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Izevbekhai 2
ABSTRACT

In Minnesota, concrete pavements are finished by dragging an inverted turf or a stiff-bristled broom
longitudinally on the surface of freshly placed concrete pavements, right behind the paving
machine. Prior to 1998, most concrete pavements were finished with a combination of the burlap-
drag and transverse-tining. Subsequently those pavements were reconstructed and finished with
current broom or turf drag. The study sought to ascertain if current texturing techniques resulted in
higher wet weather accident events. A Minnesota Department of Transportation (Mn/DOT) study
selected segments in the network where current texturing techniques replaced previous textures.
Annual wet weather accidents data from the Mn/DOT database were analyzed. By examining
annual wet weather accident counts, total accident counts and crash rates for a ten year period,
current textures were compared to previous textures. The paper discusses how 3 statistical tools
were used compare wet weather accident data from previous texturing to data from current
texturing. Statistical tools showed that current texturing practices did not cause increase in the
annual wet weather accidents, crash rates as well as ratio of wet to dry weather accidents in the
chosen test sections.

TRB 2008 Annual Meeting CD-ROM Paper revised from original submittal.



Izevbekhai 3

INTRODUCTION

This paper presents the results Minnesota Department of Transportation (Mn/DOT’s) study of the
effect of texturing practices on wet weather accident rate using data for several concrete pavement
sections in the road network. The study responded to the requirement of Federal Highway
Administration’s (FHWA) Texture advisory T 5040-36 of June 17 2005 (1). It catalogued the
various annual accident counts, percentage of wet weather accident, and crash rates occurring in
wet weather in selected test sections.

1.1 Background information

In Minnesota, concrete pavements are finished by dragging an inverted turf or a stiff-bristled broom
longitudinally on the surface of freshly placed concrete pavements, right behind the paving
machine. Complaints from the residents near the freeways in which the concrete had been
transversely tined resulted in a moratorium on transverse textures in 1998. Minnesota Department
of Transportation (Mn/DOT) Office of materials developed effective ways of texturing concrete
pavements quietly to facilitate low tire-pavement noise. The methods derived included the turf
drag and the longitudinal-broom-drag techniques. Prior to 1998, texturing in Minnesota was
accomplished by the application of tining on a surface that had already been textured by burlap-
drag when the concrete was still in a plastic state. Until 2001, the Mn/DOT special provision
required a texture of 0.8 mm behind the paver. In 2001 this requirement was increased to 1 mm
measured by the sand volumetric technique ASTM E-965. Although the current special provision
requires 1 mm behind the paver, when texture measurements in isolated spots fall below 1 mm, the
contractor is required to guarantee that in subsequent paving, failing textures will be absent. There
is no penalty for poor texture, except that a large frequency of low texture measurements may
require correction by texture-planing at the expense of the contractor. Izevbekhai (2) developed an
algorithm and a Visual Basic program of suggested reward and penalization for good and bad
texture, respectively, as well as ride quality. Many practitioners requested to know the performance
of Mn/DOT’s innovative texturing and the federal Texture advisory requested for performance
monitoring of innovative texturing. These led to a set of study objectives.

1.2 Paper Objectives
This Paper,
I. Describes current texturing practices and the Minnesota procedure for achieving specified
texture standards.
II. Describe the annual wet weather accident trends observed with the textured sections and
determines explains why wet weather accident is an acceptable texture evaluation.
III. Addresses the requirements stated in the Current FHWA Technical advisory on texture,
which calls for a documentation of performance of some texturing techniques.
IV. Determines whether the use of inverted turf drag or broom finishing in the longitudinal
direction is adequate for safety if these techniques are not combined with other texturing
techniques to achieve sufficient friction.

1.3 Previous Studies

A study conducted by Marquette University (3) included several Minnesota test sections to
compare the “Minnesota Drag” and other surface finishing. The study showed that inverted turf
“astro-turf” drag favorably compared with many other finishing types, including the bituminous
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surface, in quietness. The Marquette University study did not identify the specification to which
the turf drag was built and did not clearly distinguish between the new astro-turf drag and the
obsolescent burlap drag, as the study report was released at the early stages of the use of astro-turf
drag. In the last few years, the specification has improved and contractors are now more familiar
with the texturing practice. Minnesota also uses the longitudinal broom drag for surface finishing.
When corrective action is required on a bump or on a poorly textured surface, diamond grinding or
grooving is used for corrective action. Another report by Hanson et al (3) on their noise and
friction testing in Minnesota in 2003/2004 showed that astro-drag surfaces were quieter than tined
and diamond ground surfaces within the auditory spectrum. As part of the study on influence of
texturing on ride quality, in 2002 Mn/DOT created a test section on US TH 212 in Bird Island,
Minnesota. The section was made up of textured and untextured strips on which comparative
roughness measurements were measured by the researcher. Izevbekhai (2) discussed the results of
the roughness measurements on TH 212 at Bird Island and concluded that texture affected the
measured ride quality indexes. Hanson et al (3) through National Center for Asphalt Technology
performed an evaluation of texture and noise on several Minnesota test sections. Their analysis
proposed a correlation between noise and texture for all surface finish and texture types (4). Such a
correlation agglomerates texture groups of differing frequencies and intrinsically obliterates the
differing preponderance of various parameters on different texture configurations and pavement
types. That algorithm underestimates the effect of tine spacing and grinding geometries and other
uniform texture patterns that affect the noise spectrum.

Wu and Nagi (7), categorized textures into various degrees ranging from micro-texture to mega-
texture or giga-texture whose wavelengths are similar to those of ride quality. Sandberg and
Ejsmont (8) identified the surface characteristics influenced primarily by distinct texture ranges. In
the reference manual (8) Sandberg et al indicates that the range of texture wavelengths affecting
wet weather friction is .7mm to 10mm. Macro texture characteristics for Minnesota’s innovative
texturing fall within this range.

Previous reports and studies did not statistically evaluate wet weather accident rate and associated
parameters. The study statistically evaluated the adequacy of current texturing from a wet weather
accident perspective. It also fulfills the requirements of the Federal Highway Administration
(FHWA) stated in the June 2005 Texture Advisory(1) that requires agencies to monitor and
document performance of unconventional.

1.4 Investigation Strategy

The study obtained traffic accident count and crash rate data from selected test sections was
obtained from the Mn/DOT Office of Traffic Data and Safety. The sections were required to be
areas in the network where a previous surface texturing had been replaced with current (astro-turf
drag and longitudinal broom drag) any time between 1994 and 2004, thus providing annual
accident data (pre-texturing and post-texturing). Another requirement of the test section was that it
would be minimally influenced by other potential accident causing phenomena such as curves, poor
sight distance, largely undulating terrain, or badly distressed surfaces. For clarity, accidents that are
caused by inadequate sight distance and undulating terrain are not texture related. The study
consequently excluded horizontal curves from the study, to confine the variable to the texturing as
much as practicable. In addition, selected test sections were deliberately matched with some of the
sections from previous studies including study report by Multi-State Pooled fund Study of 1999
(3) and the NCAT-Mn/DOT texture and Noise Study of 2003 (4) as well as Mn/DOT’s friction
Study test sections maintained since 1998.

Mn/DOT Office of Traffic Safety maintains a large database of Traffic accident. For each accident
event, in the database, there is a record of surface conditions, climatic conditions, collision type,
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and other variables resulting in many possible descriptors From this data, total annual counts, wet
weather accident events, and percentage of accidents occurring in wet weather conditions were
extracted. Total crash rates associated with wet weather conditions and percentage of wet weather
crash-rates were also extracted and analyzed for each year from 1994 to 2004. Three statistical
hypothesis validation tools were used for evaluation of the effect of texture on the accident rate.

2.0 DATA COLLECTION AND ANALYSIS
The Mn/DOT Office of Traffic Safety maintains a very large database of traffic accidents. These
records categorize the accident events in weather, human, and pavement conditions with possible
combinations accident types including rear end crashes, side swiping “ran —off the road” and
collision with animals. Mn/DOT Office of Materials keeps data of post-construction textures in
state projects.
These sections studied were reconstructed between 1999 and 2002. For the selected sections,
annual wet weather accident and total accident counts were obtained from the Office of Traffic
Safety for the period from 1994 to 2005. The following datasets were obtained and analyzed for
each section:

a) Annual wet weather accident counts from 1994 to 2004 (WWC).

b) Annual total accident counts from 1994 to 2004 (TAC).

¢) Annual fraction of wet weather accidents in total from 1994 to 2004 (PWW).

d) Annual crash rates in wet weather from 1994 to 2005 (WCR)

¢) Total annual crash rates from 1994 to 2005 (TCR)

f) Annual percentage of crashes in wet weather to total crash rates (APC).
Each of these datasets was plotted against the year in order to determine the effect of current
texturing. The table of test sites provided by the Concrete Engineering unit of Mn/DOT identified
the year of reconstruction as a pivot year for comparison of crash rates for previous and present
texturing.

For each of these datasets, the following statistical analyses were performed:
e Descriptive Statistics: The mean and standard deviation of the annual accidents before and
after reconstruction.
e X2(C hi® Analysis: A simplified before and after study, using the reconstruction year as
pivot year.
e Mann-Whitney Analysis: A comparative statistics of dataset to determine similarity of the
dataset to a chosen confidence limit.

2.2 Wet Weather Accident as an Important Pavement Evaluation Tool

Figure 1 shows a classification of various textures and how they affect surface characteristics
according to Sandberg and Ejsmont (8). From this table, the range of textures responsible for wet
weather accidents is 0.1mm to 10mm characteristic wavelengths. This range of textures is common
with the texturing practices in this study. Wet weather accidents data is an indicator of the
sufficiency of such textures against skidding and hydroplaning. It is a performance measure that
can be used in combination of other direct measurements such as friction ASTM E-274. Due to the
nature of parameters indicated by wet weather accident data, particularly crash rates, it is a good
measure in pavement network infrastructure systems and preferably over long periods of time. The
equation for the calculation of crash rates in a segment has been elucidated in section 3.4.

3.0 ASSOCIATED STATUTES AND POLICIES AND STANDARDS
3.1Federal Highway Administration Texture Advisory
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In June 2005, FHWA released a Technical Advisory on pavement surface texture (1). The
document describes acceptance testing and routine monitoring processes for non-conventional
texture methods. According to the Technical Advisory, the following evaluation factors should be
considered when evaluating new or innovative texturing methods for concrete pavement. This
advisory recommends the following protocol for texture evaluation:
i.  Wet weather crash performance. Reduced wet weather and/or total vehicle crash rates at the
same or similar locations.
ii.  Friction test results. Similar or improved friction test results and speed gradient when tested
in conformance with American Society for Testing and Materials (ASTM) E-274 (skid
trailer) using the smooth tire (ASTM E-524), or International Friction Index (IFI) ASTM E-
1960.

3.2 Texture Evaluation and Compliance with Texturing Standards

It can been shown that a Surface Performance is a function of some pavement surface configuration
and material parameters a shown in equation 3.2.1

SC=F(MTD, A, AV, R, A) e Equation 3.2.1

Where SC is a surface parameter, noise, friction, texture effects on roughness measurement;

MTD is mean texture depth;

Where A is the characteristic wavelength of macro-texture;

AV is porosity;

R is a reflectivity function;

A is the mix design function contributory to micro-texture (and macro-texture).

Currently the prevalent methods of texture evaluation in Mn/DOT are the Sand Volumetric
Technique ASTM E-965-95 and the Circular Track Meter ASTM E 2157-02. Figure 2 shows the
texture techniques that have been historically and currently performed in Minnesota. The diamond
grinding specified in Minnesota is 1/8 inch by 1/8 inch by 1/8 inch groove, kerf-width and depth
configuration. Broom or turf is dragged longitudinally to achieve drag textures that are relatively
quiet and are durable when low water cement-ratio and high Pozzolan-substitution and well-
graded-aggregate mixes are used. Friction is usually measured if and only if there is an observable
and remarkable accident trend related to hydroplaning. Earlier researchers including Meyer and
Kummer (5) have shown that effective frictional force on a pavement surface is made up of 2
components:

e The surface adhesion component contributed by micro texture and

e The hysteresis component is contributed by tire deformation on macro-texture.
Bazlamit and Reza (6) analyzed the changes in friction components of an asphalt pavement with
time, using laboratory techniques to separate between the 2 friction components. Although the
extent of each component has not been correlated to various texture types, wet weather conditions
reduce both of these components of friction. Figure 1 shows a chart originally developed by
Sandberg and Ejsmont (8) showing how the various ranges of textures are correlated to surface
characteristics. The range shows that characteristic wavelengths of 0.5mm to 50 mm affect wet
weather accident characteristics.
Mn/DOT performs acceptance testing on surface texture with the ASTM 965-95 sand volumetric
techniques process. Overall average texture measured from 1999 to 2004 is 1.3 mm. Measured
texture ranged from 0.97 to 1.68 when the required minimum was 0.8 mm. It was observed that
after a couple winters the texture measurement was generally reduced by 0.3 mm. This prompted an
increase to 1 mm in 2001 with the result that the measured texture ranged from 0.84 mm to 1.99
mm with a single outlier of 2.87 mm. In general, pavements are textured to meet and exceed the
specified minimum in Minnesota. However, texture is better defined in frequency spectra by
Sandberg and Ejsmont (8). An acceptance measurement that characterizes the active frequencies of
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the texturing will exhibit even better correlated to friction and wet weather accidents than a simple
Sand Patch test.
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Figure 2: Minnesota Concrete Pavement Texture Types
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Table 1 Wet Weather Accident Annual Counts

WWA COUNTS 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
TH 21 Jordan 3 3 4 4 2

TH 35, RP 13t027 5) 2 6 3 4 2 3 6 6 5 6
TH 35, RP 68 to79 5) 6 7 10 10 7 6 5 14 5 26
TH 35W, RP 9 tol1l 16 10 10 10 8 5) 13 5 4 8 12
TH 35W, RP 35t041 1 8 7 3 5 5 9 1 1 2 2
TH90, RP 222t0235 2 2 8 4 5 2 4 0 2 1 2
TH 90, RP 166t0174 1 0 2 0 0 0 3 0 0 3 2
TH 94, RP 115to 128 3 1 0 3 3 4 0 1 1 3 0
TH 94, RP21to 27 1 2 1 2 0 1 0 1 5] 0 2
TH 94, 38 to 51 1 2 1 4 0 0 1 3 0 1 1
TH 169, RP 96 to 102 5 8 2 3 8 7 10 6 8 2 5
TH 7, RP 142 to 151 4 6 2 2 2 1 2 4 0 1 2
TH 100, RP 8to 13 36 41 28 31 30 34 39 43 32 15 18
TH 169, RP 88 to 90 3 2 1 4 2 2 3 1 1 1 2
TOTAL ACCIDENTS 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
TH 21 Jordan 20 28 27 28 21 33 32 39 85! 30 19
TH 35, RP 13t027 48 17 59 75 41 58 57 107 48 50 55
TH 35, RP 68 to79 33 &5 96 82 61 66 71 68 104 93 141
TH 35W, RP 9toll 53 52 41 44 42 52 57 36 32 42 64
TH 35W, RP 35t041 34 27 40 32 31 47 56 39 50 55 48
TH90, RP 222t0235 17 11 36 27 27 25 28 41 19 33 37
TH 90, RP 166t0174 15 8 21 16 11 14 22 14 9 13 19
TH 94, RP 115 to 128 25 34 42 45 37 37 28 48 41 31 83
TH 94, RP21to 27 14 9 12 29 10 10 10 18 13 12 15
TH 94, 38 to 51 13 29 17 48 10 14 19 21 18 28 27
TH 169, RP 96 to 102 32 31 24 22 36 37 57 35 85 28 35
TH 7, RP 142 to 151 22 31 27 29 26 14 17 28 17 26 14
TH 100, RP 8to 13 169 187 196 174 161 161 208 205 187 136 110
TH 169, RP 88 to 90 11 6 2 6 10 8 13 7 7 6 18
WWA FRACTION 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
TH 21 Jordan 0.15 0.11 0.15 0.14 0.1 0.03 0.13 0.1 0.06 0.03 0.16
TH 35, RP 13t027 0.1 0.12 0.1 0.04 0.1 0.03 0.05 0.06 0.13 0.1 0.11
TH 35, RP 68to79 0.15 0.11 0.07 0.12 0.16 0.11 0.08 0.07 0.13 0.05 0.18
TH 35W, RP 9 toll 0.3 0.19 0.24 0.23 0.19 0.1 0.23 0.14 0.13 0.19 0.19
TH 35W, RP 35t041 0.03 0.11 0.18 0.09 0.16 0.11 0.16 0.03 0.02 0.04 0.04
TH90, RP 222t0235 0.12 0.18 0.08 0.15 0.19 0.08 0.14 0 0.11 0.03 0.05
TH 90, RP 166t0174 0.07 0 0.1 0 0 0 0.14 0 0 0.23 0.11
TH 94, RP 115to 128 0.12 0.03 0 0.07 0.08 0.11 0 0.02 0.02 0.1 0
TH94, RP21to 27 0.07 0.22 0.08 0.07 0 0.1 0 0.06 0.38 0 0.13
TH 94, 38 to 51 0.08 0.07 0.06 0.08 0 0 0.05 0.14 0 0.04 0.04
TH 169, RP 96 to 102 0.16 0.1 0.08 0.14 0.22 0.19 0.18 0.17 0.23 0.07 0.14
TH 7, RP 142 to 151 0.18 0.19 0.07 0.07 0.08 0.07 0.12 0.14 0 0.04 0.14
TH 100, RP 8to 13 0.21 0.22 0.14 0.18 0.19 0.21 0.19 0.21 0.17 0.11 0.16
TH 169, RP 88 to 90 0.27 0.33 0.5 0.67 0.2 0.25 0.23 0.14 0.14 0.17 0.11

3.4 Annual Wet Weather Accident Data and Crash Rates

Table 1 shows the annual wet weather accident data in the test sections. The data from previous
texturing are colored yellow and the construction or rehabilitation year is not highlighted. Data
from current texturing are colored green and are at the extreme right. Each cell shows annual wet
weather accident (WWA) count, total accident counts and WWA percentage of total accidents in
the 1% 2" and 3™ segments of the table. Crash rates were analyzed in order to introduce traffic
volume, test section length and study period into the analysis of wet weather accident data. The
crash rate is a function of vehicular exposure, test section length,

Crash rates were computed as follows computed as follows:
Rate per million entering vehicles R = N (Imillion)/Y (ADT) (S) (365)
Where N is number of crashes and Y is the number of Years S is segment length

For critical rates, Rc = Ra +K (Ra/M)™* + 0.5/m

Where Rc is Critical Crash Rate . This was not considered in this report
Ra is system wide Crash Rate by intersection or Highway type

M is vehicle exposure during study period

K is constant factor depending on level of confidence

At 99.5% ,K =2.576

At 95% Confidence, K =1.645
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At 90% confidence, K =1.282
Results obtained are shown in Table 3 and Figure 4

Table 3 Crash Rates And Percentage of Wet Weather Related Crash Rates Of Pavements
with Previous Textures (blue highlight) and current textures (purple highlights).

CRASH RATES IN TEST SECTIONS

YEAR |

Route 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
MNTH 21 49 3.3 1.8 2.3 1.6 18 31 2.7 2.1 0.8 1.0 13
ISTH 35 0.8 0.3 0.8 1.1 0.6 0.8 0.7 1.2 0.6 0.6 0.6 0.7
ISTH 35 0.3 0.5 0.9 0.8 0.6 0.6 0.6 0.5 0.7 0.7 0.9 0.5
ISTH 35W 2.0 2.3 1.7 1.6 1.2 15 1.4 0.9 1.0 1.2 1.5 1.2
ISTH 35W 0.5 0.4 0.6 0.5 0.4 0.6 0.7 0.5 0.6 0.7 0.5 0.5
ISTH 90 0.4 0.3 0.6 0.5 0.5 0.4 0.5 0.6 0.3 0.5 0.6 0.5
ISTH 90 0.6 0.2 0.7 0.7 0.5 0.6 0.8 0.6 0.3 0.5 0.7 0.4
ISTH 94 0.5 0.6 0.6 0.7 0.6 0.5 0.4 0.7 0.5 0.4 0.4 0.6
ISTH 94 0.6 0.3 0.5 1.2 0.4 0.3 0.3 0.6 0.5 0.4 0.5 1.2
ISTH 94 0.3 0.7 0.4 1.2 0.2 0.3 0.4 0.4 0.4 0.6 0.5 0.6
USTH 169 0.9 0.9 0.7 0.6 0.9 0.9 1.2 0.7 0.8 0.6 0.6 0.5
USTH 169 1.4 0.7 0.2 0.7 1.1 0.8 1.3 0.7 0.8 0.7 1.8 0.7
MNTH 7 2.0 2.4 1.7 15 1.6 0.7 1.3 15 1.1 1.3 1.3 1.2
MNTH 100 16 1.6 1.8 1.2 1.3 1.3 1.7 1.6 1.5 1.1 0.7 0.6

PERCENTAGE OF WET WEATHER ACCIDENT IN TOTAL
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

MNTH 21 0.188 0.364 0.000 0.250 0.000 0.125 0.083 0.000 0.200 0.000 0.200 0.286
ISTH 35 0.091 0.130 0.111 0.059 0.188 0.077 0.063 0.069 0.153 0.102 0.115 0.107
ISTH 35 0.147 0.109 0.073 0.129 0.164 0.104 0.088 0.068 0.128 0.052 0.179 0.128
ISTH 35W 0.304 0.289 0.254 0.230 0.226 0.133 0.205 0.171 0.167 0.156 0.188 0.168
ISTH 35W 0.031 0.111 0.158 0.065 0.138 0.106 0.127 0.026 0.041 0.036 0.043 0.174
ISTH 90 0.111 0.154 0.083 0.129 0.185 0.077 0.138 0.000 0.100 0.030 0.053 0.118
ISTH 90 0.105 0.000 0.100 0.050 0.071 0.000 0.080 0.000 0.000 0.167 0.087 0.000
ISTH 94 0.107 0.029 0.000 0.065 0.128 0.103 0.000 0.019 0.024 0.097 0.000 0.077
ISTH 94 0.077 0.250 0.083 0.069 0.000 0.100 0.000 0.056 0.385 0.000 0.133 0.079
ISTH 94 0.077 0.065 0.053 0.073 0.000 0.000 0.043 0.120 0.000 0.033 0.063 0.079
USTH 169 0.152 0.121 0.077 0.136 0.214 0.171 0.169 0.171 0.200 0.129 0.121 0.071
USTH 169 0.250 0.333 0.500 0.667 0.182 0.250 0.231 0.143 0.125 0.143 0.158 0.000
MNTH 7 0.162 0.244 0.162 0.121 0.194 0.118 0.067 0.108 0.037 0.061 0.133 0.172
MNTH 100 0.204 0.196 0.157 0.187 0.211 0.174 0.179 0.223 0.156 0.097 0.151 0.212

50

45

——TH 21 Jordan
—=—TH 35, RP 13t027

40 TH 35, RP 68t079
TH 35W, RP 9 to11
s —%-TH 35W, RP 35t041

—o—TH90, RP 22210235
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< TH94, RP21t027

§ TH 94, 38 to 51

S 25 TH 169, RP 96 to 102
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20 TH 169, RP 88 to 90
15
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Figure 3 Annual Wet Weather Accident Counts In Test Sections
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Figure 4: Annual Crash Rate Data

4.0 STATISTICAL ANALYSIS

Table 1 shows the annual wet weather accident data analyzed for the test sections. Figures 3 and 4
show graphical details of the wet weather accident and crash rate trends between1994 and 2004.
Table 1 has been color coded to demarcate the period of current texturing from construction and
preconstruction periods. With these variations, a global comparison of all the previous and current
data in all the test sections was not considered adequate. Comparison was done only for annual
trends in each test section. However, the cumulative effect of the trend in each test section was
considered for hypothesis validation in the statistical tools used. Due to variations, data from each
section was treated as mutually exclusive to data from other sections. In statistically analyzing the
previous and current texturing data, the following were performed:

a) Mann-Whitney Z-Test for data similarity (Pre-Versus Post texturing wet weather accident

count) within 95 percent confidence limit

b) Mann-Whitney Z-Test for data similarity (Pre-Versus Post texturing wet-weather —related

crash rates) within 95 percent confidence limit

¢) X Test for changes in texturing from preconstruction to post construction within 95

percent confidence limit for wet weather accident count.

d) X Test for changes in texturing from preconstruction to post construction within 95 percent

confidence limit for annual wet weather crash rates.
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4.1 Comparative Statistics

Table 2 shows a comparative statistics for some of the test sections. Minnesota State Highway 21 in
Jordan recorded lower total mean annual accident counts with current texturing than with previous
texturing (24.8 versus 31). Moreover the wet weather accident counts and fraction of WWA
reduced from 3.2 to 2.8 and from 0.13 to 0.10 respectively. On TH 35 wet weather accidents
measured pre construction increased from 4 to 4.67 post construction. The total WWA % decreased
from 9 to 8 % in spite of the increase in total accident count from 50 to 63. The null hypothesis is
that there is no increase in accidents because of the current texturing practices Though there is a
higher event of reduced accident count with current texturing, the scope of this study does not
attribute a reduction in WWA to current texturing but concludes that current textures did not cause
increase in the accident counts.. Beyond the scope of the current studies, further investigation will
be required to ascribe the reduction in annual accidents to current texturing practices.

4.2 Mann Whitney Z Test Comparisons of Data in Previous Texturing to Data in Current
Texturing

Null Hypothesis (Ho) = Accident rates in previous and in current texturing practices are the same to
95 % confidence limit

Alternate Hypothesis (Ha) = There is a significant change in accident rates (before and after). The
Z- test assigns a serial ranking number and performs the following test:

Summary: Accept Null hypothesis where Z >Z,

Mann Whitney Z test data before construction were ranked m{, myp m;, and data post-construction

ng,ny . Np

my =n.m/2

Tn(m) = total n or Total m

U= nm + n(m+1)/2-Rm

oV = ((n.m(n+m+l)/Tm)0-5

Z statistic for the U Test =(U-my,)/ oV,

Test : if z <zo Do not accept Null Hypothesis

Tables 5 and 6 show the Mann Whitney analysis for the various wet weather accident statistics.
The null hypothesis is validated in every test section, for total accident counts and total crash rates.
In the WWA counts, 2 sections do not fulfill the null hypothesis. Similarly one out of 14 sections
does not fulfill the null hypothesis in the crash rate, percentage of wet weather crash rates and
percentage of wet weather accident counts. In a total of 5 tables of 14 datasets per table, 65 out of
70 validate the null hypothesis. It is evident that to a 95 % confidence limit it can be concluded that
the texturing practices did not result in increase in accidents in the analyzed sections.

4.3 The CHI Squared Analysis

The Chi-squared is a simple “before” and “after” test. In this statistical test, “before” and “after”
tests were conducted. Data of x-number of years (n) before reconstruction was compared to data of
the (5-n) years after construction. For instance if construction year was 2000, the 1998 data was
compared to the 2002 data.

The Chi 2 analysis is based on the following statistic: P ,= P, Where the subscripts are “after” and
“before” respectively.

Null Hypothesis (Ho) = Accident rates pre and post current texturing are the same

Alternate Hypothesis (Ha) = There is a significant change in annual accident rates after application

of current texturing. The X2 Test (Chi —Squared) test investigates the number of times there was an
increase in wet weather accident when the annual data for corresponding number of years post-
construction were compared to the same # of years pre-construction.
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If Ho > 3.84 at 95% confidence limit reject Ho when P(Prior) is not P(After ) because there was a
general decrease in wet weather accident. This test was applied to the accident count, wet weather
accident and the percentage of accidents in wet weather. A fulfillment of the null hypothesis
implies that the pre construction and post-construction wet weather accident trends are similar. The
comparative statistic based on a 95% confidence limit show most sites had similar “before” and
“after” accident count, wet weather accident count, and wet weather accident percentage. The same
tests were also applied to crash rates. Deviations between accident counts and other data before
versus after were computed and the statistic showed that there was a change in accident data on
account of the current texturing practices. In the hypothesis testing, a 95% confidence limit has a
statistic of 3.84 for 2 degrees of freedom. The null hypothesis holds when (X-Xo)* /X, is less that
than 3.84 The accident counts and crash rates were statistically lower with the current texturing.
However, the scope of this study is insufficient to attribute accident reduction to current texturing
practices as that was not the stated objective. These results are shown in table 6.

Table 4. Summary Statistics Of Wet Weather Accident Data From Some Test Sections

Test Section
Statistics WWA Count Total Accident Count WWA Fraction of Total Acc.
TH 21 Before After Before After Before After
Mean 3.20 2.80 24.80 31.00 0.13 0.10
Standard Deviation 0.84 1.30 3.96 7.52 0.03 0.05
169, RP 88 to 90
Mean 2.43 1.33 8.00 10.33 0.35 0.14
Standard Deviation 0.98 0.58 3.70 6.66 0.17 0.03
TH 35, RP 13 to 27
Mean 4.00 4.67 49.75 62.50 0.09 0.08
Standard Deviation 1.83 1.75 24.49 22.15 0.03 0.04
35, RP 6810 79
Mean 7.29 15.00 66.29 112.67 0.12 0.12
Standard Deviation 1.98 10.54 20.06 25.15 0.03 0.07
35W, RP 35t0 41
Mean 3.80 3.00 32.80 49.60 0.11 0.06
Standard Deviation 2.28 3.39 4.76 6.80 0.06 0.06
35W, RP 9to 11
Mean 10.29 8.00 48.71 46.00 0.21 0.17
Standard Deviation 3.50 4.00 6.26 16.37 0.06 0.04
35W, RP 35to 41
Mean 3.80 3.00 32.80 49.60 0.11 0.06
Standard Deviation 2.28 3.39 4.76 6.80 0.06 0.06
90, RP 166 to 174
Mean 0.75 1.33 15.00 15.17 0.04 0.08
Standard Deviation 0.96 1.51 5.35 4.62 0.05 0.10
94, RP 115 to 128
Mean 2.00 1.00 36.60 36.20 0.06 0.03
Standard Deviation 1.41 1.22 7.7 8.17 0.05 0.04
94, RP21 to 27
Mean 1.17 2.00 14.00 14.50 0.09 0.14
Standard Deviation 0.75 2.16 7.56 2.65 0.07 0.17
94, RP 38to 51
Mean 1.33 1.25 21.83 23.50 0.05 0.05
Standard Deviation 1.51 1.26 14.41 4.80 0.04 0.06
169, RP 96 to 102
Mean 4.67 5.25 30.33 33.25 0.15 0.15
Standard Deviation 2.42 2.50 6.15 3.50 0.05 0.07
7, RP 142 to 151
Mean 2.83 1.75 24.83 21.25 0.11 0.08
Standard Deviation 1.83 1.71 6.11 6.80 0.06 0.07
TH 100, RP 8 to 13
Mean 33.33 27.00 174.67 159.50 0.19 0.16
Standard Deviation 4.72 12.99 14.24 44.08 0.03 0.04
169, RP 88 to 90 Before After Before After Before After
Mean 2.43 1.33 8.00 10.33 0.35 0.14
Standard Deviation 0.98 0.58 3.70 6.66 0.17 0.03
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Table 5 Mann Whitney Z Test Validation Of Hypothesis On WWA

I Wet Weather Accident Count

Total Before lotal After R n m U Uv o z Z0 Test Z<Z
TH 21 Jordan 20.0 25 5 5 20 12,5 7.42 1.01 1.64 0.63
TH 35, RP 13to27 21 32 4 6 13 12 8.12 0.12 1.64 1.52
TH 35, RP 68to79 41.0 20 7 3 8 10.5 5.74 -0.44 1.64 2.08
TH 35W, RP 9 to1l 30.0 27 7 3 19 10.5 5.74 1.48 1.64 0.16
TH 35W, RP 35t041 30.0 29 5 5 10 12,5 7.42 -0.34 1.64 1.98
TH90, RP 222t0235 21.0 33 5 5 19 125 7.42 0.88 1.64 0.76
TH 90, RP 166t0174 19 26 4 6 15 12 8.12 0.37 1.64 1.27
TH 94, RP 115to0 128 21.0 24 5 5 19 12.5 7.42 0.88 1.64 0.76
TH94, RP21to 27 28.0 24 6 4 17 12 6.63 0.75 1.64 0.89
TH 94, 38 to 51 25.0 19 6 4 20 12 6.63 121 1.64 0.43
TH 169, RP 96 to 102 40.0 18 6 4 5 12 6.63 -1.06 1.64 2.70
TH 7, RP 142 to 151 17.0 26 6 4 28 12 6.63 2.41 1.64 -0.77
TH 100, RP 8 to 13 34.0 21 6 4 11 12 6.63 -0.15 1.64 1.79
TH 169, RP 88 to 90 25.0 24 7 3 24 10.5 5.74 2.35 1.64 -0.71

Total Accidents

Total Before lotal After R n m U Uv c z Z0 Test Z<Z
TH 21 Jordan 39.0 23 5 5 1 12.5 7.42 -1.55 1.64 3.19
TH 35, RP 13to27 30 35 4 6 4 12 8.12 -0.98 1.64 2.62
TH 35, RP 68to79 57.0 13 7 3 -8 10.5 5.74 -3.22 1.64 4.86
TH 35W, RP 9tol1l 36.0 28 7 3 13 10.5 5.74 0.44 1.64 1.20
TH 35W, RP 35to41 42.0 18 5 5 -2 12.5 7.42 -1.96 1.64 3.60
TH90, RP 222 t0235 40.0 27 5 5 0 12.5 7.42 -1.69 1.64 3.33
TH 90, RP 166t0174 23 40 4 6 11 12 8.12 -0.12 1.64 1.76
TH 94, RP 115to0 128 34.0 29 5 5 6 12.5 7.42 -0.88 1.64 2.52
TH94, RP21to 27 34.0 21 6 4 11 12 6.63 -0.15 1.64 1.79
TH 94, 38 to 51 42.0 21 6 4 3 12 6.63 -1.36 1.64 3.00
TH 169, RP 96 to 102 46.0 18 6 4 -1 12 6.63 -1.96 1.64 3.60
TH 7, RP 142 to 151 26.0 24 6 4 19 12 6.63 1.06 1.64 0.58
TH 100, RP 8to 13 35.0 17 6 4 10 12 6.63 -0.30 1.64 1.94
TH 169, RP 88 to 90 42.0 20 7 3 7 10.5 5.74 -0.61 1.64 2.25
Wet Weather Accidents, Fraction of Total
Total Before lotal After R n m U Uv c z Z0 Test Z<Z
TH 21 Jordan 23.0 32 5 5 17 12.5 7.42 0.61 1.64 1.03
TH 35, RP 13to27 15 42 4 6 19 12 8.12 0.86 1.64 0.78
TH 35, RP 68to79 36.0 24 7 3 13 10.5 5.74 0.44 1.64 1.20
TH 35W, RP 9tol1l 30.0 25 7 3 19 10.5 5.74 1.48 1.64 0.16
TH 35W, RP 35to41 29.0 37 5 5 11 12.5 7.42 -0.20 1.64 1.84
TH90, RP 222t0235 22.0 39 5 5 18 12.5 7.42 0.74 1.64 0.90
TH 90, RP 166t0174 20 27 4 6 14 12 8.12 0.25 1.64 1.39
TH 94, RP 115to 128 22.0 29 5 5 18 12.5 7.42 0.74 1.64 0.90
TH94, RP21to 27 35.0 27 6 4 10 12 6.63 -0.30 1.64 1.94
TH 94, 38 to 51 26.0 24 6 4 19 12 6.63 1.06 1.64 0.58
TH 169, RP 96 to 102 41.0 21 6 4 4 12 6.63 -1.21 1.64 2.85
TH 7, RP 142 to 151 27.0 29 6 4 18 12 6.63 0.90 1.64 0.74
TH 100, RP 8to 13 28.0 28 6 4 17 12 6.63 0.75 1.64 0.89
TH 169, RP 88 to 90 26.0 26 7 3 23 10.5 5.74 2.18 1.64 -0.54
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CRASH RATES BEFORE & AFTER

Table 6. Validation Of Hypothesis Using Chi squared Statistics for Crash Rates
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5 CONCLUSION

e Toa95 % confidence limit, the wet weather accident distribution in the
analyzed test sections has the same distribution when the data with previous
texturing is compared to data from current texturing.

e Crash rates in the test sections studied retained the same distribution to a 95 %
confidence limit after current texturing. Results of WWA analysis is
considered along with the actual measured friction numbers in an overall
evaluation of the texturing practices. The average percentage of wet weather
accident (after current texturing) from 1994 to 2005 is 10.3% which is lower
than the national average of 20%. This effort fulfils the requirements of
FHWA'’s current technical advisory as it evaluates the current texturing with
the stipulated metrics. Three statistical tests used are the comparative
(descriptive) statistics; the Mann Whitney U-Test and the X? (Chi squared)
test. Each test validates to a 95% confidence limit the null hypotheses that
accident data prior to application of new textures did not change after the
application of new textures.

e This paper concludes that current texturing practices, i.e. astro-turf drag or
longitudinal broom drag, did not result in increase in wet weather accident
counts, crash rates, or percentage of wet weather accidents in the sections
examined.
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