AN EVALUATION OF THE CONVERGING CHEVRON PAVEMENT MARKING
PATTERN INSTALLATION ON INTERSTATE 94 AT THE MITCHELL
INTERCHANGE South-to-West RAMP IN MILWAUKEE COUNTY, WISCONSIN

APPENDICES

SOUTH Pgif)

Madison
Fond du Lac

| o T e
e = T
et
EEI
\ |
{316 |

Alex Drakopoulos
Associate Professor
of Civil and Environmental Engineering
Marquette University

and

Georgia Vergou
Graduate Research Assistant
Department of Civil and Environmental Engineering
Marquette University

MARQUETTE

Milwaukee, Wisconsin
December 2001
Revised November 2003



TABLE OF CONTENTS

Page
Appendix 1. Request for Authorization to Experiment with Chevron Pavement Markings.
Appendix 2. Sample Wisconsin Motor Vehicle Accident Report (form MV 4000).
Appendix 3. Converging Chevron Installation Geometric Details
Figure 1. Converging Chevron Pattern Layout.
Figure 2. Converging Chevron Pattern Set Details.

Figure 3. Test Ramp Geometry.
Figure 4. Control Ramp Geometry.

W =

Appendix 4. Detector Speeds—Before Period.

Figure 1. Test Ramp: Detector A Speeds December 1998.
Figure 2. Test Ramp: Detector A Speeds January 1999.
Figure 3. Test Ramp: Detector A Speeds February 1999.
Figure 4. Test Ramp: Detector A Speeds March 1999.
Figure 5. Test Ramp: Detector B Speeds December 1998.
Figure 6. Test Ramp: Detector B Speeds January 1999.
Figure 7. Test Ramp: Detector B Speeds February 1999.
Figure 8. Test Ramp: Detector B Speeds March 1999.
Figure 9. Control Ramp: Detector C Speeds December 1998.
Figure 10. Control Ramp: Detector C Speeds January 1999.
Figure 11. Control Ramp: Detector C Speeds February 1999.
Figure 12. Control Ramp: Detector C Speeds March 1999.
Figure 13. Control Ramp: Detector D Speeds December 1998.
Figure 14. Control Ramp: Detector D Speeds January 1999.
Figure 15. Control Ramp: Detector D Speeds February 1999.
Figure 16. Control Ramp: Detector D Speeds March 1999.

O NN N AW~

— e e e e
NN kW~ OO

Appendix 5. Detector Speeds—After Period.

Figure 1. Test Ramp: Detector A Speeds December 2000.
Figure 2. Test Ramp: Detector A Speeds January 2001.
Figure 3. Test Ramp: Detector A Speeds February 2001.
Figure 4. Test Ramp: Detector A Speeds March 2001.
Figure 5. Test Ramp: Detector B Speeds December 2000.
Figure 6. Test Ramp: Detector B Speeds January 2001.
Figure 7. Test Ramp: Detector B Speeds February 2001.
Figure 8. Test Ramp: Detector B Speeds March 2001.

O NN N AW



TABLE OF CONTENTS (continued)

Page
Appendix 5. Detector Speeds—After Period. (Continued)
Figure 9. Control Ramp: Detector C Speeds December 2000. 9
Figure 10. Control Ramp: Detector C Speeds January 2001. 10
Figure 11. Control Ramp: Detector C Speeds February 2001. 11
Figure 12. Control Ramp: Detector C Speeds March 2001. 12
Figure 13. Control Ramp: Detector D Speeds December 2000. 13
Figure 14. Control Ramp: Detector D Speeds January 2001. 14
Figure 15. Control Ramp: Detector D Speeds February 2001. 15
Figure 16. Control Ramp: Detector D Speeds March 2001. 16
Appendix 6. Detector Volumes—Before Period.
Figure 1. Test Ramp: Detector A Volumes December 1998. 1
Figure 2. Test Ramp: Detector A Volumes January 1999. 2
Figure 3. Test Ramp: Detector A Volumes February 1999. 3
Figure 4. Test Ramp: Detector A Volumes March 1999. 4
Figure 5. Test Ramp: Detector B Volumes December 1998. 5
Figure 6. Test Ramp: Detector B Volumes January 1999. 6
Figure 7. Test Ramp: Detector B Volumes February 1999. 7
Figure 8. Test Ramp: Detector B Volumes March 1999. 8
Figure 9. Control Ramp: Detector C Volumes December 1998. 9
Figure 10. Control Ramp: Detector C Volumes January 1999. 10
Figure 11. Control Ramp: Detector C Volumes February 1999. 11
Figure 12. Control Ramp: Detector C Volumes March 1999. 12
Figure 13. Control Ramp: Detector D Volumes December 1998. 13
Figure 14. Control Ramp: Detector D Volumes January 1999. 14
Figure 15. Control Ramp: Detector D Volumes February 1999. 15
Figure 16. Control Ramp: Detector D Volumes March 1999. 16
Appendix 7. Detector Volumes—After Period.
Figure 1. Test Ramp: Detector A Volumes December 2000. 1
Figure 2. Test Ramp: Detector A Volumes January 2001. 2
Figure 3. Test Ramp: Detector A Volumes February 2001. 3
Figure 4. Test Ramp: Detector A Volumes March 2001. 4
Figure 5. Test Ramp: Detector B Volumes December 2000. 5
Figure 6. Test Ramp: Detector B Volumes January 2001. 6
Figure 7. Test Ramp: Detector B Volumes February 2001. 7
Figure 8. Test Ramp: Detector B Volumes March 2001. 8

_ii-



TABLE OF CONTENTS (continued)

Page
Appendix 7. Detector Volumes—After Period.(continued)

Figure 9. Control Ramp: Detector C Volumes December 2000. 9
Figure 10. Control Ramp: Detector C Volumes January 2001. 10
Figure 11. Control Ramp: Detector C Volumes February 2001. 11
Figure 12. Control Ramp: Detector C Volumes March 2001. 12
Figure 13. Control Ramp: Detector D Volumes December 2000. 13
Figure 14. Control Ramp: Detector D Volumes January 2001. 14
Figure 15. Control Ramp: Detector D Volumes February 2001. 15
Figure 16. Control Ramp: Detector D Volumes March 2001. 16

Appendix 8. Detector 95% Confidence Intervals for Average Hourly Speeds—Before and After Periods.

Figure 1. Detector A 95% Confidence Intervals for Average Hourly Speeds-Before.
Figure 2. Detector B 95% Confidence Intervals for Average Hourly Speeds-Before.
Figure 3. Detector C 95% Confidence Intervals for Average Hourly Speeds-Before.
Figure 4. Detector D 95% Confidence Intervals for Average Hourly Speeds-Before.
Figure 5. Detector A 95% Confidence Intervals for Average Hourly Speeds-After.
Figure 6. Detector B 95% Confidence Intervals for Average Hourly Speeds-After.
Figure 7. Detector C 95% Confidence Intervals for Average Hourly Speeds-After.
Figure 8. Detector D 95% Confidence Intervals for Average Hourly Speeds-After.

O NN N AW~

Appendix 9. Detector Cumulative Speed Distribution Before and After Periods.

Figure 1. Detector A Cumulative Speed Distribution-Before.
Figure 2. Detector B Cumulative Speed Distribution-Before.
Figure 3. Detector C Cumulative Speed Distribution-Before.
Figure 4. Detector D Cumulative Speed Distribution-Before.
Figure 5. Detector A Cumulative Speed Distribution-After.
Figure 6. Detector B Cumulative Speed Distribution-After.
Figure 7. Detector C Cumulative Speed Distribution-After.
Figure 8. Detector D Cumulative Speed Distribution-After.

OO N AW~

Appendix 10. Detector 95% Confidence Intervals for Average Hourly Volumes—
Before and After Periods.

Figure 1. Detector A 95% Confidence Intervals for Average Hourly Volumes-Before.
Figure 2. Detector B 95% Confidence Intervals for Average Hourly Volumes-Before.
Figure 3. Detector C 95% Confidence Intervals for Average Hourly Volumes-Before.
Figure 4. Detector D 95% Confidence Intervals for Average Hourly Volumes-Before.

W =

ii-



TABLE OF CONTENTS (continued)

Appendix 10. Detector 95% Confidence Intervals for Average Hourly Volumes—

Before and After Periods (continued).

Figure 5. Detector A 95% Confidence Intervals for Average Hourly Volumes-After.
Figure 6. Detector B 95% Confidence Intervals for Average Hourly Volumes-After.
Figure 7. Detector C 95% Confidence Intervals for Average Hourly Volumes-After.
Figure 8. Detector D 95% Confidence Intervals for Average Hourly Volumes-After.

Appendix 11. Detector Speed and Volume Statistics for Weekdays and Weekends-

Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.

Before and After Periods.

Detector A Speed and Volume Statistics for Weekdays and Weekends-Before.
Detector B Speed and Volume Statistics for Weekdays and Weekends-Before.
Detector C Speed and Volume Statistics for Weekdays and Weekends-Before.
Detector D Speed and Volume Statistics for Weekdays and Weekends-Before.

Detector A Speed and Volume Statistics for Weekdays and Weekends-After.
Detector B Speed and Volume Statistics for Weekdays and Weekends-After.
Detector C Speed and Volume Statistics for Weekdays and Weekends-After.
Detector D Speed and Volume Statistics for Weekdays and Weekends-After.

Appendix 12. Crash Summary Tables Before and After Periods.

Table 1.
Table 2.

Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.

Test Ramp Crash Listing Before and After Periods.

Test Ramp Crashes: Single-or Multi-Vehicle/Crash Severity/
Hour of Occurrence-Before.

Test Ramp Crashes: Single- or Multi-Vehicle/Light Condition.

Test Ramp Crashes: Single or Multi-Vehicle/Pavement Condition.

Test Ramp Crashes: Number of Involved Vehicles.

Test Ramp Crashes: Single or Multi-Vehicle/Crash Severity.

Test Ramp Crashes: Single or Multi-Vehicle/Day of Week.

Test Ramp Crashes: Single or Multi-Vehicle/Crash Type.

Test Ramp Crashes: Single or Multi-Vehicle/Crash Severity/

Hour of Occurrence-After.

Table 10. Control Ramp Crash Listing Before and After Periods.
Table 11. Control Ramp Crashes: Single-or Multi-Vehicle/Crash Severity/

Hour of Occurrence-Before.

Table 12. Control Ramp Crashes: Single- or Multi-Vehicle/Light Condition.
Table 13. Control Ramp Crashes: Single or Multi-Vehicle/Pavement Condition.
Table 14. Control Ramp Crashes: Number of Involved Vehicles.

Table 15. Control Ramp Crashes: Single or Multi-Vehicle/Crash Severity.

_iv-

Page

0 3 N

AR W W WM

(93]

10
11
11
11
12



TABLE OF CONTENTS (continued)

Page
Appendix 12. Crash Summary Tables Before and After Periods (continued).
Table 16. Control Ramp Crashes: Single or Multi-Vehicle/Day of Week. 12
Table 17. Control Ramp Crashes: Single or Multi-Vehicle/Crash Type. 13
Table 18. Control Ramp Crashes: Single or Multi-Vehicle/Crash Severity/
Hour of Occurrence-After. 14

Appendix 13. Information from Japan.

Summaries of papers by A. Kozaki, T.Fukui, 1991; N. Takada, 1997; U.Kurosaki et al., 1997.
Anti-skid chevron markings installed on a two-lane highway.
Anti-skid transverse markings installed on a two lane highway.



APPENDIX 1
Request for Authorization to Experiment with
Chevron Pavement Markings
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Wisconsin Department of Transportation

””Ilmum\“\‘

TRANSPORTATION DISTRICT 2
February 2, 1999 2000 Pewaukee Road, Suite A
P.O. Box 798
Mr. Rudy Umbs Waukesha, WI 53187-0798
Federal Highway Administration Telephone  (414) 548-5902

Safety Design and Operatlons Division (HHS-10) FAX (414) 548-8655
400 7" Street SW .
Washington, D.C. 20590

Subject: Request for Authorization to Experiment with Chevron Pavement Markings
Dear Mr. Umbs:

The Wisconsin Department of Transportation requests approval to install an experimental Converging
Chevron Pavement Marking Pattern to reduce speeds at a specific location in Milwaukee, the 1-94
Westbound approach to the two-lane exit to the I-894 Westbound bypass.

The proposed pattern has been used in a number of locations in Japan. It consists of a series of white chevrons
on the road surface with the spacing between chevrons decreasing as the driver travels over the pattern. Each
chevron extends across only one lane of traffic. Therefore, in the proposed location, two side-by-side patterns
would be installed. Traffic flow is in the direction indicated by the chevrons. -

The illusion created by this pattern is intended to convince drivers that they are traveling faster than they really
are and to create the impression that the road is narrowing. It is anticipated that these factors will contribute
to reduced travel speeds. Although research has been conducted on other patterns of illusory pavement
markings, we are unaware of any previous applications of the converging chevrons in the United States.

The relatively low cost and potential benefits of this application suggest that it could be an excellent traffic
control device for speed reduction and safety. With your approval, we look forward to conducting this
experiment in cooperation with the AAA Foundation for Traffic Safety and Dr. Robert Reinhardt of the Texas
Transportation Institute.

If you need additional information, please call me at (414) 521-5348
or e-mail gary knerr@dot.state.wi.us

Sincerely,

Gary P. Knerr, P.E.
Systems Operations Group Manager

cc: Peter Rusch, State Traffic Engineer
Thomas Loeffler, Bureau of Transportation Safety
William Bremer, FHWA Safety & Traffic Operations



ATTACHMENT A

Instructions for setting out the converging chevron markings.

Figure 1 shows an installation of the chevrons in Japan (photo reversed for convenience). The
proposed layout will be derived from this example. The right two lanes in the photo will be what
the north bound traffic on the IH-94 approach to the westbound ramp would see. The one point
about the photo to be stressed is that while the on coming traffic to the left has four chevrons per
set and the out bound traffic on the right appears to have 6 or 8 chevrons per set, EACH SET IN
THE PROPOSED APPLICATION WILL HAVE 10 CHEVRONS.

This determination was made based on the anti-skid characteristics of this pattern and the :
relatively high rate of speed at the site. The number of chevrons per set has to do with the speed
within the pattern and the current application calls for 10 chevrons per set.

Figure 1. Converging chevrons on Yodogawa River Bridge .



Figure 2 indicates the actual dimensions of the patterns. Althdugh this example shows sets
of 5 (left) and 4 (right) chevrons per set, as stated above, all sets will have 10 chevrons of
15cm each.

The length of an individual chevron pattern is based on certain enabling assumptions. These
assumptions include the initial speed of vehicles entering the pattern (v1), the desired speed upon
leaving the pattern (v2), reaction time (the time that elapses prior to braking), typically 0.5s (ts),
and constant deceleration once brakes are applied (a). The pattern length for the current
application was calculated as follows:

Pattern Length Calculation

( Vl? vl
L=wt,+

2a
vi = speed entering pattern = 95.33 fps (65 MPH)
v, = speed exiting pattern = 73.33 fps (50 MPH)
t, = reaction time = .5sec

a = deceleration braking = 3.3fps’



(95.33% -73.33%)
L=(95.33)*.5+ =610 feet
66

Average speed in pattern = 84.33 fps ( 57.5MPH)

610

Time to traverse pattém = =17.2 Sec
84.33

Number of chevron sets (at 2.2 per second) = 15.8
@ 2.2/sec = 1 pattern every .4545 seconds

95.33-73.33
Uniform deceleration = = 3.281ps or the 3.3fps used initially
6.7* |

Deceleration per chevron = 3.3 * 4545 = 1.498851ps, call it 1.5

* 7.2 total - .5 reaction time



Pattern Size
The spacing of the patterns is dependent on the pattern size which is itself a function
of the number of individual stripes making up the pattern. Since each set of

chevrons will have 10 individual stripes the size of each set of chevrons is the same.

Given: 15cm (5.9in) wide stripes and Scm (2 in) wide spaces.
Given: 60 degree (30 degrees either side of center line)

To determine running length along highway:

- 15cm 15cm
Sine30=-—— 5= wee  x=30cm for Stripes, 10cm for spaces.

One stripe and space = 40cm
From beginning of first stripe to end of last stripe in a 10 set pattern would be:

(9 * 40) + 30 = 390cm or 12° 9.5”



Pattern Spacing

While it is possible to calculate pattern spacing such that the distance between each set of
chevrons is a constantly decreasing length, the practicality of installing this type pattern and the
actual ability of drivers to perceive this precision make it impractical. Therefore an approximation
that keeps the drivers within the marked portion of the pattern for an increasingly longer time
(from .14 sec to .18sec) was chosen, which duplicates the Japanese application of these markings.

Given that the last set needs to be completed prior to the detector loop, that loop will act as the
reference point. At the anticipated speeds involved, the maximum distance between the end of the
pattern and the loop detector should be 40 feet. This would allow approximately 2 second to
pass between the end of the pattern and the detector. Using this 40 foot mark as the ending point
of the pattern, the following table gives the positions of the 16 sets of markings (negative numbers
indicating up stream distances in advance of the loop detector.)

SET DISTANCE

1 -618
2 -576

3 -534

4 492 -

5 -450

6 -410

7 -370

8 -330 -
9 -292

10 -254

11 216

12 -180

13 -144

14 -108

15 -74

16 -40

The actual point within the pattern (front, center, etc.) where the distance measurement is made is
arbitrary as long as it is consistent.



APPENDIX 2
Sample Wisconsin Motor Vehicle Accident Report
(form MV 4000)
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APPENDIX 3
Converging Chevron Installation Geometric Details
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A3 Figure 3. Test Ramp Geometry.
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A3 Fgure 4. Control Ramp Geometry.
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APPENDIX 4
Detector Speeds Before Period



A4 Flgure 1. Test Ramp: Detector A Speeds December 1998
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A4 Figure 2. Test Ramp: Detector A Speeds January 1999.
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A4 Figure 3. Test Ramp: Detector A Speeds February 1999.
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A4 Flgure 4. Test Ramp: Detector A Speeds March 1999.

Speed(mph)

Speed(mph)

Speed(mph)

22 24

N

28

Speed(mph)

i

Speed(mph)

0 5 10 15 20
Hour Hour Hour Hour Hour

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

A4 - Page 4



A4 Figure 5. Test Ramp: Detector B Speeds December 1998.
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A4 Figure 6. Test Ramp: Detector B Speeds January 1999.
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A4 Figure 7. Test Ramp: Detector B Speeds February 1999.
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A4 Figure 8. Test Ramp: Detector B Speeds March 1999.
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A4 Flgure 9. Control Ramp Detector C Speeds December 1998.
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A4 Figure 10. Control Ramp: Detector C Speeds January 1999.
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A4 Figure 11. Control Ramp: Detector C Speeds February 1999.
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A4 Figure 12. Control Ramp: Detector C Speeds March 1999.
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A4 Flgure 13. Control Ramp Detector D Speeds December 1998.
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A4 Figure 14. Control Ramp: Detector D Speeds January 1999.
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A4 Figure 15. Control Ramp: Detector D Speeds February 1999.
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A4 Figure 16. Control Ramp: Detector D Speeds March 1999.
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APPENDIX 5
Detector Speeds After Period



A5 Figure 1. Test Ramp: Detector A Speeds December 2000.
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A5 Figure 2. Test Ramp: Detector A Speeds January 2001.
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A5 Figure 3. Test Ramp: Detector A Speeds February 2001.
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A5 Figure 5. Test Ramp: Detector B Speeds December 2000.
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A5 Figure 6. Test Ramp: Detector B Speeds January 2001.
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A5 Flgure 7. Test Ramp Detector B Speeds February 2001
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A5 Figure 8. Test Ramp: Detector B Speeds March 2001.
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A5 Flgure 9. Control Ramp Detector C Speeds December 2000.
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A5 Figure 10. Control Ramp: Detector C Speeds January 2001.
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A5 Figure 11. Control Ramp: Detector C Speeds February 2001.
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A5 Figure 12. Control Ramp: Detector C Speeds March 2001.
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A5 Flgure 13. Control Ramp Detector D Speeds December 2000.
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A5 Figure 14. Control Ramp: Detector D Speeds January 2001.
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A5 Figure 15. Control Ramp: Detector D Speeds February 2001.
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A5 Figure 16. Control Ramp: Detector D Speeds March 2001.
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APPENDIX 6
Detector Volumes Before Period



A6 Flgure 1. Test Ramp Detector A Volumes December 1998.
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A6 Figure 2. Test Ramp: Detector A Volumes January 1999.
4 5 6 7 8 9

B
N
Y

g

R
o
[=]
[=]

w
(=]
(=]

N
o
[=]
o

w
o
o

O
(=]
(=]
o

VOLUME (vph) VOLUME (vph) VOLUME (vph) VOLUME (vph) VOLUME (vph)

0 5 10 15 20 0 5 10 15 20
Hour Hour

A6 - Page 2



A6 Flgure 3. Test Ramp Detector A Volumes February 1999.
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A6 Flgure 4. Test Ramp Detector A Volumes March 1999
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A6 Figure 5. Test Ramp: Detector B Volumes Decem ber 1998.
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A6 Figure 6. Test Ramp: Detector B Volumes January 1999.
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A6 Figure 7. Test Ramp: Detector B Volumes February 1999.
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A6 Flgure 8. Test Ramp Detector B Volumes March 1999
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A6 Flgure 9. Control Ramp Detector C Volumes December 1998.
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A6 Figure 10. Control Ramp: Detector C Volumes January 1999.
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A6 Figure 11. Control Ramp: Detector C Volumes February 1999.
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A6 Flgure 12. Control Ramp Detector C Volumes March 1999.
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A6 Figure 13. Control Ramp: Detector D Volumes December 1998.
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A6 F|gure 14. Control Ramp Detector D Volumes January 1999.
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A6 Figure 15. Control Ramp: Detector D Volumes February 1999.
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A6 Figure 16. Control Ramp: Detector D Volumes March 1999.
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APPENDIX 7
Detector Volumes After Period



A7 Flgure 1. Test Ramp Detector A Volumes December 2000.
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A7 Figure 2. Test Ramp: Detector A Volumes January 2001.
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A7 Figure 3. Test Ramp: Detector A Volumes February 2001.
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A7 Figure 4, Test Ramp: Detector A Volumes March 2001.
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A7 Figure 6. Test Ramp: Detector B Volumes January 2001.
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A7 Figure 7. Test Ramp: Detector B Volumes February 2001.
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A7 Flgure 8. Test Ramp Detector B Volumes March 2001
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A7 Flgure 9. Control Ramp Detector C Volumes December 2000.
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A7 Figure 10. Control Ramp: Detector C Volumes January 2001.
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A7 Flgure 11. Control Ramp Detector C Volumes February 2001.
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A7 F|gure 13. Control Ramp Detector D Volumes December 2000.
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A7 Figure 15. Control Ramp: Detector D Volumes February 2001.
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A7 Flgure 16. Control Ramp Detector D Volumes March 2001.
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APPENDIX 8
Detector 95% Confidence Intervals for Average
Hourly Speeds-Before and After Periods.
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APPENDIX 9

Detector Cumulative Speed Distributions
Before and After Periods.
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APPENDIX 10
Detector 95% Confidence Intervals for Average
Hourly Volumes-Before and After Periods.
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APPENDIX 11
Detector Speed and Volume Statistics for Weekdays
and Weekends
Before and After Periods



A1l Table 1. Detector A Speed and Volume Statistics for Weekdays and Weekends-Before.

DETECTOR ID Detector A

WEEK-DAY/END

Weekday Weekend

Standard Standard

Error of Error of

Mean Mean Valid N Mean Mean Valid N

HOUR 0 SPEED (mph) 60 0 | N=853 60 0 | N=288
VOLUME (vph) 117 2 | N=853 205 5 | N=288
1 SPEED (mph) 60 0 | N=685 60 0 | N=256
VOLUME (vph) 82 1 | N=685 119 3 | N=256
2 SPEED (mph) 60 0 | N=657 60 0 | N=242
VOLUME (vph) 74 1 | N=657 96 3 | N=242
3 SPEED (mph) 60 0 | N=775 60 0 | N=246
VOLUME (vph) 80 1 | N=775 74 2 | N=246
4 SPEED (mph) 61 0 | N=836 61 0 | N=242
VOLUME (vph) 147 2 | N=836 78 2 | N=242
5 SPEED (mph) 62 0 | N=819 61 0 | N=272
VOLUME (vph) 522 6 | N=819 141 5 | N=272
6 SPEED (mph) 59 0 | N=857 61 0 | N=287
VOLUME (vph) 1365 11 | N=857 261 8 | N=287
7 SPEED (mph) 57 0 | N=839 62 0 | N=288
VOLUME (vph) 1681 8 | N=839 391 12 | N=288
8 SPEED (mph) 60 0 | N=870 62 0 | N=288
VOLUME (vph) 1214 7 | N=870 529 14 | N=288
9 SPEED (mph) 61 0 | N=850 62 0 | N=288
VOLUME (vph) 909 5 | N=850 697 14 | N=288
10 SPEED (mph) 61 0 | N=856 62 0 | N=281
VOLUME (vph) 900 5 [ N=856 886 13 | N=281
1 SPEED (mph) 61 0 | N=862 62 0 | N=281
VOLUME (vph) 916 7 | N=862 1032 12 | N=281
12 SPEED (mph) 61 0 | N=889 62 0 | N=294
VOLUME (vph) 956 6 | N=889 1116 11 | N=294
13 SPEED (mph) 61 0 | N=844 62 0 | N=296
VOLUME (vph) 1036 7 | N=844 1124 11 | N=296
14 SPEED (mph) 60 0 | N=894 62 0 | N=288
VOLUME (vph) 1301 8 | N=894 1128 11 | N=288
15 SPEED (mph) 59 0 | N=883 61 0 | N=296
VOLUME (vph) 1592 10 | N=883 1183 10 | N=296
16 SPEED (mph) 58 0 | N=863 60 0 | N=305
VOLUME (vph) 1629 9 | N=863 1155 10 | N=305
17 SPEED (mph) 58 0 | N=903 59 0 | N=312
VOLUME (vph) 1514 9 | N=903 1076 11 | N=312
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A1l Table 1. Detector A Speed and Volume Statistics for Weekdays and Weekends-Before.

DETECTOR ID Detector A

WEEK-DAY/END
Weekday Weekend
Standard Standard
Error of Error of
Mean Mean Valid N Mean Mean Valid N
HOUR 18 SPEED (mph) 59 0 | N=896 59 0 | N=312
VOLUME (vph) 1112 8 | N=896 914 10 | N=312
19 SPEED (mph) 59 0 | N=914 60 0 | N=312
VOLUME (vph) 742 7 | N=914 662 9 | N=312
20 SPEED (mph) 59 0 | N=930 60 0 | N=312
VOLUME (vph) 592 5 | N=930 541 7 | N=312
21 SPEED (mph) 60 0 | N=940 60 0 | N=312
VOLUME (vph) 549 5 | N=940 489 7 | N=312
22 SPEED (mph) 60 0 | N=951 61 0 | N=312
VOLUME (vph) 422 4 | N=951 372 7 | N=312
23 SPEED (mph) 60 0 | N=954 61 0 | N=312
VOLUME (vph) 281 4 | N=954 271 6 | N=312
Table SPEED (mph) 60 0 | N=20620 61 0 | N=6922
Total VOLUME (vph) 837 4 | N=20620 622 5 | N=6922
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Al11 Table 2. Detector B Speed and Volume Statistics for Weekdays and Weekends-Before.

DETECTOR ID Detector B

WEEK-DAY/END

Weekday Weekend

Standard Standard

Error of Error of

Mean Mean Valid N Mean Mean Valid N

HOUR 0 SPEED (mph) 64 0 | N=851 66 0 | N=284
VOLUME (vph) 145 2 | N=851 246 5 | N=284
1 SPEED (mph) 63 0 | N=730 66 1 | N=255
VOLUME (vph) 104 1 | N=730 147 3 | N=255
2 SPEED (mph) 62 0 | N=707 66 1 [ N=242
VOLUME (vph) 98 2 | N=707 121 3 | N=242
3 SPEED (mph) 62 0 | N=797 65 1 | N=272
VOLUME (vph) 104 2 | N=797 97 2 | N=272
4 SPEED (mph) 64 0 | N=827 64 1 | N=275
VOLUME (vph) 170 2 | N=827 99 3 | N=275
5 SPEED (mph) 65 0 | N=824 66 0 | N=270
VOLUME (vph) 568 7 | N=824 172 6 | N=270
6 SPEED (mph) 64 0 | N=861 67 0 | N=279
VOLUME (vph) 1406 10 | N=861 303 9 | N=279
7 SPEED (mph) 63 0 | N=878 68 0 | N=282
VOLUME (vph) 1720 8 | N=878 442 12 | N=282
8 SPEED (mph) 64 0 | N=888 68 0 | N=286
VOLUME (vph) 1277 7 | N=888 586 15 | N=286
9 SPEED (mph) 63 0 | N=854 66 0 | N=288
VOLUME (vph) 973 5 | N=854 755 14 | N=288
10 SPEED (mph) 62 0 | N=852 66 0 | N=281
VOLUME (vph) 958 5 [ N=852 947 13 | N=281
1 SPEED (mph) 63 0 | N=854 67 0 | N=281
VOLUME (vph) 982 7 | N=854 1090 12 | N=281
12 SPEED (mph) 63 0 | N=888 68 0 | N=294
VOLUME (vph) 1016 7 | N=888 1174 11 | N=294
13 SPEED (mph) 63 0 | N=845 67 0 | N=299
VOLUME (vph) 1107 7 | N=845 1190 11 | N=299
14 SPEED (mph) 63 0 | N=894 67 0 | N=300
VOLUME (vph) 1377 8 | N=894 1178 11 | N=300
15 SPEED (mph) 62 0 | N=890 66 0 | N=308
VOLUME (vph) 1680 10 | N=890 1247 10 | N=308
16 SPEED (mph) 63 0 | N=831 66 0 | N=312
VOLUME (vph) 1729 8 | N=831 1212 10 | N=312
17 SPEED (mph) 62 0 | N=878 65 0 | N=312
VOLUME (vph) 1601 9 | N=878 1125 11 | N=312

All - Page 3




Al11 Table 2. Detector B Speed and Volume Statistics for Weekdays and Weekends-Before.

DETECTOR ID Detector B

WEEK-DAY/END
Weekday Weekend
Standard Standard
Error of Error of
Mean Mean Valid N Mean Mean Valid N
HOUR 18 SPEED (mph) 63 0 | N=894 64 0 | N=312
VOLUME (vph) 1191 9 | N=894 966 10 | N=312
19 SPEED (mph) 63 0 | N=918 65 0 | N=311
VOLUME (vph) 814 7 | N=918 710 9 | N=311
20 SPEED (mph) 63 0 | N=932 66 0 | N=311
VOLUME (vph) 664 6 | N=932 597 7 | N=311
21 SPEED (mph) 64 0 | N=939 66 0 | N=311
VOLUME (vph) 626 5 | N=939 553 7 | N=311
22 SPEED (mph) 65 0 | N=950 67 0 | N=309
VOLUME (vph) 488 4 | N=950 423 7 | N=309
23 SPEED (mph) 66 0 | N=949 67 0 | N=308
VOLUME (vph) 331 4 | N=949 320 7 | N=308
Table SPEED (mph) 63 0 | N=20731 66 0 | N=6982
Total VOLUME (vph) 893 4 | N=20731 670 5 | N=6982

All - Page 4




A11 Table 3. Detector C Speed and Volume Statistics for Weekdays and Weekends-Before.

DETECTOR ID Detector C

WEEK-DAY/END

Weekday Weekend

Standard Standard

Error of Error of

Mean Mean Valid N Mean Mean Valid N

HOUR 0 SPEED (mph) 50 0 | N=686 50 0 | N=277
VOLUME (vph) 70 1 | N=686 105 3 | N=277
1 SPEED (mph) 50 0 | N=373 50 0 | N=203
VOLUME (vph) 53 1 | N=373 63 2 | N=203
2 SPEED (mph) 50 0 | N=313 51 0 | N=156
VOLUME (vph) 49 1 | N=313 57 2 | N=156
3 SPEED (mph) 51 0 | N=496 50 0 | N=112
VOLUME (vph) 59 1 | N=496 51 2 | N=112
4 SPEED (mph) 51 0 | N=746 50 0 | N=151
VOLUME (vph) 99 2 | N=746 57 2 | N=151
5 SPEED (mph) 51 0 | N=813 51 0 | N=223
VOLUME (vph) 344 6 | N=813 93 3 | N=223
6 SPEED (mph) 50 0 | N=825 52 0 | N=277
VOLUME (vph) 763 7 | N=825 163 6 | N=277
7 SPEED (mph) 49 0 | N=653 52 0 | N=285
VOLUME (vph) 825 6 | N=653 191 6 | N=285
8 SPEED (mph) 50 0 | N=830 52 0 | N=287
VOLUME (vph) 686 5 | N=830 250 7 | N=287
9 SPEED (mph) 51 0 | N=847 52 0 | N=288
VOLUME (vph) 539 4 | N=847 349 8 | N=288
10 SPEED (mph) 51 0 | N=863 52 0 | N=281
VOLUME (vph) 513 4 | N=863 479 9 | N=281
1 SPEED (mph) 51 0 | N=864 52 0 | N=281
VOLUME (vph) 539 6 | N=864 580 8 | N=281
12 SPEED (mph) 51 0 | N=884 52 0 | N=294
VOLUME (vph) 596 5 | N=884 685 9 | N=294
13 SPEED (mph) 51 0 | N=836 52 0 | N=300
VOLUME (vph) 638 5 | N=836 691 8 | N=300
14 SPEED (mph) 51 0 | N=874 51 0 | N=300
VOLUME (vph) 804 5 | N=874 739 8 | N=300
15 SPEED (mph) 51 0 | N=877 52 0 | N=308
VOLUME (vph) 960 6 | N=877 716 8 | N=308
16 SPEED (mph) 50 0 | N=864 51 0 | N=312
VOLUME (vph) 1147 6 | N=864 705 8 | N=312
17 SPEED (mph) 48 0 | N=892 50 0 | N=311
VOLUME (vph) 1201 7 | N=892 639 8 [ N=311
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A11 Table 3. Detector C Speed and Volume Statistics for Weekdays and Weekends-Before.

DETECTOR ID Detector C

WEEK-DAY/END
Weekday Weekend
Standard Standard
Error of Error of
Mean Mean Valid N Mean Mean Valid N
HOUR 18 SPEED (mph) 49 0 | N=862 49 0 | N=308
VOLUME (vph) 797 7 | N=862 521 7 | N=308
19 SPEED (mph) 50 0 | N=883 50 0 | N=311
VOLUME (vph) 485 4 | N=883 379 6 | N=311
20 SPEED (mph) 50 0 | N=908 50 0 | N=312
VOLUME (vph) 386 3 | N=908 307 5 | N=312
21 SPEED (mph) 50 0 | N=917 50 0 | N=310
VOLUME (vph) 371 3 | N=917 242 4 | N=310
22 SPEED (mph) 51 0 | N=924 50 0 | N=312
VOLUME (vph) 269 3 | N=924 189 4 | N=312
23 SPEED (mph) 51 0 | N=928 50 0 | N=296
VOLUME (vph) 141 2 | N=928 131 4 | N=296
Table SPEED (mph) 50 0 | N=18958 51 0 | N=6495
Total VOLUME (vph) 550 3 | N=18958 380 3 | N=6495
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Al11 Table 4. Detector D Speed and Volume Statistics for Weekdays and Weekends-Before.

DETECTOR ID Detector D

WEEK-DAY/END

Weekday Weekend

Standard Standard

Error of Error of

Mean Mean Valid N Mean Mean Valid N

HOUR 0 SPEED (mph) 45 0 | N=868 46 0 | N=288
VOLUME (vph) 294 3 | N=868 375 5 | N=288
1 SPEED (mph) 45 0 | N=762 46 0 | N=261
VOLUME (vph) 210 2 | N=762 246 4 | N=261
2 SPEED (mph) 45 0 | N=748 46 0 | N=256
VOLUME (vph) 205 2 | N=748 210 4 | N=256
3 SPEED (mph) 45 0 | N=839 46 0 | N=279
VOLUME (vph) 259 3 | N=839 186 4 | N=279
4 SPEED (mph) 46 0 | N=839 46 0 | N=287
VOLUME (vph) 438 4 | N=839 257 5 | N=287
5 SPEED (mph) 46 0 | N=813 46 0 | N=288
VOLUME (vph) 933 8 | N=813 392 9 | N=288
6 SPEED (mph) 45 0 | N=809 47 0 | N=288
VOLUME (vph) 1619 10 | N=809 604 12 | N=288
7 SPEED (mph) 44 0 | N=698 48 0 | N=288
VOLUME (vph) 1878 8 | N=698 688 12 | N=288
8 SPEED (mph) 45 0 | N=806 48 0 | N=288
VOLUME (vph) 1514 6 | N=806 801 13 | N=288
9 SPEED (mph) 45 0 | N=823 47 0 | N=288
VOLUME (vph) 1278 5 [ N=823 984 13 | N=288
10 SPEED (mph) 46 0 | N=837 47 0 | N=281
VOLUME (vph) 1251 5 | N=837 1189 12 | N=281
1 SPEED (mph) 45 0 | N=841 47 0 | N=281
VOLUME (vph) 1283 6 | N=841 1340 11 | N=281
12 SPEED (mph) 45 0 | N=863 47 0 | N=294
VOLUME (vph) 1387 7 | N=863 1519 11 | N=294
13 SPEED (mph) 46 0 | N=818 47 0 | N=300
VOLUME (vph) 1437 7 | N=818 1531 10 | N=300
14 SPEED (mph) 45 0 | N=868 46 0 | N=300
VOLUME (vph) 1616 6 | N=868 1571 10 | N=300
15 SPEED (mph) 45 0 | N=863 47 0 | N=308
VOLUME (vph) 1689 6 | N=863 1506 9 | N=308
16 SPEED (mph) 45 0 | N=837 46 0 | N=312
VOLUME (vph) 1808 6 | N=837 1475 9 | N=312
17 SPEED (mph) 43 0 | N=848 46 0 | N=311
VOLUME (vph) 1808 6 | N=848 1382 10 | N=311
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Al11 Table 4. Detector D Speed and Volume Statistics for Weekdays and Weekends-Before.

DETECTOR ID Detector D

WEEK-DAY/END
Weekday Weekend
Standard Standard
Error of Error of
Mean Mean Valid N Mean Mean Valid N
HOUR 18 SPEED (mph) 44 0 | N=831 45 0 | N=305
VOLUME (vph) 1445 7 | N=831 1210 9 | N=305
19 SPEED (mph) 45 0 | N=867 46 0 | N=309
VOLUME (vph) 1117 6 | N=867 987 8 | N=309
20 SPEED (mph) 45 0 | N=900 46 0 | N=312
VOLUME (vph) 967 5 | N=900 832 7 | N=312
21 SPEED (mph) 46 0 | N=910 46 0 | N=309
VOLUME (vph) 903 5 | N=910 723 8 | N=309
22 SPEED (mph) 46 0 | N=921 46 0 | N=312
VOLUME (vph) 725 5 | N=921 578 8 | N=312
23 SPEED (mph) 46 0 | N=929 46 0 | N=312
VOLUME (vph) 495 4 | N=929 432 8 | N=312
Table SPEED (mph) 45 0 | N=20138 46 0 | N=7057
Total VOLUME (vph) 1102 4 | N=20138 888 6 | N=7057
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Al1 Table 5. Detector A Speed and Volume Statistics for Weekdays and Weekends-After.

DETECTOR ID Detector A

WEEK-DAY/END

Weekday Weekend

Standard Standard

Error of Error of

Mean Mean Valid N Mean Mean Valid N

HOUR 0 SPEED (mph) 57 0 | N=888 58 0 | N=282
VOLUME (vph) 117 2 | N=888 212 9 | N=282
1 SPEED (mph) 57 0 | N=816 58 0 | N=274
VOLUME (vph) 86 2 | N=816 110 3 | N=274
2 SPEED (mph) 57 0 | N=771 58 0 | N=261
VOLUME (vph) 75 1 | N=771 91 2 | N=261
3 SPEED (mph) 57 0 | N=756 58 0 | N=215
VOLUME (vph) 73 1 | N=756 70 2 | N=215
4 SPEED (mph) 58 0 | N=863 58 0 | N=206
VOLUME (vph) 139 2 | N=863 75 2 | N=206
5 SPEED (mph) 58 0 | N=886 59 0 | N=237
VOLUME (vph) 538 7 | N=886 135 5 | N=237
6 SPEED (mph) 57 0 | N=905 59 0 | N=260
VOLUME (vph) 1308 12 | N=905 251 8 | N=260
7 SPEED (mph) 54 0 | N=811 59 0 | N=271
VOLUME (vph) 1580 13 | N=811 375 12 | N=271
8 SPEED (mph) 57 0 | N=891 58 0 | N=263
VOLUME (vph) 1216 9 | N=891 511 16 | N=263
9 SPEED (mph) 58 0 | N=915 58 0 | N=254
VOLUME (vph) 946 7 | N=915 754 25 | N=254
10 SPEED (mph) 58 0 | N=925 59 0 | N=257
VOLUME (vph) 940 6 | N=925 927 23 | N=257
1 SPEED (mph) 58 0 | N=926 59 0 | N=263
VOLUME (vph) 985 6 | N=926 1097 20 | N=263
12 SPEED (mph) 58 0 | N=932 59 0 | N=264
VOLUME (vph) 1051 7 | N=932 1147 17 | N=264
13 SPEED (mph) 58 0 | N=914 59 0 | N=264
VOLUME (vph) 1099 6 | N=914 1109 14 | N=264
14 SPEED (mph) 58 0 | N=906 60 0 | N=274
VOLUME (vph) 1333 8 [ N=906 1088 12 | N=274
15 SPEED (mph) 57 0 | N=908 59 0 | N=276
VOLUME (vph) 1564 8 | N=908 1193 12 | N=276
16 SPEED (mph) 57 0 | N=884 58 0 | N=276
VOLUME (vph) 1494 9 | N=884 1153 12 | N=276
17 SPEED (mph) 56 0 | N=914 58 0 | N=276
VOLUME (vph) 1405 10 | N=914 1053 17 | N=276
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Al1 Table 5. Detector A Speed and Volume Statistics for Weekdays and Weekends-After.

DETECTOR ID Detector A

WEEK-DAY/END

Weekday Weekend

Standard Standard

Error of Error of

Mean Mean Valid N Mean Mean Valid N

HOUR 18 SPEED (mph) 57 0 | N=923 58 0 | N=276
VOLUME (vph) 1083 8 | N=923 887 15 | N=276
19 SPEED (mph) 58 0 | N=925 59 0 | N=276
VOLUME (vph) 729 7 | N=925 649 11 | N=276
20 SPEED (mph) 58 0 | N=909 59 0 | N=276
VOLUME (vph) 586 6 | N=909 519 8 [ N=276
21 SPEED (mph) 58 0 | N=914 59 0 | N=276
VOLUME (vph) 560 5 | N=914 499 9 | N=276
22 SPEED (mph) 59 0 | N=924 59 0 | N=276
VOLUME (vph) 422 5 | N=924 375 9 | N=276
23 SPEED (mph) 58 0 | N=840 59 0 | N=248
VOLUME (vph) 286 5 | N=840 312 11 | N=248
Table SPEED (mph) 57 0 | N=21246 58 0 | N=6301
Total VOLUME (vph) 830 4 | N=-21246 621 6 | N=6301
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Al1 Table 6. Detector B Speed and Volume Statistics for Weekdays and Weekends-After.

DETECTOR ID Detector B

WEEK-DAY/END

Weekday Weekend

Standard Standard

Error of Error of

Mean Mean Valid N Mean Mean Valid N

HOUR 0 SPEED (mph) 52 0 | N=845 54 0 | N=287
VOLUME (vph) 138 2 | N=845 222 4 | N=287
1 SPEED (mph) 52 0 | N=807 55 0 | N=285
VOLUME (vph) 100 2 | N=807 132 3 | N=285
2 SPEED (mph) 52 0 | N=738 56 0 | N=281
VOLUME (vph) 88 1 | N=738 109 3 | N=281
3 SPEED (mph) 51 0 | N=693 56 1 | N=249
VOLUME (vph) 86 1 | N=693 86 2 | N=249
4 SPEED (mph) 50 0 | N=793 54 1 | N=239
VOLUME (vph) 159 2 | N=793 88 3 | N=239
5 SPEED (mph) 49 0 | N=822 54 0 | N=261
VOLUME (vph) 571 8 | N=822 152 5 [ N=261
6 SPEED (mph) 48 0 | N=824 55 0 | N=260
VOLUME (vph) 1344 12 | N=824 277 8 | N=260
7 SPEED (mph) 47 0 | N=848 55 0 | N=269
VOLUME (vph) 1632 12 | N=848 423 12 | N=269
8 SPEED (mph) 48 0 | N=851 54 0 | N=250
VOLUME (vph) 1279 9 | N=851 559 14 | N=250
9 SPEED (mph) 48 0 | N=882 53 0 | N=257
VOLUME (vph) 1007 7 | N=882 725 16 | N=257
10 SPEED (mph) 47 0 | N=902 52 0 | N=261
VOLUME (vph) 986 6 | N=902 910 15 | N=261
1 SPEED (mph) 47 0 | N=903 53 0 | N=256
VOLUME (vph) 1034 6 | N=903 1083 14 | N=256
12 SPEED (mph) 48 0 | N=916 52 0 | N=264
VOLUME (vph) 1093 6 | N=916 1180 13 | N=264
13 SPEED (mph) 48 0 | N=901 52 0 | N=264
VOLUME (vph) 1163 6 | N=901 1175 11 | N=264
14 SPEED (mph) 48 0 | N=892 53 0 | N=274
VOLUME (vph) 1397 8 | N=892 1177 10 | N=274
15 SPEED (mph) 48 0 | N=863 52 0 | N=276
VOLUME (vph) 1642 8 | N=863 1278 11 | N=276
16 SPEED (mph) 49 0 | N=820 52 0 | N=276
VOLUME (vph) 1575 10 | N=820 1220 11 | N=276
17 SPEED (mph) 48 0 | N=866 51 0 | N=276
VOLUME (vph) 1497 10 | N=866 1088 12 | N=276
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Al1 Table 6. Detector B Speed and Volume Statistics for Weekdays and Weekends-After.

DETECTOR ID Detector B

WEEK-DAY/END

Weekday Weekend

Standard Standard

Error of Error of

Mean Mean Valid N Mean Mean Valid N

HOUR 18 SPEED (mph) 48 0 | N=883 51 0 | N=276
VOLUME (vph) 1173 10 | N=883 925 11 | N=276
19 SPEED (mph) 50 0 | N=886 51 0 | N=276
VOLUME (vph) 819 10 | N=886 708 10 | N=276
20 SPEED (mph) 50 0 | N=870 52 0 | N=276
VOLUME (vph) 657 10 | N=870 581 7 | N=276
21 SPEED (mph) 50 0 | N=868 52 0 | N=276
VOLUME (vph) 642 10 | N=868 558 9 | N=276
22 SPEED (mph) 52 0 | N=884 54 0 | N=276
VOLUME (vph) 490 10 | N=884 410 8 | N=276
23 SPEED (mph) 53 0 | N=789 54 0 | N=248
VOLUME (vph) 333 7 | N=789 313 7 | N=248
Table SPEED (mph) 49 0 | N=20346 53 0 | N=6413
Total VOLUME (vph) 889 4 | N=20346 644 6 | N=6413
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Al1 Table 7. Detector C Speed and Volume Statistics for Weekdays and Weekends-After.

DETECTOR ID Detector C

WEEK-DAY/END

Weekday Weekend

Standard Standard

Error of Error of

Mean Mean Valid N Mean Mean Valid N

HOUR 0 SPEED (mph) 48 0 | N=688 48 0 | N=280
VOLUME (vph) 99 5 [ N=688 105 3 | N=280
1 SPEED (mph) 47 0 | N=505 48 0 | N=231
VOLUME (vph) 91 7 | N=505 66 2 | N=231
2 SPEED (mph) 48 0 | N=477 48 0 | N=213
VOLUME (vph) 88 7 | N=477 60 2 | N=213
3 SPEED (mph) 48 0 | N=573 47 0 | N=120
VOLUME (vph) 91 6 | N=573 49 1 [ N=120
4 SPEED (mph) 49 0 | N=771 48 0 | N=153
VOLUME (vph) 152 5 [ N=771 62 2 | N=153
5 SPEED (mph) 49 0 | N=824 48 0 | N=214
VOLUME (vph) 352 6 | N=824 88 3 | N=214
6 SPEED (mph) 48 0 | N=765 49 0 | N=258
VOLUME (vph) 735 7 | N=765 158 5 | N=258
7 SPEED (mph) 48 0 | N=569 50 0 | N=263
VOLUME (vph) 775 9 | N=569 203 6 | N=263
8 SPEED (mph) 49 0 | N=764 50 0 | N=247
VOLUME (vph) 679 6 | N=764 259 7 | N=247
9 SPEED (mph) 49 0 | N=876 51 0 | N=242
VOLUME (vph) 581 5 [ N=876 356 9 | N=242
10 SPEED (mph) 50 0 | N=881 50 0 | N=253
VOLUME (vph) 563 4 | N=881 466 9 | N=253
1 SPEED (mph) 50 0 | N=892 50 0 | N=262
VOLUME (vph) 607 4 | N=892 611 9 | N=262
12 SPEED (mph) 50 0 | N=905 50 0 | N=252
VOLUME (vph) 656 4 | N=905 703 8 | N=252
13 SPEED (mph) 49 0 | N=894 50 0 | N=249
VOLUME (vph) 724 5 | N=894 711 8 | N=249
14 SPEED (mph) 49 0 | N=883 50 0 | N=258
VOLUME (vph) 885 6 | N=883 748 9 | N=258
15 SPEED (mph) 49 0 | N=890 50 0 | N=264
VOLUME (vph) 1036 7 | N=890 757 8 | N=264
16 SPEED (mph) 48 0 | N=850 49 0 | N=267
VOLUME (vph) 1231 8 | N=850 734 8 | N=267
17 SPEED (mph) 47 0 | N=814 48 0 | N=273
VOLUME (vph) 1287 8 | N=814 641 8 [ N=273
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Al1 Table 7. Detector C Speed and Volume Statistics for Weekdays and Weekends-After.

DETECTOR ID Detector C

WEEK-DAY/END

Weekday Weekend

Standard Standard

Error of Error of

Mean Mean Valid N Mean Mean Valid N

HOUR 18 SPEED (mph) 47 0 [ N=850 47 0 | N=272
VOLUME (vph) 854 8 | N=850 508 8 | N=272
19 SPEED (mph) 48 0 [ N=859 47 0 | N=276
VOLUME (vph) 547 5 | N=859 385 7 | N=276
20 SPEED (mph) 48 0 | N=833 48 0 | N=276
VOLUME (vph) 429 4 | N=833 313 5 | N=276
21 SPEED (mph) 48 0 [ N=849 48 0 | N=276
VOLUME (vph) 389 4 | N=849 257 5 | N=276
22 SPEED (mph) 49 0 | N=854 48 0 [ N=275
VOLUME (vph) 278 4 | N=854 206 5 | N=275
23 SPEED (mph) 49 0 [ N=779 48 0 [ N=245
VOLUME (vph) 181 4 [ N=779 137 4 | N=245
Table SPEED (mph) 48 0 [ N=18845 49 0 | N=5919
Total VOLUME (vph) 583 3 | N=18845 376 4 | N=5919
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Al1 Table 8. Detector D Speed and Volume Statistics for Weekdays and Weekends-After.

DETECTOR ID Detector D

WEEK-DAY/END

Weekday Weekend

Standard Standard

Error of Error of

Mean Mean Valid N Mean Mean Valid N

HOUR 0 SPEED (mph) 48 0 | N=852 48 0 | N=288
VOLUME (vph) 324 10 | N=852 365 5 | N=288
1 SPEED (mph) 47 0 | N=850 48 0 | N=286
VOLUME (vph) 246 10 | N=850 245 4 | N=286
2 SPEED (mph) 47 0 | N=872 48 0 | N=287
VOLUME (vph) 241 10 | N=872 222 3 | N=287
3 SPEED (mph) 48 0 | N=861 48 0 | N=276
VOLUME (vph) 290 10 | N=861 180 3 [ N=276
4 SPEED (mph) 48 0 | N=863 48 0 | N=267
VOLUME (vph) 512 10 | N=863 269 6 | N=267
5 SPEED (mph) 49 0 | N=875 49 0 | N=264
VOLUME (vph) 925 10 | N=875 400 8 | N=264
6 SPEED (mph) 48 0 | N=849 49 0 | N=264
VOLUME (vph) 1537 13 | N=849 592 11 | N=264
7 SPEED (mph) 45 0 | N=813 50 0 | N=264
VOLUME (vph) 1741 12 | N=813 711 11 | N=264
8 SPEED (mph) 47 0 | N=824 50 0 | N=252
VOLUME (vph) 1434 10 | N=824 786 13 | N=252
9 SPEED (mph) 49 0 | N=868 50 0 | N=251
VOLUME (vph) 1246 6 | N=868 948 13 | N=251
10 SPEED (mph) 49 0 | N=870 50 0 | N=261
VOLUME (vph) 1248 5 | N=870 1135 11 | N=261
1 SPEED (mph) 49 0 | N=880 50 0 | N=263
VOLUME (vph) 1328 6 | N=880 1319 11 | N=263
12 SPEED (mph) 49 0 | N=901 50 0 | N=252
VOLUME (vph) 1397 6 | N=901 1485 10 | N=252
13 SPEED (mph) 48 0 | N=893 50 0 | N=251
VOLUME (vph) 1465 6 | N=893 1497 11 | N=251
14 SPEED (mph) 48 0 | N=884 50 0 | N=261
VOLUME (vph) 1594 7 | N=884 1544 11 | N=261
15 SPEED (mph) 48 0 | N=890 50 0 | N=263
VOLUME (vph) 1642 7 | N=890 1519 10 | N=263
16 SPEED (mph) 47 0 | N=853 50 0 | N=267
VOLUME (vph) 1728 7 | N=853 1455 11 | N=267
17 SPEED (mph) 46 0 | N=808 49 0 | N=272
VOLUME (vph) 1729 8 | N=808 1338 10 | N=272
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Al1 Table 8. Detector D Speed and Volume Statistics for Weekdays and Weekends-After.

DETECTOR ID Detector D

WEEK-DAY/END
Weekday Weekend
Standard Standard
Error of Error of
Mean Mean Valid N Mean Mean Valid N
HOUR 18 SPEED (mph) 46 0 | N=846 48 0 | N=273
VOLUME (vph) 1405 8 | N=846 1151 10 | N=273
19 SPEED (mph) 47 0 | N=860 48 0 | N=276
VOLUME (vph) 1107 8 | N=860 943 9 | N=276
20 SPEED (mph) 48 0 | N=835 48 0 | N=276
VOLUME (vph) 981 8 | N=835 810 8 | N=276
21 SPEED (mph) 48 0 | N=849 48 0 | N=276
VOLUME (vph) 887 8 | N=849 695 7 | N=276
22 SPEED (mph) 48 0 | N=855 49 0 | N=276
VOLUME (vph) 699 9 | N=855 581 8 | N=276
23 SPEED (mph) 49 0 | N=785 48 0 | N=249
VOLUME (vph) 539 10 | N=785 440 8 | N=249
Table SPEED (mph) 48 0 | N=20536 49 0 | N=6415
Total VOLUME (vph) 1095 4 | N=20536 850 6 | N=6415
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APPENDIX 12
Crash Summary Tables Before and After Periods
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A12 Table 2. Test Ramp Crashes: Single- or Multi-Vehicle/Crash
Severity/Hour of Occurrence-Before.

Analysis Period BEFORE

Single- or Multi-Vehicle

Single Multiple
Crash Severity Crash Severity
Injury Property Injury Property Table Total
Crash Hour™® 0 1 1 2
1 1 1
5 1 1
6 1 1
8 1 1
10 2 2
14 1 1
19
20 1 1 2
21 2 1 3
30
Table Total 3 3 2 6 14

a. Hour = 1 includes crashes occurring at or after 1:00 am and before 2:00 am.

b. Hour = 30 Hour of occurrence unknown.

A12 Table 3. Test Ramp Crashes: Single- or Multi-Vehicle/Light Condition.

Analysis Period

BEFORE AFTER
Single- or Multi-Vehicle Single- or Multi-Vehicle
Single Multiple Single Multiple Table Total
Light Daylight 2 3 1 7
Condition Dawn > >
Dark-Lighted 4 3 4 13
Table Total 6 8 5 22

Al2-2




A12 Table 4. Test Ramp Crashes: Single- or Multi-Vehicle/Pavement Condition.

Analysis Period

BEFORE AFTER
Single- or Multi-Vehicle Single- or Multi-Vehicle
Single Multiple Single Multiple Table Total
Pavement Dry 1 6 2 9
Condition Tee 1 1 1 3
Show 1 1
Wet 5 1 2 1 9
Table Total 6 8 5 3 22

A12 Table 5. Test Ramp Crashes: Number of Involved Vehicles.

Analysis Period
BEFORE AFTER
Single- or Multi-Vehicle Single- or Multi-Vehicle
Single Multiple Single Multiple Table Total
Total 1 6 5 1
eces 2 > : ’
3 2 1 3
5 1 1
Table Total 6 8 5 3 22

A12 Table 6. Test Ramp Crashes: Single- or Multi-Vehicle/Crash Severity.

Analysis Period

BEFORE AFTER
Single- or Multi-Vehicle Single- or Multi-Vehicle
Single Multiple Single Multiple Table Total
Crash Severity  Injury 3 2 1 6
Property 3 6 4 3 16
Table Total 6 8 5 3 22
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A12 Table 7. Test Ramp Crashes: Single- or Multi-Vehicle/Day of Week.

Analysis Period
BEFORE AFTER
Single- or Multi-Vehicle Single- or Multi-Vehicle
Single Multiple Single Multiple Table Total
Day of Sunday 1 1 2
Week Monday 1 2 3
Tuesday 1 1 2
Wednesday 1 2 3
Thursday 2 1 2 5
Saturday 2 1 3 1 7
Table Total 6 8 5 3 22

A12 Table 8. Test Ramp Crashes: Single- or Multi-Vehicle/Crash Type.

Analysis Period

BEFORE

AFTER

Single- or Multi-Vehicle

Single- or Multi-Vehicle

Single

Multiple

Single

Multiple

Table Total

Crash Type

Collision w/MV*®

8

Impact Attenuator

1

Bridge Pier

1

Deer

Median Barrier

Non-Fixed Object

Overturn

Non-Collision

Other Fixed Object

Table Total

22

a. MV = Motor Vehicle

Al2
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A12 Table 9. Test Ramp Crashes: Single- or Multi-Vehicle/Crash
Severity/Hour of Occurrence-After.

Analysis Period AFTER

Single- or Multi-Vehicle

Single

Multiple

Crash Severity

Crash Severity

Injury Property

Injury Property

Table Total

Crash Hour'c’b

0

2

© || O

14

19

20

21

30

1

Table Total

1

4

a. Hour = 1 includes crashes occurring at or after 1:00 am and before 2:00 am.

b. Hour = 30 Hour of occurrence unknown.
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A12 Table 11. Control Ramp Crashes Period: Single- or Multi-Vehicle/Crash
Severity/Hour of Occurrence-Before.

Analysis Period BEFORE

Single- or Multi-Vehicle

Single Multiple
Crash Severity Crash Severity
Fatal Injury Property Injury Property Table Total
Crash Hour” 0 1 2 3
1 1 1
2 1 1 1 3
3 1 1
4
5 1 1 2
6 3 1 4
7 1 1
8 5 1 6
9 2 1 3
10 2 1 3
1 4 1 1 6
12 2 2
13 1 1 1 3
14 3 3 3 9
15 1 2 3
16 3 1 4
17 1 1
18 1 1 2
19 1 1 2
20 2 1 3
21 1 2 2 5
22 1 2 3
23 1 1 1 3
Table Total 12 38 7 16 73

a. Hour = 1 includes crashes occurring at or after 1:00 am and before 2:00 am.
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A12 Table 12. Control Ramp Crashes: Single- or Multi-Vehicle/Light Condition.

Analysis Period

BEFORE AFTER
Single- or Multi-Vehicle Single- or Multi-Vehicle
Single Multiple Single Multiple Table Total
Light Daylight 28 16 18 12 74
Condition Dawn 2 1 2 5
Dusk 1 2 3
Dark-Lighted 20 7 15 8 50
Table Total 50 23 35 24 132

A12 Table 13. Control Ramp Crashes: Single- or Multi-Vehicle/Pavement Condition.

Analysis Period

BEFORE AFTER
Single- or Multi-Vehicle Single- or Multi-Vehicle
Single Multiple Single Multiple Table Total
Pavement Blank 1 1
Condition Dry 5 7 5 12 33
Wet 41 15 30 12 98
Table Total 50 23 35 24 132

A12 Table 14. Control Ramp Crashes: Number of Involved Vehicles.

Analysis Period

BEFORE AFTER
Single- or Multi-Vehicle Single- or Multi-Vehicle
Single Multiple Single Multiple Table Total
Total 1 50 35 85
Number of
Vehicles 2 21 23 44
3 1 1 2
4 1 1
Table Total 50 23 35 24 132
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A12 Table 15. Control Ramp Crashes: Single- or Multi-Vehicle/Crash Severity.

Analysis Period

BEFORE AFTER
Single- or Multi-Vehicle Single- or Multi-Vehicle
Single Multiple Single Multiple Table Total
Crash Fatal 1 1
Severity Injury 12 7 1 7 37
Property 38 16 23 17 94
Table Total 50 23 35 24 132

A12 Table 16. Control Ramp Crashes: Single- or Multi-Vehicle/Day of Week.

Analysis Period
BEFORE AFTER
Single- or Multi-Vehicle Single- or Multi-Vehicle
Single Multiple Single Multiple Table Total
Day of Sunday 9 3 4 4 20
Week Monday 10 5 4 4 23
Tuesday 6 4 5 3 18
Wednesday 5 7 4 16
Thursday 3 3 4 3 13
Friday 4 8 3 2 17
Saturday 13 8 4 25
Table Total 50 23 35 24 132

Al2-12




A12 Table 17. Control Ramp Crashes: Single- or Multi-Vehicle/Crash Type.

Analysis Period

BEFORE AFTER
Single- or Multi-Vehicle Single- or Multi-Vehicle
Single Multiple Single Multiple Table Total
Crash Type  Collision w/MV® 1 18 14 33
Impact Attenuator 1 1 2
Bridge Parapet 3 3
Bridge Pier 1 1
Bridge Rail 4 4
Curb 1 2 3
Guardrail End 1 1 5 7
Guardrail Face 3 1 1 5
Jacknife 1 1 2
Median Barrier 28 2 21 5 56
Motor Vehicle in Transit 2 2
Other non-Fixed Object 1 1
Non-Collision 1 1 1 3
Other Fixed Object 5 1 1 7
Overturn 1 1
Traffic Sign 2 2
Table Total 50 23 35 24 132

a. MV = Motor Vehicle
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A12 Table 18. Control Ramp Crashes: Single- or Multi-Vehicle/Crash Severity/Hour of
Occurrence-After.

Analysis Period AFTER

Single- or Multi-Vehicle
Single Multiple
Crash Severity Crash Severity
Fatal Injury Property Injury Property Table Total
Crash Hour 0 2 2
1 1
2 1 1
3 2 2
4 1 1
5 1 1 1 3
6 2 2
7 2 1 1 4
8 1 1 1 3
9 2 2 4
10
1 2 4 1 7
12 2 3 5
13 1 1 1 3
14 2 1 3
15
16 1 1 2
17 3 1 4
18 1 1
19 1 1
20 2 1 2 5
21 1 1
22 2 1 1 4
23
Table Total 1 23 7 17 59
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APPENDIX 13
Information from Japan



NILIM

31,10,02

® Title: Effectiveness of Road Markings in Curve Section
® Author: A.Kozaki, T.Fukui ; Gifu Regional Construction Office, Ministry of
Construction
® Publication: 19th Japan Road Congress, 10.1991
® Type of speed reduction marking : Arrow marking type
Three patterns were settled in curves.
Pattern 1 : Delineators
Pattern 2 : Delineators and arrow markings
Pattern 3 : Delineators, arrow markings and chevron signs
® Result:
Speed reduction
Pattern 1 : Speeds of vehicles at curve starting point are high and vehicles
slow down between curve starting point and middle of curve
section.
Pattern 2,3 : Vehicles slow down before entrance of the curve.
Sections where effectiveness of arrow markings does not appear.
Slope sections where cars go up and slope is more than 2%.

Curve sections where radius is larger than 150m

Title: Road Safety Countermeasures Using Road Markings
Author: N.Takada ; Shiga Regional Construction Office, MOC
Publication: 22th Japan Road Congress, 10.1997

Type of speed reduction marking : Comb marking type

Speed reduction markings were settled in curves and slopes
® Results:
Average speed of vehicles were reduced between 1.6km/h and 5.7km/h.
Scattering of vehicle speeds was decreased
Speed reduction was clear at the slope (going down direction) at night.

The number of lane-change times were decreased.



NILIM

Title: Effectiveness of Speed Reduction Markings for Traffic Accident
Author: U.Kurosaki et al. ; Japan Highway Public Corporation

Publication: 7th Annual Meeting of Japan Society of Traffic Engineers, 11,1997
Type of speed reduction marking : Comb marking type

Speed reduction markings were settled at traffic accident occurring section of

National Expressway

Results:
Speed reduction effectiveness is not clear.
The number of lane-change times were decreased.
Drivers felt that the lane is narrow (29%), lane change is not easy (22%) and

running speed is high (10%). (Answering rate of questioners).

arrow marking

comb marking



Chevron Sign Marking (anti-skid type)




Typical anti-skid pavement install section.

This is not a good case.

Pavements have to be installed before the curve section.





