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1.0 Introduction

Pavement surface characteristics contribute to several important driving-related factors, among
which are:

e Surface integrity, which can contribute to tire damage and/or reduced vehicle control
due to suspension interaction with large scale road irregularities. This is also known as
pavement distress.

e Pavement friction, for which a minimum must be provided to ensure sufficient traction
for safe vehicle braking, cornering, lateral maneuvering and forward acceleration.

e Splash from heavy trucks and SUVs during wet driving conditions, for which a
maximum allowable level is needed to prevent obscuring the visibility of other road
users.

e Noise from pavement/tire interaction, for which a minimum is sought to prevent either
hearing damage or a negative impact on residential property value.

The coarse texture, including grooving; the fine texture, including morphology, distribution and
physical characteristics of the aggregate; the degree of porosity; and the interaction of the
contacting surface with the tire compound and tread pattern all play a role in the latter three
factors. Further, the top layer’s resistance to wear and compaction, and the characteristics of the
underlying structure also influence the durability of the pavement.

Future pavement design is expected to make use of tools to optimize this combination of factors
as a function of the relative importance assigned to each one as well as for the economic road
construction and maintenance. As such, State and local jurisdictions should have means to first
monitor or estimate pavement characteristics, and second, to base decisions regarding actions
required when certain values are measured or certain pre-established thresholds are exceeded.

To assist with these efforts and with the planning for future R&D needs, a compilation of the
current methods (procedures and acceptability criteria) and related regulations used to
characterize pavement friction and qualify pavement condition is needed.

The objectives of the project presented herein include:
1. Investigate procedures used to evaluate pavement conditions,
2. Determine the criteria, if any, used to qualify pavement conditions,
3. Identify, amongst those used, whether they are based on friction or not, and
4. Characterize the actions required based on the specific values of the criteria used.

As a first step, this report summarizes literature review findings from all relevant publications
related to current practices of pavement condition evaluations. In particular, in 1999, NCHRP
Synthesis 291, by J.J. Henry, surveyed many states and non-US agencies to compile information
on methods used and associated threshold values. This study however did not include
information of follow-on actions taken when threshold values are exceeded. All publications
reviewed are listed in Appendix A.
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As a second step, this report includes results from surveys and interviews conducted to gather
additional information on current state-of-the-art used by the States and also on potential policies
established to identify actions. Results from eight of the 9 candidate states selected for interviews
and draft questions are included.

While most of this report is focused on US-based information, this report summarizes, as a final
and third step, results from surveys and interviews conducted to gather information on processes
and measures used by international agencies known to be proactive in the area of road friction
monitoring.

1.1 Background

Pavement experts have the daunting task of designing and maintaining infrastructures which will
provide a comfortable ride, maintain skid resistance, and minimize noise all while limiting the
amount of tire wear and damage created when the rubber meets the road. Unfortunately, there is
no pavement composite that will yield desirable results in all areas when it comes to comfort,
wear, and safety. To increase skid resistance, the surface texture could be increased. However,
increasing texture also increases the amount of tire damage and noise generation created by the
rough surface. Better water run-off can be created by increasing the course-scale surface texture,
but the trade off is a decline of skid resistance, particularly at lower speeds. Historically ride
quality has dominated as the most important characteristic for road design and maintenance. As
the cost of motor vehicle crashes within the United States continues to climb, it is expected that a
greater emphasis will be placed on safety related pavement properties such as skid resistance.

Skid resistance has two major components: adhesion and hysteresis. When a tire is pressed into
close contact with pavement surface particles, molecular bonds between the tire and the surface
particles are formed. Adhesion results from the shearing of those bonds. The greater the number
of bonds formed, the greater the energy required to break the bonds, and therefore better skid
resistance. Hysteresis results from energy dissipation as the tire rubber is deformed when it
passes across the asperities of a rough surface pavement. Again, the greater the energy
dissipation of the moving tire, the better the skid resistance (Noyce, 2005).

Skid resistance is highly dependent on the surface irregularities of individual stone particles used
in pavements and upon the larger irregularities of the overall road surface. The surface
irregularity of individual particles is referred to as “fine-scale” or “microtexture”. “Course-
scale” or “macrotexture” refers to the larger irregularities found between the particles that make
up the pavement. Fine-scale texture and adhesion are the prevailing factors influencing skid
resistance at speeds less than 30 mph.

At higher speeds, microtexture and adhesion still play a small role in skid resistance, however,
macrotexture has a greater effect on maintaining skid resistance and on wet weather travel.
Macrotexture affects hysteresis. Coarse-scale texture is created by voids between individual
stone particles in the pavement mix. Voids are essential in providing a pathway for water to
escape the road surface during wet weather. Initial macrotexture properties on a pavement
surface are determined by a combination of size, shape and gradation of the coarse stone
particles in the pavement. Over time, macrotexture properties degrade as individual aggregates
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become polished by tire wear, voids become clogged by dirt, sand, or oil, and as the individual
stones become compacted by the weight of vehicles, particularly in the wheel paths.

Two other road surface texture properties contribute to the overall quality of a pavement surface:
megatexture and roughness (unevenness). While micro and macrotexture are the heavy hitters
for skid resistance, megatexture and roughness are the major players for ride quality.
Megatexture describes the irregularities that result from rutting, potholes, major joints and
cracks, and surface stone loss. Megatexture is known to play a small role in providing skid
resistance, but, it plays a dominant role in rolling resistance and in the noise levels created by the
tire-road interactions. Roughness refers to surface irregularities larger than megatexture — like
those really big potholes, or that annoying washboard effect felt that makes a Sunday drive feel
more like a day on rough seas. Rough surfaces can cause extensive vehicle operating costs.
Figure 1 shows examples of each of the four categories of surface texture.

Microtexture
(< 0.5mm)

Macrotexture

(0.5mm — 5¢cm)

Megatexture /s5<
(5¢cm — 0.5m)

(Unevenness)

(>0.5m)

Figure 1. Representation and examples of surface textures: microtexture, macrotexture,
megatexture, and roughness.

Microtexture, macrotexture, megatexture, and roughness are defined by texture wavelengths in
units of meter. As in freshman physics, texture wavelength is the length of the wave having
periodic oscillation as measured from the same point along the wave (crest-to-crest, trough-to-
trough). Unlike freshman physics where the periodic oscillations were smooth and well-defined
curves, profiles of pavement surfaces reveal a complex pattern containing layers of multiple
wavelengths of varying amplitudes. Figure 2 shows a typical bituminous road surface profile as
collected with a profilometer over a distance of 100 meters.
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The larger amplitudes are generally associated with longer wavelengths. Here, the maximum
amplitudes are about 20 mm. When the long wavelengths are removed by filtering down to
maximum amplitudes of about 10 mm, the shorter wavelengths created by surface texture
features becomes more apparent as shown in Figure 3. (Hegmon, 1993)

. o DISTANCE - METERS ..o oo
Figure 3. Surface from Figure 2 with long waves filtered out. (Hegmon, 1993)

Surface texture wavelengths have been shown to influence surface texture characteristics.
Microtexture wavelengths fall between 10° and 10 meters. Macrotexture wavelengths range
from about 10 to 10° m. (Recall that microtexture describes the surface irregularities of the
individual particle and macrotexture describes the course-scale texture created by differences of

course stone particle size and voids.) Megatexture and roughness wavelengths range between
102 to 10" m and 10 and 10" m, respectively (Noyce, 2005).

Figure 4 defines each of the four textures in terms of texture wavelength and reports the
influence of each on pavement surface characteristics. The degree of influence upon the
characteristics varies and is indicated in the figure by degree of shading. For example, wet
pavement friction is highly influenced by microtexture due to the influence of the surface
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irregularities of the individual particles on adhesion between the rubber tire and the particles.
Wet pavement friction is only moderately affected by megatexture — those surface irregularities
caused by potholes, cracks, ruts and major joints. (Noyce, 2005; Henry, 2000).

~
Texture Wavelength (meter)
10° 107 10 107 107 10™ 10° 10’
‘ Microtexture ‘ Macrotexture ‘ Megatexture ‘ Roughness/Uneveness
_riction I/ Skid Resistance \
. TireWear _ TireDamage
Rolling Resistance /Fuel Consumption / Air Pollution
Spash and Spray
Water Run-Off
[ EoriorNobe |
B ]  isHor Noise |
‘ ‘ Moderate ‘
)

Figure 4. Influence of Texture Wavelength on Surface Characteristics (Adapted from
Henry, 2000; Noyce, 2005).

Growing concerns over a State’s legal liability place increasing demands on highway engineers
to maintain highway surfaces that provide a measure of safety, as witnessed in the Missouri law
suit of 2000 (Noyce, 2005). The challenge for pavement management engineers will be to find
accurate, reliable, and cost effective measures to evaluate pavement surface conditions, including
skid resistance and to use that information to prioritize highway maintenance projects.
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2.0 Procedures Used to Evaluate Pavement Conditions

In general, the procedures currently used to evaluate pavement conditions can be broken into two
categories; qualitative and quantitative. Qualitative measurements are typically based on a
subjective visual observation of the road surface. Those observations may be made at highway
speeds over large sections of roadway or they may be taken at discrete points of interest in
pavement condition studies. Quantitative measurements, as with qualitative subjective
measurements, may also be taken either at discrete points of interest or at highway speeds.
However, the pavement characteristic of interest is measured, i.e. quantified, by some physical
means, rather than by qualitative assessments.

Amongst factors listed in Figure 4, friction/skid resistance, splash & spray, and tire damage have
the greatest potential to directly affect the vehicle’s safe operation when traveling on roadways.
These factors are highly or very highly influenced by nearly all surface features of all
wavelength ranges, i.e. microtexture, macrotexture and megatexture. However, the literature
mostly chooses to refer to microtexture, macrotexture, friction/skid resistance, and pavement
distress as both quantitative and qualitative measures which can be used to assess pavement
conditions.

The literature reveals that an abundant number of tests have been developed to study each type of
pavement characteristics, and information is readily available. To avoid duplication of efforts,
this report focuses on the techniques most commonly used and only includes a brief description
of these techniques. Appendix B contains a thorough list of test methods developed and used to
evaluate pavement conditions.

2.1 Microtexture

Microtexture is a function of the surface irregularities of individual aggregates in the pavement
mix, and influences pavement friction at low speeds. The relationship between increasing
aggregate polishing through wear and decreasing skid resistance has long been acknowledged
among pavement experts. As such, numerous methods have been developed to quantify an
aggregate’s resistance to polishing. A survey conducted by J.J. Henry (2000) for the National
Cooperative Highway Research Program shows that the LA abrasion test is the method of choice
for most states when determining aggregate polishability. Table 1 shows the individual results
for each of the thirty states.
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Table 1. Aggregate Evaluation (Henry, 2000)

EA\/I;(;[S:;Eon Aggregate Polishability

Alaska LA abrasion
Arizona LA abrasion
Arkansas PSU reciprocating
Florida LA abrasion

I Hawaii LA abrasion I
Illinois Variable speed tester
Kansas LA abrasion
Kentucky LA abrasion
Louisiana BPT AASHTO T-96
Maryland Br. Wheel/LA abrasion
Massachusetts LA abrasion
Michigan MI wear index
Minnesota LA abrasion
Mississippi LA abrasion
Missouri LA abrasion
Nebraska LA abrasion
New Jersey BPT British wheel
New Mexico LA abrasion
North Carolina LA abrasion
Oklahoma LA abrasion
Oregon LA abrasion
Pennsylvania BPT LA abrasion
Rhode Island LA abrasion

I South Carolina LA abrasion I
Texas British wheel
Utah BPT British wheel
Virginia LA abrasion
Washington LA abrasion
Wisconsin LA abrasion
Wyoming LA abrasion

In Europe, the British Wheel method is more commonly used. The LA abrasion and the British
Wheel testers assess rather different aspects of the aggregate; resistance to polishing from
contact against a rubber tire (British Wheel), and resistance to degradation via attrition due to
abrasion, impact and grinding in a ball-mill-like test against the aggregate itself and steel spheres
(LA abrasion).
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2.2 Macrotexture

Macrotexture is a function of the size of the aggregates used in a pavement mix, and its effect on
friction increases as speed increases (McDaniel, 2003). Macrotexture is also known to affect the
amount of splash and spray on wet pavements as well as noise generated. A variety of methods
have been developed to measure macrotexture characteristics of the roadway surfaces. They are
mostly based on measuring the depth or the volumetric flow.

Mean Profile Depth (MPD) is one of the most common macrotexture measures. The test
methods used to obtain the MPD include the sand patch test, circular texture meter, and
automated road analyzer system (e.g., ARAN). The sand patch tester and circular texture meter
evaluate small areas, typically a circular test area of 10-cm (~4-in) diameter for the sand patch
and 80-cm (31.5-in) diameter for the circular texture meter. Automated road analyzer systems
employ advanced laser scanning equipment coupled with pattern recognition software to
continuously evaluate the mean profile depth of miles of roadway surfaces (Watson, 2003).

Macrotexture influences the amount of splash and spray generated on wet pavement by affecting
the rate at which water is channeled away from the roadway surface during wet driving
conditions. To characterize the channeling rate of macrotexture, an Outflow Meter (a transparent
~4-in diameter cylinder with a rubber annulus) is placed on the pavement surface. A known
volume of water is placed in the cylinder. The time needed for the water to escape through the
channels and voids in the pavement surface, thus volumetric flow, give an indication of the
surface texture and porosity below the contact surface (McDaniel, 2003).

J.J. Henry reports that of the forty-two United States agencies that responded to his 2000 survey,
only five states reported measuring macrotexture. By contrast, fifteen of twenty-eight non-U.S.
agencies reported measuring macrotexture routinely (Henry, 2000). Table 2 lists the states that
reported measuring macrotexture and how the data were used.
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Table 2. Use of Texture Measurements among U.S. Agencies (Henry, 2000)

Routine Pavement

Survey OB UEE Management

Louisiana )
Minnesota d
Mississippi
Pennsylvania
I Virginia
NASA
France
Hungary
Japan
Morocco
The Netherlands
New South Wales
New Zealand o
Ontario
Portugal
Quebec ®
Saskatchewan
Slovakia
Slovenia
South Australia
United Kingdom
Victoria

2.3 Friction/Skid Resistance

The relationship between friction and highway safety has long been known and accepted among
the world’s highway authorities. Microtexture and macrotexture are of importance in particular
for their known influence on friction. A variety of methods exist to directly or indirectly assess
friction of pavement surfaces. Methods described previously in sections 2.1 and 2.2 yield
surrogate measures of friction. Additional methods also exist to directly measure friction or skid
resistance, either at a localized site or for a larger section of roadway.

The two most common site specific tools to measure friction are the British pendulum tester
(BPT) and the dynamic friction tester (DFT).

The British pendulum tester is limited to low speed frictional measurements. The BPT is a
portable device that measures the frictional properties of a road surface or laboratory specimen in
contact with a rubber slider. The value obtained, the British Pendulum Number (BPN), is a
measure of the energy absorbed when the rubber slider contacts the test surface during the swing
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of a pendulum. Because the sliding speed is low, approximately 10 km/hr (~6 mph), the BPN is
related to the microtexture of the test surface.

The dynamic friction tester provides the frictional properties of the road surface as a function of
speed. The DFT measures the friction continuously as a circular array of three rubber pads spins
to a stop from an initial high speed of 80 km/hr (50 mph). As such the DFT provides values
indicative of both macrotexture and microtexture. The DFT is also a portable device which can
be used on a road surface or test panel. When combined with mean profile depth data, DFT
measurements can be used to calculate the International Friction Index, IFI (McDaniel, 2003).

There are four primary methods used to obtain full-scale field measurements of skid resistance
along highway sections. They are:

Side Force,
Variable Slip,
Fixed-Slip, and
Locked-Wheel.

All four methods use one or two full-scale test tires and apply water at a controlled rate to the
pavement surface to obtain wet pavement friction values. They are typically completed at or
near highway speeds. In all except the locked-wheel devices, measurements are taken
continuously (Kuttesch, 2004).

Side Force — Side force is related to vehicle control in a curve. The two most commonly used
devices to measure side force are the SCRIM (Sideways Force Coefficient Routine Investigation
Machine) and the MuMeter. To measure the side force coefficient (SFC), pressure on the test
wheel is created by setting the wheel at a yaw angle to forward motion. On the SCRIM machine
the yaw angle is 20 degrees to forward travel. The yaw angle on the MuMeter is 7.5 degrees.
The SCRIM can be operated continuously at speeds up to thirty miles per hour (Summers, 2004).
Both the SCRIM and the MuMeter were developed in Great Britain, and while the SCRIM is the
most common tool used to evaluate SFC among many non-U.S. agencies, it is not used in any of
the fifty states. And, of the thirty nine states responding to Henry’s 2000 survey, only Arizona
used the MuMeter to measure side force coefficients on its highway system. However, Arizona
reported plans to change to a fixed slip friction tester.

Variable Slip — Slip is related to tire-road characteristics under the action of anti-lock brake
systems. Variable slip devices are used to determine the slip friction number (SFN) by measuring
the frictional force on a tire as it is taken through a set of pre-determined slip ratios at speeds
ranging from zero up to test speed. Whereas the SCRIM and MuMeter measure a side force
coefficient, the slip friction number is a measurement of the longitudinal frictional force divided
by the vertical force on the test tire (Kuttesch, 2004), hence the longitudinal friction coefficient.

Fixed Slip - Fixed-slip devices measure the friction in a manner related to vehicles with anti-
lock brakes. The frictional force in the direction of motion between the tire and pavement is
measured as a vertical load is applied to the test tire while a constant slip of ten to twenty percent
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IS maintained, typically by skewing the tire about its axis of rotation to create a fixed yaw angle
(Kuttesch, 2004).

Locked Wheel - The locked-wheel method was developed to measure friction under emergency
braking conditions for vehicles without anti-lock brakes. The locked-wheel method differs
from the side-force and fixed-slip method in that the slip speed is equal to the vehicle speed
(100% slip), preventing the wheel from being able to rotate. Locked-wheel devices are used by
all fifty states making them the most commonly used device to evaluate friction. Because of the
extreme wear caused on the test tire, the locked-wheel test can only be conducted for one second
at a time (Kuttesch, 2004).

Despite the availability of methods to measure friction/skid resistance, setting threshold limits
has yet to become standard practice among highway agencies (Kuttesch, 2004).

2.4 Pavement Distress

Pavement distress ratings in one form or another are used by every state to prioritize highway
pavement projects according to limited highway budgets. The criteria or pavement
characteristics used to evaluate pavement distress as well as the equipment and procedures vary
widely. All states include rutting, cracking, raveling and patching in their pavement distress
rating. Some states also include ride quality and/or splash and spray ratings. In many states, the
ratings are based on visual observations gathered while traveling at relatively high speed, a
highly subjective technique. However, some states such as Maine and lowa have transitioned
from visual survey to using sophisticated digital imaging coupled with GPS monitoring and
pattern recognition software to eliminate subjectivity while evaluating pavement distress.
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3.0 Criteria Used to Qualify Pavement Conditions

One of the challenges facing the United States highway maintenance agencies is to establish
standardized criteria to be used by each state to quantify pavement conditions. Each state is
responsible for determining which pavement properties to evaluate and what methods to use in
that evaluation. All states collect a Pavement Condition Index (PCI) rating based on pavement
distress and ride quality. However, a survey of the lower forty-eight states revealed that skid
resistance was also measured and used as a rating system. States fell into five general
classifications based on their guidelines for evaluating skid resistance, primarily related to
aggregate properties (Road Engineering Journal, 1997). This section discusses the two primary
criteria used to qualify pavement conditions, namely the Pavement Condition Index and
friction/skid resistance ratings.

3.1 Pavement Condition Index (PClI)

Even though all fifty states collect a PCI rating, the type of data collected and the methods used
to collect that data vary significantly. Four case studies follow to illustrate the wide variety of
pavement data collection among the states. They are: Louisiana, Washington State, Oregon, and
Maine.

In summary, although all methodologies are based on the same principles, they all differ from
each other and there are no straight-forward correlations known. For example, depending on the
methodology, some ratings will change as a function of road type (urban versus rural) while
others will be depending on the pavement type (flexible versus rigid pavement).

3.1.1 Case Study 1:
Louisiana — Combination of pavement distress and ride quality

The Louisiana Department of Transportation uses a Pavement Condition Rating (PCR) system
obtained by combining ride quality and pavement distress data.

Ride quality is collected using a Mays Ride Meter profilometer. The data collected are used to
determine the vertical motion of a vehicle caused by irregularities in the pavement surface. The
data are reported in inches per mile.

Pavement distress data is based on visual evaluations of standard pavement distress patterns:
cracking, raveling, and patching. A subjective estimation of the severity and extent of those
distress patterns is assigned by the survey team. Pavement distress rating values in Louisiana are
road type dependent. Rural roads showing no distress receive a rating of twenty-five while urban
roads with the same condition only receive a rating of twenty. Roads with total distress receive a
rating of zero. (Shah, 1987)
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3.1.2 Case Study 2:
Washington State — Combination of structural condition, pavement rutting
and surface roughness

To monitor their highway system conditions, Washington State looks at pavement structural
condition (PSC), pavement rutting condition (PRC), and surface roughness.

Structural condition is based on a visual evaluation of typical pavement distress patterns;
cracking, raveling, and patching. A subjective estimation of the severity and extent of distress is
used to assign the pavement distress rating and assess structural condition. Washington State
weighs the effect of pavement distress differently for flexible versus rigid pavements in the
calculation of an overall PSC value.

The second component in Washington State’s pavement evaluation plan is to monitor pavement
rutting conditions. As do most other states, a profilometer is used to determine the extent of
rutting.

Because there are numerous methods available for measuring ride quality, Washington State has
adopted the International Roughness Index (IRI) to standardize roughness measurements across
the state. The IRI is a mathematically-defined statistic of the profile in the wheel path of a road
surface and is representative of the vertical motion a vehicle experiences in response to the
pavement surface (WSDOT, 1994).

3.1.3 Case Study 3:
Oregon — Qualitative Good-Fair-Poor visual ratings

Oregon uses two different pavement condition evaluation systems, one for national highways
and one for non-national highways. For interstates and national highways, pavement distress
surveys similar to the methods used by Washington State are used to evaluate pavement
condition. The surveys are conducted by engineering student interns following an extensive
week-long workshop for training. Non-national highways are evaluated using a more subjective
“windshield survey” of overall pavement conditions at highway speeds by full-time ODOT
employees. The overall pavement condition is then given a Good-Fair-Poor (GFP) rating. No
specific pavement distress information is collected (Oregon DOT, 2004).

3.1.4 Case Study 4:
Maine — Quantitative digital video-based evaluation system

Unlike either Louisiana or Washington State, the state of Maine bases pavement condition
ratings entirely on quantitative analysis of pavement surface conditions. An ARAN (Automated
Road Analyzer, Section 2.2) is used to collect continuous digital video data of the road surface
and GPS data at highway speeds. The ARAN collects information on:

e Shim qualities
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Gradient and slope of the surface
Rut depth

Radius of curvature

Road smoothness

Right-of way data

Unlike other states, Maine’s DOT is able to quantitatively evaluate the severity and extent of
pavement distress by analyzing the digital video images with WiseCrax, a pattern recognition
software package.

Maine estimates that prior to implementation of ARAN with WiseCrax, only 4% of the highway
network was being evaluated and that pavement condition rating was being applied to the entire
network. With automated data collection and processing, the state of Maine can now sample
100% of the road surveyed. Pavement management engineers attribute more efficient use of
highway funds with such automated PCR capabilities (Watson, 2003).

3.2 Friction Ratings and Skid Resistance

As early as 1967, the National Cooperative Highway Research Program sponsored a program to
develop minimum friction levels for rural highways. As a result, the U.S. Department of
Transportation provided tentative skid resistance requirements (skid numbers, i.e. SN) to the
States based on ribbed (R) tire locked-wheel friction tests as a function of mean traffic speed (V).
The tentative minimum skid numbers proposed in 1967 are shown in Table 3.

Table 3. Tentative Minimum Skid Numbers (Kuttesch, 2004)

Mean Traffic Speed, V Skid Number
(mph) SNy | SNy

SNy — Skid Number measured at speed V (mph)
SNy — Skid Number at equivalent speed 40 mph
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By 1977, five states had developed their own recommended minimum skid numbers based on
limited studies of their highway surfaces. Table 4 lists these states and their minimum skid
number recommendations which have been adjusted to the skid number value at equivalent
speed of 64 km/h measured by a ribbed tire (R) (e.g., SN(64)R).

Table 4. Proposed Minimum Skid Values (from Kuttesch, 2004)

Minimum Friction Values,
SN(64)R or SNgR

Arizona
Kentucky
Tennessee
Texas
Virginia

SNgR ~ SN(64)R — Skid Number equivalent speed 40 mph (64 km/h)
measured by a ribbed tire

According to a survey of the lower forty-eight states conducted in 1996, nearly half of the State
Departments of Transportation did not have any guidelines for specific surface friction
(Kuttesch, 2004). Among those that did, their guidelines fell into five general classifications.
Table 5 lists the five categories and the number of states falling into each classification (Henry,
2000)

Table 5. Use of Skid Resistance in Asphalt Concrete Pavement Evaluation (Henry, 2000)

Guidelines Number of States

No specific guidelines to address skid resistance

Skid resistance accounted for through mix design
General aggregate classification procedures are used
Laboratory evaluation of aggregate frictional properties
Incorporate field performance in aggregate qualification

* Four states reported using both items 1V and V, resulting in fifty-two responses.

A complete list of each state and their response is given in Appendix C. Among the states that
reported using surface friction in pavement design, most do so by controlling the quality of the
aggregates, i.e. surface macrotexture, as measured using the tests listed in Table 1.
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4.0 Corrective Measures Based of Pavement Condition
Ratings

Budgets associated with most publicly funded projects are insufficient to accomplish every task
needed. Because of this, the data collected by states on pavement conditions has historically
been used to prioritize road maintenance projects within a set budget, but not to establish
threshold values at which point mandatory corrective measures would be required.

4.1 Skid Resistance and Texture

The United Kingdom is well known for its position as a world leader in establishing threshold
values for skid resistance and texture depth (Lawson, 2005). However, despite this leadership,
the UK uses established values to trigger further investigation of the pavement surface, but not to
require remediation. The UK’s Skid Resistance Policy sets a friction threshold established to
represent desirable, investigatory and minimum friction levels for a variety of site categories
(Table 6). Threshold values are based on SCRIM values and texture depths. The shading
differentiates the general traffic levels, with dark shading representing roads carrying significant
traffic loads and light shading representing low traffic levels.

Table 6. Investigatory Friction Levels Established in the UK (HD28/04).

Investizatory Level at 30km'h

Site category and definition

0.45 0.50 0.55

Motorway

Crual camageway noo-event

Single carniageway noo-event

Approaches to and acress minor and major
junctions, approaches to roundabouts

Approaches to pedestrian crossings and other
hizgh risk sifuations

Foumdabout

(Gradient 5-10% longer than 50m

Gradient =10% longer than 30m

Bend radius <300m — dual camiazeway

Bend radius <30{0m - single camiageway

Light shading — Roads with low traffic levels
Dark shading — Roads with significant traffic loads

The UK uses an annual survey schedule to reduce the effects of seasonal variations on friction
levels (CSS Guidance Note, 2005). However, sites with higher than average accident rates are
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reviewed more frequently to determine if low friction and/or mean profile depth values
contribute to accident rates. When either low friction or mean profile depth have been found,
hence potentially contributing to higher accident rates, corrective measures are required (Sinhal,
2005).

In 2000, twenty states reported measuring skid resistance on newly constructed or restored
surfaces. However, only four states reported using minimum allowable friction values for newly
constructed and restored pavement surfaces (Henry, 2000). Those states and their threshold
friction numbers are given in Table 7.

Table 7. Minimum Allowable Friction Values
for New Construction and Restored Surfaces (Henry, 2000)

Minimum Friction Level
(SN4R)

Maine
Minnesota
Washington
Wisconsin

When it comes to monitoring pavement surface conditions on existing roadways rather than new
surfaces, states that collect skid or friction numbers typically use that information to provide
recommendations, not to call for mandatory actions. Table 8 lists the typical skid number and
corresponding recommendations (Noyce, 2005).

Table 8. Typical Skid Resistance Value Ranges
and Corresponding Recommendations (Noyce, 2005)

Skid Number Recommendations
= 30 Take measures to correct
=30 Acceptable for low volume roads
31 -34 Monitor pavement frequently
=35 Acceptable for heavily traveled roads

Ten states and Puerto Rico reported having intervention levels for friction (Henry, 2000). They
are listed in Table 9 along with threshold friction level for intervention. However, no
information was reported in the open literature on intervention actions taken when friction values
fell below the thresholds listed. These States therefore comprise the basis of the list for
interviews.
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Table 9. Friction Intervention Levels (Henry, 2000)

Measure Used el Primary | Secondary
Motorway

Arizona MuMeter value 34 34 34

Idaho SN4oS >30 >30 >30

Illinois >30 >30 >30
Kentucky >28 >25 >25 >25
New York >32 >32 >32 >32

South Carolina SN.R >41 >37 >37

Texas “0 >30 >26 >22

Utah >30-35 >35 >35 I

Washington >30 >30 >30 >30

Wyoming >35 >35 >35

S — Smooth tire; R — Ribbed tire

In recent years, states where winter weather driving conditions are of concern have begun to
incorporate SALTAR instrumentation with their snow plows. SALTAR systems measure skid
resistance in real time as a means to effectively disperse salt, brine or salt/sand mixtures on the
road surfaces. This is the first known application of friction data in real time used to take
immediate corrective actions, albeit temporary actions, and only applicable to the snow/ice-
contaminated road conditions. States known to use the SALTAR system include lowa,
Michigan, and Minnesota (Noyce, 2005).

4.2 Slippery When Wet Warning Signs

There has been much discussion regarding the effectiveness of slippery-when-wet warning signs.
The United Kingdom evaluated the effect of slippery-when-wet postings on driver behavior. The
test site was a straight section of roadway followed by a curve and was known to have good skid
resistance. Slippery-when-wet signs were posted just before the bend. Driver behavior was
monitored before and after the sign was erected. The study found the warning signs did not have
a statistically significant effect on driver behavior (Sinhal, 2005).

Regardless of the effect of warning signs on driver behavior, posting slippery-when-wet signs
provides a defense against litigation in wet weather accidents (Sinhal, 2005). In 2000, the state
of Missouri was found liable for failure to warn the public of hazardous wet pavement conditions
resulting in a traffic fatality. In this case, the judge ruled that Missouri’s DOT had the
responsibility to improve skid resistance and/or warn motorists of slippery conditions (Noyce,
2005). Despite the Missouri ruling, no evidence was found in the literature of States requiring
the posting of slippery-when-wet signs as determined through either reduced friction
measurements or by increased wet weather accidents.
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4.3 Present Condition Rating

The most commonly used tool among states to determine pavement surface restoration or
remediation is the Present Condition Rating (PCR) system or a system similar to it. While most
states use the rating systems to prioritize projects, some states are adopting threshold values for

surface restoration.

Ohio’s DOT bases its present condition ratings based on the visual observations of pavement
distress by trained raters. As an example, Table 10 lists pavement types and the recommended
rehabilitation levels based on PCR values used by Ohio. However, in Ohio, even though
structural defects are included in the PCR rating, if the structural defect score is greater than 25,
that pavement section is considered for rehabilitation regardless of the overall PCR rating (Ohio

DOT, 1999).

Table 10. Pavement Deterioration Model 101-1 (Ohio Department of Transportation

Pavement Management Publication Section 101-1.)

RIGID PAVEMENT

Minor Rehabilitation:
All Overlays with and without Repairs
CPR

Mew Rigid Pavement & Unbonded Concrete Overlay
FLEXIELE PAVEMENT

Minor Rehabilitation
Non-Structural Overlay with Minimal Repairs
Non-Structural Overlay with Repairs
Structural Overlay with Minimal Repairs
Generic Minor Rehabilitation (all of the above)

Major Rehabilitation
Fractured Slab Technigue
New Flexible Pavement

COMPOSITE PAVEMENT

Minor Rehabilitation
Mon-Structural Overlay with Minimal Repairs
MNon-Structural Overlay with Repairs
Structural Overlay with Minimal Repairs
Structural Overlay with Repairs
Generic Minor Rehabilitation (all of the above)

MNew Composite Pavement

PCR =96.0 - 3.7(AGE)
PCR =96.2-7.0 (AGE)

PCR =99.1-0.9 (AGE)

PCR =98.1 - 3.3 (AGE)
PCR =986 - 3.8 (AGE)
PCR =983 - 3.3 (AGE)
FPCR =98.0- 3.3 (AGE)

PCR =98.0- 34 (AGE)
PCR =953.2-2.0 (AGE)

PCR =96.1 - 4.0 (AGE)
PCR =96.1 - 3.8 (AGE)
PCR =96.1 - 4.3 (AGE)
PCR =96.1- 2.3 (AGE)
PCR =96.0- 3.7 (AGE)

PCR =936 - 3.3 (AGE)
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4.4 Pavement Serviceability Index

Another widely used tool for evaluating the need for pavement restoration is the Pavement
Serviceability Rating (PSR). The PSR serves as a pavement performance parameter by which
the pavement condition is rated. Defined as “to serve traffic,” the PSR is a rating of surface
roughness or riding comfort. Rating is on a scale from 0, for impassable, to 5, for perfect. The
Present Serviceability Index (PSI) is based on the relationship between PSR values and
measurable pavement attributes. In Ohio, the design serviceability loss is the amount of
serviceability the Ohio Department of Transportation will tolerate losing before requiring
rehabilitation of the pavement surface. Design serviceability loss is defined as the difference
between the terminal serviceability and the initial serviceability (Ohio DOT, 1999). Table 11
lists the design serviceability loss criteria used in the state of Ohio for two types of road surfaces:
rigid/composite and flexible.

Table 11. Maximum Design Serviceability Loss Allowable
(Ohio Department of Transportation Pavement Design Concepts Publication 200-1)

SERVICEABILITY FACTORS
RIGID / COMPOSITE FLEXIBLE

Initial Serviceability 42 45

Terminal Serviceability 25 258

Design Serviceability Loss 1.7 2.0

4.5 Correlations between Accident Rates and
Pavement Conditions

In December 2003, a new effort was launched under the AASHTO Strategic Highway Safety
Plan to significantly reduce the nation’s worsening highway death and injury rates. The new
effort was aimed to lower the nation’s highway fatality rate to 1.0 per 100 million vehicle miles
of travel by 2008 from the 2003 fatality rate of 1.48 per 100 million vehicle miles (Larson,
2005). As part of that effort, thirty states were recruited to take part in the Strategic Safety Plan
and Process. By 2005, an additional ten states had joined the effort.

As part of the Strategic Safety Plan, the Indiana Department of Transportation incorporates crash
rates and traditional pavement condition assessments when considering highway improvement
projects. For example, at sites where the predominant crash scenario is rear-end collision, the
recommended safety improvement project would be to either improve pavement friction (if it
less than the design standard) or to install rumble strips in the roadway pavement. While rear-
end is the only crash type leading to pavement condition-related actions, Table 12 shows the
specific recommended safety improvement projects considered by INDOT on the basis of crash
data.

Corrective Measures 20 DTFH61-03-X-00030



Table 12. Default Safety Improvement Projects Considered by INDOT (Labi, 2005)
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5.0 Summary of Literature Review Findings

In summary, findings of the literature review are:

e The 2000 J.J. Henry survey contains a wealth of information related to practices used for
assessing pavement conditions, including some information specifically on friction-based
pavement methods. However, this report did not include information related to policies,
regulations and follow-on actions required when pavement friction values were found
below given thresholds.

e At this time, no findings are available in the open literature on a key National
Cooperative Highway Research Program (NCHRP) project, “1-43: Guide for Pavement
Friction”. The objective of this research project is to develop a Guide for Pavement
Friction, for consideration and adoption by AASHTO, in an effort to replace the outdated
1976 AASHTO “Guidelines for Skid Resistant Pavement Design”. As detailed in the
project description, the new guide takes into consideration frictional characteristics,
performance of pavement surfaces, tire-pavement noise and other relevant issues.

e There are a myriad of methods used to assess pavement conditions, some based on
microtexture assessment, some based on macrotexture assessment, some based on friction
value measurements, some based on human observations, etc. All methods provide the
user with its own road assessment values, which are mostly used to prioritize road
maintenance projects according to funds available. As such, most follow-on actions are a
recommendation, but not a requirement, for maintenance activities. Nearly no follow-on
actions such as sign posting are dictated by specific values of friction values.

e Some have attempted to correlate findings obtained from different methods, but limited
correlations could be found. The large number of methods and practices used makes the
task of finding a universal correlation unlikely successful. To complicate matters, some
methods are also based on subjective assessments.

e Most pavement condition rating methods are based on the assessment of surface features,
as a surrogate measure of friction.

e There are no national guidelines on the assessment of surface friction, or on the follow-on
actions required when friction thresholds are exceeded. Each user may or may not value
such guidelines if their current practice is satisfactory to them.
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6.0 Candidate Interviewees and Survey Questions

6.1 Selection of Candidate Interviewees

The survey plan was developed to interview a maximum number of nine state highway agencies
to remain in compliance with the paperwork reduction act of 1995 without seeking exemption
from OMB review of Agency Information Collection. The nine states were carefully selected to
maximize the response rate as well as the value of the information collected.

Several criteria were taken into consideration for the selection, including:
¢ Findings from NCHRP-sponsored 1999 survey (Henry, 2000), and
e Recommendations by Mr. Swanlund, FHWA Senior Pavement Engineer, including traffic
volumes.

Findings of the NCHRP-sponsored survey of 1999 (Henry, 2000) address several issues related
to pavement characterization of relevance and interest to the current project, and in particular,
provide a thorough assessment of states, agencies or government practices. However, not only
was the survey conducted nearly seven years ago, but also it did not include actions to be taken
upon measuring road condition exceeding established thresholds. These findings qualified each
state agency in one of five categories for incorporating aggregate properties and/or skid
resistance in guidelines for pavement evaluations (Appendix C):

e Category I: No specific guidelines to address skid resistance. However, frequent field
testing conducted to assure skid numbers remained acceptable.

e Category Il. Skid resistance accounted for through mix design. Frequent skid field tests
conducted to assure adequate skid resistance.

e Category Ill. General aggregate classification procedures used to control quality of
aggregates used and thereby provide adequate skid resistance. Skid field testing
employed to assure adequate skid resistance over time.

e Category IV. Evaluate aggregate frictional properties using laboratory test procedures.
Only aggregates meeting specifications in laboratory tests qualified for use in highway
pavement systems.

e Category V. Both laboratory test and field results used to decide classification of
aggregate and its appropriateness for road pavement systems.

A preliminary list of States was established using the Henry (2000) NCHRP-sponsored survey
(Table 13, columns 3 — 4). With recommendations from FHWA, the traffic volumes of
candidate states as well as the distribution of roadway type (highway, urban, rural) were taken
into consideration (Table 13, columns 11 — 12). States with high traffic volumes were preferred.
Finally, additional pre-existing knowledge and experience with working with selected states
were taken into consideration. In summary, nine states were identified as shown in column 2 of
Table 13. These states were thought of as good representatives of the high traffic volume states
while being somewhat evenly distributed amongst the five categories defined by the NCHRP
survey (Henry, 2000).
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Table 13. Identification of Nine Candidate States (Bold font indicates final selection)

Selected as Friction-based Texture JJ Henry Categories FHWA Traffic | % Urban
Interviewee | intervention levels | measurements nlmlbwl v experience [ Volumes 1/| Roadway
Arizona Yes X ° 57,336 70%
California Yes yes 328,917 80%
Florida ° 196,444 82%
Georgia ° 112,620 61%
Idaho X 14,729 39%
Ilinois Yes X ° 109,135 71%
Kentucky Yes X o yes 47,322 42%
Maryland Yes yes 55,284 75%
Michigan ° 103,326 69%
Mississippi X ° 39,431 39%
New York Yes X ° yes 137,898 71%
Oregon ° yes 35,598 54%
Pennsylvania ° 108,070 64%
Puerto Rico X - -
South Carolina X ° 49,551 35%
Texas Yes X o yes 231,008 64%
Utah X o 24,696 70%
Virginia Yes X ° 78,877 61%
Washington Yes X ° X 55,673
Wyoming 9,261

1/ Annual Vehicle Miles - Functional System Travel (2004 FHWA estimates)
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6.2 Survey Questions

The purpose of this survey is to collect information on procedures currently used by highway
agencies to:
e Evaluate pavement conditions, including the methods and criteria, if any, used to qualify
pavement conditions,
e ldentify whether criteria used to evaluate pavement condition are based on friction or not,
e Characterize actions required based on the specific values of the criteria used.

As such, survey questions (Appendix D) were developed and organized in the following
sections:

e Section A sought background information on the respondent.

e Section B was designed to ask general questions about friction measurements. For
example, question Q2 states “Does your agency use any type of friction measurement
(e.g., conduct regular surveys of the friction of your network)?”. If the respondent
answered no, questions from Sections C through E’ were skipped and the respondent was
directed to Section F. If the respondent answered positively, he/she was asked to answer
questions from Sections C through E’.

e Section C questions were focused on measuring devices used.

e Section D targeted information related to the use of the data collected by the agencies.

e Section E questions investigated guidelines, procedures, threshold values and actions
which may be taken by the agencies.

e Section E’ questions were designed to inquire about regulations and policy. For example,
respondents were asked in Q 32 whether or not their agency had policies or regulations
for friction measurements.

e Section F questions were developed for respondents who reported not collecting friction
measurements.

e Finally, Section G questions were added to gain general information related to noise and
spray from all respondents.
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7.0 Survey Results

7.1 Survey Response Rates

Each of the nine states selected for participation on Task 2003E1, “Assessment of Friction-Based
Pavement Methods and Regulations,” was contacted after careful identification of qualified
personnel at each department based upon recommendations of Mark Swanlund, FHWA Senior
Pavement Engineer; authors of pavement and/or friction research available in the open literature;
and participants in national committees related to skid resistance and/or pavement design.

Initial contact with each state was conducted by email with the survey attached. They were
asked to then both complete and return the survey, or to identify the appropriate person within
their department to respond. Eight out of nine states responded to the survey. Virginia was the
only state in which the initial contact responded. All eight other states referred the survey to
departments responsible for evaluating friction numbers. California passed the survey to several
people within their transportation department and ultimately did not provide a contact within the
timeframe for inclusion within this report.

Seven out of the eight states responding to the survey chose to fill in the survey and return it
either by email or by fax. In all seven cases, the respondent reported that they had contacted
others within their department for additional information to ensure accuracy in their reporting,
particularly when responding to question 16, “what do you do with the data collected,” and to the
questions in section E related to guidelines/policies for threshold values and follow-up actions.
Only one state, New York, chose to respond to the survey by way of telephone interview.
Follow-up phone interviews for clarifications were made with six out of the seven states who had
returned their surveys. Illinois could not be reached for clarification of their responses.

With the exception of the Washington State participant, those responding to the friction survey
reported that they were unfamiliar with other data collected to assess pavement conditions. Their
responses to question 7, “what other measures does your state use to evaluate pavement
conditions” and questions 16, “what is done with the data collected”, were based on the
respondent’s best knowledge which may or may not be accurate with respect to their state’s
current practices. In order to obtain accurate information on pavement assessment not related to
friction, a separate survey would need to be conducted.

7.2 General Observations

Despite limited sampling and answers based on job duties or area of expertise of each respondent
(e.g., aggregate specialist vs. pavement management supervisor), general trend observations can
be made.
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e All States surveyed generally indicated that there were too many variables to establish
regulations for friction levels (Q33).

o Nearly all States surveyed (except Kentucky, which declined to comment) follow the
FHWA requirements for friction monitoring programs (Q31).

e Responses regarding the establishment of National guidelines for friction measurement
methods and criteria were mixed. Most felt roads were too site-specific for National
guidelines (Q30).

e There seemed to be a general desire to have full length coverage from some non-contact,
high speed measurement method (Q26), but most states surveyed did not know what they
would do with more or better data from additional characterization tools (Q27).

e The two most cited criteria used in addition to friction reading to initiate or prioritize road
maintenance were accident frequency and road/ride quality (Q23).

e Among the States surveyed, a wide range of minimum Skid Numbers were found at
which a “concern” is triggered (from 24 to 35) (Q19, Q20).

e Most States surveyed use friction measurements from accident sites and to
diagnose/prioritize for road repairs (Q3).

e There appeared to be considerable “experience”, via discretion or visual inspection, used
to prioritize road maintenance actions, thus some qualitative and subjective component
was included (Q6).

e All States surveyed had other measures besides friction to evaluate pavement conditions
(but not necessarily prioritize actions). These measures appeared to be driven by the road
users such as IRI and ride quality, (Q7).

e Most States use the ASTM E-274 locked wheel test, and considered it the be “standard”
and reliable. Some adjusted for speed (for which a method exists), but none for
temperature (Q8 — Q13).

e Among the States surveyed, those that archived their friction data and subsequently used
it were concerned with relating materials (aggregate) and durability (Q16, Q17).

e Most States surveyed had no current effort in monitoring spray. While noise was a
concern, less than half of the States reported having noise-related regulations. Most
thought a standard for noise could be implemented (Q41 — Q45).

7.3 Results Trends

This section details trends in interviewee responses received question by question. Compilations
of all detailed responses are included in Appendix E.

Results of Sections A and B — Background and general questions about
friction measurements

All survey participants reported that their job was related to pavement condition evaluation.
Every state responding to the survey reported that they conducted friction testing, although the
methods used, frequency of testing, and how the data were used varied widely.
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Only three states reported using friction measurements as a quality control measure. Of those,
Kentucky reported they test the polish value of the aggregate before the aggregate source
qualifies as an approved vendor. Each of the eight states reported using friction data for research
purposes. Seven states used friction testing to diagnose the condition of specific sites. When
asked whether friction data were used to monitor the condition of the road networks, four states
responded “yes,” three states responded “no,” and one state, Kentucky, responded “yes and no.”
When asked for clarification, Kentucky reported using friction data to monitor the condition of
road networks for research purposes only. Six states reported conducting regular friction surveys
on their road networks, but, the percentage of roads tested varied from less than ten percent per
year to one hundred percent per year. Six states reported testing friction at accident locations.
All eight states responded “no” when asked if they used friction measurements for winter
maintenance.

The percentage and frequency of testing varied among states. The breakdown for percentage of
roadway system tested for friction and the frequency of testing is shown in Table 14. Of the
seven states responding to these questions, six reported testing 100% of their interstate roadways
no less often than every three years. Only New York reported fewer than ten percent of their
road network was tested annually. The low percentage was attributed to the high number of
miles within their road network. Kentucky reported 100% of interstate network was tested
initially after pavement was laid down. Testing then drops off as the road reaches 10 million
cumulative traffic counts. Primary, secondary and local roads are reported to be tested in the
same manner if they met average daily traffic count requirements for friction testing.

Table 14. Percentage of roadway network and frequency of friction testing.

100% 100% 100% three  100% four Additional testing on “As
annually biennially year cycle year cycle Requested” basis

Interstate

Primary
Secondary
Local Roads

The criteria for testing friction on an as needed basis are reported in Table 15.
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Table 15. Responses to Question 6:
"If tested on an as-needed basis, what criteria are used to determine if a roadway qualifies
for friction monitoring?"

By request Visual inspection | Higher than
which suggests usual wet
friction may be accident rate
low.

Arizona X

Virginia

Maryland NA

Texas Discretion of TxDot
pavement engineer or
other district manager.

New York Discretion of District
Pavement Managers
Discretion of Traffic & b |
Safety Department y geology

Inventory testing
sites as determined

Washington NA

llinois X New Surfaces

Kentucky X New Surfaces

All but one state reported that they were not the appropriate person to respond to question seven,
“What other measures besides friction does your state use to evaluate pavement condition?”
They reported that non-friction related information was obtained through a different department
within their state’s DOT. However, the respondents gave answers to the best of their knowledge.
A separate survey would need to be sent to the respective highway department in order to obtain
more accurate information regarding other pavement condition evaluations.

Table 16. Responses to Question 7:
""Besides friction, what other measure(s) does your state use to evaluate pavement
conditions?"*

State Cracking | Flushing | Roughness | Rutting | Patching | Ride Quality | IRI

Arizona

Virginia

Maryland

Texas

New York

Washington

Hlinois

Kentucky
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Results of Section C — Questions about measuring devices used

The most commonly reported operating mode for friction on roadway networks was the locked
wheel with seven out of eight states reporting this as the mode of choice for production testing.
Virginia reported using the locked wheel method for production and the dynamic friction
variable slip operation mode for research. Arizona reported using a fixed slip operation mode
device. Seven out of eight states used the ASTM E-274 trailer as the tester of choice. Their
reasons for using the E-274 ranged from it being the device used historically in that state to it
being considered as the most likely instrument to yield friction numbers that would be obtained
by the average vehicle traveling on that roadway. Arizona preferred using the Dynatest Highway
Slip Friction Tester due to its ease of use.

Of the seven states preferring to use the ASTM E-274 trailer, only three states reported using the
ASTM E-524 smooth tire. Virginia used the smooth tire test for all of their friction testing;
Texas and Illinois used the smooth tire for limited testing, mostly for research. Six states
reported using the ASTM E-501 ribbed tire. Washington State reported a recent change from the
ASTM E-524 smooth tire to the ASTM E-501 ribbed tire due to the low life expectancy of
smooth tires when taking friction measurements.

The most common test speed used among the eight responding states was 40 mph. Texas
reported testing at 50 mph and Arizona reported testing at 60 mph. Concerns for the safety of
their survey teams traveling below the speed limit prompted the increase. A state-by-state
summary of test conditions is given in table 17.

Table 17. Responses to Questions 11 & 12:
""What test speeds does your agency use for the friction surveys?* and
"What is the spatial frequency and sample length of your friction testing?*

Test Speeds Samples/Mile | Sample Length

Arizona 200 ft
Virginia 1 second
Maryland Per ASTM E 274
Texas ~ 100 ft
New York Per ASTM E
Washington Per ASTM spec
Illinois up to 10 0.1 mi and greater

Kentucky 5 minimum 147 feet

* When possible, otherwise, 40 mph.
** Higher speeds for higher speed roads or by request.
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Washington State was the only state to report making adjustments for temperature variations.
Maryland reported they were currently evaluating this option based on their research showing
environmental conditions to have a more significant influence on friction number than any other
variable. While Kentucky limits testing to ambient temperatures between 40 and 90 degrees F,
they do not make adjustments to friction number results based on temperature.

Virginia was the only state to report making adjustments for seasonal variations when reporting
friction numbers. Again, Maryland reported they were currently evaluating this option based on
their research. Kentucky limited testing to between July 1 and mid-November, but they do
attempt to correlate the time of year to the friction data they collect. New York reported testing
seasonal variations in some cases, using the data collected for research purposes only.

Five states reported making adjustments for speed when collecting friction numbers. While the
other three states reported they did not make adjustments for speed, it was unclear as to whether
that was because they never tested at any other speeds, or, if they did test at other speeds, they
did not make adjustments in the reported friction data.

Arizona was the only state to report using other friction measuring equipment in the past. They
reported changing from the Mu-Meter to the Dynatest Highway Slip Friction Tester in 2000. Six
out of the eight states were familiar with other friction measuring equipment. How they had
become familiar with the other equipment was widely varied. Those results are reported in
Appendix E.

Results of Section D — Questions about the use of the data collected

There was wide variation among the states as to what was done with the friction and other data
that were collected when evaluating pavement conditions. The results are summarized in
Table 18. The individual responses for each state are reported in Appendix E.

Table 18. Summary of responses to question 16:
""What do you do with the friction and other data collected?"’

How state uses the data Friction Data | Other Data

Pavement Decisions
Safety Analysis

Accident Investigation

Research

Identify and confirm skid-resistance deficiencies
New Pavement Design

All eight states responded “yes” when asked if they recorded and archived friction data. Seven
of those states reported using a database archive system. During follow up phone calls, the
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respondents were asked if they were able to perform queries on their databases in order to
identify possible links between such things as aggregate property and friction number. Three
states reported they queried their database in order to track trends, three used queries to evaluate
performance of aggregates. However, most of the states sorted their data according to milepost
or global positioning satellite and did not try to track trends. Two states reported storing the data
until it was a need to review them, usually based on a regional director’s request for data
pertaining to a particular milepost location.

When asked what the respondent would like to do with the data collected, two additional states
reported they would like to be able to use it to track trends, and three additional states said they
would like to see it used to evaluate the performance of various highway mixes. The individual
responses for each state for question 17 “Do you record and archive friction data?” are reported
in Appendix E.

Results of Section E — Questions about guidelines, procedures, threshold
values and actions

Six states reported having guidelines for friction measurements (Q18) as shown in the table
below. The lack of guidelines in Maryland and Illinois was explained by the lack of regional or
national direction coupled with a lack of resources for Maryland, and by an undefined need in
Ilinois.

Table 19. States responding “Yes” to Questions 18:
""Does your agency have guidelines for friction measurements?”

What are the guidelines?

Arizona 1. Test at each milepost for ~ 200 ft.

2. Measure wet.

3. Measure at 60 mph

Virginia Copy being sent by snail mail (from Jerry Garrison)

Texas ASTM procedures with at least one test per 0.5 mile section.

New York ASTM procedures for test method.

No policy to dictate frequency of testing nor percentage of highway system to be

tested.

Washington State Skid Accident Reduction Program requires skid numbers to be considered in
development of appropriate solutions to address both accident and potential accident
locations.

Kentucky Sources of polish resistant aggregate source list must maintain a satisfactory
performance level. Sources not on the list must display a satisfactory level by test
sections to be added. Performance or sources will be based on pavement friction
skid testing, and will be accordance with ASTM E 274. Skid numbers resulting from
this test will be evaluated in the range of 6x10° to 10x10° cumulative traffic.

Similarly, 6 states reported having established threshold values of friction measurements. As
shown in the table below, the investigatory levels differ from state to state. All six states
reported subsequently re-testing and monitoring the friction numbers. Three states reported
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posting slippery-when-wet warning signs, and some states stated that the friction numbers were
used to prioritize remedial/restorative pavement projects.

Texas, which reported not having established threshold values of friction measurements, stated
that they did not use specific threshold values but rather a statewide mean/standard deviation
because of the influence of site conditions on the values. lllinois reported using guidelines for
smooth and treaded tires rather than threshold values of friction measurements.

Table 20. States responding “Yes” to Questions 19 and 20:
""Does your agency have established threshold values of friction measurements?”” and
“Does your agency have established follow-up actions based on friction measurements?”

What are the guidelines?

Follow-up actions based on friction

measurements

Arizona Desired = 43+ Bie_nnigl review <_)f areas below 35 to see if remedial
action is appropriate.
“Point of concern” <35 Post “S W W” signs when <35 verified, also
prioritize for remedial actions
Virginia SN40S<24 = Investigatory Initial activity: erect warning signs
SN40S<20 = Intervention As soon as practical: determine deficiency and
restore skid-resistance
Maryland Category 1 (<35) Poor friction roadway sections are combined with
Category 2 (35-39) high accident locations to develop a friction
Category 3 (40+) improvement candidate list.
I New York SN40S<32 = Investigatory Friction measurements are used in conjunction with I
accident data when prioritizing road projects.
Washington SN40S<26 Determine if conditions warrant posting of Slipper-

SN40S range of 26 to 30

When-Wet signs and implement solutions

Repeat friction testing for accuracy and possible
decline of FN. Determine if conditions warrant
posting Slippery-When-Wet signs should be posted.

Kentucky

Values are highly confidential
and given only to the vendor
supplying the aggregate used in
the mix.

Retest. If numbers are still low, field personnel
checks out site to determine if further action is
required.

Five states knew of policies developed or implemented regarding specific follow-up actions
given friction numbers. The policies, as described by the respondents, are listed in the table
below for each state. When asked if it would be beneficial to implement a policy, the three states
which reported not knowing of any existing policy did not believe it would be beneficial because
of the risk of liability (Arizona), because of the variability of the data on conditions (Texas), or
because of the structure of their agency (Illinois).
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Table 21. States responding “Yes” to Question 21:
""Do you know of any policy developed or implemented in your state regarding specific
follow-up actions to be taken, given particular friction readings?”

Description of the policy

Virginia Slippery-When-Wet signs are posted when friction levels drop to
“Intervention” levels.

We are in the process of formalizing the policy. A friction improvement
list is developed, but appropriate treatments have not been established.
Implements FHWA Skid Accident Reduction Program (2002).
Washington State’s Skid Accident Reduction Program (1994).

Possible follow-up actions include: de-slicking, possible overlay, coring

the road to check the aggregate.

Maryland*

New York
Washington State
Kentucky

*Responded “yes & no”

Answers to question Q22 designed to gain information on other intervention method(s) used for
readings other than threshold values were very varied and are listed in the table below.

Table 22. Responses to Question 22:
""What other intervention method(s) does your agency use
for readings other than the threshold value?”

State

Arizona

Answer

Each site is considered for an appropriate action from “Do nothing” to
“Do overlay”

Virginia

Nothing specific — monitoring encouraged

Maryland

Friction readings are used in the project level decisions for pavement
rehabilitation strategy and material selection for pavement surface.

Texas

Depends on site conditions

New York

1. “PIL” investigation of location by Department of Traffic & Safety
2. Inventory testing of sites as determined by geology
3. Test-by-request

Washington State

Each site is considered for an appropriate action ranging from posting
Slippery-When-Wet sign to taking immediate corrective action.

Ilinois

Advise the Districts of the potential for friction problems when numbers
are approaching guideline values.

Kentucky

Monitor the aggregate source for quality. See how it performs on other
sites containing the same mix design.

National Survey Results

34

DTFH61-03-X-00030



The most common criterion used to initiate or prioritize road maintenance actions besides the
friction readings was the accident frequency (five states).

Table 23. Responses to Question 23:
""Are there other criteria besides the friction readings
that are used to initiate or prioritize road maintenance actions?"

State Response
Arizona Each site is considered in context.
S High wet-to-dry accident ratio triggers more testing than inventory
Virginia L2
findings
Percentage of wet accidents at a location
Ride quality
Maryland Cracking
Rutting

Other distresses

District practitioners have final say, but distress, ride, deflection, and
other factors are considered.

Accident frequency & type of accident (i.e. roll-over accident)

New York Engineer requestor (i.e. monitor new surface, product evaluation,
research)

High accident location

High accident corridor

Ilinois High accident locations

Texas

Washington State

Kentucky Determination made by Operations and Pavement Management Branch.

Despite the fact that most states (six) reported that their current practices suited their needs,
seven states commented on possible deficiencies in the procedure(s). The most common
suggestion for improvement was to find a way to measure microtexture data in conjunction with
friction data, preferably through laser-based methods. Responses to Q27 revealed that six states
would favor additional tools, specifically, as mentioned previously, high-speed texture-base
methods. Additional details are tabulated in Appendix E.

Half of the states reported knowing of other agencies with established policies, previously
developed guidelines, threshold friction values and associated follow-up actions. One state
mentioned Texas, while Texas identified three European nations. When asked to compare their
current practice with others known to them, two states reported being above average, three
reported being comparable (average), one reported being below average as a result of lack of
personnel and funding, and two were uncertain.

The majority of the states (six) did not think that national guidelines including methods used,
criteria and follow-on actions should be developed and implemented because of too much
variability associated with site-specific conditions. Some states were favorable to national
guidelines on methods but not on follow-up actions.
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Results of Section E’ — Questions about regulations and policy

Seven states responded to the questions in section E Prime. Kentucky declined comment citing
possible liability issues. Of the seven states responding, six states reported using the FHWA Wet
Accident Reduction Program as the applicable legislative or regulatory basis for their friction
monitoring program. Washington State reported they had developed their own Skid Accident
Reduction Program, initiated in their state in 1994. It was interesting to note that although six
states reported using the same FHWA program as the basis for their friction monitoring, four
states reported having a policy or regulations for friction monitoring and the other two states did
not.

When asked whether or not friction levels should be regulated, all seven states responded with a
definitive “No.” When asked why not, each state replied, “Too many variables affect friction to
be able to regulate friction values.” Additional comments related to why friction should not be
regulated are included in Appendix E.

Results of Section G — Questions related to spray and noise

The responses for the survey questions relating to spray generation and noise reduction,
questions 41 through 45, are summarized in Table 24. Kentucky’s respondent did not know of
any splash or noise testing but since type of testing would not have fallen under his department’s
jurisdiction, he felt saying “not sure” was more accurate based on his knowledge. Had this been
an option on the survey, other states reporting “no” may have also responded “not sure” instead.

Table 24. Responses to Questions 41 through 45: *"Splash/Spray and Noise”

Arizona

Regulate spray
generation and
visibility
reduction?
No

Quantify

amount of
spray?

No

Measure
highway
noise?

Yes

Regulations or
corrective
measures related
to noise?

Yes

Standard for
measurement
of noise?

Yes

Virginia

No

No

Yes

Yes

Yes

Maryland

No

No

No

No

No

Texas

No

No

No*

No*

No*

New York

No

No

No**

No

No

Washington

No

No

Yes

Yes

NO***

linois

No

No

No

No

No

Kentucky

Not Sure

Not Sure

Not Sure

Not Sure

Not Sure

*Texas reports that they may start measuring noise at some point in the future. They report they are working on

getting a standard measurement of noise.

** New York has measured highway noise in the past for research purposed only.
*** \Washington State is in the process of purchasing the OBSI equipment, which they would like to see become
the standard for measuring noise.
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8.0 International Surveys and Interviews

8.1 Selection of Agencies

The literature search conducted for the National survey efforts of this project showed that the
United Kingdom, Germany and France have comprehensive pavement assessment and
management systems among the European countries, thus they are good candidate countries for
conducting surveys and interviews. With subsequent discussions with international road safety
experts, the Team chose to focus efforts on the United Kingdom and Germany. Further,
according to 2004 crash statistics, these two nations had among the lowest per capita fatality
rates in the world for highly motorized countries (5.3 and 7.1 for the UK and Germany,
respectively, compared with 14.5 for the U.S.).

8.2 Survey Questions

The survey questions for international agencies (Appendix F) were adapted from the survey
questions developed for the U.S. State surveys. The purpose of the surveys was essentially
identical, i.e., to collect information on procedures currently used to:
e Evaluate pavement conditions, including the methods and criteria, if any, used to qualify
pavement conditions,
e Identify whether criteria used to evaluate pavement condition are based on friction or not,
e Characterize actions required based on the specific values of the criteria used.

As such, survey questions were organized in the following sections:

e Section A sought background information on the respondent.

e Section B was designed to ask general questions about friction measurements.

e Section C questions were focused on measuring devices used.

e Section D targeted information related to the use of the data collected.

e Section E questions investigated guidelines, procedures, threshold values and actions
which may be taken.

e Section E’ questions were designed to inquire about regulations and policy.

e Section F questions were developed for respondents who reported not collecting friction
measurements.

e Finally, Section G questions were added to gain general information related to noise and
spray.

! www.driveandstayalive.com/info%20section/statistics/stats-multicountry-percapita-2004.htm
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8.3 Survey Results:
Pavement Assessment in the United Kingdom

8.3.1 Background on the United Kingdom

The United Kingdom is often considered to be on the leading edge in the development and
implementation of pavement practices. Among the practices which set the UK apart from many
industrialized nations is the implementation of policies such as the HD28/042 policy and the CSS
Guidance Note® on Skidding Resistance.

In the UK, while the overall responsibility for roads falls under the authority of the Department
for Transport (DfT), roads are administered and maintained on two levels: Trunk Roads and
Local Roads. The Trunk Road System is the UK’s primary divided highway system, i.e. main
highways. Trunk Roads carry the bulk of the traffic between major cities and regional centers
and include most motorways. They are predominantly purpose-built or upgraded high-quality
roads designed and maintained to carry heavy and fast traffic. Local roads range from major
routes between smaller cities (including some roads that were once trunk roads) through to
single-track country lanes and cul-de-sacs on housing estates.

e Trunk roads are managed separately in the four UK countries by Highways Agency in
England, the Scottish Executive in Scotland, the Welsh Assembly in Wales and the
Department of the Environment in Northern Ireland. These overseeing organizations are
executive agencies of the Department for Transport with responsibilities to maintain the
trunk road network. Although they have their own arrangements for managing and
organizing the maintenance of the asset, including skid resistance, they generally collaborate
to set common standards and specifications. A significant document for skid resistance
measurement, the Design Manual for Roads and Bridges (DMRB), was jointly authored by
these agencies.

e Local roads are managed by local authorities in accordance with high level principles set by
the DfT and with help from recommendations of best practices for skid resistance standards
and for road maintenance provided by the County Surveyors’ Society (CSS). Local
authorities range from small Unitary authorities covering one small town or city area,
through County Councils which cover larger geographical areas with several towns and cities
included. The major agglomerations such as Manchester, Birmingham and Liverpool have
their own Transport Executives; while London has its own group “Transport for London”
covering the whole range of routes. The majority of local authorities adopt the CSS practices.
The DFT principles provide some guidance for managing skid resistance, but do not set
specific requirements, resulting in varying practices used by local authorities.

One of the primary organizations providing guidance to the UK government for the development
of design guidelines and standards for roadway friction and pavement maintenance is the
Transport Research Laboratory (TRL). The TRL, formerly a part of the UK government,

2 HD28/04, adopted August 2004
® CSS Guidance Note, Revised May 2005
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conducts research in all areas related to transportation safety. TRL not only conducted the
research but also drafted the British Department for Transport’s Design Manual for Roads and
Bridges section on Pavement Maintenance Assessment (HD28/94) and the recently revised
HD28/04. In addition to vehicle and passenger safety, TRL has a dedicated group devoted to
research and development in the area of pavement characteristics. TRL both conducts and funds
research on pavement materials and on characterization of pavement material and surface
properties. In collaboration with an equipment manufacturer, WDM, Ltd., TRL has developed
pavement surface characterization methods and equipment, in particular the SCRIM and
SCRIMTEX, now widely accepted and utilized devices. In light of the breadth of the TRL
involvement in the area of pavement research, characterization and management, the project
team conducted the surveys with TRL staff.

Prior to discussing results from the surveys conducted, the following sections highlight elements
of both the HD28/04 policy for trunk roads and the CSS Guidance Note on Skidding Resistance
for local roads, specifically: establishment of investigatory levels (IL), measurement of

of skidding resistance, site investigations, posting of warning signs, and remedial actions.

Policy for Trunk Road System (HD28/04)

Setting Investigatory Levels: HD28/04 specifies investigatory levels, i.e. skid resistance values
at which pavements should be further investigated (i.e., site investigations) for potentially less
than acceptable friction conditions. Investigatory levels are defined for different categories of
sites as a range of values rather than an individual number to allow for flexibility in the
pavement evaluation of various sites within the same category. For example, skid resistance in
the high end of the IL range can be used to sites where the risk of skidding accidents is
potentially higher. Table 25 shows investigatory levels for each site category.
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Table 25. Site Categories and Investigatory Levels used in the UK for road assessment and
maintenance decisions (light gray: low traffic level,

Investigatory Level at 50 km/hr
0.30 | 0.35 | 0.40 | 0.45 | 0.50 | 0.55 | 0.60 | 0.65

Site category and definition

Motorway

Dual carriageway non-event

Single carriageway non-event

Approaches to and across minor and major
junctions, approaches to roundabouts

Approaches to pedestrian crossings and
other high risk situations

Roundabouts

Gradient 5-10% longer than 50m

Gradient >10% longer than 50m

Bend radius <500m — dual carriageway

Bend radius <500m — single carriageway

Light gray = low traffic level I Dark grey: high traffic level

Measurement of Skidding Resistance: Skid resistance surveys on trunk roads are conducted
using the Sideway-force Coefficient Routine Investigation Machine (SCRIM).

When HD28/04 was finalized in 2004, the measuring frequency was changed from the Mean
Summer SCRIM Coefficient (MSSC) survey to the Single Annual Survey (SAS) method.
Figure 5 compares the data collection intervals and time periods of the MSSC and SAS methods.

MSSC

SAS method

Figure 5. Mean Summer SCRIM Coefficient (MSSC) and single annual survey (SAS)
method
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e In the MSSC method, one third of the network was surveyed three times each year to account
for seasonal variations and calculate the mean summer SCRIM value.

e Inthe SAS method, the survey timing is rotated through the early, middle, and late survey
periods of the May 1% to September 30™ test season in successive years, rather than in a
given year.

The SAS method introduces a mean to correct for the effects of seasonal variation in skid
resistance both from year-to-year and within individual years. The UK shows that the benefits of
the SAS method include:

e Reduced interval between measurements,

e Minimization of the year-to-year variation in skid resistance, and

e Reduced survey costs through efficient organization and central management of surveys.
The UK claims that the SAS method results in earlier and more reliable identification of sites
with skidding resistance below specified levels, and in accident reductions by earlier
maintenance.

Since 2004, all SCRIM devices in the UK measure the vertical load applied to the test wheel.
Research showed that the results obtained with the standard 200-kg load applied to the test tire
could be affected by the tendency of the test vehicle to lean slightly to the left or right at bends
and roundabouts.

Test speeds for the SCRIM were increased in HD28/04 from 20 km/hr to 50 km/hr in response to
concerns for the safety of the SCRIM operators.

Site Investigations: When skid resistance of a given pavement section falls within or below the
IL range, site investigations are conducted using accident data or other means of accident
analysis. Site investigations are prioritized on the basis of the amount by which the skid
resistance is below the Investigatory Level.

HD28/04 defines the required actions as a result of site investigations. Required actions include
some form of treatment if:
e The number of accidents observed is higher than average for the type of site being
considered; or
e The proportion of accidents in wet conditions or involving skidding is higher than
average for the type of site being considered.
Given the nature of the site and its traffic volume, the condition of the pavement at the measured
skid resistance or below might yield a higher accident risk compared with other sites in the same
category. In this case, preventative treatment is justified to pre-empt a potential increase in
accident or risk.

Warning Signs: As in HD28/94 published 10 years earlier, HD28/04 requires warning signs to
be erected at sites where the need for treatment to improve skid resistance has been identified
following a site investigation. However, revisions in HD28/04 specified that such warning signs
must be removed when corrective measures have been implemented in order to avoid a
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proliferation of signs that would undermine the effectiveness of such warning signs. As such,
posting of warning signs is only a temporary solution in the UK.

Remedial Actions: HD28/04 emphasizes that the most appropriate form of treatment be
identified for each treatment length of a site investigation, with sites prioritized as follows:
e Where the skid resistance is at least 0.05 Characteristic SCRIM Coefficient (CSC) units
below the Investigatory Level,
e Where low skid resistance is combined with low texture depth, and/or
e Where the accident history shows there to be a clearly increased risk of wet or skidding
accidents.
At all other sites, HD28/04 states that prioritization of remedial action take into account other
maintenance requirements, a comparison of the estimated accident saving and the cost-
effectiveness of treatments.

Policy for Local Roads (CSS Guidance Note)

Setting Investigatory Levels: The authority for local pavement officials to use their judgment
when setting Investigatory Levels was significantly expanded in HD28/04. In assigning
Investigatory Levels, local authorities are instructed to consider whether there are any
circumstances where it would be appropriate to deviate from the Investigatory Levels set for
trunk roads, which may include accident and traffic statistics or local changes to road geometries.
For example, local authorities may assign a lower Investigatory Level to urban roads with a
speed limit of 30 mph or less when evidence from skidding accident statistics justify such a
reduction.

Local authorities are also encouraged to reassess Investigatory Levels at “suitable intervals.” It
is suggested that Investigatory Levels are reassessed every three years, as well as upon
significant changes to a site such as the installation of traffic lights, pedestrian crossings or when
the layout of road markings are altered.

While widely accepted that surface texture depth plays an important role in skid resistance at
moderate to high speed, the UK authorities are encouraged to consider the influence of texture
depth on speeds as low as 30 mph. Texture depth as measured using data collected through
SCANNER surveys should be considered in setting local Investigatory Levels. Local authorities
may decide to increase the Investigatory Level on roads having a low texture depth.

Measurement of Skidding Resistance: Local authorities are given the option of using either a
SCRIM or a GripTester for road network and localized investigations.

e Asof 2005, SCRIM measurements are to be taken at highway speeds.

e When authorities decide to use the GripTester, they have to either convert Grip Numbers
to SCRIM values, or, convert Investigatory Levels from SCRIM to Grip Numbers.

e The Portable Skid Resistance Tester, also known as the British Pendulum Tester, may be
used for detailed investigation of a local area or site, but, it may not be used for network
assessment as its correlation with SCRIM values is poor at best.

e Network skidding resistance assessment is confined to the period between May 1 and
September 30.
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e Local authorities have more flexibility in the frequency of testing than do the trunk road
authorities. Whereas the trunk road authorities have amended their test regime to an
Annual Survey of the whole trunk road network once a year, frequency of testing for
local roads is addressed in the Annual Survey with the Benchmark method. With this
method, Benchmark sites are selected and tested three times every year, spread through
the testing season. The whole of the network is tested once in every year. The
Benchmark site results are used to reduce the seasonal variation of skid resistance.

Site Investigations: It is recommended that all sites having a skid resistance at or below the
Investigatory Level should be investigated as soon a practicable in accordance with HD28/04
and at sites where wet or skidding accident levels have increased.

One of the objectives of a site investigation is to determine whether or not the site category
Investigatory Level is appropriate for that particular site. If not, then the local authority is
encouraged to consider adjusting the Investigatory Level as deemed appropriate.

Warning Signs: Where the skid resistance is substantially below the Investigatory Level,
slippery road warning signs should be to be erected as a matter of urgency. In other cases,
“Slippery Road” signs are to be erected as soon as practicable at all locations where a site
investigation has shown the need for treatment to improve skid resistance. Similarly to
HD28/04, signs are to be removed as soon as skid resistance levels have been restored.

Remedial Actions: Remedial actions are to be taken where skidding resistance is determined as
being substantially below the Investigatory Level. Such remedial actions must be prioritized as a
relatively urgent task when there are indications that such action is likely to reduce the risk of
accidents. Priority is given using the same criteria as set in HD28/04. Local authorities are
encouraged to consider measures beyond surface treatments when remedial actions are required.

Innovations on the Horizon for Skid Resistance Monitoring in the UK?

The UK continues to be innovative in its approach to maintaining safe highways. With
HD28/04’s adoption, the UK moved toward adopting a range of IL values instead of a single
value for each site category. Kennedy et al.(2005) reported that both the UK and New Zealand
were evaluating this option to move away from a single skid resistance Investigatory and
Threshold value for site categories to use a range of skid resistance values for each site category.
This approach was anticipated to result in more efficient and more effective use of pavement
management resources, allowing authorities to remove some sites from the pool of sites
identified for investigation each year, and allowing effort to be concentrated on sites where
improvements are required. Alternatively, sites presenting a greater risk of skidding accidents
than average for the particular site would justify a higher Investigatory Level.

No documentation was found to support whether or not there had been any studies of sites within
the UK to investigate how such a change might affect pavement management strategies.
Kennedy (2005) presented the findings of a 35 site detailed investigation within New Zealand
concluding that such a shift was highly cost effective based on the reduction of traffic accidents.
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8.3.2 Survey Results

Complete survey responses are found in Appendix G. Highlights of the UK survey responses in
combination with initial literature findings and follow-up telephone/e-mail communications
follow:

e The UK government implemented guidelines in 1994, subsequently revised in 2004, for
maintenance of the major highways. Organizations within each of the four UK
countries participated in the development, implementation and deployment of the
guidelines. Separate, yet similar, guidelines were developed by an independent council
(CSS) for agencies responsible for maintaining local roads. Local authorities are free to
implement the guidelines.

e As far as legal requirements, each highway authority has a statutory duty "to maintain
the highway", although to an unspecified standard. As such, should there be litigant
claims against the authority for not properly doing its job of maintaining safe roads, it is
up to the Courts to decide what is reasonable.

e Ranges of skid resistance values, i.e. Investigatory Levels, are used to trigger further
site investigations, based on guidelines outlined in the HD28/04 policy.

e The policy was recently revised to allow for ranges of IL rather than single values,
hence allowing for consideration of site-specific factors.

e English researchers have studied many types of friction measuring equipment, but have
settled on SCRIM for pavement assessments, and guidelines were developed using the
SCRIM as measurement device.

e Highway agencies use the SCRIM device or the GripTester for pavement monitoring. If
a GripTester is used, the agency must convert IL values accordingly.

e Friction data from road surveys are stored and processed by a pavement management
system. Sites for investigation are identified and tracked.

e Site investigations include the application of “risk factors”, providing both flexibility
for selecting remedial actions as well as the ability to include experience.

¢ Noise is measured but not regulated in England.

e No UK regulations exist for spray limits nor do standards for quantification of spray.
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8.4 Survey Results:
Pavement Assessment in the Federal Republic of Germany

8.4.1 Background on the Federal Republic of Germany

Limited information was found in the open literature on the pavement assessment practices of the
Federal Republic of Germany. Based on the limited public data, Germany seems to monitor
fewer performance indicators than other European nations, restricting its efforts to pavement
deterioration, durability, and friction. Table 26 shows a comparison of performance indicators of
interest among five European nations. As detailed later, interviews revealed that the technical
specifications for friction measurements and for threshold values for minimum skid resistance
are detailed in documents owned by the Road Transport Research Association (FGSV).
Unfortunately, translated documents were not available.

Table 26. Performance indicators of interest for selected European countries (FHWA,
2003).

Germany | Denmark | Sweden

Deterioration (longitudinal, transverse,
alligator cracking, potholes)

Durability (raveling, joints)

Friction

International Roughness Index (IRI)

Longitudinal evenness

Transverse profile and drainage of
surface water

Rutting

Instability/structural

Crossfall

Texture
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The German pavement management approach differs from the UK approach. The German
Federal system requires the pavement construction contractor to pass a minimum skid resistance
acceptance test four to eight weeks after the road is first opened to traffic. The construction
contractor is also responsible for meeting minimum standards within the first four years after
construction, also under warrantee.  Since the skid resistance is known to decrease over time
due to polishing, the minimum required skid resistance at four years is slightly lower than the
initial acceptance standards. At the same time, the initial values are set somewhat high. As
shown in Table 27, the skid numbers specified vary with speed limit, but not with road type or
traffic considerations. This is in contracts to the British system, where, for example, proximity
to pedestrian crossings and approaches to intersections play a large role in selecting investigatory
levels.

After four years, the responsibility for maintaining the skid resistance level of the roads reverts to
the government:
e The Federal government is responsible for major highways (Autobahn and
Bundesstrape), and
e Each State or municipality is responsible for the local roads.

Table 27. Skid numbers for Germany

Speed limit Minimum Skid Number

(km/hr) Final Acceptance 4-8
weeks after first traffic

Road monitoring for

After four years
pavement management

In a general road construction circular number 27/1996, the Federal Ministry of Traffic,
Construction and Housing (BMVBW, now BMVBS) requested the state road authorities to
perform roadway condition registration and rating on a regular basis in future and use the
obtained data for route-specific maintenance planning as part of an improved maintenance
strategy. As such, the carriageways of interstate highways and roads are registered and rated
annually in terms of their longitudinal and transverse evenness, traction and superficial damage.
The federal government bears the costs of these surveys insofar as they constitute entrepreneur
services and owns the obtained data. Interstate tasks are performed by the federal/state
coordination group for condition registration and rating. This effort is managed by the BASt.

Similarly to the British TRL, the German BASt is a research organization that performs and
coordinates the research and analysis on pavement and highways to provide specifications,
standards and guidelines to the German Federal Ministry of Transport, Building and Housing. As
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a technical and scientific institute responsible to the Federal Ministry of Transport, Building and
Housing, its main purpose is to promote the advancement of road systems and provide the
BMVBW (now BMVBS) with scientifically verifiable specifications, standards and guidelines
for making decisions on technical and traffic-related issues pertaining to such road systems. To
fulfill this responsibility, the Federal Highway Research Institute performs independent research,
coordinates research projects on behalf of the Federal Ministry of Traffic, Construction and
Housing, and evaluates the results obtained in each case. The BASt is in close collaboration with
the Road and Transportation Research Association (Forschungsgesellschaft fir Stralen- und
Verkehrswesen), the DIN German Institute for Standardization (Deutsches Institut fir
Normung), the German Institute for Construction Technology (Deutsches Institut fur
Bautechnik), the German Road Safety Council, (Deutscher Verkehrssicherheitsrat), competent
state highway authorities, universities, associations and the highway industry. Another task is to
act as scientific adviser to the state highway authorities which administer federal interstate
highways and autobahns on behalf of the federal government. Staff members of the BASt were
selected for the surveys.

Methods of pavement assessment

All major roads are monitored in their entirety every four years with a sideways force, fixed slip
smooth tire measurement system (similiar to the SCRIM®, but manufactured in Germany). Data
are collected continuously, and divided into 100-meter sections for inclusion as batches for a
computer-aided Pavement Management System (PMS) and for planning the maintenance of
interstate roads. Each section is taken into consideration for acceptance. The smaller roads are
measured over 30 percent of their length.

Actions when skid resistance falls below the minimum

When the values decrease below the value set in the regulations, the road must be either re-
surfaced, or a reduction in speed limit is instituted, the latter being a temporary measure until the
former can be implemented. The minimum skid number values for the sixteen German States
are the same, except for Bavaria, where they are 0.03 higher.

8.4.2 Survey Results

Complete survey responses are found in Appendix G. Highlights of the German survey
responses in combination with initial literature findings and follow-up telephone/e-mail
communications follow:

e Although a wide variety of pavement surface characteristics are studied and measured, at
present, only skid resistance is regulated as a standard for roads maintenance.

e Across all 16 German States, a single measurement method is used, and 100 percent of
the major roads are monitored. This method uses a device similar to the British SCRIM
(20° skew angle, fixed slip).

e The pavement construction contractor is responsible for meeting the skid resistance
standards set by the BMVBS upon initial installation in a final acceptance test and for the
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first four years, under a warrantee system. After four years, the government takes
responsibility.

e Noise is also measured and regulated in Germany.

e No German regulations exist for spray limits nor do standards for quantification of spray.
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9.0 Final Remarks

Most States interviewed expressed concerns over the risk of liability. The fear of being liable
will most likely be the highest obstacle in the development of guidelines, threshold values, and
associated follow-on actions for friction-based assessment of road surface conditions. A review
of international agencies who have been successful in developing and implementing friction-
based methodologies would be of value to shed light in potential solutions for overcoming such
obstacles.

Although general trends can be observed in practices of the surveyed States, the States exercise
discretion in the implementation of their practices. States have somewhat extended experience
with measuring SN.

States appear to be more comfortable with texture measurements as a means to assess pavement
conditions rather than friction measurements. There may be a trend of moving towards
implementation of methodology related to roadway texture. As such, it may be most valuable for
national guidelines to be implemented for texture measurements rather than friction
measurements. In particular, recommendations on parameters, properties, methodology,
interpretation, use and acceptance criteria may be more feasible at this time.

Although they were not part of the “Assessment of Friction-Based Pavement Methods and
Regulations” survey conducted on behalf of the NTRCI in cooperative agreement with the
FHWA, the following points became apparent throughout the course of this study:

e None of the states surveyed were willing to openly discuss minimum acceptable friction
numbers as related to remedial actions for their state due to possible liability issues.
When asked why they thought European countries were able to specify acceptable
friction levels and remedial actions for pavements below the acceptable limit, the
respondents reported they believed that due to the increase of litigation within the
European courts, those countries were likely to move away from specification of
acceptable friction levels to adopt a more general “investigation” approach.

e Kentucky has a pro-active approach to tightly controlling aggregate properties by way of
testing aggregates before approving the aggregate vendor for bidding on highway
projects. The results of the testing are very tightly controlled and shared only with the
quarry supplying the aggregate. Although they appear to be ahead of the curve when it
comes to being able to control friction through careful selection of aggregates, they are
unwilling to publish their research findings due to the potential for litigation.

e Maryland has a firm belief that friction is impacted more by environmental conditions
than by any other factor. They are currently in the process of developing a three phase
program which will:

— Assess aggregate properties
— Tie aggregate properties to friction numbers
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— Incorporate aggregate property research into pavement design, including site
specific design.

Many states reported through this survey that there was no good way of measuring microtexture
over roadway networks. This came as a surprise following the literature review findings where
the ARAN automated road analyzer, coupled with WISECRAX software was touted as the
solution to gathering pavement microtexture data at highway speeds. Because WISECRAX
depends on grayscale to analyze digital images of the road surface, it cannot distinguish between
a pothole and road-kill. As a result, the data obtained from this system are suspect. Throughout
this survey, other states referred to Texas as being the leader in the development of a high-speed
laser-based texture measuring device capable of collecting microtexture data simultaneously with
friction data. However, Texas reports difficulties with the development of such a system.
Battelle is in a unique position to take on this technical challenge. Battelle’s has a collection of
experts in all fields related to this type of project- electronics to optics to materials to data
analysis and programming, ready to take on this challenge.

Conclusion to International practices

e UK paves the way with its “risk-related” model for pavement maintenance:
o Skid number Investigatory Levels identify sites for follow-up.
0 Risk assessment allows flexibility in prioritizing actions to be taken.
o Traffic situations play large role in minimum skid numbers and in risk
assessment.

e Rigid German road friction responsibilities set in concrete:

o High level for minimum skid number must be met upon initial installation and
acceptance testing.

0 Skid numbers decrease to levels comparable with UK for in-service road
monitoring and pavement management after four years.

o Skid number minimum values based only on speed limits.

o0 Temporary solution adopted with reduction in speed limits until remedial action
can be implemented.

e The US should work closely with key stakeholders in the UK to understand the key
elements allowing the implementation of their policies, hence identifying ways to avoid
obstacles perceived in the United States. Of particular notice from this effort are:

0 The acceptance and use of a single method for skid resistance measurements
(SCRIM) on major roads.

o The recognition for the need of a range of investigatory levels, rather than a rigid
single value.

0 The decision to post signs temporarily at sites for which investigations revealed
the need for resurfacing.
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Appendix B

Test Methods used to Evaluate Pavement Conditions



ASTM /

Name Background Measures Other Sl ACt'O.nS Comments
Based? | Required
standard

ICC Developed by Proprietary texture NA No None
International private estimate
Cybernetics company
Corporation
MGPS Developed by Mean profile depth E1845 No None

FHWA
Volumetric: Traditional Mean texture E965 No None
Sand patch depth
CTMeter Developed by Mean profile depth NA No None Profilometer

Nippon Sangyo | and root mean

Co. of Japan square
Skid Trailer Multiple Drag Force Yes Depends on

Sources State Agency

Policies
British Polishing Multiple Aggregate D3319 yes None Polish value correlation between aggregate
Wheel Manufacturers | Properties type and friction: high value = good friction,
low value = poor friction

Mohs hardness Multiple Aggregate Yes None Rough grains or mix of mineral texture will

Manufacturers | Properties resist polishing and maintain good wet--

weather frictional properties

British Portable Skid Multiple Skid Resistance BS EN None Pendulum apparatus used to obtain British
Resistance Tester Manufacturers | Value (SRV) 13036-4 : Pendulum Number (BPN). Used as an
(BPT / Pendulum 2003 indirect measure of microtexture.
Tester)
SCRIM: Multiple Sideways Force BS 7941-1: Yes Depends on Developed in Great Britain. Yaw of 20
Sideways Force Manufacturers | Coefficient (SFC) 1999 Agency degrees. Water applied to pavement at
Coefficient Routine Policies controlled rate. Sensitive to microtexture
Investigation Machine but not affected by macrotexture.
Mu-Tester Multiple Sideways Force ASTM-E670 Yes Depends on Developed for airport runways applied to

Manufacturers | Coefficient (SFC) State Agency highways. Water applied to pavement at

Policies controlled rate. Sensitive to microtexture

but not affected by macrotexture.
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ASTM /

Name Background Measures Other Sl ACt'O.nS Comments
Based? | Required
standard
Fixed-Slip Devices Multiple Brake Slip Yes Depends on Measures friction observed by vehicles with
Manufacturers | Numbers (BSN) State Agency anti-lock brakes. Water applied to
using Slip data Policies pavement at controlled rate. Sensitive to
microtexture.
Variable Slip Devices | Multiple Slip Friction ASTM Yes Depends on (Longitudinal friction force)/(Vertical force)
Manufacturers | Numbers (SFN) E1859 State Agency as test tire observes predetermined set of
Policies slip rates to determine SFN from zero to test
speed. Results presented in graphical
format.
Locked Wheel Multiple Skid Number (SN) ASTM E Yes Depends on Most common method used in US. Used in
Devices Manufacturers | Friction Number 274 State Agency all 50 states. Developed to measure friction
(FN) ASTM E Policies under emergency braking conditions for
524 ASTM vehicles w/o anti-lock brakes. Measures @
E 510 slip speed = vehicle speed. Water applied
to pavement. Disadvantage: testtime = 1
sec. Noncontinuous measures might result
in missing low friction spots.
PFT: Multiple Locked Wheel E274 Yes Depends on Standard apparatus for testing road friction
Pavement Friction Manufacturers | Principle (friction State Agency in USA
Tester between wheel Policies
and pavement)
Griptester Multiple Grip Number BS 7941-2: Yes Depends on Gears down third wheel to measure road
Manufacturers 2000 Agency surface resistance.
Policies
Selcom, Optiocator LMI Friction Number E 274; E Yes None Obtains MPD (Mean Profile Depth) info at
64kHz laser system Technologies 501; E 524; higher speeds. However, correlations
E 1845; E between MPD and FN are weak
965
Circular Track Multiple Aggregate Polish? No None After 8 hrs of polishing, the friction can be
Polishing Machine Manufacturers measured using British Pendulum or

Variable Speed Friction Tester
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ASTM/

Name Background Measures Other FBr;c;té%r;- égtla?rzd Comments
standard ’ q
Variable Speed Multiple Pendulum type Yes Depends on Better results than British Pendulum due to
Friction Tester (VST) | Manufacturers | friction State Agency locked-wheel smooth rubber tire instead of
Policies rubber slider. Also employs water stream
with adjustable flow rates.
Dynamic Friction Multiple Friction E1911 Yes Depends on Direct measurement of surface friction.
Tester (DFT) Manufacturers State Agency Measures changes in friction as the disk
Policies slows - speed dependency of surface

friction. DFT is effected by micro/macro
textures. DFT + MPD measurements can
be used together to determine International
Friction Index.
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Appendix C

Results of 48-State survey of Skid Resistance Evaluation



The categories for incorporating aggregate properties and/or skid resistance in guidelines for
pavement evaluations are listed below:

Category I:

Category II.

Category IlI.

Category IV.

Category V.

No specific guidelines to address skid resistance. However, frequent field testing
conducted to assure skid numbers remained acceptable.

Skid resistance accounted for through mix design. Frequent skid field tests
conducted to assure adequate skid resistance.

General aggregate classification procedures used to control quality of aggregates
used and thereby provide adequate skid resistance. Skid field testing employed to
assure adequate skid resistance over time.

Evaluate aggregate frictional properties using lab test procedures (AIR, PV,
Moh’s, Petrographic Analysis, AWI) Only aggregates meeting specs in lab tests
qualified for use in highway pavement systems.

Both laboratory test and field results used to decide classification of aggregate and
its appropriateness for road pavement systems.

State DOT

Alabama

Category |

Category |l

Category Il

Category IV

Category V

Arizona

Arkansas

California

Colorado

Connecticut

Delaware

Florida

Georgia

Idaho

[llinois

Indiana

lowa

Kansas

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi
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State DOT

Missouri

Category |

Category |l

Category Il

Category IV

Category V

Montana

Nebraska

Nevada

New Hampshire

New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Texas

Utah

Vermont

Virginia

Washington

West Virginia

Wisconsin

Wyoming
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Survey Questions



NITRCI

NATIONAL TRANSPORTATION
RESEARCH CENTER, incorporaTED

COOPERATIVE AGREEMENT #DTFH61-03-X-00030
U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
TURNER-FAIRBANK HIGHWAY RESEARCH CENTER

TASK 2003E1
“ASSESSMENT OF FRICTION-BASED PAVEMENT
METHODS AND REGULATIONS”

SURVEY QUESTIONS

APRIL 14, 2006
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PURPOSE OF THIS SURVEY

This is a survey to collect information on procedures used by highway agencies to:
e Evaluate pavement conditions, including the methods and criteria, if any, used to qualify
pavement conditions,
e ldentify whether criteria used to evaluate pavement condition is based on friction or not,
e Characterize actions required based on the specific values of the criteria used.

Agency:

Name of respondent:

Title:

Phone: Fax:

e-mail;

SECTION A - BACKGROUND
QL. Is your job related to pavement condition evaluation?

Yes No

SECTION B - GENERAL QUESTIONS ABOUT FRICTION MEASUREMENTS

Q2. Does your agency use any type of friction measurement (e.g., conduct regular surveys of
the friction of your network)?
Yes (continue to Q3 page 3)
No (go to Q34 on page 10)
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Q3. What are the friction measurements used for?

e to evaluate the quality of newly constructed or repair sections (QC)

e to study the conditions of specific sites for research
e to diagnose the condition of specific sites and determine the appropriate  Yes / No
remedies [not restricted to winter maintenance]

e to monitor the condition of a road network for pavement management
e to conduct regular surveys of the friction of your network

e to measure friction at accident locations

e for winter maintenance

e Other. Explain

Yes/ No
Yes/ No

Yes / No
Yes / No
Yes / No
Yes / No

Q4. If you conduct regular surveys of the friction of your network, please indicate what

percentage of each of the following roadway system is tested:

Q5. Are these roadway systems tested on a regular pre-determined frequency (annually, every

%

Interstate

Primary

Secondary

Local Roads

two years) or on an as-needed basis:

Annual

Biennial

As-needed

Interstate

Primary

Secondary

Local Roads

Q6. If tested on an as-needed basis, what criteria are used to determine if a roadway qualifies

for friction monitoring?

Q7. Besides friction, what other measure(s) does your state use to evaluate pavement conditions
(e.g., roughness, smoothness...) ?
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SECTION C - QUESTIONS ABOUT MEASURING DEVICES USED

Q8. What type(s) of friction measuring equipment does your agency use?
If you use more than one type of device, can you please specify which device is used for
what purposes? (i.e. for large scale pavement condition monitoring vs. for research)?

Operational Mode:  Side Force

Variable Slip
Fixed Slip
Locked Wheel
Slider
Other
Tester Type: ASTM E-274 Trailer

Mu-Meter

SCRIM

Griptester

Other

Q9. Why does your agency use this (these) device(s)?

Q10. If applicable, what type of test tire does your agency use for the surveys?

ASTM E-524 (smooth)
ASTM E-501 (ribbed)
Other

Q11. What test speeds does your agency use for the friction surveys?

Q12. What is the spatial frequency and sample length of your friction testing?

Samples per mile
Sample length
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Q13. Do you adjust for temperature, seasonal and speed variations?

Temperature: Yes No
Seasonal Variations Yes No
Speed Yes No

Q14. Have you used other friction measuring equipment in the past?

Yes No

If yes, which one, when and where?

Q15. Are you familiar with any other friction measuring equipment?

Yes No

If yes, which equipment and how did you become familiar with it (agency tested it, other
agencies use it etc...)

SECTION D - QUESTIONS ABOUT THE USE OF DATA COLLECTED

Q16. What do you do with the data collected?

Friction data?

Other data?

Q17. Do you record and archive friction data?
Yes No
If yes, how do you archive the data?

If yes, what do you do with the archived data?

If yes, what would you like to do with the archived data?
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SECTION E - QUESTIONS ABOUT GUIDELINES, PROCEDURES, THRESHOLD
VALUES AND ACTIONS

Q18. Does your agency have guidelines for friction measurements?
Yes No

If yes, what are these guidelines? Can we obtain a copy?

If no, why not?

Q19. Does your agency have established threshold values of friction measurements?

Yes No

If yes, what are these threshold values?

If no, why not?

Q20. Does your agency have established follow-up actions based on friction measurements?

Yes No

If yes, what are these follow-up actions?

If no, why not?
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Q21.

Q22.

Q23.

Q24.

Q25.

Q26.

Q27.

Do you know of any policy developed or even implemented in your state regarding specific
follow-up actions to be taken, given particular readings of friction?

Yes No

If yes, what are these policies?

If no, do you think it would be beneficial to develop and implement such policies? Please
explain

What other intervention methods does your agency use for readings other than the
threshold value? For example, when value is slightly below the threshold, is something
less involved recommended?

Are there other criteria besides the friction readings that are used to initiate or prioritize
road maintenance actions? (e.g., accident frequency at a given location)

Do you think your current practice(s) provide you with what you need?

Yes No

Based upon your experience, do you think there are any possible deficiencies in the current
procedure?

Yes No

What do you think should be done to correct them?

Would you need additional tools? If so, which ones would you find useful and how would
they be useful?

Yes No
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Q28. Do you know of other agencies that have established policies, developed guidelines,
threshold friction values and associated follow-up actions based on friction measurements?

Yes No

If yes, which ones?

Q29. How does your practice(s) compare with other states’ practices?

Q30. Do you think there should be national guidelines including methods used, criteria and
follow-on actions?
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SECTION E’ - QUESTIONS ABOUT REGULATIONS AND POLICY

Q31. In general terms, explain the applicable legislative or regulatory basis or requirements for
your friction monitoring program?

Q32. Does your agency have policies or regulations for friction measurements?

Yes No

If yes, could you share info with us?
If no, why not?

Q33. Do you think friction levels should be regulated?

Yes No

Explain

Continue to Q41
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SECTION F - QUESTIONS IF YOUR AGENCY DOES NOT USE FRICTION
MEASUREMENTS

Q34. Do you think that the use of friction measurement could be useful to your state?

Yes No
Q35. Why does your agency not conduct regular surveys of the friction of your network (i.e. use
any type of friction measurement)? (i.e. cost, not needed, other means are used, technology
tested to date is not ready)

Q36. What do you think it would take to implement friction monitoring by your agency?

Q37. What does your agency do to characterize road surface conditions (smoothness, texture?)

Q38. How does your practice(s) compare with other states’ practices?

Q39. Do you know of other agencies that have established policies, developed guidelines, or
established threshold friction values and associated follow-up actions based on friction
measurements?

Yes No

If yes, which ones?

Q40. Do you think there should be national guidelines including methods used, criteria and
follow-on actions?
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SECTION G - OTHER QUESTIONS

Q41. Does your state regulate the amount of spray generation and visibility reduction related to
the pavement surface characteristics (microtexture or macrotexture)?

Yes No

Q42. Does your state have a standard practice to quantify the amount of spray or is there any
qualitative measure for evaluation of spray generation?

Yes No

Q43. Is highway noise being measured in your agency ?

Yes No

Q44. Are there any regulations or corrective measures related to noise?
Yes No

Q45. Is there a standard for measurement of noise?

Yes No

Thank you for your time!
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Appendix E

Compilation of Results Obtained from the 9-State survey



Section B - General questions about friction measurements

Table E1 Responses to Question 2, "'Does your agency use any type of friction measurement?"

State

Arizona Yes
Virginia Yes
Maryland Yes
Texas Yes
New York Yes
Washington State Yes
Illinois Yes
Kentucky Yes

Table E2 Responses to Question 3,

"What are the friction measurements used for?"
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State
Arizona No Yes Yes Yes Yes Yes No
Virginia No Yes Yes No Yes Yes No
Maryland No Yes Yes Yes Yes Yes No
Texas Evaluation and classification of
No Yes Yes Yes Yes Yes No aggregate
New York No Yes Yes No No Yes No
Washington
9 Yes Yes No Yes Yes No No
State
Illinois Yes Yes Yes No No Yes No
Kentucky Yes & Evaluation of aggregates and
Yes Yes Yes No Yes No No | pavements for their non-
polishing capabilities.
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Table E3 Responses to Question 4, ""What percentage of each category of roadway system is tested?"

State Interstate Primary Secondary Local Roads
Arizona 100% 100% 100% 0%
Virginia 100% (33%lyr) 100% (25%lyr) Spec Request Spec Request
Maryland 100% 100% 100% 100%
Texas 50% 25% 25% 0%
New York <10 %* <10 %* <10 %* By Request
Washington State 100% 100% 100% 0%
lllinois N/A N/A N/A N/A
Kentucky 100%** 100%** 100%** 100%**

*Reported that low percentages were due to high number of miles in road network.

** Kentucky reported 100% of interstate network is tested initially after pavement is laid down. Testing drops off as
road reaches 10 million CTC (cumulative traffic ?). Primary, secondary and local roads would be tested in the

same manner if they met ADT (average daily traffic) requirements.

Table E4 Responses to Question 5, ""With what frequency are friction measurements taken?*

State Interstate Primary Secondary Local Roads
Arizona Biennial * Biennial* Biennial* Never
Virginia 3-yr cycle 4-yr cycle As requested As requested
Maryland Annual Annual Annual Annual
Texas Annual Annual Annual NR
New York As-needed As-needed As-needed As requested
Washington State Biennial Biennial Biennial Never
lllinois N/A N/A N/A N/A
Kentucky Annual* Annual* Annual* Annual*

* Reported that friction measurements are taken on ““as-needed”” basis in addition to regularly scheduled testing.

Table E5 Responses to Question 6, "'If tested on an as-needed basis, what criteria are used to determine if a

roadway qualifies for friction monitoring."

State By request Visual Inspection | Higher than usual | Other
which suggests wet accident rate
friction may be
low.
Arizona X X
Virginia X
Maryland NA
Texas Discretion of
TxDot pavement
engineer or other
district manager.
New York Discretion of
District Pavement
Discretion of X X sites as determined
by geolo
Traffic & Safety Y 9eotody
Department
Washington State NA
lllinois X X New Surfaces
Kentucky X New Surfaces
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Table E6 Responses to Question 7, ""Besides friction, what other measure(s) does your state use to evaluate
pavement conditions?"

State Cracking | Flushing | Roughness Rutting Patching Ride Quality | IRI
Arizona X X X X X

Virginia X X X X
Maryland X X X

Texas X X X
New York X

Washington X X X X X X X
State

lllinois X X
Kentucky X X X X X X

Section C - Questions about measuring Devices used

Table E7 Responses to Questions 8 & 9, ""What type of friction measuring equipment does your agency use?"'
and “Why does your agency use this (these) device(s)?”

State Opehzzggnal Tester Type Test Tire Reason for using
. . . Dynatest Highway Slip ASTM E-1551
Arizona Fixed Slip Friction Tester (Smooth Tread Tire) Ease of use
Virginia Variable Slip A[S)Trl\]/;mEi-CZLAFi;riilrI]er ASTM E-524 (smooth E-274: Production Tester
g Locked Wheel y Tester tire) DF Tester: Research
Maryland Locked Wheel ASTM E-274 ASTM E—§01 (Ribbed Network &_pr(,),Ject level
Tire) testing
ASTM E-524 (smooth
tire) Consistency with historical
Texas Locked Wheel ASTM E-274 ASTM E-501 (Ribbed | data; also similarity to laser-
Tire) occasionally, as | based texture measurements
needed
Considered to be most
New York Locked Wheel ASTM E-274 ASTM E-501 (Ribbed accurate, more I_|ke real
Tire) world conditions.
Promoted by FHWA
Been the device of
. ) . preference for 20+ years.
2/snINGTON || ocked Wheel ASTM E-274 ASTM ET?% (Ribbed | g vitched to ribbed tire blc
smooth tire did not hold up
to friction tests.
ASTM E-524 (smooth | They were perceived as the
- tire) best available at the time of
HHlinois Locked Wheel ASTM E-274 ASTM E-501 (Ribbed | acquisition to meet Illinois’
Tire) needs
Kentucky Locked Wheel ASTM E-274 ASTM E—$01 (Ribbed | Consistency, satisfied with
Tire) results
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Table E8 Responses to Questions 11 & 12, ""What test speeds does your agency use for the friction surveys?"'
and ""What is the spatial frequency and sample length of your friction testing?"'

State Test Speeds Samples/Mile Sample Length
Arizona 60 mph* 1 200 ft
Virginia 40 mph 3 1 second

Maryland 40 mph 3.33 Per ASTM E 274

Texas 50 mph 2 ~ 100 ft

New York 40 mph** 10 Per ASTM E
Washington State 40 mph 1 Per ASTM spec
Illinois 40 mph up to 10 0.1 mi and greater
Kentucky 40 mph 5 minimum 147 feet

* When possible, otherwise, 40 mph.
** Higher speeds for higher speed roads or by request.

Table E9 Responses to Questions 13, "'Do you adjust for temperature, seasonal and speed variations?**

State Temp_ergtu re Seqso_nal Spee_d
Variations Variations Variations

Arizona No No No
Virginia No Yes Yes
Maryland No* No* Yes
Texas No No No
New York No No** Yes
Washington State Yes No Yes
Ilinois No No Yes
Kentucky No*** No*** No

*Maryland is currently evaluating this option because their research has shown that environmental conditions have
a significant influence on friction number.
**New York had tested Spring vs Autumn seasonal variations in some cases. The information gathered was used for

research purposed only.
*** Kentucky limits testing to ambient temperatures between 40 deg F and 99 deg F. All friction tests are

completed between July 1 and mid-November.

Table E10 Responses to Question 14'"Have you used other friction measuring equipment in the past?"

Other friction measuring

State equipment used in past? Type Dates Used
Arizona Yes Mu-Meter 1972-2000
Virginia No

Maryland “not in the past 7 years” Through 1998 or 1999

Texas No

New York No
Washington State No
Illinois No
Kentucky No
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Table E11 Responses to Question 15, "*Are you familiar with any other friction measuring equipment and if
so, how did you become familiar with it?"

State Type of equipment How did you become familiar with it?
= <) = 8 = D
S528(c5| 5 |55| 2 | £ |65
33 % ] ko) e < n = T =
°ec 2| ac c s Q0 @ I o S
£z3c/0g] g zc| B £ 3O
o U |_ O
Arizona Skid Car w/locked wheel X
Variable Slip (Norsemeter/ROAR)
. Fixed Slip (Griptester, Runway Friction
Virginia Tester) X
Side-force friction measuring systems
Maryland X X
Scrim
Texas MuMeter X
Griptester
British Pendulum Tester
Griptester
New York Saltar X
Mu-Meter
Washington | Not familiar with other friction
State measuring equipment
. Not familiar with other friction
Iinois measuring equipment
Kentucky British Polishing Wheel X
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Section D — Questions about the use of data collected

Table E12 Responses to Questions 16 (friction data), ""What do you do with the friction data collected?”

State Pavement Safety Accident R&D Identify/Confirm

Management Analysis Investigation skid-resistance

Decisions deficiencies
Arizona X X X
Virginia X
Maryland Build

X performance
models
Texas X
(Through district

and local agencies)
New York X X
Washington
State X X X
lllinois Review

X performance
(Through district of various
and local agencies) pavement
surfaces

Kentucky X X

Table E13 Responses to Questions 16 (other data), ""What do you do with the other data collected?”

State Pavement - Pavement Design R&D
Management Decisions

Arizona X X

Virginia NR NR NR

Maryland Develop performance measure
reports

Texas X X

New York NR NR NR

Washington State X X

Illinois (Through)d(istrict and Review performance of various

. pavement surfaces
local agencies)
Kentucky NR NR NR
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Table E14 Responses to Questions 17, ""Do you record and archive friction data?”

Record and

What is currently done

What would you like to do

State 3;22,'?\/6 friction | Archive method with archived data? with the archived data?
Arizona Yes Database Stored “Use it”
Update Wet-Accident
Reduction Program,
Track skid resistance
Virginia Yes HTRIS* “as little as possible” t)neir){gsrmance of various
Create objective non-
polishing source-aggregate
approval process
PM decisions
Maryland Yes Database Build performance NR
models
Evaluate performance of
Texas Yes Database Track Trends specifications, materials,
and treatments
Allow requesting groups to
query info for research
L purposes (by aggregate,
New York Yes Database :Qf?j;rlswt?gor; |ser?éven 0 road type, road geometry)
a g agency and to be able to correlate
GPS data with data
collected.
Database; Hardcopy; | Track Trends particularly
Washington | Yes Pavement for pavement wear and No suggestions
Management System | durability
L Review for pavement .
llinois Yes NR performancsevaluations No suggestions
Annual evaluation of
aggregate sources and
Kentucky Yes Database pavements and pre- No suggestions

qualification of aggregate
sources

*HTRIS — DOT pavement inventory system
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Section E — Questions about guidelines, procedures, threshold values and

actions
Table E15 States responding “Yes” to Questions 18, "'Does your agency have guidelines for friction
measurements?”
State What are the guidelines?
Arizona 1. Test at each milepost for ~ 200 ft.
2. Measure wet.
3. Measure at 60 mph
Virginia Copy being sent by snail mail (from Jerry Garrison)
Texas ASTM procedures with at least one test per 0.5 mile section.
New York ASTM procedures for test method.

No policy to dictate frequency of testing nor percentage of highway system to be tested.

Washington State

Skid Accident Reduction Program requires skid numbers to be considered in development of
appropriate solutions to address both accident and potential accident locations.

Kentucky

Sources of polish resistant aggregate source list must maintain a satisfactory performance
level. Sources not on the list must display a satisfactory level by test sections to be added.
Performance or sources will be based on pavement friction skid testing, and will be
accordance with ASTM E 274. Skid numbers resulting from this test will be evaluated in
the range of 6x10° to 10x10° cumulative traffic.

Table E16 States responding “No” to Questions 18, 'Does your agency have guidelines for friction

measurements?”

State Reasons given for no guidelines for friction measurements.
Do not have any regional or national direction coupled with limited resources.

Maryland

lllinois Currently in the process of reviewing their Friction Program and will subsequently
determine if guidelines are necessary.
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Table E17 States responding “Yes” to Questions 19 and 20, ""Does your agency have established threshold
values of friction measurements?” and “Does your agency have established follow-up actions based on
friction measurements?”

State What are the guidelines? Follow-up actions based on friction measurements
Arizona Desired = 43+ Biennial review of areas below 35 to see if remedial action is
appropriate.
“Point of concern” <35 Post “S W W” signs when <35 verified, also prioritize for
remedial actions
Virginia SN40S<24 = Investigatory Initial activity: erect warning signs
g SN40S<20 = Intervention As soon as practical: determine deficiency and restore skid-
resistance
Maryland Category 1 (<35) Poor friction roadway sections are combined with high
Category 2 (35-39) accident locations to develop a friction improvement
Category 3 (40+) candidate list.
New York SN40S<32 = Investigatory | Friction measurements are used in conjunction with accident

data when prioritizing road projects.

Washington State

SN40S<26

SN40S range of 26 to 30

Determine if conditions warrant posting of Slipper-When-
Wet signs and implement solutions

Repeat friction testing for accuracy and possible decline of
FN. Determine if conditions warrant posting Slippery-
When-Wet signs should be posted.

Kentucky

Values are highly
confidential and given only
to the vendor supplying the
aggregate used in the mix.

Retest. If numbers are still low, field personnel checks out
site to determine if further action is required.

Table E18 States responding “No” to Questions 19 and 20, '* Does your agency have established threshold
values of friction measurements?” and “Does your agency have established follow-up actions based on
friction measurements?”

State Reasons why no threshold values of friction measurements.

Texas Not specific number, but statistically: based on statewide mean and standard deviation.
There is no single “acceptable” skid test value. Site specific conditions are too variable and
too predominant.

Ilinois Currently use guidelines of 15 for smooth tire and 30 for treaded tire. However, these are

guidelines and not threshold values. Illinois is currently reviewing these numbers to
ascertain appropriate guidelines for Illinois pavement.

Ilinois has a de-centralized IDOT and allows each District Office to determine appropriate
follow-up for their individual district.
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Table E19 States responding “Yes” to Question 21, "'Do you know of any policy developed or implemented in
your state regarding specific follow-up actions to be taken, given particular friction readings?”

State Description of the policy

Virginia Slippery-When-Wet signs are posted when friction levels drop to “Intervention” levels.

Maryland* We are in the process of formalizing the policy. A friction improvement list is developed,
but appropriate treatments have not been established.

New York Implements FHWA Skid Accident Reduction Program (2002).

Washington State Washington State’s Skid Accident Reduction Program (1994).

Kentucky Possible follow-up actions include: de-slicking, possible overlay, coring the road to check

the aggregate.

*Responded “yes & no”

Table E20 States responding “No” to Question 21, "'Do you know of any policy developed or implemented in
your state regarding specific follow-up actions to be taken, given particular friction readings?”” and “Do you
think it would be beneficial to develop and implement policy regarding follow-up actions?”

State Comment

Arizona “It would be a clear liability so it would be counter productive.”

Texas Site specific conditions are too variable and too predominant.

llinois Because IDOT is a decentralized department, they can only recommend follow-up activities.

Table E21 Responses to Question 22, *"What other intervention method(s) does your agency use for readings
other than the threshold value?”

State

Arizona Each site is considered for an appropriate action from “Do nothing” to “Do overlay”

Virginia Nothing specific — monitoring encouraged

Maryland Friction readings are used in the project level decisions for pavement rehabilitation strategy
and material selection for pavement surface.

Texas Depends on site conditions

New York 1. “PIL” investigation of location by Department of Traffic & Safety

2. Inventory testing of sites as determined by geology
3. Test-by-request

Washington State

Each site is considered for an appropriate action ranging from posting Slippery-When-Wet
sign to taking immediate corrective action.

Illinois Advise the Districts of the potential for friction problems when numbers are approaching
guideline values.
Kentucky Monitor the aggregate source for quality. See how it performs on other sites containing the

same mix design.
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Table E22 Responses to Question 23, ""Are there other criteria besides the friction readings that are used to
initiate or prioritize road maintenance actions?"'

State Response
Arizona Each site is considered in context.
Virginia High wet-to-dry accident ratio triggers more testing than inventory findings
Maryland Percentage of wet accidents at a location
Ride quality
Cracking
Rutting
Other distresses
Texas District practitioners have final say, but distress, ride, deflection, and other factors are
considered.
New York Accident frequency & type of accident (i.e. roll-over accident)

Engineer requestor (i.e. monitor new surface, product evaluation, research)

Washington State High accident location

High accident corridor

llinois High accident locations

Kentucky Determination made by Operations and Pavement Management Branch.
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Table E23 Responses to Questions 24, 25, and 26, “Current Practices"

State Do you think your Based upon What do you think should be done to
current practices your experience, | correct current procedures?
provide you with what | do you think
you need? there are any
possible
deficiencies in
the current
procedures?
Arizona Yes Yes Better coverage
Virginia High-speed texture screening
No Yes Tools may reduce need for full-scale skid
testing.
IF1 should be implemented
Maryland Establish a link between aggregate material
Yes Yes properties and friction number
Identify rehabilitation strategies for a given
set of site conditions.
Texas We would like to go to 0.1-mile, non-
Yes Yes contact, laser based texture in left and right
wheel path.
New York Yes No N/A
Washington State Investigate the use of a ASTM E-524
because of its capability to more accurately
assess microtexture.
Yes Yes
Look into the work being conducted by
Texas on the use of lasers for determining
texture.
lllinois Acquire additional friction data to review
No Yes
pavement surface performance
Kentucky Comparison testing at 20 mph vs 40 mph
es Yes & No and 40 mph vs 60 mph is slated to begin
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Table E24 Responses to Question 27, ""Would you need additional tools? If so, which ones would you find

useful and how would they be useful?"

State Would you What tools would you find useful? How would those tools be useful?
need additional
tools?
. Would give full length coverage
Arizona Yes Tools for texture measurements and allow us to focus better on
potential low friction sites
Virginia Yes A reliable, functioning high-speed Would be capable of accurately

texture-measuring system.

and cost-effectively measuring
surface microtexture

Maryland Yes A tool which would establish a link
between geological properties of the
aggregate to friction number — perhaps a

database or some sort of computer model.

Would be useful to have model for
pavement design engineers.

Texas Yes Non-contact laser based device to
measure texture

Greater precision and greater
density of measurements

New York Yes Newer software for data collection
(currently using DOS data collection
software)

New skid trailer: Current ASTM trailer
purchased in 1992,

Improve data collection/sorting
capabilities.

Less time spent on equipment
repairs would allow more for more
data collection.

Washington No
Ilinois Yes Calibration Sites No response
Courses for Test Equipment
Kentucky No
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Table E25 Responses to Question 28, "'Do you know of other agencies that have established policies,
developed guidelines, threshold friction values and associated follow-up actions based on friction

measurements?"'

State Response If yes, which ones?

Arizona Yes Many states have but we don’t keep a list

Virginia Yes Florida and Texas

Maryland No

Texas Yes United Kingdom, Norway, Sweden

New York Yes For collecting frictions: Municipalities within New York,
other states but doesn’t know which ones. For follow-up
actions: not aware of any other agencies.

Washington No

State

Illinois No

Kentucky No

Table E26 Responses to Question 29, ""How does your practice(s) compare with other states’ practices?"'

State Response

Arizona Similar — biggest difference is type of tester we use.

Virginia “We’re better than most”

Maryland “Above average b/c of our network level data collection and the fact that we use
data to make decisions.”

Texas “not really sure”

New York “Large highway system prevents 100% testing.”
“Issues are usually not friction, they are road geometry & high speed.”

Washington | “Not Sure”

State

llinois “In recent years, our testing has been limited, due to personnel and funding
limitations, and therefore we acquire comparatively less friction data than many
other states.”

Kentucky “Average but can be improved upon.” Will be conducting comparison tests at

pre-determined sites using Tennessee’s skid rig.
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Table E27 Responses to Question 30, "'Do you think there should be national guidelines including methods
used, criteria, and follow-on actions?"

State Response

Arizona No

Virginia Yes, see preliminary findings of NCHRP 1-43

Maryland Yes — national guidelines are needed coupled w/local calibration for regional
material properties and climate.

Guidelines are desperately needed to have a consistent measuring procedure
across all agencies and devices. Everyone needs to be able to speak the same
language and numbers.

Texas No, but I’m a big advocate of national “one-size-fits-all” guidelines.

New York Yes — for methods used, ASTM provides good guidelines. However, the ASTM
guidelines need to be upgraded to account for new
technologies/materials/conditions.

No-for threshold criteria and follow-on actions.

Washington | No. Each state has a different procedure. Guidelines should only apply to data

State collection and analysis. Criteria for follow up actions and definition of those
follow up actions should be left to the states.

llinois No. Seasonal/temporal, precipitation and other variations within each state may
have great impact on friction data.

Kentucky No. Different weather, climate might dictate different guidelines. More freezing

and thawing, etc.
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Section E” — Questions about regulations and policy

Table E28 Responses to Question 31, "'In general terms, explain the applicable legislative or regulatory basis
or requirements for your friction monitoring program."

State Response

Arizona FHWA Policy

Virginia We adhere to FHWA requirements to operate a Wet Accident Reduction
Program

Maryland FHWA direction to have a pavement management system and monitor the
condition of the network.

Texas FHWA requirement for providing skid-resistant surface, & wet weather accident
reduction program.

New York FHWA Skid Accident Reduction Program (2002)

Washington | Washington State Skid Accident Reduction Program (1994)

State

Ilinois FHWA requirement for providing skid-resistant surface, & wet weather accident
reduction program.

Kentucky Declined comment.

Table E29 Responses to Question 32, "'Does your agency have policies or regulations for friction

measurements?"

State Response Policy/Regulation for Friction Measurements

Arizona Yes We follow FHWA requirements.

Virginia Yes See Virginia’s WARP user’s guide (being sent?)

Maryland No “l do not know.”

Texas No We test for our own benefit in managing the highway system.
New York Yes FHWA Skid Accident Reduction Program (2002)
Washington Yes Washington State Skid Accident Reduction Program (1994)
State

Illinois No

Kentucky No response | Declined comment.
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Table E30 Responses to Question 33, "'Do you think friction levels should be regulated?"

State Response Why or why not
Arizona No Too many variables.
Virginia No Far too many variables

Many state have different aggregate sources — polish resistance
inconsistent

Maryland No Testing and measurement procedures need to be established, but
regulating friction levels would be a challenge.

Texas No “No way”, measurements do not describe wet weather safety or accident
risk.
New York No Too many variables that effect friction

Liability issues

Washington No Each state has a different procedure. Guidelines should only apply to
State data collection and analysis. Criteria for follow up actions and definition
of those follow up actions should be left to the states. For example, a
friction number that may be adequate for a state with lower traffic
volumes may not meet the needs of a state with higher traffic volumes.

llinois No Seasonal/temporal, precipitation and other variations within each state
may have great impact on friction data.

Kentucky Declined comment.

Section F — Questions if your agency does not use friction measurements

Not applicable
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Section G — Questions about spray and noise

Table E31 Responses to Questions 41 through 45, *'Splash/Spray and Noise”

State Regulate spray Quantify Measure Regulations or | Standard for
generation and amount of highway corrective measurement
visibility spray? noise? measures of noise?
reduction? related to

noise?

Arizona No No Yes Yes Yes

Virginia No No Yes Yes Yes

Maryland No No No No No

Texas No No No* No* No*

New York No No No** No No

Washington No No Yes Yes No***

State

Ilinois No No No No No

Kentucky Not Sure Not Sure Not Sure Not Sure Not Sure

*Texas reports that they may start measuring noise at some point in the future. They report they are working on

getting a standard measurement of noise.

** New York has measured highway noise in the past for research purposed only.
*** Washington State is in the process of purchasing the OBSI equipment, which they would like to see become the
standard for measuring noise.
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PURPOSE OF THIS SURVEY

This is a survey to collect information on procedures used by highway agencies to:
e Evaluate pavement conditions, including the methods and criteria, if any, used to qualify
pavement conditions,
e ldentify whether criteria used to evaluate pavement condition are based on friction or not,
e Characterize actions required based on the specific values of the criterion used.

Agency:

Name of respondent:

Title:

Phone: Fax:

e-mail:

SECTION A - BACKGROUND
QL. Is your job related to pavement condition evaluation?

Yes No

SECTION B - GENERAL QUESTIONS ABOUT FRICTION MEASUREMENTS

Q2. Does your agency use any type of friction measurement (e.g., conduct regular surveys of
the friction of your network)?
Yes (continue to Q3 page 3)
No (go to Q34 on page 10)

Q3. What are the friction measurements used for?

e To evaluate the quality of newly constructed or repair sections (i.e. Yes / No
Quality Control)

e To study the conditions of specific sites for research Yes/No

e To diagnose the condition of specific sites and determine the Yes/No

appropriate remedies [not restricted to winter maintenance]

e To monitor the condition of a road network for pavement management ~ Yes / No
e To conduct regular surveys of the friction of your network Yes/ No
e To measure friction at accident locations Yes/ No
e For winter maintenance Yes/ No
e Other. Explain
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Q4.  If you conduct regular surveys of the friction of your network, please indicate what
percentage of each of the following roadway system is tested:

United Kingdom %
Trunk Road
(Primary)

2 Lane Carriageway
(Secondary)

B Roads
(Local Roads)
“C”,“D”, and “U”

Q5. Are these roadway systems tested on a regular pre-determined frequency (annually, every
two years) or on an as-needed basis:

United Kingdom Annual Biennial As-needed
Trunk Road
(Primary)

2 Lane Carriageway
(Secondary)

B Roads
(Local Roads)
“C”, “D”, and “U”

Q6. If tested on an as-needed basis, what criteria are used to determine if a roadway qualifies
for friction monitoring?

Q7. Besides friction, what other measure(s) does your agency use to evaluate pavement
conditions (e.g., roughness, smoothness...)?
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SECTION C - QUESTIONS ABOUT MEASURING DEVICES USED

Q8. What type(s) of friction measuring equipment does your agency use?
If you use more than one type of device, can you please specify which device is used for
what purposes? (i.e. for large scale pavement condition monitoring vs. for research)?

Device Purpose
Operational Mode: Side Force
Variable Slip
Fixed Slip
Locked Wheel
Slider
Other
Device Purpose
Tester Type: ASTM E-274 Trailer
Mu-Meter
SCRIM
Griptester

British Pendulum Tester
Dynamic Friction Tester
Variable Slip Tester
Other

Q9. Why does your agency use this (these) device(s)?

Q10. If applicable, what type of test tire does your agency use for the surveys?

ASTM E-524 (smooth)
ASTM E-501 (ribbed)
Other

Q11. What test speeds does your agency use for the friction surveys?

Q12. What is the spatial frequency and sample length of your friction testing?

Samples per kilometer
Sample length
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Q13. Do you adjust for temperature, seasonal and speed variations?

Temperature: Yes No
Seasonal Variations Yes No
Speed Yes No

Q14. Have you used other friction measuring equipment in the past?

Yes No

If yes, which one, when and where?

Q15. In 1995, PIARC published all skid resistance and texture measuring equipment in use
throughout Europe. Has your agency added any additional equipment for measuring
friction either for large scale pavement conditioning or research since 1995?

If yes, please list the equipment and what it is used for.

Q16. Are you familiar with any other friction measuring equipment?

Yes No

If yes, which equipment and how did you become familiar with it (agency tested it, other
agencies use it etc...)
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SECTION D - QUESTIONS ABOUT THE USE OF DATA COLLECTED

Q17. What do you do with the data collected?

Friction data?

Other data?

Q18. Do you record and archive friction data?

Yes No

If yes, how do you archive the data?
If yes, what do you do with the archived data?

If yes, what would you like to do with the archived data?
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SECTION E - QUESTIONS ABOUT GUIDELINES, PROCEDURES, THRESHOLD
VALUES AND ACTIONS

Q19. Does your agency have established guidelines for friction measurements?

Yes No

If yes, what are these guidelines? If yes, please attach a copy of those guidelines. (If
available on the web, a website is acceptable.)

If no, why not?

Q20. Does your agency have established investigatory levels (levels dictating follow-up action)
based on friction-measured results?

Yes No

If yes, are the values site specific or roadway category specific?

If yes, does your agency use a single threshold value or a range of values?

If yes, please attach those threshold values.

If no, why your agency does not have established Investigatory Levels?

Q21. Does your agency have established threshold values of friction measurements?

Yes No

If yes, are those values site-specific or roadway-category specific?

If yes, Does your agency use a single threshold value or a range of values?

If yes, What are your threshold values? (If site specific, please include a table.)
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Q22.

Q23.

If no, why your agency does not have established threshold values of friction
measurements?

Does your agency have established follow-up actions based on friction measurements?

Yes No

If yes,

If no, why not?

Do you know of any policy developed or even implemented in your country regarding
specific follow-up actions to be taken, given particular readings of friction?

Yes No

If yes, what are these policies?

If no, do you think it would be beneficial to develop and implement such policies? Please
explain

Q24. What other intervention methods does your agency use for readings other than the

Q25.

Q26.

investigatory levels? For example, when value is slightly below the threshold, is something
less involved recommended?

Are there other criteria besides the friction readings that are used to initiate or prioritize
road maintenance actions? (e.g., accident frequency at a given location)

Do you think your current practice(s) provide you with what you need?

Yes No
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Q27.

Q28.

Q29.

Q30.

Q3L.

Based upon your experience, do you think there are any possible deficiencies in the current
procedure?

Yes No

What do you think should be done to correct them?

Would you need additional tools? If so, which ones would you find useful and how would
they be useful?

Yes No

In your opinion, what countries do the best at establishing policies and guidelines for
maintaining adequate skid resistance on their roadways?

How does your practice(s) compare with other countries’ practices?
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SECTION E - QUESTIONS ABOUT REGULATIONS AND POLICY

Q32. In general terms, explain the applicable legislative or regulatory basis or requirements for
your friction monitoring program?

Q33. Does your agency have policies or regulations for friction measurements?

Yes No

If yes, could you share info with us?
If no, why not?

Q34. Do you think friction levels should be regulated?

Yes No

Explain

Continue to Q42 (page 12)
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SECTION F - QUESTIONS IF YOUR AGENCY DOES NOT USE FRICTION
MEASUREMENTS

Q35. Do you think that the use of friction measurement could be useful to your Country?

Yes No
Q36. Why does your agency not conduct regular surveys of the friction of your network (i.e. use
any type of friction measurement)? (i.e. cost, not needed, other means are used, technology
tested to date is not ready)

Q37. What do you think it would take to implement friction monitoring by your agency?

Q38. What does your agency do to characterize road surface conditions (smoothness, texture?)

Q39. How does your practice(s) compare with other EU nations’ practices?

Q40. Do you know of other agencies that have established policies, developed guidelines, or
established threshold friction values and associated follow-up actions based on friction
measurements?

Yes No

If yes, which ones?

Q41. Do you think there should be national guidelines including methods used, criteria and
follow-on actions?
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SECTION G - OTHER QUESTIONS

Q42. Does your state regulate the amount of spray generation and visibility reduction related to
the pavement surface characteristics (microtexture or macrotexture)?

Yes No

Q43. Does your state have a standard practice to quantify the amount of spray or is there any
qualitative measure for evaluation of spray generation?

Yes No

Q44. Is highway noise being measured in your agency ?

Yes No

Q45. Are there any regulations or corrective measures related to noise?
Yes No

Q46. Is there a standard for measurement of noise?

Yes No

Thank you for your time!
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PURPOSE OF THIS SURVEY

This is a survey to collect information on procedures used by highway agencies* to:
e Evaluate pavement conditions, including the methods and criteria, if any, used to qualify
pavement conditions,
e ldentify whether criteria used to evaluate pavement condition are based on friction or not,
e Characterize actions required based on the specific values of the criterion used.

Agency:

Name of respondent:
Title:

Phone: Fax:

e-mail:

SECTION A - BACKGROUND
QL. Is your job related to pavement condition evaluation?

Yes No

SECTION B - GENERAL QUESTIONS ABOUT FRICTION MEASUREMENTS

Q2. Does your agency use any type of friction measurement (e.g., conduct regular surveys of
the friction of your network)?
Yes (continue to Q3 page 3)
No (go to Q34 on page 10)

Q3. What are the friction measurements used for?

e To evaluate the quality of newly constructed or repair sections (i.e. Yes / No
Quality Control)

e To study the conditions of specific sites for research Yes/ No

e To diagnose the condition of specific sites and determine the Yes/ No

appropriate remedies [not restricted to winter maintenance]
e To monitor the condition of a road network for pavement management ~ Yes / No
e To conduct regular surveys of the friction of your network Yes/ No

* Note: We are not sure if there a single Federal system or if there are variations from State to State within Germany.
For example, if the answers from practices in Bavaria might be different from those in Schleswig-Holstein or
Saxony, then please indicate the responses for your region, and we will follow up with surveys for the other regions,
as applicable.
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e To measure friction at accident locations Yes/ No
e For winter maintenance Yes/ No
e Other. Explain

Q4. If you conduct regular surveys of the friction of your network, please indicate what
percentage of each of the following roadway system is tested:

Germany %
Autobahn
Bundesstrassen
(Primary)
Autostrasse
(Secondary)
Local Roads

Q5. Are these roadway systems tested on a regular pre-determined frequency (annually, every
two years) or on an as-needed basis:

Germany Annual Biennial As-needed
Autobahn
Bundesstrassen
(Primary)
Autostrasse
(Secondary)
Local Roads

Q6. If tested on an as-needed basis, what criteria are used to determine if a roadway qualifies
for friction monitoring?

Q7. Besides friction, what other measure(s) does your agency use to evaluate pavement
conditions (e.g., roughness, smoothness...)?
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SECTION C - QUESTIONS ABOUT MEASURING DEVICES USED

Q8. What type(s) of friction measuring equipment does your agency use?
If you use more than one type of device, can you please specify which device is used for
what purposes? (i.e. for large scale pavement condition monitoring vs. for research)?

Device Purpose
Operational Mode: Side Force
Variable Slip
Fixed Slip
Locked Wheel
Slider
Other
Device Purpose
Tester Type: ASTM E-274 Trailer
Mu-Meter
SCRIM
Griptester

British Pendulum Tester
Dynamic Friction Tester
Variable Slip Tester
Other

Q9. Why does your agency use this (these) device(s)?

Q10. If applicable, what type of test tire does your agency use for the surveys?

ASTM E-524 (smooth)
ASTM E-501 (ribbed)
Other

Q11. What test speeds does your agency use for the friction surveys?

Q12. What is the spatial frequency and sample length of your friction testing?

Samples per kilometer
Sample length
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Q13. Do you adjust for temperature, seasonal and speed variations?

Temperature: Yes No
Seasonal Variations Yes No
Speed Yes No

Q14. Have you used other friction measuring equipment in the past?

Yes No

If yes, which one, when and where?

Q15. In 1995, PIARC published all skid resistance and texture measuring equipment in use
throughout Europe. Has your agency added any additional equipment for measuring
friction either for large scale pavement conditioning or research since 1995?

If yes, please list the equipment and what it is used for.

Q16. Are you familiar with any other friction measuring equipment?

Yes No

If yes, which equipment and how did you become familiar with it (agency tested it, other
agencies use it etc...)
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SECTION D - QUESTIONS ABOUT THE USE OF DATA COLLECTED

Q17. What do you do with the data collected?

Friction data?

Other data?

Q18. Do you record and archive friction data?

Yes No

If yes, how do you archive the data?
If yes, what do you do with the archived data?

If yes, what would you like to do with the archived data?
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SECTION E - QUESTIONS ABOUT GUIDELINES, PROCEDURES, THRESHOLD
VALUES AND ACTIONS

Q19. Does your agency have established guidelines for friction measurements?

Yes No

If yes, what are these guidelines? If yes, please attach a copy of those guidelines. (If
available on the web, a website is acceptable.)

If no, why not?

Q20. Does your agency have established investigatory levels (levels dictating follow-up action)
based on friction-measured results?

Yes No

If yes, are the values site specific or roadway category specific?

If yes, does your agency use a single threshold value or a range of values?

If yes, please attach those threshold values.

If no, why doesn’t your agency does not have established Investigatory Levels?

Q21. Does your agency have established threshold values of friction measurements?

Yes No

If yes, are those values site-specific or roadway-category specific?

If yes, does your agency use a single threshold value or a range of values?

If yes, what are your threshold values? (If site specific, please include a table.)
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If no, why doesn’t your agency does not have established threshold values of friction
measurements?

Q22. Does your agency have established follow-up actions based on friction measurements?

Yes No

If yes, what are these follow up actions?

If no, why not?

Q23. Do you know of any policy developed or even implemented in your country regarding
specific follow-up actions to be taken, given particular readings of friction?

Yes No

If yes, what are these policies?

If no, do you think it would be beneficial to develop and implement such policies? Please
explain

Q24. What other intervention methods does your agency use for readings other than the
investigatory levels? For example, when value is slightly below the threshold, is something
less involved recommended?

Q25. Are there other criteria besides the friction readings that are used to initiate or prioritize
road maintenance actions? (e.g., accident frequency at a given location)

Q26. Do you think your current practice(s) provide you with what you need?
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Q27.

Q28.

Q29.

Q30.

Q3L.

Yes No

Based upon your experience, do you think there are any possible deficiencies in the current
procedure?

Yes No

What do you think should be done to correct them?

Would you need additional tools? If so, which ones would you find useful and how would
they be useful?

Yes No

In your opinion, what countries do the best at establishing policies and guidelines for
maintaining adequate skid resistance on their roadways?

How does your practice(s) compare with other countries’ practices?
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SECTION E - QUESTIONS ABOUT REGULATIONS AND POLICY

Q32. In general terms, explain the applicable legislative or regulatory basis or requirements for
your friction monitoring program?

Q33. Does your agency have policies or regulations for friction measurements?

Yes No

If yes, could you share info with us?
If no, why not?

Q34. Do you think friction levels should be regulated?

Yes No

Explain

Continue to Q42 (page 12)
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SECTION F - QUESTIONS IF YOUR AGENCY DOES NOT USE FRICTION
MEASUREMENTS

Q35. Do you think that the use of friction measurement could be useful to your Country?

Yes No
Q36. Why does your agency not conduct regular surveys of the friction of your network (i.e. use
any type of friction measurement)? (i.e. cost, not needed, other means are used, technology
tested to date is not ready)

Q37. What do you think it would take to implement friction monitoring by your agency?

Q38. What does your agency do to characterize road surface conditions (smoothness, texture?)

Q39. How does your practice(s) compare with other EU National practices?

Q40. Do you know of other agencies that have established policies, developed guidelines, or
established threshold friction values and associated follow-up actions based on friction
measurements?

Yes No

If yes, which ones?
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SECTION G - OTHER QUESTIONS

QA41. Does your country regulate the amount of spray generation and visibility reduction related
to the pavement surface characteristics (microtexture or macrotexture)?

Yes No

Q42. Does your country have a standard practice to quantify the amount of spray or is there any
qualitative measure for evaluation of spray generation?

Yes No

Q43. Is highway noise being measured by your agency ?

Yes No

Q44. Are there any regulations or corrective measures related to noise in your country?
Yes No

Q45. Is there a standard for measurement of noise in your country?

Yes No

Thank you for your time!
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Section B - General questions about friction measurements

Table G1 “Q2 - Does your agency use any type of friction measurement?"

Country Response
Germany Yes
United Kingdom Yes

Table G2 “Q3 - What are the friction measurements used for?"
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Germany Yes Yes Yes Yes Yes Yes No
United * Friction measurements are
Kinadom Yes No Yes* Yes* Yes* No Yes | made for these purposes in the
g UK but not by us

Table G3 “Q4 — What percentage of each category of roadway system is tested?"

Country Interstate Primary Secondary Local Roads
Germany 100% 100% ~30% ~30%
United Kingdom 100% Unknown” Unknown™ Unknown™
* Some local authorities test regularly — others not at all.

** Probably very low.

Table G4 “Q5 - With what frequency are friction measurements taken?"

Country Interstate Primary Secondary Local Roads
Germany 4-yr cycle 4-yr cycle As needed As needed*
United Kingdom Annual Annual Biennial As-needed*

* Depends on local highway administration
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Table G5 “Q6 — If tested on an as-needed basis, what criteria are used to determine if a roadway qualifies for

friction monitoring."

Country

By request

Visual Inspection

low.

which suggests
friction may be

Higher than usual
wet accident rate

Other

Germany

X

Note 1

United Kingdom

No response given

Note 1. Final acceptance test by road construction contracts

Table G6 “Q7 — Besides friction, what other measure(s) does your agency use to evaluate pavement

conditions?"'

Country Cracking | Roughness | Rut Depth | Texture Other Edge Roughness
Germany X X Note 1

United Kingdom X X X SMTD Note 2 Local Roads only

Note 1. Surface monitoring with high speed vehicle (pictures).

Note 2. 3m, 10m, 30m longitudinal profile variance.

Section C — Questions about measuring Devices used

Table G7 “Q8, Q9 and Q10 — What type of friction measuring equipment does your agency use?"" and “Why
does your agency use this (these) device(s)?”

Country Op(la\;zggnal Tester Type Test Tire Reason for using
o .
Bm'sh P_endulum Tester - Decision to use the side-force
. -Other: Side force . SO ,
German Slider rincipal (like SCRIM) Other: principle in the 1980’s because of
y Side Force P pal LTIk Motorbicycle tire | the ability of long distance
road monitoring and
measurements
acceptance test
-Side Force** ASTM E-274 Trailer ASTM E-524 - SCRIM - robust, defined,
United -Fixed Sli SCRIM ASTM E-501 procedures and standards available
Kinadom -Locked V?/heel Gripstester Other: Standard | -ASTM trailer — high speed effects
g -Slider British Pendulum Tester SCRIM and and dry testing, i.e. capability of

Gripstester tire

observing other relevant effects

* Laboratory work, measurements after accidents
** Research and site investigation. Also used SCRIM on trunk roads and some local roads for network monitoring, but not by us.
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Table G8 “Q11 and Q12 — What test speeds does your agency use for the friction surveys?' and ""What is the
spatial frequency and sample length of your friction testing?"*

Country Test Speeds Samples/Mile Sample Length
Autobahn - 80 km/hr
Germany Buudesstrape - 60 km/hr 100m

In cities, villages — 40 km/hr

United Kingdom

Routine testing: 50-80 km/hr
Research testing: 20-120 km/hr

10m for SCRIM surveys

Table G9 “Q13 - Do you adjust for temperature, seasonal and speed variations?"'

Countr Temperature Seasonal Speed
Y Variations Variations Variations
Germany Yes No Yes
United Kingdom No Yes Yes

Table G10 “Q14 — Have you used other friction measuring equipment in the past?"

Other friction measuring

Country equipment used in past? Type Dates Used / Where
Stuttgarter
Germany Yes Reibuugsmesses
United Kingdom No

Table G11 “Q15 - Has your country added any additional equipment for measuring friction either for large

scale pavement conditioning or research since the 1995 PIARC publication?"

Country Response
Germany n/a
United Kingdom No

Table G12 “Q16 — Are you familiar with any other friction measuring equipment and if so, how did you

become familiar with it?""

Country Type of equipment How did you become familiar with it?
- [} = (%2}
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Germany Fixed slip (Griptester) X
United Have been involved in European
Kingdom research -HERMES experiment X
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Section D — Questions about the use of data collected

Table G13 “Q17 — What do you do with the data collected?”

Country Response

Germany Used for pavement management, research on new surfaces and to improve surfaces
Other data: roughness for pavement management

United Kingdom Our organisation processes the data on a site by site basis depending on the research or
investigation being carried out. For routine monitoring (other organisation) the data will be
loaded onto a pavement management system

Table G14 “Q18 — Do you record and archive friction data?”

Record and What is currently done What would you

Country archive Archive method - . > like to do with the
friction data? with archived data’ archived data?
Look for trends especially
Germany | Yes No information to compare the different No information

types of pavement
construction.

Network data storage for low
Ur_‘nted Yes V°'“F“e- Rlus d?dlcatEd No information No information
Kingdom multiple disk drive system for

large volume data.

Section E — Questions about guidelines, procedures, threshold values and
actions

Table G15 “Q19 — Does your agency have guidelines for friction measurements? If yes, what are these
guidelines? If no, why not?”

Country Responses

Germany No (Agency), but FGSV (Foredeuugs Gesellschaftfor Strapen used Verkekrswesen eV,
Wesslinges Strapen 17, 50999 Kdlu, Germany) does have technical specifications

United Kingdom Yes, See Design Manual for Roads and Bridges, Volume 7, Part 3 HD28 “Skid Resistance”

Table G16 Q20 - Does your agency/country have established investigatory levels (levels dictating follow-up
action) based on friction-measured results? If yes, are these values site specific or roadway specific? If yes,
does your agency use a single threshold value or a range of values? If not, why not?”

Country Responses

Yes. Roadway category specific values. Single value is used. Different value for pavement

Germany management and acceptance test are included in the FGSV papers.

United Kingdom Yes. Combination of both site and roadway specific values. Range of values is used.
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Table G17 Q21 - Does your agency have established threshold values for friction measurements? If yes, are
these values site specific or roadway category specific? If yes, does your agency use a single threshold value or
a range of values? If not, why not?””

Country

Responses

Germany

Yes. Roadway specific. Single threshold depending on use and road category (FSGV
papers).

United Kingdom

No. No definition of level at which a road from “safe” to “dangerous”. It should always be
based on a risk assessment

Table G18 “Q22 — Does your agency have established follow-up actions based on friction measurements? If
yes, what are they? If no, why not?”

Country

Follow-up actions based on friction measurements

Germany

No. These belong to the authority of countries.

United Kingdom

Yes. See reference above for UK trunk roads. Some local authorities adopt a similar system
but with different investigatory levels.

Table G19 “Q23 - Do you know of any policy developed or implemented in your country regarding specific
follow-up actions to be taken, given particular friction readings? If yes, what are they?”

Country

Description of the policy

Germany

Yes. FGSV policies, TP + ZTV asphalt; ZTV concrete

United Kingdom

See Q22

Table G20 “Q24 — What other intervention method(s) does your agency use for readings other than the

investigatory levels?”

Country Responses
Germany Speed limits
United Kingdom n/a

Table G21 “Q25 — Are there other criteria besides the friction readings that are used to initiate or prioritize
road maintenance actions?"

Country

Response

Germany

Yes. Accident frequency.

United Kingdom

History of accidents taken into account (see reference); Also assessment of potential
conflicts at site
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Table G22 Responses to Q26, Q27 and Q28, “Current Practices™

Country Do you think your Based upon What do you think should be done to
current practices your experience, | correct current procedures?
provide you with what | do you think
you need? there are any
possible
deficiencies in
the current
procedures?
Germany No No n/a
. . Audits of the bodies implementing the
United Kingdom Yes Yes standards to ensure correct implementation.

More information about link between skid
resistance and accidents on local roads.

Table G23 Q29 — Would you need additional tools? If so, which ones would you find useful and how would

they be useful?"

Country Would you What tools would you find useful? How would those tools be useful?
need additional
tools?

Germany Yes Texture n/a

United Kingdom n/a n/a n/a

Table G24 "Q30 - In your opinion, which countries do the best at establishing policies and guidelines for
maintaining adequate skid resistance on their roadways?"'

Country Response
Germany Germany
United Kingdom U.K.

Table G25 “Q31 — How does your practice(s) compare with other countries’ practices?"

Country Response

Germany Difficult to compare because of variety of measurement systems in Europe

United We are more proactive at managing the risk of skidding accidents

Kingdom
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Section E” — Questions about regulations and policy

Table G26 “Q32 - In general terms, explain the applicable legislative or regulatory basis or requirements for

your friction monitoring program.**

Country Response

Germany ZTV - ZEB; FGSV in implementation

United Highway authorities have a statutory duty to maintain the highway. The standard
Kingdom to be maintained is not specified and this is established via the courts.

Table G27 Q33 - Does your agency have policies or regulations for friction measurements?"

Country Response Policy/Regulation for Friction Measurements

Germany Yes When friction values fall below accepted value, that section must either
be replaced or the speed limits must be adjusted.

United Kingdom n/a

Table G28 “Q34 — Do you think friction levels should be regulated?"'

Country Response Why or why not
Germany Yes For road safety
United Kingdom n/a n/a

Section F — Questions if your agency does not use friction measurements

Not applicable

Section G — Questions about spray and noise

Table G29 “Q42 to Q46 — Splash/Spray and Noise”

Regulate spray Quantify Measure Regulations or Standard for
Country generation and amount of hichway noise? corrective measures | measurement
visibility reduction? | spray? ghway " | related to noise? of noise?
Germany No No Yes Yes Yes
United No No Yes (research n/a n/a
Kingdom purposes only)
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