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EXECUTIVE SUMMARY

This report provides crash statistics for Longitudinally Tined (LT) Portland Cement
Concrete (PCC) and Transversely Tined (TT) PCC pavement surfaces. The statistics
were compiled for urban and rural freeways, classified in two Average Daily Traffic
(ADT) categories: pavements carrying less than 60,000 vehicles per day (VPD) and those
carrying an ADT in excess of 60,000 VPD.

The absence of significant mileage of longitudinally tined PCC surfaces in Mid-Western
states lead to the decision to analyze California pavements where longitudinal texture has
been the standard during the past several decades on all PCC pavements, except on
bridge decks.

Crash experience on California longitudinally tined PCC pavements was compared to
that of Wisconsin transversely tined PCC pavements. Safety performance of wet
pavements was the focus of the analysis. Rural freeways were considered to be ideal for
this study, given the prevailing high speeds, absence of extraneous influences on safety
(e.g., cross streets, on-street parking, pedestrians, traffic signals), and consistent design
standards between the comparison states. Rainfall differences were accounted for with
the use of hourly precipitation data, and terrain differences were taken into account by
using level and rolling terrain California freeways (excluding mountainous terrain ones).

Statistics were based on eight years of crash and hourly weather data (1991-1998). A
total of more than 3,000 Wisconsin and 21,000 California rural freeway crashes and more
than 500,000 urban California freeway crashes were analyzed in the present report.

Crash rates were computed based on hundred-million-vehicle-miles of travel--more than
72 HMVM for Wisconsin and more than 500 HMVM for California rural freeways and
more than five hundred billion miles of travel for California urban freeways.

Thus, statistics are based on sufficiently large databases to provide confidence in the
findings. The fundamental calculated statistic was the ratio of wet pavement crash rate
to dry pavement crash rate within each state. Eight such ratios were computed for each
state (one for each year) and the two sets of eight observations were compared for
statistically significant differences.

No statistically significant differences in safety performance were found between rural
longitudinally tined freeways (California) and rural transversely tined freeways
(Wisconsin) with ADT less than 60,000 vpd.

It is recommended that safety comparisons between the two pavement textures be
expanded to include winter pavement surface conditions when snow or ice are present on
the roadway surface. If no significant safety performance differences are found under
such conditions, longitudinally tined PCC pavements may be preferred over transversely
tined ones, since they generate lower levels of tire-pavement noise.
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INTRODUCTION

During the last few decades Transverse Tining (TT) was the surface texture predominantly used
on high-speed Portland Cement Concrete (PCC) pavements. A number of studies pointed to
definitive advantages of Longitudinally Tined (LT) PCC surface textures over TT ones in terms of
traffic-generated noise. These studies provided a motivation for Departments of Transportation
to adopt LT pavement surfaces; however, the fundamental issue of safety performance differences
between the two types of surface textures needed to be addressed with a definitive study before
LT surfaces were officially adopted in pavement design guidelines.

Lack of sufficient mileage of different types of pavement surface textures within the confines of

any given State, necessitated an inter-State effort in order to create a substantial crash experience
database. A number of states have sporadically applied LT texture on a small number of highway
segments; only the state of California has adopted LT surface texture as the standard for all high-

speed PCC pavements (with the exception of bridge decks where TT surfaces are used).

The present effort addresses the question whether LT pavement surfaces would be expected to
perform at least equally well with the currently used TT pavement surfaces in Wisconsin. A
definitive answer to this question was elicited through a safety performance comparison between
TT Wisconsin pavements and LT California pavements.

At the outset of this investigation, safety differences between the two pavement surface textures
were expected to emerge mainly when pavements were wet. Extensive hourly weather data were
used in order to account for the dramatically different rainfall conditions between Wisconsin and
California and year-to-year rainfall variations. Weather information was used to estimate the
number of hours that pavements were wet in the two states, and thus estimate wet and dry
pavement conditions exposure for crashes in each state.

PCC pavements are typically used in high-volume facilities, such as major arterials and
freeways. Surface texture guidelines are provided by many agencies for PCC pavements where
operating speeds are expected to be 45 mph or higher, in recognition of a need for better
pavement friction performance. The present safety analysis was limited to freeways, the
predominant high-volume, high-speed facilities in order to minimize, as much as practical, the
safety influence of many extraneous factors that would be present in non-limited access facilities,
such as intersections and driveways, intersection traffic control, pedestrians, on-street parking
etc. In addition, freeway design standards are uniform across states and the influence of highway
geometry on safety performance would be minimized, given the requirements for large radii and
gentle vertical curvature on such facilities.

A total of eight years of statewide crash statistics were analyzed for each state, providing
adequate temporal and spatial coverage. Database size allowed inclusion of thousands of crashes
in each analyzed category.

Crash characteristics are quite different between urban and rural freeways: most crashes in urban
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freeways occur during peak traffic periods, two or more multiple vehicles and, because they
occur at the lower speeds present during these periods, have lower severity outcomes. Crash
rates on rural freeways, which typically operate at much lower congestion levels (higher Level of
Service) and higher operating speeds, are lower; single-vehicle crashes are a higher percentage
of all crashes, due to higher operating speeds, and more severe crash outcomes are more
prevalent. For these reasons, urban and rural freeways were analyzed separately. In addition,
freeways were classified by Average Daily Traffic (ADT) level. Because Wisconsin terrain is
mainly level or rolling, only level and rolling terrain California data were used for comparisons
with Wisconsin pavements. Mountainous terrain California data are available for the interested
reader in Appendix C.

TT and LT pavement surface textures were expected to exhibit similar safety performance under
dry conditions. The motivation for the current study was to determine whether one of the
pavement surface textures had superior safety performance compared to the other when both
pavements were wet. Any such differences were expected to be exacerbated on facilities with
high operating speeds, since for any pavement, skidding resistance deteriorates with both
pavement wetness and higher operating speeds.

Thus, crashes on rural freeways presented an ideal database on which to base a comparison
between the two pavement textures, given their prevailing high operating speeds.

One concern about TT pavements in urban areas is a relatively high traffic-generated noise. LT
pavements produce significantly lower noise levels. If they were proven to be equally safe (or
safer) than TT pavements, they would be ideally suited for urban applications.

Thus, crashes on rural freeways were used to provide a comprehensive safety comparison
between Wisconsin TT and California L1 textures. Very few urban Tt freeway miles were
constructed in Wisconsin, thus a direct safety comparison between urban 171 Wisconsin freeways
and urban LT California freeways was not possible. The extensive database on urban California
LT pavements was used to provide a predictor for expected safety performance, should LT
pavements be applied in urban Wisconsin freeways some time in the future.

REPORT ORGANIZATION

Information presented in the body of the report is supported by self-contained Appendices that
address specific issues. Appendix tables and figures are addressed by alphanumeric reference,
for example, Figure D6 will be found in Appendix D; page C15 is in Appendix C.

The body of the report contains a Literature Review, followed by a description of the
Fundamental Issue Addressed in the Report. Database Considerations are addressed next,
pertaining to the types of data that were critical for this effort. The reader is encouraged to
review the Methodology section that provides detailed definitions and explanations about the
fundamental statistics used in this report. The Findings section presents the core findings about
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rural freeways in detailed and summarized format, followed by the Conclusions section where
findings are discussed. Recommendations conclude the body of the report.

Appendix A presents the PCC pavement textures that were in use in the nine contacted states
(California, Colorado, Illinois, Maine, Michigan, Utah, Virginia, Washington and Wisconsin), as
well as PCC pavement texture specifications from California, Illinois, Michigan, Utah and
Washington.

Appendix B is a self-contained discussion on Wisconsin Friction Number data. The Appendix
provides support for the Database Considerations part of the report.

Appendix C provides a self-contained description of the crash, pavement and analysis databases.
A crash rate summary for Wisconsin and California is provided in Table C1. Table C2 provides
a detailed listing of annual crash rates for 1991-1998 and other crash statistics for California and
Wisconsin rural freeways as well as California urban freeways. Mountainous terrain California
data are presented separately from rolling/level terrain data. This information supports the
Findings part of the report.

Appendix D provides crash statistics for the Findings section of the report. The information is
provided in tables and figures. Important cautions for data presented in Appendix D are
listed on page D2.

Appendix E addresses the need for weather and precipitation data, the reasoning for choosing
particular first order weather stations, and the reasoning for the chosen weather analysis
methodology. Percentages of time that pavements were dry or covered with liquid precipitation
are presented in Tables E3 and E4.

Appendix F provides a mileage summary of yearly constructed new TT PCC pavements along
analyzed rural Wisconsin freeways.

Appendix G presents detailed information about the analyzed Highway Safety Information
System California database.

Appendix H provides a summary of information acquired from the twelve state Departments of
Transportation that were contacted during the data collection effort.

Appendix | is a listing of persons contacted during the data collection effort at various
Agencies.

Appendix J provides details on the statistical tests performed to compare wet pavement safety
performance between 11 Wisconsin and LT California PCC pavements, and among LT urban and
rural California PCC pavements.



LITERATURE REVIEW

This literature review focuses on the following issues related to PCC pavement surface textures:
federal and state policy evolution, pavement textures in use today, safety performance and
friction number issues.

Federal and State PCC texture policy evolution

Portland Cement Concrete (PCC) pavements have been used extensively for many decades in the
U.S., especially on high-volume high-speed highways. The Federal Highway Administration
(FHWA) policy on surface finishing of PCC pavements, established in the late 1960s, stated that
pavement surfaces provided on federally-aided highway projects should have a skid-resistant
surface. FHWA favored an almost exclusive use of Transversely Tined (1T) with equally-spaced
tines on highways with speed limits of 65 km/hr (45 mph) or greater.

The California Department of Transportation, concerned with wet pavement crash experience,
increased the minimum requirement for friction coefficient (FC) of new PCC pavements from
0.251t0 0.30 [1]. At the time, the most common texturing method was burlap drag, which
typically satisfied the 0.25 FC requirement on new pavements. However the FC fell below the
minimum even after very little traffic had used a new pavement. With the new requirement for a
0.30 FC, California was in urgent need to come up with a surface texturing technique that would
produce long-lasting high FC. The concern with PCC textures that needed surface texture
rehabilitation in order to obtain a satisfactory FC extended to other States as well.

Thus, a number of States (GA, TX, CA) embarked, in cooperation with FHWA, in various pilot
projects to construct and test short highway segments using different pavement surface finishing
techniques to produce a variety of textures, and choose those textures that seemed promising in
terms of maintaining a high FC, while still being economically feasible. Most States decided to
use TT texture, with the most notable exception of the State of California which started using
Longitudinally Tined (LT) texture exclusively (except on bridge decks where it used TT).

After the intense research activity on PCC surface textures in the seventies, most State DOT and
FHWA pavement research activity concentrated on pavement structures, until the 1990s when
the issue of pavement noise came to the forefront.

A Technical Working Group (TWG) representing State Highway Agencies, Industry, Academia
and the FHWA convened on September 27, 1993 to address the issue of tire/pavement noise
generated by TT pavements that generated complaints from motorists and property owners. The
TWG published a comprehensive report [2] addressing the issues of: i) the basis for surface
texture selection; ii) safety considerations; iii) the need for quality mix designs on heavily
traveled high-speed-speed highways; iv) general PCC surface texture considerations; v) profile
considerations; vi) alternative surface treatments to improve friction properties of existing PCC
surfaces; and vii) research needs. The final meeting of the TWG was held on January 31, 1996.

The original FHWA policy favoring 7T was modified in a Policy Memorandum authored by
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William A. Weseman, Director, Office of Engineering, dated November 1, 1995, to allow State
highway agencies to select T or LT or other surface texture techniques which meet the policy, if
such decisions are supported by quantifiable data. The Policy Memorandum acknowledged the
work of the TWG and referred readers to the preliminary summary of its findings.

A subsequent FHWA Policy Memorandum, issued on November the 12", 1996, signed by
Joseph S.Toole, Director, Office of Engineering , and Gerald L.Eller, Director, Office of
Technology Applications, acknowledged the TWG final report and suggested that State highway
agencies immediately update 17 specifications for highways with design speeds of 80 km/h (55
mph) or higher to those suggested in Section 4 of the TWG final report Executive Summary. The
recommended PCC surface textures were: i) transverse tining (with random tine spacing),
preceded by a longitudinal artificial carpet or burlap drag; ii) longitudinal tining; iii) longitudinal
plastic brushing; iv) exposed aggregate surface and other premium surface treatments (open-
graded, two-layer construction, chip sprinkling). These recommendations were based on
findings of reduced lower noise levels for the recommended pavement surface textures, from a
study performed for WisDOT and FHWA by the Marquette University Center for Highway and
Traffic Engineering [3, 4, 5].

Most common PCC pavement textures in use today
Since Federal guidelines had favored 1T pavements for almost three decades, States have had an
incentive to gravitate toward this surface treatment.

Indeed, most States, with the notable exception of California, have long adopted policies that
parallel FHWA recommendations. For example, WisDOT Standard Specifications [6] require
that all PCC pavements with design speeds of 60 km/h (40 mph) or higher receive an artificial
turf (longitudinal) drag finish, followed by a transverse tined finish (WisDOT Standard
Specifications Subsection 415.5.9.6.3)." However, CalTrans Standard Specifications require
longitudinal texturing performed with a burlap drag or a broom, followed by the application of
spring steel tine which will produce grooves parallel with the centerline (CalTrans Highway
Design Manual [7] subsection 607.7).

Safety performance of PCC pavement textures

Although LT surface texture offers measurable traffic noise reduction, which is an important
input in choosing PCC surface treatments for state-wide application, both FHWA and AASHTO
recommended that safety not be compromised to obtain a slight, or short-term, initial reduction
in noise levels [8, 9]. Safety performance remains the paramount consideration in Federal and
State design guidelines. Quoting the TWG final report, “The purpose of surface texture is to
reduce the number and severity of wet weather accidents.”

Skid surveys and crash data in the late 1960s provided the motivation for California Department
of Transportation engineers to seek PCC pavement surface treatments that would produce a
higher FC. The most common treatment for PCC pavements with low FC used in California,

! See Appendix A.



was longitudinal grooving by diamond saws. In the late 1970s, a number of studies identified
that wet pavement crash experience on such longitudinal surfaces was much lower. Crash
reductions of 85% at 14 different Los Angeles locations and 75% at 77 locations across 13 states
were noted [10]. Thus, California DOT was not concerned with the safety performance of
longitudinal texture created with the use of diamond saws. Diamond sawing was only applied as
a FC restoration measure on pavements that were typically six or more years old and was very
costly (nearly $8 million spent between 1967 and 1973). A method to create a longitudinal
texture during construction using a “steel runner sled groover” proved to be easy to use during
construction, but was discarded when the California Highway Patrol concluded that the texture
was very hazardous to motorcyclists, and probably to compact cars as well [11]. This was due to
texture configuration and the fact that grooves did not run perfectly straight.

A LT texture created during another research effort (1972-1976) [12] using steel tines was judged
to create only minor discomfort to light motorcycles with certain tire treads and occasionally
slight lateral drift for light passenger cars and was adopted for all new concrete pavement
construction. The texture was tested using three different motorcycle sizes at slow and highway
speeds by representatives of the Transportation Laboratory and the California Highway Patrol.

LT texturing was thought to impart a “tracking” effect by providing resistance to lateral
movement. Longitudinal diamond grooving was thought to reduce crashes, especially on
curving highways [1].

Very few crash experience comparisons between different types of concrete pavement textures
have been performed in the U.S. as of this writing [13]. A recent analysis was performed in
Australia [14]. The TWG report cites a Minnesota study comparing crash experience on four
types of concrete pavements in urban areas, based on crash experience between 1991 and 1993.
The study provides Wet / (Wet+ Dry) crash ratios which are shown to be lower for TT pavements
compared to diamond ground, burlap drag and “worn” PCC pavements. The TWG
recommended that all States conduct similar types of analyses to verify that the surface textures
being constructed result in low wet weather crash rates. The lack of crash experience
comparisons was recognized at an international level at the PIARC 20" World Congress in
September of 1995.

A crash rate comparison based on six years of crash experience (1988-1993) was conducted by
the Marquette University Center for Highway and Traffic Engineering for WisDOT as part of a
project to evaluate the effects of spot diamond grinding on the performance of PCC pavements
[15] and the results were published in 1998 [16]. Longitudinally ground pavements were found
to have lower crash rates than TT ones; six-year crash rate trends (similar to those recommended
in the TWG report) did not reveal any detectable changes in crash rates for either texture type.
FC information was not available for the analyzed highway segments.



Friction Number as a safety performance proxy

The lack of substantial mileage of different types of pavement textures within close proximity to
each-other, and the need to introduce surface textures that promise noise and/or safety benefits in
parts of the country where their presence is currently very limited or non-existent, has turned
investigators’ attention to the study of pavement skid resistance properties. Most commonly,
Friction Number (FN), measured using either a ribbed or smooth tire (using ASTM Method E
274, tire E 501 or E 524) is used as the metric of a pavement’s skid resistance. Benefits of using
FN to assess pavement skid resistance properties include: i) ability to evaluate a texture based on
very short pavement segments (crash rate-based safety evaluations require significant vehicle-
miles of travel for reliable results); ii) transferability of findings across the country (however,
FHWA recognizes that similar textures may yield different FN due to wide variations in climate,
materials quality and variability); and, iii) ability to monitor FN variations with time.

Substantial FN differences between different pavement textures, and a general deterioration of
FN with pavement age (with the exception of exposed aggregate surface treatment that shows an
initial increase in FN after construction), and cumulative vehicle passes since construction have
been documented in the literature [17, 18, 19]. Despite the general usefulness of FN in assessing
pavement friction properties, and the transferability of results between different parts of the
country, the final TWG report recognizes that: “Available information supports only a general
correlation between friction numbers and wet weather crash rates.” The report recommends that
additional multi-year studies are necessary to establish FN relations with crash occurrence.

FUNDAMENTAL ISSUE ADDRESSED

The present effort is a comparison of transversely tined (1) Wisconsin PCC pavements with
longitudinally tined (LT) PCC pavements. The focus of this comparison is differences in wet
pavement crashes on high-speed facilities. Motivation is provided by findings of lower highway
noise levels generated by longitudinally tined surfaces vis-a-vis concerns for the safety
performance of these pavements when compared to the widely used transversely tined surfaces.

Departments of Transportation would use a quieter pavement surface texture, especially in urban
areas, if it is shown not to be detrimental to safety; inferior safety performance will immediately
disqualify a surface texture from further consideration.

DATABASE CONSIDERATIONS

As indicated in the literature review, the most prevalent PCC pavement surface texture in use
today on high-speed (speeds over 40 mph) high-volume pavements is transverse tining, which is
also the prevalent PCC pavement texture in use by the Wisconsin Department of Transportation.
Various studies that indicated that longitudinal textures have traffic noise reduction benefits
motivated a comprehensive review of various pavement surface textures. States currently
applying TT texture are hesitant to experiment with longitudinal textures without proof that they
are at least equally safe.



Issues needed to be addressed

The critical issue that needed to be addressed was whether differences existed in the safety
performance of 7T and LT pavement surface textures on high-speed, high-volume facilities. If
any such differences existed, they were expected to be evident under wet pavement conditions,
rather than on dry pavements.

The fundamental shortcomings of safety analyses conducted thus far had been their limited
spatial and/or temporal scope, limitations that the present analysis attempts to overcome.
Ideally, a direct comparison of crash performance of different types of surface treatments should
be conducted within a limited geographic area (a State or a part of a State), in order to control for
factors not related to pavement texture such as: environment (e.g., weather, daylight hours),
driver characteristics (e.g., aggressive driving habits, driver education), speed limits (maximums
differ by State), access control policies, design and construction parameters (e.g., allowable
maximum superelevation values, minimum radii, construction materials). However, at the
outset of the present study, it was very improbable that adequate mileage of different PCC
surface texture treatments could be found within a limited geographic area, since it was more
economical for State governments to limit PCC pavement texture choices in order to simplify
the design, bidding and construction processes.

Database: variables and spatial extent

Crash data

Given the above observations, an inter-state safety performance comparison would be necessary.
With an emphasis on a safety performance comparison with Wisconsin 71 pavements, the first
preference for the present study would be a comparison with Mid-Western states. The closest
states known to have used LT texture were Minnesota, lowa, Colorado, and Virginia. Although
these states had used LT texture, its application was either recent and very limited or had been
discontinued (Virginia), creating a research challenge because: 1) where limited mileage was
available it would have not been adequate to accumulate a substantial number of crashes for a
valid statistical analysis; 2) pavement construction and reconstruction dates would be difficult to
determine; 3) exact project limits would be difficult to determine. Where LT texture was
employed sporadically, crash experience would be very difficult to analyze, given the difficulty
of temporally and spatially matching it with pavement surface texture data.

The literature review indicated that California had used LT texture on high-speed PCC pavements
exclusively for the last few decades. Application of LT texture statewide for an extensive period
of time guaranteed that LT texture would be present in all analyzed PCC pavements.

Weather data

Climate differences between California, the best identified LT pavement crash experience source,
and TT Wisconsin pavements, necessitated the use of detailed and accurate weather information,
in order to account for the effect of weather differences between the two states on crash
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experience. This information could be used to calculate an approximation of the hours during
which pavements were wet in each analyzed state during each analysis year, and calculate state-
specific wet pavement crash rates (crashes divided by hundred-million vehicle miles of travel on
wet pavements).

Friction data

The explanatory variable most commonly used to establish a relationship between safety
performance and pavement surface texture has been Friction Number (FN). Use of FN as a
surrogate for wet pavement safety performance would allow transferability of results between
different parts of the country, under the assumption that similar textures would produce similar
FNs. However, FN measurements have a great variability; their correlation with crash
experience was found to be weak.?

The final TWG report states that: “Available information supports only a general correlation
between friction numbers and wet weather crash rates.” Appendix D of the same report states:
“While friction properties are a convenient way to estimate the safety characteristics of various
pavement types and surface textures, the real test is whether the pavement texture reduces the
number and severity of wet weather accidents.” The report recommended that analyses over
consecutive 3- to 5-year periods were needed to determine (1) the wet weather accident rates of
different textures and pavement types and (2) the change in friction numbers and accident rates
over time for the different textures and pavement types.”

Availability of extensive FN databases was investigated during the data collection effort (see
Appendix H for a list of collected data).

Database emphasis

The main focus of the data collection effort was on identifying multi-year state-wide crash
databases that could readily be linked to travel and roadway information (pavement surface
material and texture, highway classification, Average Daily Traffic, pavement condition at the
time of the crash). Weather information was also necessary in order to estimate the number of
hours pavements had been wet during each year and thus calculate estimates of the relative risk
of a crash occurring on a wet versus a dry pavement surface. The FN data collection effort was
given secondary importance for reasons explained in Appendix B.

METHODOLOGY

If safety differences existed between LT and 7T pavement surfaces, these differences were
expected to be the greatest under wet conditions, and especially where high operating speeds
prevailed. Rural freeways were chosen as the ideal facilities for the desired comparison for a
number of reasons:

1. They are typically not congested, thus free-flow speeds are likely to prevail.

2. No intersections are present—intersections introduce a large number of variables

2 A discussion based on a brief analysis of Wisconsin FN information is presented in Appendix B.
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affecting safety performance (number of approach lanes, lane designation, traffic control

parameters, cross-street volumes, etc.)

There is no friction with on-street parking, pedestrians and bicyclists.

Good quality crash data and other highway information is available.

High geometric design standards eliminate to a large extent the influence of sharp

horizontal and vertical curves on crashes.

6. Uniform geometric design standards eliminate the influence of differences in state-
specific geometric design practices.

7. A large number of crashes is typically available for analysis.

SARE

The facilities chosen for analysis also met the following criteria:
e Design speed of 50 mph or higher;
e Level or Rolling terrain.

Deer crashes were eliminated from analysis.®

Extensive data were available in California for LT pavement surfaces. Wisconsin had
information on TT pavement surfaces.

The following safety performance Measures of Effectiveness (MOE) were calculated for each
year for each of the two states (definitions and interpretations of these MOE are presented in the
following section):

e Crash rate

e Wet-to-Dry ratio

e Liquid precipitation Safety Ratio

MOE Definitions and Interpretations

This section presents the meaning and interpretation of statistics used in this report. Information
presented in the Findings section® was calculated using eight significant digits; tabulated
information was rounded in the interest of presentation economy thus some small discrepancies
may be noted between the presented rounded figures. Multiple interpretations of the
fundamental Liquid precipitation Safety Ratio statistics are provided herein, for the benefit of the
interested reader.

Crash rates were calculated as total crashes per one hundred million vehicle miles of travel
(HMvMT or 100 MVMT) and rounded to integer values. A higher crash rate indicates that a higher
number of crashes occurred per vehicle-mile of travel, and is an indication of poorer safety
performance.

® Detailed information on crashes included in the analysis is presented in Appendix C.
* A complete listing can be found in Appendix D.
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T .
Crash Rate= M Equation (1)
100 MVMT

The wet-to-dry ratio (Wet to Dry crashes) is the number of crashes that occurred on wet
pavement, divided by the number of crashes that occurred on dry pavement.

Wet —to— Dryratio= Tot_Wet Equation (2)
Tot _ Dry

Where:
Tot_Wet is the number of crashes on wet pavement
Tot_Dry is the number of crashes on dry pavement

This ratio is affected by the amount of wet precipitation in a given area. For example, a wet-to-
dry ratio of 0.50 indicates that half as many crashes occurred on wet pavements as did on dry
pavements.

Discussion: If the region where this ratio was observed had half as many rain days as it had dry
days, then the risk of being involved in a crash on a wet pavement would be equal to the risk of
being involved in a crash on a dry pavement. However, the same wet-to-dry ratio (0.50) would
indicate that the risk of a wet pavement crash is twice as high as the risk of a crash on dry
pavement, if pavements were wet only 25% of the time. Thus, the wet-to-dry ratio is mainly
useful in comparisons between facilities that experience similar rainfall patterns. Under similar
rainfall patterns, a high wet-to-dry ratio would indicate facilities that are more prone to wet
pavement crashes.

Liquid precipitation Safety Ratios (LSR) were defined based on the following formula:

Tot _ Wet
% time wet pavement .
LSR= Equation (3)

Tot _ Dry
% timedry pavement
Where:
Tot_Wet is the number of crashes on wet pavement
Tot_Dry is the number of crashes on dry pavement
% time wet pavement is the percent of time a pavement is wet
% time dry pavement is the percent of time a pavement is dry

Discussion: The LSR can be thought of as the ratio of the wet pavement crash rate (number of
crashes on wet pavement divided by 100 mvmT on wet pavement—see equation (1))divided by
the dry pavement crash rate (number of crashes on dry pavement divided by 100 mvmT on dry

pavement).
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Tot _ Wet j [ Tot _ Wet J

(travel on wet pavement total travel x percent time wet pavement ,
LSR= P = okl P Equation (4)

Tot _ Dry Tot _ Dry
travel ondry pavement total travel x percent time dry pavement

Since travel on wet (dry) pavement is calculated by multiplying the total vehicular travel in a
year by the percent time that a pavement is wet (dry), total travel is eliminated on the right-
hand-side of equation (4), and the result is the right-hand-side of equation (3).

The LSR can also be expressed as:
Tot _ Wet
Tot _ Dry
Lm p—l : p—l
[% time wet pavementj

% time dry pavement
_ (wet —to—dry ratio) Equation (5)
[% time wet pavementj

% time dry pavement

Interpretation: That is, LSR is the wet-to-dry ratio divided by an adjustment factor that
indicates how much more frequently pavements are wet than dry. If the wet-to-dry ratio is equal
to the proportion of time pavements are wet to the time they are dry, then LSR = 1.00 and a
motorist has an equal chance to be involved in a crash when a pavement is wet as when the
pavement is dry. If the wet-to-dry ratio is greater than the denominator, then LSR > 1.00 and
the chances of being involved in a crash are greater on wet pavements than dry pavements.

This way, LSR allows comparisons of wet pavement performance across areas with different
rainfall patterns. In other words, it provides a measure of how many times more likely one is to
be involved in a wet pavement crash, relative to being involved in a dry pavement crash if equal
mileage is driven under each of these two pavement conditions. Calculation of LSR requires
weather and precipitation information, as well as information of how long pavements remain wet
after precipitation accumulation on the pavement. Details of how weather and precipitation data
were used are provided in Appendix E.

Analyzed freeway length is presented in directional miles for Wisconsin freeways, and
centerline miles for California freeways; Average Daily Traffic (ADT) volume thresholds used in
presented summaries are bi-directional. Traffic volumes were appropriately adjusted to provide
the correct vehicular travel in each database.
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FINDINGS

Essential background
The following presentation of findings is based on safety performance statistics listed in the
Appendices: Appendix C contains comprehensive tables of findings; Appendix D presents
information (tables and figures) focused on:
e Wisconsin rural freeways with less than 60,000 ADT.
California rural freeways with less than 60,000 ADT.
California urban freeways with less than 60,000 ADT.
California urban freeways with more than 60,000 ADT.

The focus of the present evaluation was a safety comparison of wet 77 and LT high-speed
pavements. Rural freeways were chosen as the ideal representatives of such pavements for
reasons explained in the Introduction part of this report. The majority of available mileage is
on rural freeways with an ADT less than 60,000 vpD.

The section concludes with a presentation of urban California freeway statistics which are of
secondary importance to the present analysis (since lower speeds prevail on such pavements), but
still quite useful: LT texture is desired in the urban environment because it generates a lower
noise level. Very limited information was available for 7T Wisconsin urban freeways; it is not
analyzed in this report. All available information can be found in Appendices C and D.

Rural Freeways

Table 1 below presents statistics extracted from Tables D1 and D2 for 7T Wisconsin and LT
California’ rural freeway pavements with ADT less than 60,000 vrD. Figures D1-D6 provide a
visualization of this information. The two pavement surface types had identical crash rates,
when crashes over the entire 1991-1998 period were analyzed (42 crashes per hundred million
vehicle miles of travel). During these years, crash rates were in the 35-50 crashes/100MvMT range
for 7T Wisconsin pavements; those for LT California pavements were in the 41-45
crashes/100MVMT range.

The database included approximately 1,460 directional miles of California freeways (730
centerline miles) and 230 directional miles of Wisconsin freeways, a ratio of approximately 6:1.
Approximately seven times as much travel occurred on the analyzed California freeways as did
on the analyzed Wisconsin freeways over the eight study years (510 vs. 72.6 100 MVMT,
respectively). The same ratio held in terms of total analyzed crashes in the two states (21,645 vs.
3,048 crashes, respectively).

When the percent time that pavements were wet in each state is taken into account, 1T surfaces
outperform LT surfaces, since the average LSR value was lower for 71 pavements at 2.25 vs. 2.39
for LT pavements. However, this difference was not significant at the 0.99 level of confidence

® Rolling and flat terrain California freeways were used for comparisons with Wisconsin freeways.
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(see Appendix J for details).

Table 1. Wisconsin (Trns PCC) and California (Long PCC) Rural Freeway Statistics 1991-1998.
Less than 60K VPD.

Crashes Wet to Lig
Wear per 100 Dry Total Safety Length 100
Year Surface MVMT crashes crashes Ratio miles MVMT
1991 Trns PCC 47 .19 267 2.21 119.7 5.6
Long PCC 42 .08 2668 1.62 733.5 63.4
1992 Trns PCC 40 .28 233 3.18 121.4 5.8
Long PCC 41 11 2608 2.42 733.5 63.4
1993 Trns PCC 46 .20 391 2.16 166.8 8.5
Long PCC 42 .09 2663 1.71 733.5 63.4
1994 Trns PCC 40 .08 345 1.21 166.8 8.6
Long PCC 42 .09 2646 2.60 731.6 63.6
1995 Trns PCC 40 .12 382 1.51 185.6 9.6
Long PCC 44 .14 2720 2.27 730.1 62.5
1996 Trns PCC 50 .23 522 4.07 196.8 10.4
Long PCC 45 .14 2922 2.93 730.8 64.5
1997 Trns PCC 35 .13 411 2.39 219.7 11.6
Long PCC 42 .09 2726 2.66 719.8 64.6
1998 Trns PCC 40 .14 497 2.16 233.7 12.5
Long PCC 42 .19 2692 3.06 715.4 64.4
Overall Statistics
Trns PCC 42 .16 3048 2.25 233.7 72.6
Long PCC 42 .12 21645 2.39 728.5 509.7
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California Urban Freeways

Aggregate eight-year statistics for all California Urban freeways with an ADT of less than 60,000
vPD are presented in Table 2 below. Annual summaries are presented in Tables C1 and D3 and
Figures D7-D9. Crash rates for LT surfaces had minor year-to-year fluctuations throughout the
analyzed period (Figure D7).

Table 2. California Urban Freeway Statistics 1991-1998. Less than 60K VPD.

Crashes Wet to Lig
Wear per 100 Dry Total Safety Length 100
Surface MVMT crashes crashes Ratio miles MVMT
Long PCC 76 .17 23132 3.45 278.4 304.2

Eight-year statistics for urban freeways with an AbT of more than 60,000 vrD are presented in
Table 3. Annual statistics are presented in Tables C1 and D4 and Figures D10-D12. A very
substantial database supported these findings, with approximately 490 thousand crashes. Crash
rate statistics were exceptionally stable through the analyzed time period (Figure D10).

Table 3. California Urban Freeway Statistics 1991-1998. More than 60K VPD.

Crashes Wet to Lig

Wear per 100 Dry Total Safety Length 100

Surface MVMT crashes crashes Ratio miles MVMT

Long PCC 100 .16 486892 3.22 1114.6 4863.0
DISCUSSION

Although the number of analyzed rural Wisconsin crashes was substantial, its much smaller size
than the California database (ratio 1:7) , contributed to the observed broader Wisconsin crash
rate range.

Crash rates are invaluable in comparing safety performance comparisons between facilities
exposed to similar weather conditions, however, direct crash rate comparisons between
California and Wisconsin pavements are not particularly useful, given the substantially different
percentage of time pavements are not dry in the two states,. Wisconsin freeways operate under
snow and ice conditions that are nearly non-existent on the analyzed rolling and flat terrain
California freeways.

The most appropriate comparison of wet pavement safety performance, one that takes into
account the mileage driven on wet pavements in each state, is the Liquid Safety Ratio (LSR).

Although TT pavements had a lower LSR of 2.25 vs. 2.39 for LT pavements, this difference was
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not found to be statistically significant at the 0.99 level of confidence® based on the eight
analyzed years.

California LT pavements had higher crash rates than rural ones, a finding consistent with
expectations for urban freeways. Urban LT freeway pavements with ADT grater than 60,000 vrD
had much higher crash rates than those with lower ADT (76 vs. 100 crashes/ 100 MVMT,
respectively), however, they had lower LSR (3.22 vs. 3.45). A statistical test performed on LSR
differences between these two urban freeway categories indicated that lower volume urban
freeways had statistically significantly higher LSR values at the 0.90 level of confidence. This
finding indicates that ADT is an important factor affecting wet pavement safety experience; its
inclusion in analyzing urban freeway crash experience on wet pavements was appropriate.

CONCLUSIONS

Essential background

A Technical Working Group (TWG) representing State Highway Agencies, Industry, Academia
and the FHWA convened in the early 1990s to address tire/pavement noise generated by TT
pavements. The TWG published a comprehensive report that stated that “... the purpose of
surface texture is to reduce the number and severity of wet weather accidents.” Analyses
over consecutive 3-to-5-year periods were recommended to determine the wet weather accident
rates of different textures and pavement types and the change of accident rates over time for the
different textures and pavement types. Reliance on Friction Number (FN) as a traffic safety
surrogate was discounted by the TWG which stated that *... Available information supports only
a general correlation between friction numbers and wet weather crash rates.”

The focus of the present effort was a comparison between Longitudinally Tined (LT) and
Wisconsin Transversely Tined (TT) PCC pavement surface textures. It was desired to compare
wet pavement safety performance of these two pavement textures, based on extensive crash data
spanning multiple years, as recommended in the TWG final report.

Since Wisconsin did not have LT pavements, this effort would necessarily have to rely on an
inter-state data comparison. Data from neighboring states were desirable, but after an extensive
search, the only identified state with adequate LT pavement mileage, crash and vehicular travel
information was California. This information came from the well-documented FHWA-supported
HSIS database. Hourly precipitation information was used to calculate the number of hours
Wisconsin and California pavements were wet and vehicular miles of travel during these hours.
This information was used to provide a fair comparison of TT and LT wet pavement performance
across the two states, despite their rainfall pattern differences.

Eight years of data were analyzed, in accordance with TWG recommendations in order to
provide stable statistics based on the largest available database. Reduced friction under wet

¢ See Appendix J
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pavement conditions was the major TWG safety concern. This concern was addressed by
focusing the analysis on rural Wisconsin and California freeways with AbT lower than 60,000
vehicles per day. Lower congestion levels and higher operating speeds are typically present at
such facilities, conditions that result in lower friction numbers for any given pavement. If TT and
LT pavements differed in safety performance under wet pavement conditions, their differences
would be most clearly demonstrated where higher speeds were present. In addition, the freeway
environment eliminated the safety influences of intersecting facilities, parked vehicles,
pedestrians, intersection right of way control devices, and severe geometry.

Conclusions
1. Use of Friction Number (FN) as a freeway pavement safety performance surrogate was
shown to be impractical due to wide FN seasonal and spatial variations for similar age
pavements experiencing similar levels of traffic (Appendix B).

2. Among rural freeways, Wisconsin 7T freeway pavements were found to have similar
safety performance to California LT pavements when pavements were wet. This finding
was supported by a very substantial database spanning eight years and took into account
vehicle miles of travel on wet pavements in each analyzed state. The comparison
between high-speed facilities of high design standards provided evidence that the two
pavement textures provided similar safety performance under the most adverse
conditions—the combination of high operating speeds and w