tennessee (TnDOT).

In each HFST topic summary, approaches from these agencies are emphasized with bold font
and asterisks (e.g. *Arkansas*).

Step 3. Analyze the gap.

For each topic, a discussion of the pros and cons of each approach is presented, including a
discussion of hurdles to overcome if a change were to be recommended. Feedback on each topic
was also provided by FDOT.

Step 4. Make recommendation.

Jointly, the research team and the FDOT panel decided on the appropriate action to take for each
topic. Recommendations fell into one of four categories:

e Adopt into HFST specifications.

e Adopt into HFST guidelines.

e Assign as a future need or goal for the State Materials Office or State Safety Office.
e No action.

Step 5. Identify possible benefits.

Whenever a change is made to specifications and guidelines, there is a desired benefit justifying
the change. In this step, the team developed the following list of the possible benefits to FDOT
and to the general public that the agency would like to see as outcomes. Each benefit falls under
the overall benefit of either deceasing costs or reducing crashes and crash severity.

e Decrease costs:
o Faster process for site identification
Reduced material costs
Reduced installation costs
Reduced maintenance costs
More efficient maintenance efforts
Reduced testing overhead
o Faster construction

0 O O O O

e Reduce crashes and crash severity:
o Better identification of critical application locations
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o Improved friction with higher quality materials/installation
o Improved service life with higher quality materials/installation

Step 6. Rate the opportunity and adoption feasibility.

The team developed a qualitative framework for evaluating how significant each opportunity
might be (i.e. how beneficial it would be to adopt the recommendation) and to evaluate the
feasibility of adopting the recommendation. The feasibility rating generally considers increased
costs to the sponsor, increased costs to the contractor, added construction time, additional
training, inflexibility of the current market, etc. In each case, the rating is from zero to four stars,
where more stars are better. A description of how to interpret each rating is shown in Table 3-2.

Table 3-2. Description of Opportunity and Adoption Feasibility Ratings.

Description
Ratin
s Opportunity Adoption Feasibility
NA No benefit or counterproductive. Not applicable.
* Marginal benefit. No measurable Difficult to implement. May not be
impact on outcomes. cost effective.
Benefit on a limited case-by-case Feasible to implement. Will require
* % basis. Cost/crash reductions for substantial dedicated resources and
limited cases. effort.

General measurable benefit. Effective | Feasible to implement. Will require
* % Kk :
at reducing costs/crashes. moderate resources and effort.

Considerable measurable benefit.
* % k * Very effective at reducing
costs/crashes.

Easy to implement. Requires little or
no resources and effort.

RESULTS

The detailed gap analyses for each focus topic are presented below. All the recommendations are
summarized in Table 3-3 at the end of this chapter.
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Site Selection

Site Selection

Systemic Approach
FDOT Approach “Best Practices” Approach
pp pp
e No systemic approach. e Addresses current problems (high crash rates)
e Candidate sites are initially considered in response and proactively identifies high-first locations.
to high crash rates. e Selects optimal countermeasure for each at-risk
location.

e Site selection done at the district level.
e *Georgia*, Indiana, Maryland, *Pennsylvania*,

and Washington have systemic approach.
Louisiana in progress.

o *Tennessee* used to have systemic approach but
has since abandoned the effort. The state now
permits HFST as a routine crash counter measure
that is applied if site conditions warrant it.

Gap Analysis

There is a significant difference between FDOT’s reactive approach to site selection and the joint reactive-
proactive systemic approach taken by several states, including states that lead in HFST installations. Given the
strong crash modification factor for HFST and generally effective benefit-cost ratios, installing HFST proactively
in a methodic way could be a smart approach for FDOT to adopt. Developing the systemic methodology is not a
small task. It may require building a state-wide data base of curve geometry, and joining that to climate data,
traffic data, friction numbers, and crash histories. Actionable criteria and site ranking algorithms need to be
determined. Also, a feedback loop for evaluating each installation and the systemic method overall needs to be
developed.

In contrast, one state, Tennessee, used to have a systemic approach and has since abandoned it in lieu of treating

HFST as a typical crash countermeasure, to be recommended on a case-by-case scenario according to engineering
judgement.

Recommendation

Future Needs and Goals

Develop a systemic approach to site selection. This is feasible, but it will take the attention of upper
management to devote resources to the effort. It will be a joint effort between State Safety Office and State
Materials Office. There may be a good opportunity to make this happen. FDOT personnel (Peter Hsu and
Charles Holzschuher) understand of where things stand and what steps need to be taken.

Adoption Feasibility

Possible Benefits Opportunity Rating Rating

e Faster process for site identification. * * * * *

e Better identification of critical application locations.
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Site Selection
Factors and Criteria: Crash Rates

FDOT Approach “Best Practices” Approach
e  Crash rate (total, wet-weather, and roadway o 75% of states reported that wet-weather and
departure types) are rated as having high importance roadway departure crash rates had high
for selecting HFST sites. importance for selecting HFST sites, while less
e Sites with a wet/total crash ratio greater than 0.25 than 40% said total crash rates were high
importance.

warrant some kind of safety improvement.
o *Arkansas*, *Kentucky*, *Tennessee* rely

heavily on crash rates while, *Georgia*,
notably, does not.

e  Crash diagrams are also considered.

o *Kentucky* and *Pennsylvania* use wet/total
crash ratios of 0.5 and 0.3, respectively, for
threshold criteria.

e Crash diagrams are considered by just over 40%
of the surveyed states.

Gap Analysis

FDOT’s practice of using the ratio of wet weather crashes to total crashes is in-line with other high-HFST usage
states. Crash diagrams may still be evaluated, but if focusing on low-friction related crash types, the DOT may
find that reviewing crash diagrams is slightly redundant.

Recommendation
No Action
. Adoption Feasibili
Possible Benefits Opportunity Rating P . ty
Rating
e Better identification of critical application locations. NA NA
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Site Selection

Factors and Criteria: Roadway Geometry

FDOT Approach

“Best Practices” Approach

¢ Roadway geometry is an important site selection ®  55% of states said this has high importance, and

factor.

e No specific guidance was provided (radius,

superelevation)

another 30% said moderate importance.

e *Georgia* uses a ball-bank indicator value of 12
at recommended speed to choose sites.

e *Pennsylvania* notes that high-speed
differential locations can quality for HFST, but
does not define any criteria.

e The Texas Curve Margin of Safety (MOS)
program is based, in large part, on curve
geometry. Curves with MOS lower than 0.08 to
0.12 are unacceptable.

Gap Analysis

While FDOT is currently using roadway geometry for selecting sites, they could consider threshold values for site
selection or for further site evaluation. The evaluation should also consider vehicle speed, as is done in the Texas

Curve Margin of Safety program.

Recommendation

HFST Guidelines

Add section on Friction Demand and Roadway Geometry. Does not prescribe a geometric threshold
criterion.

. . . Adoption Feasibili
Possible Benefits Opportunity Rating P . Rl
Rating
e Better identification of critical application locations. * * * * *
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Site Selection
Factors and Criteria: Pavement Friction

FDOT Approach “Best Practices” Approach
e Pavement friction is considered moderately e Friction was of high importance to 30% of states
important for site selection. and moderate importance to 40% of states.
e FDOT measures existing friction before HFST e  Friction is usually not collected along horizontal
installation. curves for routine pavement management. But

60% of surveyed states measure friction before
construction, likely on a project basis.

e  The friction guideline states that a lower-speed
facility (45 mph or lower) with a friction number

(FN40R) 25 and lower warrants investigation or *  The Texas Curve Margin of Safety (MOS)
crash monitoring. FN40R from 26 to 28 warrants program uses pavement friction as an input.
review or crash monitoring. e More detailed friction data can be collected

along curves with a continuous pavement friction
monitoring device. Only two surveyed states
own a CPFM: North Carolina and *Kentucky*,
and has greater use internationally.

e *Pennsylvania* uses a friction criterion of FN
<35 (ribbed) or <20 (smooth).

e New Zealand has an investigatory level of 0.55
for high-risk tight-radius curves, measured with
a SCRIM. Similarly, the United Kingdom uses
an investigatory level of 0.5 and 0.55 for
undivided and divided tight-radius curves.

Gap Analysis

Like most states, Florida measures friction before each HFST installation to document the baseline friction of a
high-accident site. the FN criterion is helpful for identifying unsafe roadways before accidents might occur.
Other than FDOT, only one state had published friction criteria, but likely the other states also have friction
criteria but keep the information protected. In a systemic approach, friction could be used to narrow down a larger
set of candidate sites. Since FDOT currently uses pavement friction for safety analysis, the only opportunity here
is in applying these criteria into a larger framework for HFST site selection.

Recommendation
HFST Guidelines
Add section on Friction Demand and Roadway Geometry.
. . . Adoption Feasibili
Possible Benefits Opportunity Rating P . Rl
Rating
e Better identification of critical application locations. * * * * *
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Site Selection
Factors and Criteria: Pavement Condition

FDOT Approach “Best Practices” Approach
e  Flexible pavement should be milled and inlaid e 8 pejr.cent of s.tates recognize Pavement .
when: cracking covers >6%; widespread rutting of condition as high or moderate importance for site
>().25 inches; raveling; or bleeding. selection.

e  Concrete slab repair/replacement is required forany | ® Over 50% of states often or sometimes resurface

slab with moderate or severe distress or shattered in the pavement prior to HFST installation.

more than three pieces.

e  Open-graded applications are not allowed.

Gap Analysis

Florida has well-defined criteria for assessing pavement condition and is an industry leader for this focus topic.

Recommendation

HFST Guidelines

Revise the discussion of Pavement Condition and Maintenance Activities. No technical changes
recommended.

. . . Adoption Feasibili
Possible Benefits Opportunity Rating P . ty
Rating
e Improved service life with high quality installation. * * * * *
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Site Selection
Site Verification

FDOT Approach

“Best Practices” Approach

e In-person review of the site:
e Evidence of crashes,

e Presence of low-cost countermeasures,

e Pavement condition assessment,
e  Friction testing,
e Etc. (see Task 1 Report)

e Same as FDOT approach

Gap Analysis

Florida has done in-person site verifications previously, but the research team does not know if this step is taken
for every candidate HFST site. If not, the DOT should consider including this step routinely. This requires
guideline materials and some training on how to do the assessment and requires time to perform.

Recommendation

HFST Guidelines

Rather than prescribing methods for site verification, add a checklist of items to consider during site
selection, some of which could be done in-person during a site visit.

Possible Benefits

Adoption Feasibility

Opportunity Rating Rating

e Better identification of critical application locations.

* * K k k

53




Site Selection

Begin/End Locations Within Curve

FDOT Approach “Best Practices” Approach

e Determined from crash diagrams. e There is not clear consensus on best practices for
begin/end location selection, even among the

e  When adjoining mainline pavement is open- .
high-use states.

graded, terminate HFST on the ramp at the gore so
HFST does not run parallel with open-graded
pavement and cause draining issues.

e About 50% of states have predetermined
begin/end locations based on curve geometry.
No details were available.

e Another 25% use an in-person visit and 15% use
crash diagrams.

Gap Analysis

Florida takes a slightly less-common approach to selecting begin/end locations using crash diagrams. The concern
is that the application should cover critical areas where loss of control occurs and limit application in non-critical
areas. Making a site visit, similar to reviewing crash diagrams, can help identify where the critical area might be.
The predetermined location approach is more conservative, often applying HFST in the curve approach and
through the curve to the point of tangency, while research suggests that most crashes occur in the first half of the
curve. Focusing the application on a smaller location could save some money, but exposes the DOT and public to
greater risk.

Recommendation

HFST Guidelines
Add section on Begin/End Locations of HFST.

Do not permit application inside of intersections, only for the approaches. Do not apply beyond the point of
tangent or more than 1,000 ft before the point of curvature.

. Adoption Feasibili
Possible Benefits Opportunity Rating P . y
Rating
e Better identification of critical application locations. * * * * *
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Contracting Methods and Const Control

Contracting Methods and Cost Control

Contract Size

FDOT Approach

“Best Practices” Approach

Majority of HFST contracts have a single

installation.

*Tennessee*.

e Many states contract out single HFST
installations at a time, and sometimes 2 to 5.

e High usage states that do smaller contracts are
*California*, *Georgia*, *Kentucky*, and

e  States with larger HFST contracts are
*Arkansas*, Indiana, Louisiana,
*Pennsylvania*, and South Carolina.

Gap Analysis

There is no clear indication whether single or multiple installs per contract is objectively better. It seems logical
that doing multiple installs per contract would streamline contract preparation, bidding process, and produce
lower bids. Colloquially, projects with 3,500 SY or greater usually cost less, but quantifiable evidence that this is
the case was not available. Still trying to coordinate a very large multi-county contract may overly complicate the
process and diminish efficiencies.

Recommendation

Future Needs and Goals

Creating a larger contract is possible, especially if a systemic approach can get rolled out. Possibly focus on
a single or a couple Districts at a time for now.

Possible Benefits

Opportunity Rating

Adoption Feasibility
Rating

Reduced material costs

Reduced installation costs

* %

* &k
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Contracting Methods and Cost Control

Materials Bidding

FDOT Approach

“Best Practices” Approach

Binder and aggregates are bid as a single item.

single bid item.

bid items.

e  All but one state has binder and aggregate as a
e *Georgia* has binder and aggregate as separate
e Paying binder and aggregate separately is a

common practice for other paving materials like
seal coat (chip seal) and hot mix asphalt..

Gap Analysis

The Florida approach is the same as nearly all other state approaches. Only one state, Georgia, pays for binder
separate from the aggregate. This practice could provide two main advantages. First, it allows the contractor to
vary the binder rate, given the surface conditions, and still be compensated when extra binder is needed. Second,
it discourages underapplication of binder because the contractor would be compensated less. The result, ideally, is
that the correct amount of resin binder will be applied to best hold the aggregate.

On the contrary, the current method of evaluating and approving the HFST product for the innovative product list
(IPL) is done on the composite system rather than on individual components. Whether FDOT can approve the
product as a system and then pay for the components separately must be decided by the DOT.

Recommendation
No Action
. . . Adoption Feasibili
Possible Benefits Opportunity Rating pY . ibility
Rating
e Improved service life with higher qualit

installation.
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Contracting Methods and Cost Control
Resurfacing Contracts

FDOT Approach “Best Practices” Approach
e When needed, resurfacing is bid in the same HFST e  When needed, states most often bid resurfacing
contract and subcontracted out. in the same HFST contract, but 40% of the time

it is contracted out.

e *Pennsylvania* uses in-house forces to mill and
inlay as needed the season before.

e In Utah, the traffic and safety program
coordinate with pavement program to ensure
HFST will be in place for at least 6 to 10 years.

Gap Analysis

The Pennsylvania approach of resurfacing sites in poor condition, the season before, using in-house forces, has
saved the state considerable funds. This same approach could be implemented in Florida if (1) local maintenance
offices are adequately equipped and staffed and (2) a systemic approach were adopted where sites are identified
statewide well in advance of installation.

The next best alternative would be to contract out resurfacing work separate from the HFST bid. This could be
rolled into a routine maintenance contract.

Recommendation

Future Needs and Goals

Identify several sites, or all sites statewide, for the year. Then separate the HMA work out from the HFST
work, i.e. have two separate contracts go out for bid. The paving would still be done using safety funds.

Adoption Feasibility

Possible Benefits Opportunity Rating Rating

e Reduced material costs

e Reduced installation costs * * * * * *

e Faster construction (no waiting for resurfacing)
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Binder Testing and Criteria

Binder Testing and Criteria

Viscosity

FDOT Approach “Best Practices” Approach

e 7-30 poises (ASTM D2556) e Most states have 7-30 poises.
e *Arkansas* has range of 7-25, *California* of

10-30, and Virginia of 7-70.

e AASHTO MP41-19 has 10 poises min.

e  Most states use ASTM D2556. California,
Kansas, and Virginia use ASTM D2196 and
Texas uses Tex-614-].

o *Georgia*, *Kentucky*, New York,
Mississippi, omit the test

Gap Analysis

The viscosity property is related to constructability and it may help verify the long-term regularity of binder
production. The Florida approach is the same as most state approaches; however, there is considerable variation
among the states. High-usage states adjust the minimum and maximum criteria in seemingly contrasting
directions. Though some states appear to omit the test entirely, this may not actually be the case. Products that are
qualified by the NTPEP program must pass AASHTO MP41-19, which does include viscosity testing. So any
state relying on the NTPEP program is inadvertently relying on a viscosity test. Georgia stated that the lack of this
test is likely a carry-over from using another agency’s specification, which may be the case for other states. Why
the test was ever omitted in the first place is not known.

While not always specified, it seems that agencies test the mixed binder before it gels and not the individual
components.

Recommendation

HFST Specifications

In accordance with current practices at the FDOT Materials Program, specified an exception to ASTM
D-2556 in that testing is only performed at one rotational speed, rather than testing over a range of
frequencies. This is necessary since the combined binder starts to gel and changes viscosity within minutes
of mixing. Testing with Spindle #2 is required.

Adoption Feasibility

Possible Benefits Opportunity Ratin
PP v g Rating
e Reduced testing overhead (if not adopted)
e Improved service life with higher quality * * * * *

installation.
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FDOT Approach “Best Practices” Approach

e Minimum 10 minutes (ASTM C881) e  Most states have minimum 10 minutes.
e *Arkansas* and *California* also have upper

limits of 45 and 30 minutes, respectively.

Gap Analysis

The Florida approach is the same as most state approaches. An upper limit to the gel time criterion is not
unreasonable and is simple to add to the specification, but whether it addresses a legitimate concern and improves
outcomes is unknown.

No Action

e Reduced testing overhead (if not adopted)
e Improved service life with higher quality NA NA
installation.
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Binder Testing and Criteria

Ultimate Tensile Strength

FDOT Approach “Best Practices” Approach

e 2,000—5,000 psi @ 7 days (ASTM D638) e  Most states have minimum 2,000-2,650 pSi to
maximum 5,000 psi.

o *Kentucky* has a lower maximum of 3,600 psi.

e Indiana has a lower minimum of 1,500 psi.

e Several states have no maximum, including
*Arkansas*, *California*, and *Georgia*.

Gap Analysis

The Florida approach is the same as most state approaches. As has been well documented, excessively stiff epoxy
overlays can cause premature cracking in weaker pavement substrates or delamination if not well-bonded.
Lowering the maximum allowed strength would be a good first step. Lowering the minimum may be helpful as
well, but going too low would eventually degrade performance. States that do not have a maximum are likely
relying on other properties (elongation and hardness) to ensure the binder is not too stiff.

Modifying the specification does not guaranteed a higher-quality material will be used. Fillers can be used to
lower stiffness but can be detrimental in the long-term.

Recommendation
No Action
. Adoption Feasibili
Possible Benefits Opportunity Rating P . y
Rating
e Improved service life with high quality materials. NA NA
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Binder Testing and Criteria
Elongation at Break Point

FDOT Approach “Best Practices” Approach

e 30-70% (ASTM D638) e Two states have higher elongation of 80.

e Seven states, including *California* and
*Kentucky*, have no maximum limit.

e Alaska and *Pennsylvania* omit this test.

Gap Analysis

The Florida approach is the same as most state approaches. The purpose of this test is to ensure the epoxy has
some flexibility, which should reduce occurrence of thermal-related pavement damage. Increasing the maximum
allowed elongation, or removing the maximum limit, would permit the use of more flexible binders. No states
restrict the use of materials on the more brittle side, which would be accomplished by raising the minimum
allowed elongation. The state should review existing test results to see where materials fall within the current
range. The researchers do not know why Pennsylvania removed this test.

Again, modifying the specification could have unintended consequences where undesirable filler materials are
used to create flexibility, but may cause longer term performance issues.

Recommendation
No Action
. Adoption Feasibili
Possible Benefits Opportunity Rating P . ty
Rating
e Improved service life with high quality materials. NA NA
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Binder Testing and Criteria
Durometer Hardness

FDOT Approach “Best Practices” Approach
e 60-80, Shore D (ASTM D638) e  Most states have 60-80 (Shore D).
e *California* has 65-75 and *Georgia* has 60
to 75.

e  Three states, including *Kentucky*, have a
minimum of 70 and no maximum.
e Two states omit the test.

Gap Analysis

The Florida approach is the same as most state approaches. Higher values indicate higher hardness. Two states
have lowered the upper level to encourage non-overly hard materials. While a change may not be necessary, if a
change were made, it would be to lower the maximum criterion. Why some states would leave the maximum end
undefined is unknown.

Recommendation
No Action
. . . Adoption Feasibili
Possible Benefits Opportunity Rating pH . ibility
Rating
e Improved service life with high quality materials. NA NA
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FDOT Approach

“Best Practices” Approach

e Minimum 1,000 psi @ 3 hrs (ASTM
e Minimum 5,000 psi @ 7 days

Most states have minimum 1,000 psi @ 3 hrs,
and 5,000 psi @ 7 hrs.

Some states have slightly different test protocols
and criteria.

Gap Analysis

No Action

The Florida approach is the same as most state approaches. No significant gaps are known.

e Improved service life with high quality materials.

NA NA
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Binder Testing and Criteria

Adhesive Strength

FDOT Approach

“Best Practices” Approach

e 250 psi or substrate failure @ 24 hrs

(ASTM C1583)

24 hrs.

e  Most states have 250 psi or substrate failure @

o Five states, including *California*, *Georgia*,
and *Kentucky* omit this test.

Gap Analysis

The Florida approach is the same as most state approaches. The researchers are unsure how this test is performed
to pre-qualify materials when the substrate is unspecified. Since the field substrate is different than what is used in
the laboratory and since so much depends on construction practices, a good laboratory result does not guarantee
good bonding in practice. This might explain why five states have omitted this test. Florida might consider doing

the same.
Recommendation
No Action
Possible Benefits Opportunity Rating Adoptil();;tl:z:sibility
e Reduce testing overhead NA NA
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Binder Testing and Criteria

Thermal Compatibility

FDOT Approach “Best Practices” Approach

e None e  Most states do not test thermal compatibility.

e *Arkansas* and lowa require a passing test of
ASTM C884.

e Ongoing research at Purdue, funded by Nevada
DOT, is addressing this topic. The research
focuses on measuring material properties first,
and then developing a modified version of
ASTM C884 as an empirical test of thermal
compatibility..

Gap Analysis

Like almost all states, Florida does not have a thermal compatibility test. Given the difficulties that Florida has
had with thermal cracking, a thermal compatibility test might be useful. ASTM C884 is a thermal compatibility
test used by two states. The test, however, does not address the scenario of thermally induced stress damaging
weak asphalt substrates. The test assesses the risk of delamination on a concrete substrate. With thermal cracking,
there is no delamination failure. Instead the bond is good, but the shrinkage stress from the overlay exceeds the
internal tensile strength of the substrate. The current version of ASTM C884 would likely not capture the failure
mode from thermally induced strain in asphalt concrete.

The study being done at Purdue could offer an alternative test for assessing thermal compatibility. They are
heavily modifying the ASTM C884 test method by changing the sample substrate (lab-molded asphalt concrete),
substrate sample dimensions (likely thicker to resist bending), and thickness of the HFST layer (thicker to impose
higher thermally induced strain), The temperature cycling could also be modified to include heating, not just
freezing. The results from this study will be ready, hopefully, by the end of 2021.

Another concern is that cheap filler materials that could soften resin binder leave the cured binder after UV
exposure and result in a more brittle product. Further study is needed in this area.

Recommendation

Future Needs and Goals

ASTM (884 is not recommended, though a modified version of the same test, developed by Purdue, could
address the issue of thermal compatibility with asphalt concrete. Wait for Purdue findings and then
reassess if the modified test would be helpful.

. . . Adoption Feasibili
Possible Benefits Opportunity Rating P . Rl
Rating
e Improved service life with higher quality materials. * * * * *
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Binder Testing and Criteria

Ultraviolet Light Conditioning

FDOT Approach

“Best Practices” Approach

e None e No states test resin binder properties after

ultraviolet light exposure.

Gap Analysis

At present there are no states that measure resin binder properties after UV exposure. It is common knowledge
that some binders, like epoxy, are susceptible to UV light and become discolored and embrittled over time. But
whether this type of testing is needed is uncertain. Industry representatives note that the binder is covered by
aggregate, which provides protection from UV exposure. Whether this protection is perfect or partial is unknown

based on the literature review. The extent to which UV exposure is actually decre

asing the treatment life would require further study.

Recommendation

Future Needs and Goals

While not a top concern, consider future study on the topic of UV aging on HFST service life. Would help to
first observe problems in the field, and then could do a controlled laboratory study on this topic.

Adopting UV conditioning to the binder testing plan is not recommended at this time.

Possible Benefits Opportunity Rating

Adoption Feasibility
Rating

e Improved service life with higher quality materials.

* % * %
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Binder Testing and Criteria
Infrared Spectrum

FDOT Approach “Best Practices” Approach
e None. e Kansas and any state using AASHTO MP 41-19
require an infrared spectral fingerprint.
e ASTM E573.
e  Peak wave numbers.

Gap Analysis

Kansas and any state using AASHTO MP 41-19 use infrared spectroscopy for material verification of raw biner
components and combined cured binder. Data is collected on a prequalification sample. During production, on an
as-need basis, data can be collected and compared to the prequalification samples. In Kansas, testing is done with
a benchtop instrument. If Florida has an FTIR device meeting ASTM E573, then they can adopt the same
language in the AASHTO specification.

Recommendation

HFST Specifications

FTIR analysis is added to the binder properties table and references AASHTO MP 41 for detailed test
methods.

. Adoption Feasibili
Possible Benefits Opportunity Rating P . y
Rating
e Improved service life with higher quality materials. * * * * * *
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Aggregate Testing and Criteria

FDOT Approach “Best Practices” Approach

e Max 20% @ 100 revolutions (AASHTO T96) e Most states use some version of the LA Abrasion
test with a criterion of max 20% loss. Some

states have a criterion of max 10% loss.
e *Tennessee* and Virginia use a micro deval test.

Gap Analysis

The Florida approach is the same as most state approaches. A review of past lab results of calcined bauxite would
indicate if a criterion of 10 is more appropriate. This test may be redundant, and the alumina oxide content
property is the primary indicator of aggregate abrasion resistance.

No Action

e None
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FDOT Approach “Best Practices” Approach

e No polish stone value. e A quarter of states include this test, usually with
a minimum criterion of 38.

Gap Analysis

Like most states, Florida does not perform the polish stone value test. This test may be redundant, and the alumina
oxide content property is the primary indicator of polishing resistance. No change is recommended.

No action

e None NA NA
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Aggregate Testing and Criteria
Alumina Oxide Content

FDOT Approach “Best Practices” Approach
e Method: ASTM C-25 (Standard Test Methods for e  Method: Fourier Transform Infrared (FTIR) and
Chemical Analysis of Limestone, Quicklime, and XRF Spectrophotometry.
Hydrated Lime). e FTIR and XRF arethe state of the practice in
e  Criteria: 86% criteria, based on previous research most labs.
study. e AASHTO MP41 and the NTPEP program use
XRF.

e  (Criteria: 87%

Gap Analysis

The traditional “wet” test method is very slow and relies on several chemicals to perform. The FTIR and XRF
methods are the state of the practice in testing labs and AASHTO MP 41-19 uses XRF to measure alumina oxide
content following ASTM E1621. The same language could be used in FDOT specifications. To get accurate
measurements will require a careful calibration process.

FDOT has a portable XRF device. This device can give a quick verification of materials, but the accuracy and
precision of this portable tool and associated test methods should undergo rigorous comparison to a laboratory-
grade bench model before adopting it for official verification testing.

Recommendation

HFST Specifications
Change test method from ATM C25E (chemical analysis) to AASHTO MP 41, which details the test
methods for XRF analysis.

Future Needs and Goals
At present, use XRF to determine Al2O;3 contents. Before using Handheld XRF for field verification or
quality control, establish a comparison with laboratory XRF results.

Adoption Feasibility

Possible Benefits Opportunity Rating Rating

e Reduce testing overhead. * % * % % %

e Improved friction (more accurate testing).

70




Aggregate Testing and Criteria

Soundness

FDOT Approach

“Best Practices” Approach

e No soundness testing e  Most states do not require soundness testing.

o *Arkansas*, *California*, *Georgia*, Indiana,
and South Dakota require sodium sulfate
soundness testing.

e *California* and Texas require magnesium
sulfate soundness testing.

Gap Analysis

Like most states, Florida does not include soundness testing. Of those that do, three are notable high HFST usage
states. The test is meant to measure resistance to weathering, in particular, from freeze-thaw cycling; therefore,
the test is not recommended for Florida. Furthermore, the soundness test may be redundant, and the alumina oxide
content property is the primary indicator of polishing resistance.

Recommendation
No action
Adontion Feasibili
Possible Benefits Opportunity Rating doption . easibility
Rating
e None NA NA
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Construction

Construction
Surface Preparation

FDOT Approach “Best Practices” Approach
e  Asphalt e Same as described in FDOT.
e  Clean with mechanical/vacuum sweeper e  Abrasive blasting on asphalt concrete when

° Concrete pOllSth Oor new.

e  Ultra-high water blasting as an option on
flushed seal coats.

e  Shot blast. Sand blasting is inadequate.
e Achieve concrete surface profile (CSP)
between 5 and 7.
e High-pressure air wash (180 cfim) with lance
perpendicular to surface.
e  Cover utilities/drains/curbs.
e  Pretreat joints and cracks more than 1/4-inch wide.
e Delay installations on new asphalt or concrete.

Gap Analysis

The practices in the Florida specification and guidelines follow the latest recommendations from industry leaders.
Some additional details could be added about installations on polished and flushed asphalt roads. Some items in
the guidelines may be suitable for inclusion of the specifications.

Recommendation

HFST Guidelines

Add guidance that shot blasting may be needed on asphalt pavements when contaminated, oily, or polished.
Construction on flushed pavements, even when abrasively treated is still not allowed.

. Adoption Feasibili
Possible Benefits Opportunity Rating P . ty
Rating
e Improved service life with high quality installation. * * * * * *
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Construction

Application Method

FDOT Approach

“Best Practices” Approach

e Application type
e Automated primarily.
e  Manual only on small applications.
e Semi-automated is not allowed.
e Automated equipment capabilities well described.
e  One course on asphalt and concrete.
e May reuse swept aggregate at 2:1 ratio with new
aggregate. Clearly label.
e  After cure, sweep and recover aggregate. Sweep
again within 2 weeks. Restripe.

e  Generally same as described in FDOT spec/
e Application type

e  Most states only allow manual on
small/irregular areas

o *Tennessee* does not allow manual but
does allow semi-automated.

e *Pennsylvania* allows manual on small
areas, and restricts semi-automated on
moderate size/volume sites.

e *Georgia* allows manual on small areas
and low volume.

e  Texas allows manual on low volume areas.

Gap Analysis

The practices in the Florida specification and guidelines follow the latest recommendations from industry leaders.
Some states allow manual or semi-automated applications on low-volume roadways, which can avoid the high
cost of mobilizing highly specialized applicator equipment to rural locations.

Recommendation

HFST Guidelines

Clarify that semi-automated methods and mechanical methods that do not uniformly distribute

binder/aggregate, are not allowed.

Possible Benefits

Adoption Feasibility

Opportunity Rating Rating

e Improve service life with high quality installation.

* % % %k k k

73




Construction

Binder Thickness
FDOT Approach “Best Practices” Approach
e Binder thickness specified but little guidance to * *Tennessee™ is modifying specification/
ensure thickness is achieved. guidelines to get binder and aggregate yields.

e Virginia developed a table for different binder
application rates (gal/sy) given the surface
texture.

e *Georgia* bids binder and aggregate separately.

Gap Analysis

Applying adequate binder thickness has generally not been an issue for FDOT as most of their applications are put
on new uniform HMA surfaces. But this is a common problem in some other agencies. Tennessee noted that,
while binder thickness is specified, the contractor often uses less binder than needed, and inspectors don’t have
the tools and training to collect accurate binder/aggregate yields. The film thickness gage is not suitable on course
or uneven surfaces. The table for binder application rates relies on a sand patch test before construction, which
would add a little testing overhead to the contractor. It would be most helpful for applications on coarse chip seals
and tined concrete.

Recommendation

HFST Guidelines

Slightly revise the Construction section. Emphasize to avoid underapplication, including guidance when
installing in hot weather. Qualify the recommendation about using the thin film thickness gauge to caution
about its subjective operation.

. . . Adoption Feasibili
Possible Benefits Opportunity Rating P . Rl
Rating
e Improve service life with high quality installation. Y % % Y % %
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Construction Acceptance

Construction Acceptance

Friction

FDOT Approach

“Best Practices” Approach

Minimum friction number of 65 from a lock-wheel
skid trailer with a ribbed tire @ 40 mph.

About 70% use locked-wheel trailer with
minimum requirements of either 65 or 70 to 75.

e  Conduct test within 90 days. Most states use a ribbed test tire.

e Fewer states accept with a dynamic friction
tester with a value of 0.75 or 0.9.

e Provide a 1-year warranty against surface defects
(surface cracking, raveling/delamination, and soft

spots/bleeding). e Several states require a delay after construction
e  “The Department also reserves the right to measure before friction acceptance testing
the friction characteristics of the HFST at any time e *Georgia* at 5-days and after 90 days.
during the warranty period.” e *California* before traffic and after 7 to 15
days of traffic.

e *Kentucky* between 60 and 90 days.
e *Pennsylvania* between 45 and 120 days.
e  South Carolina and *Tennessee* after 90
days.
e In *Pennsylvania*, full payment is given for FN
>70 and 90% payment for 65-69.

Gap Analysis

The Florida approach for friction testing is the same as many state approaches; however, nearly all high HFST-use
states delay friction testing after construction. This allows time for initial traffic to try the installation and catch
premature failures. Florida, in contrast, has a 1-year warranty against surface distresses, many of which could
affect the friction performance. Having delayed friction testing, then, may be redundant, however, it would
guarantee the DOT revisits and evaluates the installation in a timely manner. Finally, the Florida specification has
a statement suggesting friction performance must be maintained, but it is not clear if the contractor would be
penalized for an early loss in friction. From a practical standpoint, Districts and contractors prefer to expedite
closing out contracts once construction has finished.

Recommendation

HFST Specification

Maintaining a certain level of friction is not part of the warranty but only applies to visual distress.
Therefore, remove the line “The Department also reserves the right to measure the friction characteristics of the
HFST at any time during the warranty period.”

No change to friction criteria or test methods.

. Adoption Feasibili
Possible Benefits Opportunity Rating PO lty
Rating
e Reduce testing overhead * * % %k X
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FDOT Approach “Best Practices” Approach

e None ¢ Five states, including *Tennessee* require mean
profile/texture depth of 1.0 mm.

Gap Analysis

Florida uses a ribbed tire for friction testing, which tends to be most sensitive to microtexture and not
macrotexture. For this reason, Florida equips all their skid trailers with a macrotexture line laser to collect mean
profile depth in the wheel path in parallel with friction testing. The Florida specification, however, does not have a
texture criterion.

No Action

e None NA NA
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Construction Acceptance

Bond Strength

FDOT Approach “Best Practices” Approach

e None. e  Most states do not have a bond requirement.

e Kansas requires 4 pull-off tests each day. Failure
should be 250 psi or substrate failure deeper than
0.25 inches. A failure less than 0.25 inches deep
means the substrate should be repaired.

e  Louisiana requires a pull off test with minimum

250 psi or complete substrate failure.

Gap Analysis

Like most states, Florida does not require bond strength testing. Most use a method-based spec to ensure good
bonding (shot blast concrete, clean and dry pavement, etc.). Doing a bond strength test would require longer lane
closures, more testing overhead, and would likely miss any critical locations since poor bonding is likely a non-
homogenous phenomenon.

Recommendation
RECOMMENDATION: No action
. Adoption Feasibili
Possible Benefits Opportunity Rating option . casibility
Rating
e None NA NA
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Long-term Performance Monitoring

Long-term Performance Monitoring

Friction
FDOT Approach “Best Practices” Approach

e  Monitored several early installations for friction *  Most states do not monitor long-term friction

number and mean profile depth for many years. performance of HFST installations.

Some sites were measured routinely, others on a e *California*, *Georgia*, Indiana, Maryland,

quasi-regular basis. Mississippi, *Pennsylvania*, Wisconsin, and
e No system-wide plan for friction monitoring of Washington do monitor friction, but to varying

HFST installations. detail.

o *Georgia* tests all sites using the DFT every 1

to 3 years.

e Indiana is testing all 25 sites built in 2018 with a
skid trailer semi-annually.

o *Kentucky* used to routinely monitor friction
with DFT and lock-wheel skid trailer. They were
satisfied that it maintained a high level of
friction, so they stopped. Instead, they perform
visual inspection every other year.

Gap Analysis

Like most states, Florida does not have a system-wide friction monitoring plan for HFST installations. However,
they have done more substantial friction testing than most states. Given the high number of premature failures that
Florida has experienced in the past, there may be consideration for a system-wide monitoring program. The
benefit would be a more robust understating of fiction performance for predicting safety performance, and
identifying premature performance issues in a timely manner. On the other hand, poor friction performance of
HFST is not due to aggregate polishing, but rather from raveling and delamination, which can be observed
visually. In a study of an NCAT installation, the friction number dropped dramatically when aggregate raveled
away after year 10. Florida could continue monitoring a few select sites for special interest studies.

Recommendation

Future Needs and Goals

Identify a few sites for routine monitoring with the skid trailer, testing every 1 to 2 years. Watch for and be
ready to act if sudden loss in friction occurs. Also important is to monitor construction from new
contractors on one of their first-year installations.

System-wide monitoring is not recommended.

. . . Adoption Feasibili
Possible Benefits Opportunity Rating P . Rl
Rating
e Improved friction with high quality
materials/installation * * * k%
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Long-term Performance Monitoring

Distress
FDOT Approach “Best Practices” Approach
e Monitored several carly installations and performed | ® /A subset of states was asked about distress
forensic testing as needed. monitoring. Most did not respond.
e No system-wide plan for distress monitoring of * *Georgia*, *Kentucky*, and Indiana do visual
HFST installations. distress evaluations of all their HFST

installations. Kentucky does this every other year
and Indiana does this twice a year.

e *Arkansas* and Maryland do visual distress
evaluations on some of their installations, either
for a failure forensics study or research.

Gap Analysis

Though responses from states were limited, it is assumed that most states do not perform system-wide distress
monitoring on a regular basis (as with friction monitoring). Two high-use states do monitor distress routinely on
all installations, and another high-use state only for forensics. The benefit of routine monitoring is that the agency
will develop better understating of long-term durability of HFST and also identify which materials/construction
methods/exposure factors are most critical to performance. In one study of an NCAT installation, performance
dramatically dropped when raveling occurred after year 10. Routine distress monitoring would also inform the
state when reinstallation is needed. Forensic studies are always encouraged when failures occur, but these studies
alone might miss more subtle changes in distress development like cracking and aggregate retention rates.

Recommendation

Future Needs and Goals

Identify a few sites for annual monitoring of visual distress. Especially note progression of aggregate loss
and delamination.

Request help of local District and Area personnel to evaluate their installations annually as feasible.

When concerns arise, request friction testing with a locked wheel. And if performance is compromised,
schedule removal/reinstallation of HFST.

Adoption Feasibility

Possible Benefits Opportunity Rating Rating

e Better identification of critical application locations

e Improved friction with high quality * * * * * *

materials/installation
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Long-term Performance Monitoring

Safety
FDOT Approach “Best Practices” Approach
e In 2016, did a one-time naive before-after crash e A su?ase? of states was asked about safety
study of all installations. Considered total and wet- monitoring. Most did not respond.
weather crashes, and up to 5-years of data before e *Arkansas* does naive before-after studies
and after installation. (+/- 3 yr) on most installations as-requested.

Once their safety evaluation database is
complete, the analysis will be updated annually.

e *Georgia* does naive before-after studies
(before 5 yr, after 1+ yr) on all installations
annually.

e Indiana does empirical-bayes analysis for first
2 yr and naive before-after afterwards on all
installations, updated annually.

e Maryland does naive before-after on most
installations, updated every quarter.

e  All crash types and severities were evaluated by
each agency.

Gap Analysis

Monitoring the safety performance, based on crash reduction, is important for accurately assessing the benefit-
cost ratio and crash modification factor of HFST. Florida has done this in a previous study. Most states do naive
before-after analyses, which are known to over-estimate performance, but are also much less time and data
intensive to do. There is not consensus on the range of years to use for the analysis, but ranges from 1 to 5 years.
The analysis is usually updated annually. Assessing outcomes provides an important feedback loop for decision-
making when allocating safety funds, so adopting a systematic method for safety monitoring would be beneficial.

Recommendation

Future Needs and Goals

Perform naive before-after crash analyses on all HFST installations on an annual basis. Develop a program
to help automate this process. Incorporate results into decision-making when allocating safety funds.

This is not possible with current personnel, so identify a few sites to do this analysis on annually.

. . . Adoption Feasibili
Possible Benefits Opportunity Rating P . y
Rating
e Better identification of critical application locations * * * * *
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Repair and Rehabilitation

Repair and Rehabilitation
Milling and Grinding

FDOT Approach “Best Practices” Approach

e  No specific guidance available. e Repair approach depends on the problem

e  Uncured: scrape, shot blast/clean, reapply.

e Too thin: brush/shot blast, reapply.

e Remove cured: One contractor says
diamond grind only. Another contractor
says regular milling OK.

e Louisiana says to remove treatment to a depth of

Y-inch. Diamond grinding blades must have

minimum cutting width of 36 inches.

e *Tennessee* allows both milling and grinding.

Gap Analysis

There is little written guidance on this topic, especially from the states. Contractors have a good idea of how to do
approach this, but even then, there is no perfect consensus on best practices. Still, Florida can add some guidance
into the HFST guidelines document.

Recommendation

HFST Guidelines

Add section titled Repair and Rehabilitation. Discusses the approach to take in found different scenarios.

Adoption Feasibility

Possible Benefits Opportunity Rating Rating

e  More efficient maintenance efforts % % % % % %

e Improved service life with high quality installation.

81



SUMMARY

The research team developed a six-step framework for the gap analysis consisting of: 1. Identify
HFST focus topics; 2. Summarize FDOT and “best practices” approaches; 3. Analyze the gap
between approaches, 4. Make a recommendation; 5. Identify possible benefits; and 6. Rate
opportunity and adoption feasibility. A summary of the recommendations is shown in Table 3-3.
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Table 3-3. Summary of Recommendations and Rating.

Opportunit Adoption
Topic Subtopic Recommendation . . v Feasibility
Rating .
Rating
Future Needs and Goals
Develop a systemic approach to site selection. This is feasible,
but it will take the attention of upper management to devote
Systemic resources to the effort. It will be a joint effort between State * % * * %
Approach Safety Office and State Materials Office. There may be a good
opportunity to make this happen. FDOT personnel (Peter Hsu
and Charles Holzschuher) can lead this effort and understand
the next appropriate steps.
Factors and
Criteria: Crash | No action. NA NA
Rates
. . Factors and o
Site Selection Criteri HEST Guidelines
riteria:
Roadway Add section on Friction Demand and Roadway Geometry. * ok * k%
Geometry Does not prescribe a geometric threshold criterion.
Factors and
Criteria: HFST Guidelines
* % %k % k
Pavement Add section on Friction Demand and Roadway Geometry.
Friction
Factors and
.. HFST Guidelines
Criteria:
Pavement Revise the discussion of Pavement Condition and Maintenance NA NA
Condbicen Activities. No technical changes recommended.
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Table 3-3. Summary of Recommendations and Rating. (continued)

Opportunit Adoption
Topic Subtopic Recommendation . . v Feasibility
Rating .
Rating
HFST Guidelines
Site Verification | Rather than prescribing methods for site verification, add a ) ¢ * % % X
checklist of items to consider during site selection, some of
which could be done in-person during a site visit.
Site Selection HFST Guidelines
Begin/End Add section on Begin/End Locations of HFST.
Location Within Do not permit application inside of intersections, only for the * * ok k k
Curve approaches. Do not apply beyond the point of tangent or more
than 1,000 ft before the point of curvature.
Future Needs and Goals
Contract Size | Creating a larger contract is possible, especially if a Y % Y% % %
systemic approach can get rolled out. Possibly focus on a
single or a couple Districts at a time for now.
Contracting:
Methods and | Materials Bidding | No Action * % %k * % *
Cost Control
Future Needs and Goals
Resurfacing Identify several sites, or all sites statewide, for the year.
Contracts * k k * k&

Then separate the HMA work out from the HFST work,
i.e. have two separate contracts go out for bid. The paving
would still be done using safety funds.
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Table 3-3. Summary of Recommendations and Rating. (continued)

Opportunit Adoption
Topic Subtopic Recommendation . . v Feasibility
Rating Rati
ating
HFST Specifications
In accordance with current practices at the FDOT
Materials Program, specified an exception to ASTM
Viscosity D-2556 in that testing is only performed at one rotational Y Y % % %
speed, rather than testing over a range of frequencies. This
is necessary since the combined binder starts to gel and
changes viscosity within minutes of mixing. Testing with
Spindle #2 is required.
Binder-Testing 'Gel Time ' No Action NA NA
and Criteria Ultimate Tensile No Action NA NA
Strength -
El ti t .
ongation at | o Action NA NA
Break Point
D t :
urometer No Action NA NA
Hardness
C i ;
Ompressive No action NA NA
Strength
Adhesi ;
estve No Action NA NA
Strength
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Table 3-3. Summary of Recommendations and Rating. (continued)

Ovportunit Adoption
Topic Subtopic Recommendation . 'u v Feasibility
Rating .
Rating
Future Needs and Goals
Thermal ASTM C884 is not recommended, though a modified

Compatibility version of the same test, developed by Purdue, could Y % % Y %
address the issue of thermal compatibility with asphalt
concrete. Wait for Purdue findings and then reassess if the
modified test would be helpful.
Future Needs and Goals

Binder-Testing While not a top concern, consider future study on the
and Criteria Ultraviolet Light | topic of UV aging on HFST service life. Would help to

Conditioning first observe problems in the field, and then could do a * * * K
controlled laboratory study on this topic.
Adopting UV conditioning to the binder testing plan is not
recommended at this time.
HEST Specifications

Infrared Spectrum

FTIR analysis is added to the binder properties table and * % * % Kk %k
references AASHTO MP 41 for detailed test methods.

Resistance to .

Testing and Polish Stone
Criteria Value No action. NA NA
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Table 3-3. Summary of Recommendations and Rating. (continued)

Opportunit Adoption
Topic Subtopic Recommendation . 'u v Feasibility
Rating .
Rating
HFEST Specifications
Alumina Oxide | Change test method from ATM C25E (chemical analysis) * % * % Kk k
Content to AASHTO MP 41, which details the test methods for
XRF analysis.
Agg.regate Future Needs and Goals
Uesfibig amg Alumina Oxide At present, use XRF to determine AlbO3 contents. Before
o -
Ll . using Handheld XRF for field verification or quality * * * %k
Content (cont.) . . .
control, establish a comparison with laboratory XRF
results.
Soundness No action NA NA
HFST Guidelines
Surface Add guidance that shot blasting may be needed on asphalt
Preparation pavements when contaminated, oily, or polished. * X * %k Kk %k
Construction on flushed pavements, even when abrasively
Construction treated is still not allowed.
HFST Guidelines
Application
Method Clarify that semi-automated methods and mechanical Y % Y % % %

methods that do not uniformly distribute binder/aggregate,
are not allowed.
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Table 3-3. Summary of Recommendations and Rating. (continued)

Topic

Subtopic

Recommendation

Opportunity
Rating

Adoption
Feasibility
Rating

Construction

Binder Thickness

HFST Guidelines

Slightly revise the Construction section. Emphasize to avoid
underapplication, including guidance when installing in hot
weather. Qualify the recommendation about using the thin film
thickness gauge to caution about its subjective operation.

* &k

* %

Construction
Acceptance

Friction

HFST Specification

Maintaining a certain level of friction is not part of the

warranty but only applies to visual distress.

Therefore, remove the line “The Department also reserves the
right to measure the friction characteristics of the HFST at any
time during the warranty period.”

No change to friction criteria or test methods.

* K

* Kk

Texture

No Action

NA

NA

Bond Strength

No Action

NA

NA

Long-Term
Performance
Monitoring

Friction

Future Needs and Goals

Identify a few sites for routine monitoring with the skid trailer,
testing every 1 to 2 years. Watch for and be ready to act if
sudden loss in friction occurs. Also important is to monitor
construction from new contractors on one of their first-year
installations.

System-wide monitoring is not recommended.

* K

* Kk
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Table 3-3. Summary of Recommendations and Rating. (continued)

Topic

Subtopic

Recommendation

Opportunity
Rating

Adoption
Feasibility
Rating

Long-Term
Performance
Monitoring

Distress

Future Needs and Goals

Identify a few sites for annual monitoring of visual
distress. Especially note progression of aggregate loss
and delamination.

Request help of local District and Area personnel to
evaluate their installations annually as feasible.

* &k

* %

Safety

Future Needs and Goals

Perform naive before-after crash analyses on all HFST
installations on an annual basis. Develop a program to
help automate this process. Incorporate results into
decision-making when allocating safety funds.

This is not possible with current personnel, so identify a
few sites to do this analysis on annually.

* &k

* *

Repair and
Rehabilitation

Milling and
Grinding

HFST Guidelines

Add section titled Repair and Rehabilitation. Discusses
the approach to take in found different scenarios.

* K

* Kk k
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CHAPTER 4
IMPLEMENATATION PLAN AND CONCLUSION

OVERVIEW

This chapter discusses the implementation plan and overall project conclusion. The
implementation plan is the set of proposed activities to address the gaps and recommendations
from Chapter 3.

IMPLEMENTATION PLAN

Many of the recommendations have been implemented through updated HFST specifications and
updated HFST guidelines. The updates are described in the following subsections. The roll-out
of these documents involves replacing the linked files online and apprising District personnel,
contractors, and manufacturers about the updated documents. If deemed necessary, training
materials could be prepared for

The future needs and goals, also discussed in a later subsection, will require more effort to
implement. Each item will take a unique approach. As such, suggested leadership and actions are
presented for each item.

Updated HFST Specifications

Four changes were made to Dev 333: High Friction Surface Treatments. Table 333-1 for
polymer resin binder requirements was replaced to address an exception in the viscosity test and
to add an infrared spectrum analysis (see Table 4-1). Table 333-2 for Aggregate Requirements
was replaced specify XRF testing for aluminum oxide content (see Table 4-2).
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Table 4-1. Replacement for Table 333-1 in Dev 333 Specification.

Table 333-1
Polymer Resin Binder Requirements
Property Requirement Test Method
Viscosit ASTM D-2556
YOS 7 — 30 poises (Spindle #2, only one rotational
(freshly mixed binder) .
speed required)
Gel Time 10 minutes min. ASTM C-881 (60 gram mass)
. . . ASTM D-638
Ultimate Tensile Strength 2,000 — 5,000 psi (Type 1 Specimen)
. . ASTM D-638
_ 0
Elongation at break point 30—-70% (Type 1 Specimen)
Durometer Hardness (shore D) 60 - 80 ASTM D-2240
1,000 psi min 3 hours,
Compressive Strength 5,000 psi min at 7 ASTM C-579
days
Cure Rate (dry time) 3 hours max ASTM D-1640
Water Absorption 1.0% max ASTM D-570
. 250 psi min or
Adhesive Strength at 24 hrs 100% substrate failure ASTM C-1583
None AASHTO MP 41
Infrared Spectrum - . (ATR-FTIR Spectroanalysis
Reference for QC . .
individual liquid components)

Table 4-2. Replacement for Table 333-2 in Dev 333 Specification.

Table 333-2 Aggregate

Requirements
Property Requirement Test Methods
Aggregate Abrasion Value 20% max AASHTO T-96
No. 4 Sieve Size 100% min Passing AASHTO T-27
Aggregate - : ; .
Gradin No. 6 Sieve Size 95% min Passing AASHTO T-27
8 No. 16 Sieve Size 5% max Passing AASHTO T-27
Moisture Content 0.2% max AASHTO T-255
Aluminum Oxide 86% min AASHTO MP 41

(Analysis by XFR., 1:10 flux ratio)
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Both the tables above reference AASHTO MP 41 which provides detailed test methods for
testing polymer binder with FTIR and aggregate with XRF. Subsection 7.1.11 of MP 41and
subsection 7.2.5 provide detailed test methods for the binder and aggregate, respectively. For
reference, these details are shown below.

Spectroanalysis (ATR-FTIR): Attenuated total reflectance (ATR)-Fourier transform
infrared (FTIR) analysis provides a chemical fingerprint of a material system that can be
used to compare one material to another and to compare batches of material. Individual
components of materials shall be analyzed in their natural state. The following
parameters shall be used to collect the spectrum:

A single bounce ATR with a diamond crystal accessory.

The spectrum should contain the Infrared (IR) region of 600 to 4000 cm™'.

A minimum of 16 scans per sample should be run.

For liquid samples, place enough sample to completely cover the diamond crystal
on the mounted block.

Spectrum should have transmittance between 5 and 25 percent or absorbance
units between 0.5 and 1.0 on the major peaks.

The method of obtaining the spectrum shall be noted on the saved spectrum,
including the sample preparation techniques and instrumentation details.

The saved spectrum shall also include the 1) manufacturer name, 2) product
name, 3) product designation number, 4) lot number, 5) lab ID, 6) date analyzed
and 7) peak wavenumbers. Laboratory project identification may also be included,
but is not required.

XXX-XX Alumina Oxide Content — ASTM E 1621. Analysis by XRF instrumentation.

Obtain a representative sample of bauxite by coning and quartering sample per

ASTM C702

Grind the quartered sample into a fine powder. This can be accomplished using a

mechanical pulverizer.

Combine sample with a fusion flux at a ration determined by the lab (1:7 ratio is

typical)

Fuse the sample and flux into a glass bead.

Calibration

o Prepare a curve using certified reference standards and the same fusion
procedure used for sample preparation.

o The certified reference standard curve should be made in a range of
concentrations that encompasses the anticipated percentage of aluminum
oxide in the sample to be tested.

o Run the beads for the certified reference standard curve in accordance with
ASTM E 1621 and evaluate the results.

o Once a certified reference standard curve has been established run the sample
using the same method as the certified reference standards to determine the
aluminum oxide value.
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o A reference standard should also be run to determine if a correction factor is
needed.

Lastly, in subsection 333-6 Warranty and Friction Acceptance Testing one line about friction
testing during the warranty period was removed (see Figure 4-1).

333-6 Warranty and Friction Acceptance Testing.

All HEST applications require a minimum one-vear warranty from latent surface defects.
Threshold values and associated remedial work are specified in Table 333-4.

Within 90 days after construction of the HFST, the Department will measure the friction
characteristics in accordance with AASHTO T242 The friction tests are needed prior to final
acceptance. The minimum acceptable friction number (FIN40R) 15 65 or the Contractor must
remove and replace all materials at no additional expense to the Department The Depastmant

Figure 4-1. Replacement for Subsection 333-6.

Updated HFST Guidelines

The HFST guidelines have undergone substantial modification and the specific changes to the
text are not included in this report. The first section on Site Selection was expanded to include
evaluations of crash frequency, roadway geometry, friction, alternative countermeasures,
pavement condition, and HFST start and end locations. A section on repair and rehabilitation was
also added. Small changes were made throughout the document to incorporate changes as
discussed and to generally improve readability. References were added throughout.

Future Needs and Goals

The implementation approach is unique for each topic in the future needs and goals list. Table
4-3 summarizes each topic, the actions items, and responsible parties. Under responsible party,
the SSO is the State Safety Office and SMO is the State Materials Office. FDOT should consider
each item internally and decide whether the benefits of implementation would justify the costs
and effort.
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Table 4-3. Future Needs and Goals.

Topic Subtopic Implementation Action Items Parties
Establishing a systemic approach to site selection is feasible, but it will
take the attention of upper management to devote resources to the effort.
It will be a joint effort between State Safety Office and State Materials SSO
Site Office. There may be a good opportunity to make this happen. Peter Hsu SMO
. Systemic Approach | and Charles have a better understanding of where things stand and what District 7 Safety
Selection
steps need to be taken. Upper
Develop integrated databases of curve geometry, climate data, traffic management
data, friction number, and crash history, Determine actionable criteria and
site ranking algorithms. Create feedback loop for evaluating installations.
Creating a larger contract is possible, especially if a systemic approach SSO
. Contract Size can get rolled out. Focus on a single or a couple Districts at a time for SMO
Contracting: . . . L
Methods now. Compare bids on combined plan set to previous years. Districts
and Cost Identify participating Districts. Separate the HMA work out from the 3S0
Control Resurfacing HFST work, i.e. have two separate contracts go out for bid. The paving MO
Contracts would still be done using safety funds. Compare overall bids to previous Districts
years.
ASTM C884 is not recommended, though a modified version of the same
test, developed by Purdue, could address the issue of thermal
Thermal compatibility with asphalt concrete. Wait for Purdue findings and then SMO
Compatibility reassess if the modified test would be helpful. If favorable, develop in-
Binder housp evaluation of modified test. If favorable still, implement modified
Testing and test into Dev 333.
Criteria While not a top concern, consider future study on the topic of UV aging
Ultizzials: LA on HFST service life. Would help to first observe problems in the field,
e and then could do a controlled laboratory study on this topic. SMO
Conditioning

Adopting UV conditioning to the binder testing plan is not recommended
at this time.
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Table 4-3. Future Needs and Goals. (continued)

Topic

Subtopic

Implementation Action Items

Parties

Aggregate
Testing and
Criteria

Alumina Oxide
Content

At present, use XRF to determine AlOs3 contents. Before using Handheld
XREF for field verification or quality control, establish a comparison with
laboratory XRF results. If favorable, revise HFST guidelines and/or
specifications to include portable XRF.

SMO

Long-Term
Performance
Monitoring

Friction

Identify a few sites for routine monitoring with the skid trailer, testing
every 1 to 2 years. Watch for and be ready to act if sudden loss in friction
occurs. Also important is to monitor construction from new contractors
on one of their first-year installations.

System-wide monitoring is not recommended.

SMO

Distress

Identify a few sites for annual monitoring of visual distress. Especially
note progression of aggregate loss and delamination. In a study of an
NCAT installation, the friction number dropped dramatically when
aggregate raveled away after year 10. This is an important concern to
watch for and be ready to act if it occurs.

Request help of local District and Area personnel to evaluate their
installations annually as feasible.

When concerns arise, request friction testing with a locked wheel. And if
performance is compromised, schedule removal/reinstallation of HFST.

SMO

Safety

Perform naive before-after crash analyses on all HFST installations on an
annual basis. Develop a program to help automate this process.
Incorporate results into decision-making when allocating safety funds.
This is not possible with current personnel, so identify a few sites to do
this analysis on annually.

SSO
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CONCLUSION

The research team conducted a comprehensive literature review, a survey of 26 state agencies,
and interviews with contractors, manufacturers and FHWA on national HFST practices. The
following topics were addressed:

e Site selection

e (Contracting methods and cost control
e Binder and aggregate testing

e Construction

e Construction acceptance

e Safety performance

¢ Distress and service life

e Repair and rehabilitation

The team then conducted a gap analysis comparing the current HFST practices in Florida with
the best practices among other agencies. The gap analysis was performed using a six-step
framework, concluding with several recommendations to improve FDOT’s practices. As part of
the implementation plan, the recommendations were adopted in the HFST Dev 333 specification
and in the HFST guidelines. The implementation plan also addressed a list of future needs and
goals.
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Survey of Agency Experience with
High Friction Surface Treatment

Conducted by the Texas A&M Transportation Institute in
behalf of the Florida Department of Transportation

June 25, 2020

RESPONDENT INFORMATION

Name: Click or tap here to enter text.
Agency: Click or tap here to enter text.
Division: Click or tap here to enter text.
Role: Click or tap here to enter text.
Phone: Click or tap here to enter text.
Email: Click or tap here to enter text.
INTRODUCTION

Survey Purpose

High friction surface treatment (HFST) is a thin safety-focused surface treatment used to
increase friction in high-accident locations. The treatment consists of high-friction aggregate,
usually calcined bauxite, embedded in a thin layer of polymer resin binder. The Florida
Department of Transportation (FDOT) has successfully used HFST since 2006 and has observed
substantial reduction in wet weather crashes on tight radius curves. Still, FDOT is seeking ways
to further improve the state of practice. To this end, FDOT has funded a survey of state and
federal HFST experience.

Survey of Agency HFST Experience Texas A&M Transportation Institute &
Florida Department of Transportation



Survey Scope

This survey contains 33 questions about state and federal HFST experience.
Specific topics addressed are :

- Site Selection.
- Contracting Methods.
- Specifications.
- Treatment Performance.
o Crash reduction.
o Friction number.
o Surface texture.
o Treatment distress.
o Expected service life.
Repair and Replacement Methods.

Survey Completion Date:

Please answer and return this survey by July 31, 2020.

If you have any questions or comments, please don’t hesitate to contact me, Bryan Wilson, by
email or phone.

Thank you!

Sincerely,

Bryan Wilson

Associate Research Scientist

Texas A&M Transportation Institute

b-wilson@tti.tamu.edu

(979) 317-2331

(While working from home, my office phone forwards to my cell.)

Survey of Agency HFST Experience Texas A&M Transportation Institute&
Florida Department of Transportation
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SITE SELECTION

1. At how many sites has your agency installed HFST? Please select the number of
installations by roadway type. Consider each unique segment as a different site.
(For example, applications on different ramps on an interchange are considered different

site installations.)

’ Number of HFST Installations
Roadway Type

e None 1 2—-10 | 11-50 | 51-100 >100
Horizontal Curves [] [] L] ] ] L]
Ramps [] [] ] [] [] ]
Intersections |:| D |:| D D D
Bridge Decks (for safety,
not maintenance) L] L] L] L] L] L]
Other, describe: Click ] ] ] ] ] ]
or tap here to enter text.

2. Where are HFST sites installed within your state?

[ ] Mostly in urban areas
[ ] Mostly in rural areas

|:| Roughly equal in urban and rural areas

Survey of Agency HFST Experience

Page 1

Texas A&M Transportation Institute &
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3. Which factors does your agency consider for selecting sites for installation of HFST? Please
indicate the importance for each factor.

Importance for HFST Site Selection
Factor for Consideration
ey Loy Low Moderate High Very High
None

Crash rate, Total ] L] [] [] []
Crash rate, Wet-weather

or lane-deptarture o L] L] L] L]
Crash diagrams [] [] [] L] []
Pavement friction ] ] ] L] L]
Traffic volume L] [] [] [] []
Roadway geometry [] [] [] L] []
Prior use of low-cost

crash countermeasures [] [] [] [] []
(e.g. chevrons, advisory speed)

Cost-benefit analysis L] [] [] [] []
Pavement condition [] [] [] L] []
Other, describe: Click ] ] ] ] ]
or tap here to enter text.

4. Does your agency have a systemic approach for installing HFST — widely implementing
HFST based on some of the previously mentioned factors?

[] Yes
[] No

5. Does your agency have written guidelines for selecting HFST sites?

[ ] Yes (Please provide link or attachment)

[] No

[ ] Inprogress

Survey of Agency HFST Experience Texas A&M Transportation Institute&
Florida Department of Transportation
Page 2



6. How does your agency determine where to place HFST within a curve to optimize benefit?
Select all that apply.

|:| Predetermined starting and ending locations in relationship to curve geometry

(e.g “Start 500 ft before point of curvature and end at point of tangent”)

Determined by speed differential (approach speed vs. curve speed)
Determined from crash diagrams

Determined from in-person site observations (e.g. vehicle break lights, observed

tire skid marks)

L O

Other, specify: Click or tap here to enter text.

CONTRACTING METHODS

7. How many HFST site installations are typically in each of your agency’s HFST contracts?
Please indicate the letting frequency of the following HFST contract sizes.

Letting Frequency
HFST Contract Size
Never Rarely | Sometimes Often Very Often
Single installation ] ] L] L] []
2 to 5 installations ] ] L] L] []
6 to 10 installations ] ] L] L] []
More than 10 installations ] ] ] L] L]

8. How are HFST materials, i.e. aggregate and polymer resin binder, bid for in your HFST
contracts?

[ ] HFST materials are a single bid item

|:| HFST materials, aggregate and polymer resin binder, are bid separately

|:| Other, specify: Click or tap here to enter text.

Survey of Agency HFST Experience Texas A&M Transportation Institute&
Florida Department of Transportation
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9. Inyour recent HFST contracts what is the typical unit bid price for HFST materials,
aggregate and polymer resin binder combined?

S_____ persqlyd

10. In your agency, how often has resurfacing the substrate (e.g. mill and inlay) been required
prior to placing HFST? This may be required because the preexisting pavement surface was
too old, too weak, or distressed.

[ ] Very Often

[ ] Often

[ ] Sometimes

[ ] Rarely
[ ] Never

11. When resurfacing is required, how is the work bid for in your HFST contracts?

[:| Resurfacing is bid as a separate contract than the HFST contract, and the

resurfacing is a stand alone contract.

Resurfacing is bid as a separate contract than the HFST contract, and the

resurfacing is part of a larger paving contract.

Resurfacing and HFST are bid together in the same contract.

Other, specify: Click or tap here to enter text.

0o o o

Question does not apply.

12. Does your agency use any other practices to promote cost savings in the HFST bidding and
construction?

[ ] Yes (Please describe the cost savings practices)

Click or tap here to enter text.

[ ] No

Survey of Agency HFST Experience Texas A&M Transportation Institute&
Florida Department of Transportation
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SPECIFICATIONS

13. Please attach your agency’s latest HFST specification.

14. Is your agency considering alternative tests, alternative test criteria, modifying test
methods, or removing any tests for HFST aggregates?

|:| Yes (Please describe the method/criteria and the reason for the alternative)

Click or tap here to enter text.

[ ] No

15. Is your agency considering alternative tests, alternative test criteria, modifying test
methods, or removing any tests for HFST binders?

|:| Yes (Please describe the method/criteria and the reason for the alternative)

Click or tap here to enter text.

[ ] No

TREATMENT PERFORMANCE

Crash Reduction

16. Has your agency conducted a before and after crash analysis for your HFST installations?

[ ] Yes (Please provide link or attachment)

[ ] No

[ ] In progress

Survey of Agency HFST Experience Texas A&M Transportation Institute&
Florida Department of Transportation
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17. Has your agency developed a state specific Crash Modification Factor (CMF) for HFST
installations?

[ ] Yes (Please provide link or attachment)

[ ] No

[ ] Inprogress

Friction Number

18. Which devices does your agency use to measure friction?

Spot measurement devices

[ ] Dynamic friction tester (DFT)

[ ] Brittish pendulum tester

Vehicle-based devices
[ ] Locked-wheel skid trailer

Tire type: Choose an item.
[ ] Grip tester

(Note: It is a continuous longitudinal friction measuring device using
the principle of fixed slip, used in Airports and some highways)

[ ] Sideway-force coefficient routine investigation machine (SCRIM)

(Note: It is a continuous side friction coefficient measurement device
used predominately in the U.K.)

[:| Other: Click or tap here to enter text.

Survey of Agency HFST Experience Texas A&M Transportation Institute&
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19. Does your agency monitor friction of HFST sites?

Before construction

[] Yes
[ ] No

Shortly after construction

[] Yes
[ ] No

Routine monitoring while in service

[ ] More than 2 times a year

[ ] Semi-annually

[ ] Annually
[ ] Every 1 to 3 years

[ ] No routine monitoring

20. Does your agency have a friction criterion for construction acceptance?

[ ] Yes (Please specifcy)

Click or tap here to enter text.

[ ] No

21. Has your agency conducted a detailed, comprehensive analysis of friction numbers for your
HFST installations?

[ ] Yes (Please provide link or attachment)

[ ] No

[ ] In progress

Survey of Agency HFST Experience Texas A&M Transportation Institute&
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Surface Texture

22. Which devices/methods does your agency use to measure texture?

Spot measurement devices/methods
[] Sand patch

[ ] Line profile with a laser (e.g. circular track meter (CTM))

[ ] 3D profile with a laser (e.g. AMES 3D scanner)

Vehicle-based devices
[ ] Profilometer

[ ] Wheel-path point laser
[ ] Wheel-path line laser

[ ] Full lane line laser (3D texture)

|:| Other: Click or tap here to enter text.

[ ] We do not measure pavement texture

23. Does your agency monitor texture of HFST sites?
Before construction

[] Yes
[ ] No

Shortly after construction

[] Yes
[ ] No

Routine monitoring while in service

[ ] More than 2 times a year
[ ] Semi-annually

[ ] Annually

[ ] Every 1 to 3 years

[ ] No routine monitoring

Survey of Agency HFST Experience Texas A&M Transportation Institute&
Florida Department of Transportation
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Treatment Distress

24. What are the different pavement distresses observed in the HFST sites installed by your
agency? Please indicate the frequency of each distress observed. NOTE: When stating the
frequency, consider all HFST projects, both distressed and non-distressed.

Frequency of Occurance
HFST Distress Across All HFST Sites Within Agency

Never | Rarely | Sometimes Often Very Often

HFST aggregate loss

NOTE: /gnore aggregate loss
or shedding that is typical

shortly after construction but u u u H u
has minimal impact to long-
term friction.

Delamination of HFST

Complete HFST layer is ] ] ] u ]

detatched from the
substrate.

Localized “pop off”

Substrate breaks away with [] [] [] [] []
HFST still attached.

Uncured binder failure

Binder components are [] [] [] ] []
poorly mixed/proportioned
and never cure.
Cracking L] L] [] [] []
Polishing L] L] L] [] []
Other (specify) Click or tap
pecty O | O ] O] ]
here to enter text.
No observed distresses []
Survey of Agency HFST Experience Texas A&M Transportation Institute&

Florida Department of Transportation
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25. When do the following HFST distresses typically occur within the life of the treatment?

Typical Time of Occurance

Within 6 | 6 months | 1to2 2to4 4+
months | to1year | years years years

HFST Distress

HFST aggregate loss
NOTE: /gnore aggregate loss

or shedding that is typical

shortly after construction but i L] L] a a
has minimal impact to long-
term friction.

Delamination of HFST

Complete HFST layer is u ] ] u u

detatched from the
substrate.

Localized “pop off”

Substrate breaks away with [] [] [] [] []
HFST still attached.

Uncured binder failure

Binder components are
poorly mixed/proportioned
and never cure.

[]
[]
[]
[]
[]

Cracking ] L] L] ] ]
Polishing [] [] [] [] []
Other (specify) Click or tap ] ] ] ] ]
here to enter text.
No observed distresses []
Survey of Agency HFST Experience Texas A&M Transportation Institute&

Florida Department of Transportation
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26. Within your agency, how often do you believe the following factors contributed to HFST
distress? NOTE: When stating the frequency, consider all HFST projects, both distressed

and non-distressed.

Frequency of Causing HFST Distress
Across All HFST Sites Within Agency

Factor
Never Rarely | Sometimes Often Very Often

During Construction
Moisture on pavement ] ] L] [] []
Inadequate shot blasting (concrete) [] L] ] ] ]
cracofourae detects 0O oo o]0
Inadequate removal of dirt/debris ] ] L] [] L]
Pavement temperature too cold [] [] [] [] []
Pavement temperature too hot [] [] [] [] []
HFST binder inadequately mixed ] ] ] L] L]
HFST binder application too thin ] ] ] L] L]
HFST binder application too thick ] ] ] L] L]
Other (specify) Click or tap here ] ] ] ] ]
to enter text.
Prexisting Surface Condition
Cracked on pavement [] [] [] [l [l
Oxidized and polished surface ] ] L] [] []
Aged and weak pavement layer ] L] L] [] []
Other (specify) Click or tap here ] ] ] ] ]
to enter text.
In Service
Winter maintenance L] L] [] [] []
Other (specify) Click or tap here ] ] ] ] ]
to enter text.

Survey of Agency HFST Experience
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To expand on the cause of some construction-related problems, consider the following HFST
application methods:

Manual Application
- Binder is proportioned, mixed, and spread by hand (i.e. with handheld tools).
- Aggregate is broadcast by hand.

Semi-Automated Application
- Binder is proportioned and mixed by machine.
- Binder is spread by hand AND/OR the aggregate is broadcast by hand.

Fully-Automated Application
- Binder is proportioned, mixed, and spread by machine.
- Aggregate is broadcast by machine.

27. Within your agency, how often have you experienced construction problems with each of
the three application methods?

Frequency of Occurrence Within Agency

Construction Problem No Very

ETEGE Never | Rarely | Sometimes | Often Often

Manual Application [] [] [] [] [] []

Semi-Automated Application [] [] L] [] L] L]

Fully-Automated Application [] [] [] L] L] ]

Please describe any problems in more detail. Click or tap here to enter text.

Service Life

28. What is the typical service life that your agency gets from their HFST installations? Indiate
the range of life on the numer scale below. Assume proper construction practices and
typical traffic exposure.

Years After HFST Installation
7 8 9 11 12 13 | 14 | 15+

6 10
OO ooy b4
O|Ojgoog oo g

Survey of Agency HFST Experience Texas A&M Transportation Institute&
Florida Department of Transportation
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Earlyrange | [ | ] | L
laterange | [ | LJ | O
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REPAIR AND REPLACEMENT METHODS

29. Has your agency performed any small HFST repairs to correct localized deffects (reapply
HFST, mill and reaply HFST, etc.)?

[] Yes
[ ] No

If “YES,” please describe in detail the repair methods or attach formalized procedures.

Click or tap here to enter text.

30. Has your agency removed or replaced any HFST installations?

[] Yes
[ ] No

If “YES,” please describe in detail the removal and/or replacement methods or attach formalized
procedures.

Click or tap here to enter text.

31. How many HFST sites has your agency removed or replaced within 5 years of installation?

[ ] None

[ ] <5sites
[ ] 5to 10 sites

[ ] >10sites

Survey of Agency HFST Experience Texas A&M Transportation Institute&
Florida Department of Transportation
Page 13



32. How important are the following factors to your agency for triggering removal or
replacement of HFST?

Improtance for Triggering HFST Removal/Replacement
Factor for Consideration
Vieiny ey Low Moderate High Very High
None
Friction value L] [] [] ] []
Texture value L] [] [] ] []
Treatment age |:| D |:| |:| D
Aggregate loss or delamination
in the wheel path L] L] L] L] L]
Cracking in the wheel path [] [] ] L] []
Pavement condition score as
used for agency-wide L] [] [] [] []
pavement management
Pavement maintenance/
rehabiliation cycle L] L] L] L] L]
Other (specify) Click or tap ] ] ] ] ]
here to enter text.

33. Has your agency developed criteria for when to remove or replace HFST?

|:| Yes, please provide link or attachment

[ ] No

[ ] Inprogress

Survey of Agency HFST Experience Texas A&M Transportation Institute&
Florida Department of Transportation
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SURVEY COMPLETED

Thank you for your time and attention in completing this survey.

To submit, email the the following items (as applicable) to
Bryan Wilson at b-wilson@tti.tamu.edu:

1) Survey document
a. If completed electronically, submit both .docx and .pdf files.
b. If completed by hand, a scanned copy.

2) HFST site selection guidelines.

3) HFST material/construction specification.

4) HFST crash analysis.

5) HFST friction analysis.

6) HFST post contruction friction monitoritng plan.

7) HFST repair/replacement procedures.

Survey of Agency HFST Experience Texas A&M Transportation Institute&
Florida Department of Transportation
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APPENDIX B
DETAILED SURVEY RESPONSES

The interviewee responses are detailed in Table B-1, expanded across the next several pages.
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Table B-1. Detailed Survey Results.

1. At how many sites has your agency installed HFST?

2. Where are HFST sites installed?

State Horizontal e || iEesades Bridge Other Other,
Curves Decks describe
Alaska 11-50 None 2-10 None None Roughly equally in urban and rural areas
Arkansas 51-100 11-50 2-10 None None Roughly equally in urban and rural areas
California >100 51-100 11-50 11-50 None Mostly in urban areas
Connecticut 2-10 2-10 None None None Mostly in urban areas
Florida 2-10 11-50 2-10 2-10 None Mostly in rural areas
Georgia >100 2-10 None 51-100 None Mostly in rural areas
Indiana 11-50 None None None None Mostly in rural areas
lowa 2-10 2-10 None None None Roughly equally in urban and rural areas
Kansas 2-10 11-50 None None None Roughly equally in urban and rural areas
Kentucky >100 11-50 1 2-10 None Mostly in rural areas
Louisiana 51-100 2-10 1 1 None Mostly in rural areas
Maryland 2-10 11-50 11-50 None None Mostly in rural areas
Michigan 2-10 None None None None Mostly in rural areas
Mississippi 2-10 2-10 None 2-10 None Roughly equally in urban and rural areas
Missouri 11-50 11-50 11-50 None None Mostly in urban areas
North Carolina 2-10 2-10 None None None Mostly in rural areas
New York None None 1 2-10 None Mostly in urban areas
Ohio 11-50 11-50 2-10 None None Mostly in urban areas
Pennsylvania >100 51-100 11-50 11-50 None Mostly in rural areas
South Carolina 2-10 11-50 1 None None Mostly in urban areas
South Dakota 11-50 2-10 1 11-50 None Mostly in rural areas
Tennessee 51-100 51-100 2-10 51-100 None Roughly equally in urban and rural areas.
Texas 51-100 None 2-10 None None Mostly in urban areas
Utah 11-50 None None None None Mostly in rural areas
Washington 1 2-10 1 None None Mostly in urban areas
Wisconsin 11-50 11-50 None None 2-10 Round about Mostly in rural areas
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Table B-1. Detailed Survey Results. (continued)

3. Which factors does your agency consider for selecting HFST sites?

State Crash rate, Crash rate, . Pavement . Roadway (Rl OB Gl Cost-benefit Pavement .
il wet/RwD Crash diagrams friction Traffic volume e —— cost crash B condition Other Other, describe
countermeasures
Patterns of single-vehicle-
run-off-the-road and
Alaska Moderate Moderate Moderate Moderate Low Very High Low Low Low Very High motorcycle crashes where
skidding/loss of control
was a contributing factor.
Arkansas High Very High Very Low/None Moderate Very Low/None Moderate Low Moderate High Very Low/None
California Low Very High Low Low Low Moderate Very High Very High Low Very Low/None
Connecticut Very High Very High Very Low/None High Moderate Low Low Very Low/None Moderate Very Low/None
Florida High High High Moderate Moderate High Low Very Low/None Moderate Very Low/None
Georgia Moderate Moderate Very Low/None Moderate Low Very High Low Low High Very Low/None
Indiana Very High Very High Moderate Moderate Low High Low Moderate Moderate Very Low/None
lowa High High Low Low Low Moderate Moderate Very Low/None High High Schedu:)iij(:gcomlng
Kansas High High Low Moderate Moderate Moderate Moderate Very Low/None High Very Low/None
Excess expected wet
Kentucky Low High Moderate Low Low Moderate Moderate Moderate Moderate High pavement roadway
departure crashes
Louisiana Moderate Very High High Moderate High High Moderate Very High Very High Very Low/None
Maryland Very High Very High Moderate Very High High High High Very High Very High Very Low/None
Michigan Low Very High Very Low/None Very High Moderate High Moderate Moderate Low Very Low/None
Mississippi Very Low/None Very High Moderate Moderate Low High Moderate Very High Very High Very Low/None
Missouri Very Low/None Very High Very Low/None Very Low/None High High Very Low/None Very Low/None Very Low/None Very Low/None
North Carolina Very High Very High Very High High Low High Low Moderate High Very Low/None
New York Very Low/None Very Low/None Very Low/None Very High Very Low/None Very High Very High Very Low/None Very High Very Low/None
Ohio Very Low/None Very High Very Low/None Very High Moderate Moderate Moderate Very Low/None High Very Low/None
We don’t use crash rates
since they misleading
crashes based on wet
roads, lane departures,
. . N SVROR, HFO, intersection
Pennsylvania Very Low/None Very Low/None Low Moderate Very Low/None Low Moderate Low High Very High rear-ends or skidding at an
intersection approach
where there is limited sight
distance to the intersection
or a steep down grade.
South Carolina Moderate High Very High Very Low/None Very Low/None Moderate Moderate Low Moderate Very Low/None
South Dakota Very Low/None Very Low/None Very Low/None Very Low/None Very Low/None Very Low/None Very Low/None Very High Very High Very High Crash r::s;:zg::r road
Tennessee Very High Very High Moderate Very High Very High Very High High High Moderate Very Low/None
Texas High High Very Low/None High High High Very Low/None Very Low/None High Very Low/None
Utah Low Very High Very Low/None Very Low/None Low Very High Very Low/None Very High High Very Low/None
Washington Very Low/None Moderate Very Low/None Very Low/None Very Low/None Moderate Moderate Moderate Moderate Very Low/None
Wisconsin Moderate Very High High Moderate Low Low Very Low/None High High Very Low/None
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Table B-1. Detailed Survey Results. (continued)

4. Does your agency have a
systematic approach for

5. Does your agency have
written guidelines for

6. How does your agency determine where to place HFST to optimize curve benefits?

tate a n o a
S installing HFST? selecting HFST sites?
Yes/No Yes/No
Alaska No No Predetermined starting and ending locations in Determined from in-person In advance of intersection functional
relationship to curve geometry site observations area to stopbar
Predetermined starting and ending locations in
Arkansas No . R
relationship to curve geometry
. . Predetermined starting and ending locations in Determined from crash
California No No . R .
relationship to curve geometry diagrams
. Predetermined starting and ending locations in
Connecticut No In progress . .
relationship to curve geometry
Florida No Yes Determined from crash diagrams
. Predetermined starting and ending locations in Determined from in-person
Georgia Yes Yes . R . .
relationship to curve geometry site observations
. Predetermined starting and ending locations in
Indiana Yes In progress . .
relationship to curve geometry
lowa No No Engineering judgement
Kansas No No Determined from in-person site observations
Predetermined starting and ending locations in Determined from in-person
Kentucky No In progress . . . .
relationship to curve geometry site observations
. Predetermined starting and ending locations in
Louisiana In progress No . .
relationship to curve geometry
Predetermined starting and ending locations in
Maryland Yes In progress . .
relationship to curve geometry
Predetermined starting and ending locations in
Michigan No Yes . . & 8
relationship to curve geometry
e . . Determined from in-person
Mississippi No No Determined from crash diagrams . . P
site observations
. . Predetermined starting and ending locations in Determined from crash
Missouri No No . R .
relationship to curve geometry diagrams
Predetermined starting and ending locations in
North Carolina No No . . & 8
relationship to curve geometry
New York No No Determined from in-person site observations
Ohio No In progress Determined from in-person site observations
. . . . . Determined from crash
Pennsylvania Yes Yes Determined from in-person site observations .
diagrams
Predetermined starting and ending locations in Determined from in-person
South Carolina No No . R g & . . P
relationship to curve geometry site observations
Predetermined starting and ending locations in
South Dakota No No . . & 8
relationship to curve geometry
Predetermined starting and ending locations in
Tennessee Yes No . .
relationship to curve geometry
Predetermined starting and ending locations in Determined from in-person
Texas No Yes . R . .
relationship to curve geometry site observations
Predetermined starting and ending locations in
Utah No In progress . R g &
relationship to curve geometry
Washington Yes Yes Engineering judgement
Wisconsin No No Engineering judgement
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Table B-1. Detailed Survey Results. (continued)

. . 10. How often
9. Typical unit .
7. How many HFST site installations are typically in each HFST 8. How are HFST bid price for aciE 11. When resurfacing is required, b e y'ou agency use any
State contract? materials bid? HFST SUb.s HE nee.ded how is the work bid? Gl practlces.to romoreost
materials? prior to placing savings?
HFST?
Single 2to5 6to 10 More than 10 Price (S/sy)
Alaska Sometimes Never Never Sometimes Single bid item 27.5 Sometimes Same contract as HFST No
Arkansas Never Never Rarely Very Often Single bid item Sometimes Separate stand-alone contract No
California Rarely Often Rarely Never Single bid item 46 Never Does not apply No
Connecticut Never Very Often Never Never Single bid item 21 Sometimes Same contract as HFST No
Florida Very Often Sometimes Rarely Never Single bid item 33 Sometimes Same contract as HFST
Georgia Often Sometimes Rarely Rarely Separate bid item Sometimes Separate stand-alone contract No
Indiana Never Sometimes Never Often Single bid item 17.8 Sometimes Same contract as HFST No
lowa Rarely Sometimes Sometimes Never Single bid item Never Does not apply No
Kansas Often Sometimes Never Never Single bid item 25 Never Does not apply No
Kentucky Often Rarely Never Never Single bid item 25 Sometimes Separate' work through No
Maintenance
For the statewide systemic
Single bid item project, we packaged
including districtwide construction
Louisiana Rarely Sometimes Often Often |r'15tallat|on, 225 Sometimes Same contract as HFST pro;ecjts vf”th multiple routes in
different for one district together. We also
flexible and rigid tried to have these projects let
pavement around the same time since the
projects were so similar.
Maryland Never Sometimes Sometimes Never Single bid item 33 Sometimes Separate larger paving contract No
Michigan Often Never Never Never Single bid item 22 Rarely Does not apply No
Mississippi Often Sometimes Never Never Single bid item 19.55 Sometimes Same contract as HFST
Missouri Very Often Sometimes Never Never Single bid item 17.5 Sometimes Same contract as HFST No
North Carolina Very Often Never Never Never Single bid item 25.45 Rarely Same contract as HFST No
New York Very Often Never Never Never Single bid item Never Does not apply No
Ohio Very Often Often Rarely Never Single bid item 25 Sometimes Same contract as HFST No
Separate work through In-house maintenance forces
Pennsylvania Rarely Rarely Sometimes Very Often Single bid item 20 Sometimes . for small pavement repairs
Maintenance . .
before HFST is applied.
South Carolina Sometimes Often Often Never Single bid item 25 Rarely Same contract as HFST No
South Dakota Rarely Rarely Sometimes Rarely Single bid item 22 Often Separate stand-alone contract No
TDOT has four regions with 23
Tennessee Never Often Never Never Single bid item 225 Rarely Separate stand-alone contract to 246 cou‘ntles in each. We do
region wide HFST contract to
get a very competitive bid.
Texas Often Rarely Never Never Single bid item 18.5 Never Does not apply No
Tried to package our projects to
. . have a value of at least $1
Utah Never Sometimes Sometimes Never Single bid item 225 Very Often Coordinate HF.ST placement with million to help defray the costs
resurfacing schedule I
of mobilizing the automated
equipment.
Washington Sometimes Sometimes Never Never Single bid item 33 Never Does not apply No
Wisconsin Often Sometimes Rarely Never Single bid item 20 Rarely Same contract as HFST No
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Table B-1. Detailed Survey Results. (continued)

16. Has agency

13. Attach 14. Is agency considering alternative 15. Is agency considering alternative conducted a before and
State specification tests/etc. for aggregates? tests/etc for binder? after crash reduction
analysis for HFST?
Alaska Yes No No No
Arkansas Yes No No Yes, in progress
Prepare concrete surfaces to be treated
by abrasive blasting. The prepared
. . surface must comply with ASTM D7682,
California ves ves Method A, meeting the ICRI concrete ves
surface profile, visual comparator value
of 5-7
Connecticut Yes No No In progress
Florida Yes XRF analyzer, quick and efficient for on-site Add thermal cqmpatibility test on Yes
check binder
Georgia Our ager?cy its intere-sted in the effects of No Yes
using light-weight aggregate
Indiana Yes No No Yes (under review)
lowa Yes No No No
Kansas Yes No No In progress
Kentucky Yes No No Yes
For acceptance and at the discretion of
the PE, LA states the following in our
spec: “A pull test (implied ASTM C1583)
preformed no longer than 3 hours
following HFST installation and in
accordance with subsection 6.3 may be
Louisiana Yes No used in lieu of the 3-hour compressive No
strength (implied ASTM C579-B)
requirement in AASHTO MP 41, Table 1.
I know this is unusal since C1583
requires 24 hours for the bond to occur
between the HFST and the pull-dolly but
this how it reads.
see HFST
Maryland special No No Yes
provisions doc
Michigan Yes No No In progress
Mississippi Yes No No In progress
Missouri Yes No No No
North Carolina E:.cler;st:i In process, e-valuating all testing options in In proces-s, Pjvaluating all testing options Yes
. field and laboratory. in field and laboratory.
updating
New York Yes No No No
Ohio Yes No No In progress
Conﬂderlng the development of a Yes (please contact). We
L . . Pennsylvania Test Method (PTM) to i
Pennsylvania Yes, I"ub 408, Considering bfauxne requlrements to reduce clarify procedures to cast and test epoxy are updating the study
section 659 dust while placing the treatment . X . . when we get a new
binders specimens for ultimate tensile R
engineer on board.
strength.
South Carolina Yes No No Yes
South Dakota Yes No No Yes
Tennessee No No Yes
Texas Yes No No No
Currently our State Lab is not equipped to do
some of the tests. Our specification requires
results frgm a certified laboratory. Ra.ther We added notes to the ASTM tests to
Utah Yes than Festlng the hardness Of th? Calcined clarify how the tests are to be In progress
Bauxite, we require a certification of the
minimum level of Aluminum Oxide Content. performed.
We also revied the AASHTO test instructions
and clarified the grading requirements.
Washington ?No? No No Yes
Wisconsin Yes No No In progress
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Table B-1. Detailed Survey Results. (continued)

17. Has agency
developed a state

18. Which devices use for friction?

19. Does agency monitor friction of

specific CMF for HFST? HESIE
State Continuous
Spot Vehicle Tire Friction Other Before AU Service
Measureme r
nt Device
Alaska No DFT Yes Yes Annually
Arkansas No DFT Locked-wheel skid trailer Ribbed Yes Yes No routine monitoring
California No DFT No Yes Every 1 to 3 years
Connecticut No Locked-wheel skid trailer Ribbed and smooth Yes Yes No routine monitoring
Florida No DFT Locked-wheel skid trailer Ribbed Yes Yes No routine monitoring
Georgia In progress DFT Locked-wheel skid trailer NA No Yes Every 1 to 3 years
Indiana Yes (0.70, under review) Locked-wheel skid trailer Smooth Yes Yes Semi-annually
lowa No DFT Locked-wheel skid trailer Ribbed Yes Yes No routine monitoring
Kansas No Locked-wheel skid trailer Smooth Yes Yes No routine monitoring
Kentucky Yes DFT Locked-wheel skid trailer Ribbed SCRIM No Yes No routine monitoring
Louisiana No Brltlsf;epsig:iulum Locked-wheel skid trailer Ribbed and smooth No Yes No routine monitoring
Maryland No DFT Locked-wheel skid trailer Ribbed Yes Yes Every 1 to 3 years
Michigan In progress Locked-wheel skid trailer Ribbed Yes No No routine monitoring
Mississippi No Locked-wheel skid trailer Ribbed Yes Yes Every 1 to 3 years
Missouri No Locked-wheel skid trailer Ribbed Yes No routine monitoring
North Carolina No DFT Locked-wheel skid trailer Ribbed and smooth ,,G'\;llgvt:r?:f):f, No No No routine monitoring
New York No Locked-wheel skid trailer Ribbed Yes Yes Annually
Ohio No Locked-wheel skid trailer Ribbed and smooth No No No routine monitoring
Pennsylvania In progress Locked-wheel skid trailer Smooth NA Yes NA
South Carolina No Locked-wheel skid trailer NA No Yes No routine monitoring
South Dakota No Locked-wheel skid trailer Ribbed No Yes No routine monitoring
Tennessee Yes Locked-wheel skid trailer Ribbed Yes Yes No routine monitoring
Texas No Locked-wheel skid trailer Smooth Yes No Every 1 to 3 years
Utah No Locked-wheel skid trailer Ribbed No Yes No routine monitoring
Washington No Locked-wheel skid trailer Ribbed Yes Yes Annually
Wisconsin No Locked-wheel skid trailer Ribbed Yes No Annually
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Table B-1. Detailed Survey Results. (continued)

21. Has agency
conducted a

20. Does agency have friction criterion? detall_ed
G analysis of
friction for
HFST?
Friction . .
. Friction analysis
criterion
Alaska Yes DFT@20km/h > 0.75 Yes
Arkansas Yes FN>=65 before completion of job In progress
California Yes DFT(60) >= 0.75 (correct or replace) No
Connecticut Yes See spec No
Florida Yes 65 In progress
Georgia Ves Ensure a DFT rating of 0.9 within 5 days of placement and a No
minimum rating of 0.8 is achieved 90 days after completion
Indiana Yes DFT=0.09 min; SN40S=83 (under review) Yes
lowa Yes FN 65 or better No
Kansas No NA No
High friction surface treatment locations that can be safely tested at 40
mph shall be evaluated by locked wheel skid test as per ASTM E274
between 60 and 90 days after installation. A minimum skid number of
75 SN4OR is required. Installations that are not conducive to skid
Kentucky Yes testing due to roadway geometrics or speed limitations shall be Yes
accepted based upon visual determination of acceptable bond and
aggregate exposure. Surface treatment applications not meeting
average minimum skid test results of 75 SN shall be removed and
replaced at no cost to the Department.
Louisiana Yes Min 65 FN40 No
Maryland Yes Pg 6 of SP In progress
Michigan No NA No
S Within 30 days of construction MDOT will test and it must
Mississippi Yes . - No
achieve a friction number of at least 65
Missouri Yes >=SN 65 In progress
North Carolina Yes attached No
New York Yes 65 No
Ohio No NA No
No visible untreated areas or areas with poor Bauxite retention.
Pennsylvania Yes Remove and Replace projects with a Skid Number (SN) of less No
than 65, 90% payment for projects with SN between 65 to 70,
100% payment for project with SN of more than 70.
South Carolina Yes 70 No
South Dakota Yes Min 65 No
Tennessee Yes (see spec) No
Texas No NA No
We require a 5 year warranty (but no bond is held) for a surfaec
Utah Ves to have a slfid resistance of 75 or higher thrc_>ughout the No
warranty period. The department can determine when and
where they want to test the skid resistance.
Washington Yes FN average 65 or higher with no test under 60 Yes
Wisconsin No NA In progress
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Table B-1. Detailed Survey Results. (continued)

22. Which devices/method to measure texture?

23. Does your agency monitor texture of HFST

24. What are different pavement distresses observed in HFST sites? Indicate Frequency.

sites?
State Polishi
4 . L . . ishi .
Spot Vehicle Before After Service Agg loss Delamination Pop off Uncured binder Cracking i Other Other specify
Alaska We do not measure No No No routine monitoring Never Never Rarely Rarely Sometimes Often very Snow plow da_mage,
pavement texture often Studded Tires
Wheel-path line laser
Arkansas Line profile with a laser Full lane line laser (3D No No No routine monitoring Never Very Often Very Often Rarely Sometimes Never
texture)
HFST distress is more
California We do not measure No No No routine monitoring Rarely Rarely Often Never Never Rarely Often prevalent on PCC
pavement texture than on asphalt
concrete
Connecticut Line profile with a laser No No No routine monitoring Never Never Never Never Never Never
Florida Line profile with a laser Wheel-path point laser Yes Yes No routine monitoring Sometimes Rarely Rarely Sometimes Rarely Rarely
. We do not . - .
Georgia € donot measure No No No routine monitoring Rarely Never Rarely Sometimes Rarely Never
pavement texture
Indiana 3D profile with laser Wheel-path point laser Yes Yes Semi-annually Rarely Sometimes Rarely Never Often Rarely
lowa We do not measure No No No routine monitoring Sometimes Never Sometimes Rarely Sometimes Rarely
pavement texture
Kansas Sand patch No Yes No routine monitoring Rarely Rarely Never Never Sometimes Never
Kentucky Wheel-path line laser No No No routine monitoring Rarely Rarely Rarely Never Rarely Never
Louisiana We do not measure No No No routine monitoring Rarely Rarely Sometimes Rarely Sometimes Never
pavement texture
Maryland Line profile with a laser No No No routine monitoring Often Often Sometimes Sometimes
Michigan We do not measure No No No routine monitoring Never Never Never Never Never Never
pavement texture
Mississippi Wheel-path point laser No No Every 1 to 3 years Sometimes Sometimes Sometimes Sometimes
Missouri Sand patch No No No routine monitoring Sometimes Rarely Sometimes Rarely Sometimes Rarely
North X . - ) .
Ca:)rlina Sand patch Profilometer No No No routine monitoring Often Sometimes Sometimes Rarely Never Never
. . - . . Somet
New York Sand patch Wheel-path point laser No No No routine monitoring Sometimes Rarely Often Rarely Sometimes imes
Ohio 3D profile with laser Wheel-path point laser No No No routine monitoring Often Never Rarely Never Rarely Never
. We do not . - .
Pennsylvania € donot measure No No No routine monitoring Rarely Rarely Rarely Rarely Sometimes Rarely
pavement texture
South We do not . - .
ou_ € donot measure No No No routine monitoring Sometimes Rarely Rarely Rarely Never Never
Carolina pavement texture
We do not . -
South Dakota € donot measure No No No routine monitoring Rarely Never Never Never Never
pavement texture
Full lane line laser (3D . .
Tennessee Sand patch texture) Yes Yes Annually Sometimes Rarely Sometimes Never Rarely Never
" . . . . Somet
Texas Wheel-path line laser No No Every 1to 3 years Sometimes Sometimes Sometimes Never Sometimes imes
Utah Profilometer No No No routine monitoring Often Often Never Rarely Rarely Never
. We do not . - )
Washington € donot measure No No No routine monitoring Never Rarely Rarely Never Sometimes Never
pavement texture
. . We do not . -
Wisconsin € do not measure No No No routine monitoring Rarely Rarely Rarely Never Never Rarely
pavement texture
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Table B-1. Detailed Survey Results. (continued)

25. When do the following HFST distress types typically occur?

State
HFST agg loss Delamination Pop off Uncured binder Cracking Polishing Other Other specify dis,:rizss
Within 6 s owd
now plow damage,
Alaska NA NA 1to 2 years 6 months to 1 year 1to 2 years 1to 2 years months to 1 studded tire damage
year
Arkansas NA Within 6 months Within 6 months NA 6 months to 1 year NA
The above is
California 2 to 4 years Within 6 months Within 6 months 4+ years for HFST on
PCC
Connecticut None
Florida
Georgia 1to 2 years Within 6 months Within 6 months 1to 2 years
Indiana Within 6 months 6 months to 1 year Within 6 months Within 6 months Withing 6 months (thz)os‘i?/;ly
lowa 4+ years 2 to 4 years 1to 2 years 4+ years
Kansas 1to 2 years 6 months to 1 year 6 mo;:;lrs tol 6 months to 1 year
Kentucky 4+ years 4+ years 4+ years 4+ years 4+ years 4+ years
Louisiana Within 6 months Within 6 months Within 6 months Within 6 months 2 to 4 years 4+ years
Maryland 6 months to 1 year 6 months to 1 year 6 months to 1 year 1to 2 years
Michigan None
Mississippi
Missouri 2 to 4 years 1to 2 years 2 to 4 years
North Carolina Within 6 months Within 6 months Within 6 months Within 6 months
New York 6 months to 1 year 6 months to 1 year 1to 2 years Within 6 months 6 months to 1 year 2 to 4 years
Ohio 2 to 4 years 4+ years 1to 2 years
S Stress cracking on
+
Pennsylvania 2todyears, 4 1to 2 years 1to 2 years Within 6 months Within 6 months 4+ years Within 6 perimeter of the
years months treatment
South Carolina Within 6 months Within 6 months Within 6 months
South Dakota 6 months to 1 year
Tennessee Within 6 months Within 6 months Within 6 months Within 6 months 6 months to 1 year 4+ years
6 months, 6 months | 6 months, 6 months 6 months, 6 6 months, 6 months 6 months, 6
months to 6 months to 6 months to 1
Texas to 1lyear, 1to 2 to1lyear,1to2 monthsto 1 to1lyear,1to2
ears ears ear, 1to 2 years ears 1year, 1to 1year year
Y Y/ year, Y/ Y 2 years
Our
- - - L Within 6 experience
Utah 6 months to 1 year Within 6 months Within 6 months Within 6 months Within 6 months ) -
months with this is
very new
Washington 4+ years 4+ years 4+ years 2 to 4 years
Wisconsin 1to2vyears.2to4 1to 2 vyears.2to lto2vyears.2to4
years. 4 years. years.
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Table B-1. Detailed Survey Results. (continued)

26. How often do you believe the following factors contributed to HFST distres?

Stats Moisture Shot blasting Sczelling Dirt/debris Too cold Too hot Binder mix Binder thin Binder thick Crack (.JXI Aged/weak Wln.ter
cracks/defects polished maint
Alaska Never Never Sometimes Rarely Rarely Never Rarely Sometimes Never Sometimes Never Never Very often
Arkansas Sometimes Rarely Sometimes Often Never Never Rarely Rarely Rarely Often C\)/fi?; Very Often NA
California Rarely Often Often Never Never Rarely Sometimes Sometimes Rarely Often Often Very often
Connecticut
Florida Often Sometimes Rarely Rarely Sometimes Never Often Often Sometimes Often Often Sometimes Never
Georgia Rarely Sometimes Rarely Rarely Never Sometimes Rarely Often Rarely Rarely Never Rarely Rarely
Indiana Never Never Rarely Rarely Often Never Rarely Sometimes Rarely Very often Rarely Sometimes
lowa Sometimes Sometimes Never
Kansas Never Sometimes Sometimes Sometimes Never Never Never Rarely Never Rarely Rarely Rarely
Kentucky Never Never Never Rarely Rarely Rarely Never Rarely Never Rarely Rarely Rarely Rarely
Louisiana Sometimes Sometimes Sometimes Sometimes Never Sometimes Rarely Rarely Rarely Sometimes Never Sometimes Never
Maryland Sometimes Rarely Sometimes Rarely Rarely Sometimes Sometimes Sometimes Sometimes Rarely Rarely Often
Michigan
Mississippi Sometimes Often Sometimes Sometimes Sometimes
Missouri Sometimes Sometimes Sometimes
North Carolina Often Never Never Sometimes Never Never Sometimes Never Never Sometimes Somitlme Sometimes Never
New York Often Often Often Often Sometimes Never Never Sometimes Rarely Sometimes Somitlme Sometimes Sometimes
Ohio Never Rarely Rarely Rarely Never Never Never Rarely Never Sometimes Never Sometimes Often
Pennsylvania Sometimes Sometimes Rarely Rarely Sorg?ttler:es, Sometimes Rarely Sometimes Rarely Rarely Somitlme Sometimes Never
South Carolina Rarely Rarely Rarely Rarely Rarely Rarely Sometimes Rarely Rarely Never Never Sometimes
South Dakota Never Never Never Never Never Never Never Rarely Never Never Never Never Rarely
Tennessee Often Often Sometimes Often Rarely Sometimes Never Sometimes Sometimes Rarely Never Rarely Rarely
Texas Never Never Rarely Never Never Rarely Rarely Rarely Rarely
Utah Often Often Sometimes Often Rarely Sometimes Often Often Sometimes Rarely Somitlme Never Often
Washington Never Never Never Never Never Never Never Rarely Never Sometimes Never Sometimes Never
Wisconsin Rarely Rarely Sometimes Rarely Rarely Never Never Rarely Sometimes Sometimes Rarely Rarely Sometimes
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Table B-1. Detailed Survey Results. (continued)

27. How often have you experienced construction problems with each application method?

28. Typical
service life

state Semiautomat Full
emiautomate ully- .
Manual Describe Earl Late
d Automated v
We had two seasons of application under three contracts. The first two applications
used fully-automated application, and one side has performed well, but the other we
suspect may have not had correct binder proportioning as we had complete loss of
. . . aggregate within the wheelpaths the first winter. It seemed that it did not set/harden
Alaska No Experience Sometimes Sometimes 8ares ‘p / 3 7
properly and the studded tires plucked/removed the aggregate. The next project was
semi-automated where the binder was proportioned/mixed by the machine and hand
applied, along with hand applied aggregate. This led to areas where the binder may
have been too thin, as well as areas lacking in aggregate.
Arkansas No Experience No Experience Rarely We only use full-automated
California Sometimes Sometimes Rarely 5 10
We allowed a partially-autemated [manual] approach with hand spread epoxy and
Connecticut Often No Experience Never blown bauxite, but have since gone fully automated due to the inconsistency noted
during the placement.
Florida 5 10
Georgia Rarely Rarely Sometimes 10 10
Indiana No Experience Sometimes No Experience the binder mixer or spreader does not work properly 4 7
lowa No Experience Never Never 7 10
We do not require automated applications. Contractors in the area have chosen to do the process
manually.
Typical problems with the overlays are that the surface is cleaned (shotblasted) and then not enough
care is taken to prevent contamination from construction activities. This results in spot failures typically
Kansas Sometimes No Experience No Experience after the first winter. The longer they are left the bigger they get due to water expansion (freeze/thaw) 5 7
at the edge of the failure. Failure spots usually start out about 6 inches in diameter and grow. Second
problem is occasionally the contractor and or the inspector will not mark out the spread rate and the
material build is not enough. This does not happen as often as the contamination issue. These areas
don’t tend to peal they just wear at an increased rate.
KYTC’s experience with manual applications is that if the installation instructions are
well followed, the frequency of construction problems will be relatively low. However,
Kentucky Sometimes Rarely Rarely it can be difficult to follow the HFST installation timing requirements with a manual 6 10
application, so KYTC limits manual applications to very small areas or areas where an
automated application is not practical.
- . . uality of application and quantity calculations are easier to monitor from a full
Louisiana Sometimes Sometimes Rarely Q v PP a v - v 4 10
automated application
. ) . MDOT only has experience with the manual method. Only 4 HFST contracts since 2008.
Maryland Sometimes No Experience No Experience v P - . v 10 15
Fully-automated specification hasn't been used yet.
Michigan Never Never Never But, not sure which methods were actually used.
On our very first project we had 2 different products and 2 different contractors each doing a 3 lane
section in opposite directions. One was using automatic equipment and had minor trouble. The other
was using a manual method and couldn’t achieve any production. We changed our spec after that to
require mechanical application and only to use manual for very small or irregular areas. I’'m not sure
Mississippi Very Often Rarely Rarely whether our current spec would be considered Semi-Automated or Fully-Automated.
We believe the biggest issue we have with HFST is losing the bond between the binder and the surface
being treated due to the extremely hard gravels used in both our asphalt and concrete mixtures. We
think we need to modify our spec to increase the surface texture before HFST treatment to create a
better bond.
Auger spreader for aggregate got jammed or clogged on one or two proejcts using the
semi-automated method, and there have been cases of uneven aggregate distribution
Missouri Sometimes Sometimes No Experience by manual broadcasting. | change the answer to N/A/ for the fully automated method, 4 6
since I'm not personally aware of projects using this procedure, although there might
have been some in Missouri.
Manual, the epoxy did not harden, the aggregate did not bind to the epoxy, and when
North . . . the ramp was opened to traffic, we had 4 or 5 cars slide off the road in the first hour.
. Sometimes No Experience Sometimes . - . . 5 8
Carolina Fully-automated, after about a month, the entire application began to delaminate in
spots...this may not have been from the application process, but was a failure.
New York Sometimes Sometimes Sometimes 4 5
Ohio No Experience Never Never NA 5 10
Non-uniform film thickness due to the use of non-appropriate squeegees (squeegees bending, and or
wrong opening of the serration) when using Semi-Automated Application method. Bauxite broadcasted to
active lane when using the Semi-Automated Application method. Construction personnel exposed to
traffic of open lanes and poor visibility (dust) when broadcasting Bauxite, when using the Semi-Automated
Pennsylvania Never Sometimes Rarely Application Method. Clogged spray bars leading to poor Bauxite retention due to insufficient thickness of 6 10
treatment, when sing the Fully-Automated application method, untreated areas due to excessive wind
(disturbing binder flow from spray bar), when using the Fully-Automated application method
Pennsylvania’s first HFST was had applied in 2007 in Northampton County along route 611. That HFST
lasted for 8 years when the normal pavement cycle came up for a mill and fill pavement operation.
South
. Rarel Rarel Rarel 10 15
Carolina v v v
. . . On our first project there were two locations that didn’t get adequate thickness of
South Dakota No Experience Sometimes No Experience proj n . 8 4
binder due to the rake teeth getting warn down.
Tennessee No Experience Never Never 5 15
Texas 3 5
We just completed our first automated application and the surface began coming up
Utah Often No Experience Often within months. We are still negotiating with the contractor to service their warranty. 3 7
Overall it was a very bad result for automated applications in our state.
Washington No Experience Sometimes Rarely 4
. . . Excessive binder application made too thick HFST on roadway especially at
Wisconsin Rarely Sometimes Rarely PP Y esp v 5 10

superelevation
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Table B-1. Detailed Survey Results. (continued)

31. How many

HFST sites
29. Small HFST repairs? 30. Remove/Replace HFST? removed or
replaced within
State
5 years of
installation?
Repairs Describe Remeus/ Describe IS GRETIYy
replace remove/replace
We have not removed and replaced sites yet, but we have a project
Alaska No No planned to mill/fill the urban locations the HFST was installed. It will mill None
2" of pavement and replace with 2” of our Type V (Superpave) HMA
Arkansas No Yes We are about to remove HFST and replace it with a different treatment >10
California No Yes Defective work is removed and replaced following specifications <5
Connecticut No No None
Remove and replace the
distressed areas. HFST to the full
. distressed depth and to a " . X -
Florida Yes - Yes Mill and resurface with DGFC, and finally overlaid with HFST <5
minimum surface area of 150% of
each distressed area, subject to
performance at final survey.
Georgia No Yes If issues are noticed early eqough, contracFor will address issues, if not, <5
site will be re-bid
Indiana No No None
lowa No No None
Milled it off. The original surface was in poor condition and the treatment
Kansas No Yes - <5
was delaminating
We have only replaced HFST due to the route being resurfaced. We have
Kentucky No Yes not had any significant issues that have required replacement due to None
installation failure.
For the first HFST in Louisiana we recently let a project to remove the HFST
and reapply. It included segments of at grade rigid pavement and some
structure. A diamond grinder was used to remove remaining HFST and
HFST was reapplied on the at grade roadway. The bridge was given a deck
Louisiana No Yes overlay treatment which is a separate spec in Louisiana. For a project <5
where the HFST was “popping off” with the pavement, we milled and
overlayed the entire pavement where HFST was applied. This was a chip
seal pavement that we determined was not a good candidate for HFST so
we have modified our guidelines to avoid these types of pavements.
Thus far, only one of Maryland’s HFST installations have been removed. It
Maryland No Yes was installed in 2008 and replaced in 2017 with a 12.5mm PG 645-22 Level None
2 HMA mix. The method of removal was via carbide grinder.
Michigan No No None
Mississippi Yes None
Missouri No Yes <5
One location where the
binder/epoxy did not take that
North Carolina Yes ‘lescgfisounrf;:]e;elrmzepi'j;ilgt’d?ge Yes The location we have had for 9 years v@s recently redone, | do not have <5
5 . the specifics.
not take due to moisture in the
existing pavement that was
redone 2 months out
New York No No None
. The surface was milled, overlayed, and the HFST re-installed. Typically this
Ohio No Yes is part of a larger resurfacing project not related to the HFST. <5
Sc_arlflcatlon of areas with excess About half of a large project was removed in areas/lanes that were bumpy
Pennsylvania Yes binder to reapply t.he Freatment Yes or areas that presented poor bauxite retention, then treatmetn was <5
manualy and application of the reapplied
treatment on bare areas. |
South Carolina Yes Describe? No None
South Dakota No No None
Sweep with steel and or nylon
Tennessee Yes brush combo sweeper then Yes Grind or mill <5
reapply HFST
Texas No Yes 5to 10
We have only had the failure of
Utah Yes t.he most recent proejct. It was. Yes Our oldest small rural projeFts have. been milled and overlayed with no re- None
still under contract, so the reparis installation of HFST.
are being negotiated.
Washington No No None
Wisconsin No No None
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Table B-1. Detailed Survey Results. (continued)

32. How important are following factors to triggering removal or replacement?

33. Has your
agency developed
criteria for when to

State remove or replace
HFST?
Agg | Maint; Oth R |
Friction Texture Age e 955 ?r Cracking Condition score aintenance Other (.er emov.e/ rfep ace
delamination cycle specify criteria
Alaska Very High Very Low/None Very Low/None High Very Low/None | Very Low/None Very No
Low/None
Arkansas Very High Very High No
California High Very Low/None Very Low/None High Very Low/None | Very Low/None Moderate No
Connecticut No
Florida Low Low Low High Moderate High Low No
Georgia Very High Low Moderate High Moderate Very high High No
Indiana Very High Very High Moderate High Low Low Low No
lowa High Low High Low High No
Kansas Lom\//}el?;ne Very Low/None Very Low/None Moderate Very Low/None | Very Low/None Moderate No
Very Very . .
Kentucky Low/None Very Low/None Very Low/None Low/None Very Low/None High High No
Louisiana High Very High Very High High High High No
Maryland Very High High Moderate Very High Very High Very High High Very High (r:;ilsuhc:iaot: No
Michigan No
Mississippi No
Missouri Very High Moderate High No
North Carolina High No
New York Very High Moderate Very High Very High Very High Low Very High No
. . Very Wet
Ohio Low Very Low/None Very Low/None Low Very Low/None Very High Low/None Moderate crashes No
Pennsylvania Very High Very Low/None Moderate High Very Low/None High High In progress
. . . Very
South Carolina High Low Low High Moderate Very Low/None Low/None Yes
South Dakota High High No
Tennessee Very High Moderate Moderate High Low Moderate Moderate No
Very . .
Texas Low/None Very Low/None Very Low/None High Very Low/None High Moderate No
Utah Very High Very Low/None Very Low/None Very High Very Low/None Very high Very High No
Vv

Washington High Very Low/None Very Low/None High Very Low/None | Very Low/None Low/el\rl\gne No
Wisconsin High Low Moderate High Low Low High No
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APPENDIX C
MATERIAL SPECIFICATION DETAILS
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Table C-1. Binder Test Methods and Criteria by State.

Property Test Method Alabama Alaska Arkansas California Florida Georgia lllinois
Polymeric Polymeric
. . Resin Resin Polymeric Polymeric Polymeric Polymeric Polymeric
A AT MEHENIIEELS Methyl Methyl Resin Resin Resin Resin Resin
methacrylate methacrylate
. . . ASTM D2556, 7 -30 7 -30
Viscosity (poises) D196 1220 1220 7-25 10-30 7-30 7-30
. . . ASTM (881,
Gel time (min, minutes) AASHTO M235 10 10-45 10-30 10 10 10
Ultimate tensile strength @ 7 days ASTM D638, 2,500 2,500-5,000
izt el AASHTO M235 1,500 1.500-5,000 2000 2,650 2,000 - 5,000 2,650 2,500-5,000
ASTM D638
Elongation of break point (min, %) AASHTO M235 30 30-70 30 30-70 30-70 30-70
60-80 60-80
Durameter hardness (Shore D) ASTM D2240 40-75 40-75 60-80 65-75 60-80 60-75 60-80
. . . ASTM D695,
Compressive Strength (min, psi) AASHTO M 235 1,600
Compressive strength @ 3 hrs; @ 7 1,000; 5,000 1,000; 5,000 . . .
e ASTM C579 1,000; 2,000 1,000; 2,000 1,000; 5,000 1,000 1,000; 5,000 1,000; 5,000
Cure time, 55 mil wet thickness @ 75 ASTM D1640 3 3 3 3 3 3
F (max, hrs)
ASTM D570
. o, 7’
Water absorption (max, %) AASHTO M235 1.0 1.0 1 1.0 1.0 1.0 1.0
ASTM C1583, 250 or
VTM-92, 250 or 100% 250 or 100% 250 or 100% 250 or 100% 100%
Adhesive strength @ 24 hrs. (min, psi) ACI 503R, substrate substrate substrate substrate substr:te
ASTM D4541, failure failure failure failure failure
ASTM C1583
Thermal compatibility ASTM C884 No delamination
Permeability to chloride ion @ 28 AASHTO T 277
(max)
S -
Styrene content (A.) by weight) ASTM D2369 3040
(Polyester resin only)
Peak exothermic temperature (min, F) ASTM D2471
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Table C-1. Binder Test Methods and Criteria by State. (continued)

Mississipp

Property Test Method Indiana lowa Kansas Kentucky Michigan : Montana
. . . . Polymeric Resin . Polymeric Resin
Binder Type Not applicable PoFlzym_enc PoFlzym_enc Po'IRym.erlc Po'IRym.enc Methyl Poéym_erlc Methyl
esin esin esin esin methacrylate esin methacrylate
. . . ASTM D2556, 7 -30 7 -30
Viscosity (poises) D2196 7-30 7-30 12-20 1220
. . . ASTM (881,
Gel time (min, minutes) AASHTO M235 10 10 15-45 10 10 15 10
Ultimate tensile strength @ 7 days ASTM D638, 2,500-5,000 2500-5000
(it i AASHTO M235 1500-5000 2500-5000 2,000-5,000 2,500-3,600 700-1,000 2,400 1500-5000
ASTM D638
Elongation of break point (min, %) AASHTO M235 30-80 30-70 30-80 30 30-70 30 30-70
. 60-80 60-80
Durameter hardness (Shore D) ASTM D2240 60-80 60-80 70 min 40-75 70 40-75
. . . ASTM D695,
Compressive Strength (min, psi) AASHTO M 235 1885 1,600 1,600
Compressive strength @ 3 hrs; @ 7 ASTM C579 1,000; 1,000; 1,000; 5,000 1,000; 5,000 1,000; 5,000
days (min, psi) 5,000 5,000 @3hrs;@24hrs 1,000; 2,000 1,000; 2,000
Cure time, 55 mil wet thickness @ 75 ASTM D1640 3 3 3 3 3 3
F (max, hrs)
ASTM D570
. [ ’
Water absorption (max, %) AASHTO M235 1 1 0.25 1 1 1
ASTM C1583
! 250 or 250 or
. . VTM-92, o o 250 or 100% 250 or 100%
heliceive strengtsl:)@ i (il ACI 503R, sut(;?r/:te sut(:?r/:te substrate 200 substrate
P ASTM D4541, failure failure failure failure
ASTM C1583
Thermal compatibility ASTM C884 pass
Permeability to chloride ion @ 28 AASHTO T 277 100
(max)
5 s
Styrene content (/t.a by weight) ASTM D2369
(Polyester resin only)
Peak exothermic temperature (min, ASTM D2471 150

F)
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Table C-1. Binder Test Methods and Criteria by State. (continued)

North . South South A . .
Property Test Method Carolina New York Pennsylvania Carolina Dakota Texas Utah Virginia Wisconsin
. . Polymeric Resin . . . . . .
Binder Type U Polymerlc Polymerlc Methyl Polymer|c Polymer|c Polymer|c Polymerlc Polymgnc Polymgnc
Resin Resin Resin Resin Resin Resin Resin Resin
methacrylate
. . . ASTM D2556, 7-30
Viscosity (poises) D2196 7-30 1220 7-30 7-30 7-30 7-30 7-70 7-30
. . . ASTM (€881,
Gel time (min, minutes) AASHTO M235 10 10 10 10 10 10 10 10
Ultimate tensile strength ASTM D638, 2500-5000 2500- 2000- 2000-
@ 7 days (min, psi) AASHTO M235 2,500 2,000 1500-5000 2,500 5000 5000 5000 2000-5000
Elongation of break point ASTM D638,
(min, %) AASHTO M235 30 30-70 30 30-70 30-70 30-70 30 30-70
Durameter hardness 60-80
(hore D) ASTM D2240 60-80 70 40-75 60-80 60-80 60-80 60-80 60-80
Compressive Strength ASTM D695,
(min, psi) AASHTO M 235 1,600 >,000
2,000-
Compressive strength @ | . o 1,000; 1,000; 1,000; 5,000 (uliﬁq(ﬁe) 1,000; 1,000; 1,000;
3 hrs; @ 7 days (min, psi) 5,000 5,000 1,000; 2,000 1.000: 5,000 5,000 5,000
5,000
Cure time, 55 mil wet
thickness @ 75 F (max, hrs) ASTM D1640 3 3 3 3 3 3 3 3 3
Water absorption (max, ASTM D570,
%) AASHTO M235 1 1 1 1.0 1.0 1 1 1
AS'I\'/I_I\{INi195283, 250 or 250 or 250 or 250 or 250 or 250 or
Adhesive strength @ 24 ACI 503R’ 100% 100% 250 or 100% 100% 100 % 100% 250 100%
hrs. (min, psi) ASTM D454'11 substrate | substrate | substrate failure substrate | substrate | substrate substrate
ASTM C1583 failure failure failure failure failure failure
Thermal compatibility ASTM C884
Permeability to chloride
ion @ 28 (max) AASHTO T 277 100
Styrene content (% by
weight) (Polyester resin ASTM D2369
only)
Peak exothermic ASTM D2471 150

temperature (min, F)
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Table C-2. HFST Aggregate Specification Details.

Property Test Method Alabama | Alaska | Arkansas | California | Florida | Georgia | lllinois | Indiana | lowa Kansas Kentucky
. No. 4 (min, %) 100 100 100 100 100 100 100 100 100 100
c =
S E X No. 6 (min, %) 95 95 95 95 95 95 95 95 95 95
%8 No.5 (%) AASHTO T27, o5
R CTM202
£ e o No. 16 (max, %) 5 5 5 5 5 5 5 5 5 5 5
No. 30 (max, %) 1 1
Sand Equivalent CT 217 95
Fineness Modulus
Fine Aggregate Angu;a)rlty, Method A (min, ASSHTO 304
0
Resistance to Abrasion Value (LA Machine) AASHTO T96,
@ 100 rev. (max, %) CTM 211 20 20 20 20 20 20 10 20 20
LA Abrasion Test on Parent Rock (max, %) AASHTO T96 20
LA Rattler Loss @ 100 rev. CT 211, Table 1, 10
(max, %) Grading D
ASTM D7428
. . o 3
Micro Deval Resistance (max, %) AASHTO T327
Moh's hardness scale (min) 8
AASHTO T-255,
Moisture content (max, %) CT 226, ASTM 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
C566
. . AASHTO T 279,
Polish Stone Value (min) ASTM D3319 38 38 38 38-44
ool m >
Polished Stone Value" or BPN? (max, mm) ASTM E660
(70mm)
Aluminum Oxide (min, %) ASTM C-25 87 87 87 87 86 87 87 87 87 87
Sodium Sulfate Soundness AASHTO T 104,
(max, %) ASTM C88 12 10 5 12
. ASTM C88,
Magnesium Soundness (max, %) Tex-A11-A 30
ASTM D3042
. . s ,
Acid Insolubility (min, %) Tex-512-J 90
Freeze-Thaw Soundness, @ 50, 16, or 25
cycles for Proc A, B, or C (max, %) AU )
Apparent Specific Gravity (min) AASHTO T 84 3.1
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Table C-2. HFST Aggregate Specification Details. (continued)

Property Test Method Michigan Mississippi | Montana Nort.h New York | Ohio Pennsylvania SOUt.h L Tennessee | Texas | Utah | Virginia | Wisconsin
Carolina Carolina | Dakota
R No. 4 (min, %) 98 95 100 100 100 100 100 100 100 100 100 100
s No. 6 (min, %) AASHTO 95 95 95 95 95 95 95 95 95 95 95 95
59 No. 8 (%) T27, 30-75
g g No. 16 (max, %) CTM202 5 5 5 5 5 5 5 5 5 5 5 5 5 5
No. 30 (max, %) 1 0.2 1
Sand Equivalent CT 217
Fineness Modulus 2.28-2.81
Fine Aggregate Angularity,
Method A (min, %) ASSHTO 304 45
Resistance to Abrasion
. AASHTO T96, 10@
Value (LA Machine) @ 100 CTM 211 20 20 20 20 20 20 20 30 10 20 20 100rev
rev. (max, %)
LA Abrasion Test on Parent
Rock (max, %) AASHTO T96
LA Rattler Loss @ 100 rev. CT 211, Table
(max, %) 1, Grading D
Micro Deval Resistance ASTM D7428, 5 5
(max, %) AASHTO T327
Moh's hardness scale 7
(min)
AASHTO T-
Moisture content (max, %) 255, CT 226, 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2
ASTM C566
AASHTO T
Polish Stone Value (min) 279, ASTM 50 38 38
D3319
"Polished Stone Value" or
BPN? (max, mm) (70mm) () E5EE w
Aluminum Oxide (min, %) ASTM C-25 87 87 87 87 87 87 87 87 87 87 87
. AASHTO T
Sodium S(t:rllf::’e‘yso;aundness 104, ASTM 12
C88
Magnesium Soundness ASTM C88, 30
(max, %) Tex-411-A
n . . ASTM D3042,
Acid Insolubility (min, %) Tex-512-) 90
Freeze-Thaw Soundness,
@ 50, 16, or 25 cycles for AASHTO T 103 9
Proc A, B, or C (max, %)
Apparent ?::‘(ier:;flc Gravity AASHTO T 84 31
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APPENDIX D
INTERVIEW NOTES

MANUFACTURER 1
HFST Binders

e To improve thermal compatibility, the key is to improve the binder toughness.
(Toughness is the ability of a solid material to absorb energy until fracture occurs). Too
much focus on high strength.

e An example of the risks of having poor toughness is the loss of aggregate in the wheel
path under studded tire traffic in Alaska and Washington.

e Thermal compatibility research underway at Purdue IN. Jeffery Youngblood is leading
the effort since the loss of Becky McDaniel.

e Couple presentations at this previous-years TRB about HFST. Group from Indiana
looked at questions of thermal compatibility and spalling. Researcher focused on pilot
project. Cracking didn’t affect performance but could become a longer-term problem
with freeze-thaw. Didn’t consider pavement condition when choosing the study location.

e At least one state, Indiana, has lowered the compressive modulus requirement (supposed
to be tensile strength, may have misspoken), in an effort to spec a more flexible binder,
but this isn’t working either. A manufacturer can add non-reactive diluents to epoxy,
which will lower the modulus, but the diluent will go away in high UV exposure and
leave you with a more brittle system.

e A touch of urethane may be added into polymeric resin binders for marking purposes, but
if you add enough, it could change the toughness.

e Main problem is most manufacturers aren’t looking at being innovative, but instead focus
on being cost-effective to meet the specification. To lower costs, manufacturers can add
non-reactive diluents to epoxy.

e The other problem is there is no incentive for innovation. Polymeric resin binders for
HFST are a commodity with comparatively small volume in sales. Getting a material
with “smarter” properties (more flexible, strong bond, tough/resilient) is going to cost
polymer companies a lot in research and development, and the end-product will be more
expensive. Nobody has a large profit margin in HFST and nobody will make a lot of
money here.

e Our product has a lower-modulus material and would like to get it into the market place,
but the original product is performing well-enough and is cheaper. Again, there is not a
huge profit margin here.
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e Specifications will and should drive innovation. If the specifications change, then
polymer manufacturers will develop a product to meet them.

e The most common binder is epoxy, followed by polyester. MMA isn’t really a player.

Binder Thickness Measurement

¢ In addition to using the film-thickness gauge, you could look at macrotexture of
pavement to determine coverage rate of resin binder.

e The State of Virginia already uses macrotexture to determine the coverage rate. They
have a table with different macrotextures and a recommended application rate.

Surface Preparation

e In some cases, you should shot blast asphalt pavements too, not just concrete. This is
important when there is flushing in the wheel path.

e It’s probably not correct to use the ICR profile chips to determine the correct texture.

e Details for how to shot blast (shot size, shot rate, where to apply (wheel path only?), and
how to determine if it’s properly done.) Josh Jones, with Blast Track, will lead a task
group to have these discussions.

e Biggest concern with asphalt, does it have enough tensile strength to hold onto HFST.

Industry and Application Methods

e Contractor X, almost exclusively polyester resin.

e Contractor Y (larger installer, 6-8 pump trucks for epoxy), would do it by hand.
Automated system is polyester. All over the country.

e Contractor Z and X, do a lot with pumps and spreader. Hand applied binder (squeegees),
but aggregate broadcast method automated.

e Contractor X stays mostly in the south. They have a polyester truck and an epoxy truck.
(Note: later learned they no longer have a polyester truck).

e No MMA going down really. No urethane. No hybrid systems.

e Automated requirement is still kind of up in the air. If the roadway surface is uniform and
flat across the surface, it could be fine. But being uniform is what’s difficult. I believe in
automation.

e Texas no longer has a fully-automated requirement.
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MANUFACTURER 2

HFST Binder Specifications

Most states emphasize too much on the strength of the binder, specifically compressive
strength. But for HFST binder, a lot of times it’s used on asphalt, and if it’s too stiff, it
will break the asphalt bond. Substrate failure = system failure.

The stiffness of the binder only needs to be strong enough to hold the aggregate, after
that, the weaker the better. If you only need 500 psi, you don’t need 5,000 psi.

ASTM C-881 Type 3 (AASHTO M235 - Type 3) doesn’t have requirements for
compressive strength, tensile strength, nor flexural strength. Yet nearly all state specs for
HFST have these. Why? Probably a misguided decision that should be corrected.

The ASTM and AASHTO epoxy specs do have a tensile elongation requirement (greater
than 80 percent).

The ASTM and AASHTO epoxy specs do have a maximum modulus of elasticity
requirement, less than 130,000 psi. This is probably too high though. Compare that to the
high modulus epoxy which has a minimum of 90,000 psi. You would expect that the low
modulus epoxy should be below this.

Most states, have no modulus requirement. Test is actually easier to run than compressive
strength. (1-inch diam, PVC pipe as a mold.)

In ATSSA, we discuss this quite a bit. We ask the industry and states to add a modulus or
thermal compatibility requirement, but very few do.

Manufacturer 2 has developed an epoxy with better resilience and has tested it in
different service conditions. Over 100 degrees in Texas it’s too hot, but in the north it’s
too cold and can vary 40 degrees. Some think we need two systems for both climates. We
test the resilience (TxDOT and OKDOT (5 percent or 10 percent)) see how much
recovery in 5 minutes. More resilience you have the better performance you have.
Manufacturer 2 hasn’t heard problems with the snow plows, but if it’s too rigid it may be
worse than softer binder. Another test could be the resilience or the elongation during
cold temperatures.

Thermal Compatibility.

Existing test is done by bonding to a concrete substrate. We need to run this test on
asphalt instead, which is where substrate failures are happening. Epoxy needs to be weak
enough to not break asphalt.

There might even be a strong case that a weaker epoxy could hold the aggregate better
than a stiffer epoxy, because the material has more resilience.

For the thermal test, need to define the temperature range. Currently at Manufacturer 2,
test in ice water 2hr and warm water (150F) 2hr. (This is an accelerated test done for

139



convenience. Need to test on aged asphalt (existing core). Cut into 2x4 inch and do the
cycling.

e Some people have used high friction on an old wood bridge. After one winter some rich
epoxy was debonded and peel off wood.

Binder Thickness Measurement

e Difficult to measure on uneven or porous surface.

e (Can directly measure the applied binder with a piece of paper/plastic on the ground and
measure the weight of product applied per area.

e Can also do application and calculate the volume of binder applied vs the area covered to
calculate film thickness. Feels this is the best approach.

e Currently, there is no correction for pavement surface texture.

e In the field, people still use the thin film thickness gage. Maybe, combine the approach of
the thickness gage for quality control, and then the DOT should verify the
application/yield. The DOT should have a minimum # of gallons that needs to be applied,
to avoid applying to little binder.

Industry Use of binders

e Polyester and MMA can cure faster in cold temperatures.
e Epoxy isn’t sensitive to moisture and has a better bond. Other systems need to use
flammables and VOCs. Epoxy is UV sensitive, but UV does penetrate to the HFST bond.
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CONTRACTOR 1
Friction Verification

e Current test methods seem sufficient, but some agencies (TxDOT) should require friction
readings after installation. Testing is needed closer to 6 months.

e Readings are needed because contractors are not installing enough binder to lower bid
prices and win jobs. The thin binder thickness leads to loss of aggregate. This shelling out
likely happens within the first 6 months, and creates “slick” surface especially when wet.

e Aggregate loss will happen faster with higher traffic volumes in an urban environment.

e Why doesn’t Texas have this requirement? No insight. Perhaps the thinking is there is
testing on the materials before construction, but this issue is not a materials problem, but
a construction problem.

Binder Film Thickness Test

e Best method is to test the installation immediately behind the truck with a wet film
thickness gauge.

e The automated system dispenses and documents the amount of material used which is the
key to a successful installation. Continuous documentation. Not exactly the same type of
system as Contractor 2.

e On their jobs, the foreman is always checking depth with the gauge throughout
installation.

e Louisiana will pull a core sample after installation and measure the binder and do a pull
test. Not sure exactly how they look at binder thickness. Probably visual measurement
only.

Binder Test Methods and Criteria

e Typically use Manufacturer 2. Have used others, but they feel that Manufacturer is really
better. Hadn’t run across anything that didn’t perform well.

e Used to have a polyester truck and an epoxy truck. Polyester has potential for more
problems (tends to set too fast and might not bond to some surfaces). Feels like it just
didn’t “wet” into the surface. Have since converted the polyester truck to another epoxy
truck.

e Any issue of thermal incompatibility? No, haven’t seen that issue with Contractor 1
installations.

Aggregate Test Methods

e 87 percent has always been the number. Don’t know if 86 percent would necessarily be
lower performance.
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e American source of Calcined Bauxite out of Bauxite, Arkansas. Mineral Manufacturing.
The kiln is in Alabama. Less expensive and works fine. Other sources come from
Australia, South America, China, etc.

Surface Preparation

e Texas requires shot blasting on concrete surface only.

e Some asphalt surfaces we install on need to be shot blasted also. Look especially for high
polishing and bleeding in wheel path of seal coat).

e Shot blasting to roughen up the surface and create some macro texture for the binder to
adhere to.

e A few years ago, premature failure in Austin District of delamination from asphalt
concrete. Went back and shot blasted and portion then reinstalled HFST. Still there today.

e Look at the site conditions. In 5 delaminating projects, the conditions were the same.
2-lane, rural road, heavy turning truck traffic from an existing plant entrance.

e Ultra-high water blasting may work too. An economical alternative by itself when high-
performance friction is not required ($4/sy and just in the wheel paths.)

Application Method

e [ am a proponent of the fully automated process. We can more easily control the process,
which typically results in a higher quality installation.

e With semi-automated process, you still have the binder being spread with a squeegee.
Road surfaces are irregular, especially in the wheel paths, and I am not convinced you
can spread a consistent 65 mils of binder with a squeegee.

e Automated truck technology has not changed over the last few years. You can still install
a full lane width and you can still drop the aggregate within 7-15 seconds after the binder
is put on the group, which ensures that the binder does not run to the low spots of the
pavement.

e Texas opened back up to allowing manual application. Political stuff was at play. Three
jobs let recently, 100,000 sy and two require automated application in the general notes,
but they are being installed with the semi-automated method.

e During summer in Texas, blend a winter and summer epoxy together to manage
viscosity.

Repair/Removal/Replacement

e Use a regular mill machine to remove treatment.

e If material hasn’t cured, have to get 95 to 98 percent up before reapplying. (No indication
that another removal application is needed).

e Over seal coat surface, have to be as delicate as possible.
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General Practices to Promote Cost Savings

e HFST is not the cheapest safety countermeasure. On a consistent basis I hear from
engineers that the cost is three times more than seal coat. I do not disagree.

e The key is that seal coat is installed on hundreds of miles of roadway as a maintenance
tool and typically loses its friction capabilities in curves in a short period of time.

e High friction should ONLY be installed in those curves where conventional pavements
lose their friction capabilities are vehicles are leaving the roadway, resulting in accidents
and fatalities.

e Itis a safety tool So utilizing high friction in the correct locations results in a great return
on investment. That is where agencies can recognize their cost savings.
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CONTRACTOR 2

Aggregates

Huge amount of testing done by research agencies and states. Significant finding that
bauxite, whether produced nationally or imported, is really the best choice. Price has
gone done since the beginning. Metric ton, down about 30 percent in price.

After 7 to 12 year of monitoring performance of alternative aggregates shows that no
other aggregate will resist polishing like calcined bauxite. Initial performance may be
relatively good, but with high AADT and time, performance will drop.

Purchasing these alternative aggregates, despite questions of performance, doesn’t really
make sense either. To meet the special gradation required causes an increase in cost right
out the door. Experience with resurfacing viaduct using Washington State (or Hawaii)
aggregate vs Calcined Bauxite. Washington State aggregate costs twice as much as
calcined bauxite, and didn’t perform as well. So why use it?

In the asphalt business, should consider using calcined bauxite in the mixture. This could
be something in the future. But do we just use it around the curve? Probably, but requires
some coordination with the paving operation.

Problems with over indulgence...can’t fix everything.

Application method

Tendency to apply in manual format is dying off.

It’s not the fault of the installer, it’s that there are more risks for things to go wrong in a
manual installation.

Wisconsin DOT has a poor specification. Greater failures because the spec is bad. Trying
to get lower cost by allowing manual installation is completely negated after a premature
failure. The failure ends up costing them more.

General

Biggest improvements could be made in the understanding of the components, gradation
and cleanliness, understanding the epoxy-resins and improve specs. Apply some science
to the treatment. There are several people that know the science behind asphalt, concrete,
aggregate, and soil. But no one in the DOTs understands the science behind polymeric
resin binders.

No friction requirement in specs (Texas).

For material acceptance, if the test results is outside the 6-month window, and if it’s not
from a certified lab, then don’t accept it. FDOT is better than most agencies with this.
MNDOT and Deleware specifications are very good. Puts more responsibility on the
contractor.
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Good qualified inspector is very important. Inspectors in FDOT are pretty darn good.

Thermal compatibility and HFST binders.

It could be improved. Will have significant strain at the bond during thermal cycling.

If we change the rheology of the material, specifically part A is viscous, blend with high
pressure (blender), and add heat, gets less viscous, blends better, but cures faster.

You add fillers (neoprene) but these can get brittle over time.

Should we adjust the epoxy formula based on hotter and cooler climates? Differences in
viscosity and/or set time. Consider different spec. for the different climates.

Binder Film Thickness Measurement

Both methods of film thickness measurement, gauge or yields, are questionable at best.
Looking at yield after the project is not ideal. Better to have reporting of yield throughout
the application.

“Live reporting” module that gets temperature of pavement (not air), calculated
thickness, usage, yield continuously. Gives a thorough report to the agency and can even
be viewed online remotely.

Caltrans has live reporting in spec. MNDOT has in spec. FDOT is considering in spec.
but hasn’t done it yet.

Repair techniques.

Approach to repair/removal different depending on the failure.

If materials are uncured, mixed incorrectly, then milling machine don’t work, but need to
scrape it off. This leaves you with contaminated pavement that also needs to be cleaned.
Solvents are a no-go. Shot blasting is required. Clean, then reapply and needs to look like
original surface. Relatively difficult to do. You can’t just put more on top.

If you have aggregate loss because of low binder mil thickness, you need to brush/shot
blast then reapply. If in the northern states, having too much variable thickness (height
difference) could lead to problems with snow plows. Would need to have careful control
on height or go with a grinding/reapplying option.

If complete removal is required, but have no intention of replacing the substrate,
Diamond grinder is required. Tried micro milling and other machines but no good. Shot
blasting doesn’t work. Only diamond grinding worked. Very costly. Relatively slow.
Requires skilled operators.

When rehabilitating the road, you can just mill it, and there’s no real risks of damaging
the mill. You can even put the millings into RAP piles. The cured epoxy is completely
inert and can even use RAP in an HMA plant.

145



FEDERAL HIGHWAY ADMINISTRATION (SAFETY PROGRAM)

Site Selection

e General strategy: Take an intelligent approach to select HFST sites. Help agencies skip
the low-cost method first if we can predict that a better, more expensive material (HFST)
would be most beneficial. If crashes keep happening after using cheap chevrons, we
could have used HFST from day 1 and saved more lives.

e Continuous pavement friction monitoring

(@)

© O O O O

We’re trying to promote continuous pavement friction monitoring (CPFM) in site
selection. The idea is to proactively identify curves with poor friction performance
and implement a crash mitigation technique before they happen.

Locked wheel friction tests cannot accurately test at curves. Either the test is done
right before or after the point of curvature or tangent, you won’t get the deficiency in
the curve itself.

CPFM measures every 5 ft vs 60 to 70 ft for skid trailer.

SCRIM is one recommendation.

Locked wheel skid trailers need to go slower than traffic.

Standard practice with CPFM in Europe.

Large vehicle with ample water capacity and also a mini-SCRIM available for
testing local roads and such.

e Structural Integrity

(@)

Through peer exchange, on key for site selection is to determine structural integrity.
Substrate may not be strong enough to hold HFST, it’s not a debonding issue.
Certain states have good practice (FDOT, maybe PennDOT).

Not talking about a test method for the substrate itself, but rather something that’s
part of routine maintenance operations.

e Texas Curve Calculator.

e High friction vs Enhanced friction.

(@)

Assess curves based on several parameters (geometry, friction) and identify which
curves need HIGH friction and which need enhanced friction.
High friction is calcined bauxite in polymeric resin binder system (HFST).
What enhanced friction looks like could be and alternative aggregate than calcined
bauxite. Or it could be a high friction aggregate in an asphalt mixture.
NOTE: I did not get the feeling that they would consider a seal coat (chip seal) with
high performance aggregate (light weight or igneous) would count as enhanced
friction.

= Hard to get pavement people to think about the cost.

= Struggling with Montana DOT because they keep comparing it to chip seal.

Since 2012 couldn’t convince them. Finally, they are trying their first project.
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= Question: if it didn’t qualify for HSIP funding, do you think people would stop
using HFST? Response: Some states are now starting to use their own funding.
Could only treat a few curves with HSIP, but there’s a need to treat several
curves. It’s a good entry way to get states to try it out.

Application Method

e In perfect world, do you need fully automated system?

e [t can be hard to mobilize a specialty truck for one installation in a remote location, so
manual labor to do a small curve is still probably OK.

e But the chance of failure for fully-automated system decreases substantially. Just a good
way to minimize risks.

e  When HFST goes wrong, the state doesn’t think “this application method is bad,” they
think “HFST is bad” and will not look at the product again at all.

Binder Specifications

e From the federal level, there is no push to adjust the stiffness/thermal compatibility of the
binder. FHWA is not in the position of writing specs.

e Engineer from Tennessee DOT was working on the material spec for AASHTO and may
have more insights.
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