
An evaluation of the dynamic curve warning system in the Sacramento River Canyon
by Lani Alyson Tribbett

A thesis submitted in partial fulfillment of the requirements for the degree of Master of Science in Civil
Engineering
Montana State University
© Copyright by Lani Alyson Tribbett (2000)

Abstract:
The dynamic curve warning system in the Sacramento River Canyon consists of five dynamic curve
warning signs at five different curves. The system has been installed to inform and prepare the drivers
of upcoming potentially hazardous curves. The five sites are located on Interstate 5, in Shasta County,
California. This report includes the results of the evaluation conducted on the effectiveness of the
system.

The individual sign systems include a radar unit to measure speeds of approaching vehicles and a
changeable message sign to display the corresponding speeds to the travelers. Four site visits were
made to collect data both before and after the installation of the system: one before the installation, and
the remaining three at different times after the installation date. Measures of effectiveness included
crashes, vehicle speeds, driver behavior (erratic maneuvers), motorist opinion, and maintenance
personnel opinion. Statistical analyses were conducted on the speed and erratic maneuver data to show
if the observed changes were statistically significant.

Because crash data could only be obtained for the six-month period following the installation date, a
thorough crash analysis could not be completed. A brief analysis was done showing slight reductions at
two of the five sites, while the other three experienced slight increases. Truck speeds were found to
significantly decrease at three of the five sites, while non-truck speeds were found to significantly
decrease at two of the five sites. Two of the five sites experienced significant reductions in the
percentage of drivers conducting erratic maneuvers. Overall, drivers favored the dynamic curve
warning system. Maintenance personnel reported a couple of problems that had either been solved or
were being modified at the time this report was written.

Results show the dynamic curve warning system to be most effective at lowering speeds at the curves
with the more severe horizontal and vertical curves. Due to the uncertainty of interpretation of the
erratic maneuver data, the results of the final evaluation were not influenced by erratic maneuvers.
Drivers and maintenance personnel were generally supportive of the system. For a more accurate
evaluation, further crash analysis should be conducted after more crash data can be obtained. 
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ABSTRACT

The dynamic curve warning system in the Sacramento River Canyon consists of 
five dynamic curve warning signs at five different curves. The system has been installed 
to inform and prepare the drivers of upcoming potentially hazardous curves. The five 
sites are located on Interstate 5, in Shasta County, California. This report includes the 
results of the evaluation conducted on the effectiveness of the system.

The individual sign systems include a radar unit to measure speeds of approaching 
vehicles and a changeable message sign to display the corresponding speeds to the 
travelers. Four site visits were made to collect data both before and after the installation 
of the system: one before the installation, and the remaining three at different times after 
the installation date. Measures of effectiveness included crashes, vehicle speeds, driver 
behavior (erratic maneuvers), motorist opinion, and maintenance personnel opinion. 
Statistical analyses were conducted on the speed and erratic maneuver data to show if the 
observed changes were statistically significant.

Because crash data could only be obtained for the six-month period following the 
installation date, a thorough crash analysis could not be completed. A brief analysis was 
done showing slight reductions at two of the five sites, while the other three experienced 
slight increases. Truck speeds were found to significantly decrease at three of the five 
sites, while non-truck speeds were found to significantly decrease at two of the five sites. 
Two of the five sites experienced significant reductions in the percentage of drivers 
conducting erratic maneuvers. Overall, drivers favored the dynamic curve warning 
system. Maintenance personnel reported a couple of problems that had either been 
solved or were being modified at the time this report was written.

Results show the dynamic curve warning system to be most effective at lowering 
speeds at the curves with the more severe horizontal and vertical curves. Due to the 
uncertainty of interpretation of the erratic maneuver data, the results of the final 
evaluation were not influenced by erratic maneuvers. Drivers and maintenance personnel 
were generally supportive of the system. For a more accurate evaluation, further crash 
analysis should be conducted after more crash data can be obtained.
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CHAPTER I 

INTRODUCTION

In 1994, there were approximately 6.5 million motor vehicle crashes in this 

country, which cost the United States over $150 billion in associated medical and legal 

expenses, insurance administration costs, lost productivity, and property damage (I). It is 

generally acknowledged that countermeasures must be developed and implemented by 

states to reduce the frequency and severity of vehicle crashes. One method of improving 

conditions at high crash locations involves alerting motorists of approaching hazards or 

conditions through the use of traffic control devices, including signs, signals, and 

pavement markings. Different types of signs can be installed, depending on the specific 

needs of the particular area. General sign types include regulatory, warning, guidance, 

recreational, and construction or maintenance. Specifically, warning signs are used to 

inform motorists of hazards to minimize crashes and reduce injuries and crash-related 

costs. Warning signs are commonly installed as permanent safety improvements, and can 

be accompanied by regulatory signs.

Because of cost considerations and geographic constraints, such as mountains, 

canyons, and waterways, some sections of highways are constructed below the design 

speed. Specifically, some horizontal curves may need to have a radius shorter than can 

be traversed safely at the operating speed for the rest of the highway. Additionally, 

heavy trucks may need to travel at lower speeds on long, steep downgrades in order to 

avoid a runaway situation. Where geometric features, such as curves of short radii and
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long and steep downgrades, cannot feasibly be eliminated from a highway, appropriate 

warning signs should be placed in advance of these features to warn the driver of a 

reduction in appropriate speed.

Types of warning signs vary both in function and effectiveness. Static warning 

signs are usually installed at locations where an advisory speed differs from the design 

speed Of the proceeding section of the roadway. Unfortunately, drivers can become 

desensitized to some such common applications. In an attempt to increase effectiveness 

by catching the attention of motorists, changes can be made to the traditional hardware 

and placement. For example, to attract drivers and possibly increase their attentiveness, 

flashing beacons can be added to static signs, or warning signs can be mounted over 

travel lanes.

Intelligent Transportation System (ITS) advancements provide a number of new 

possibilities for warning motorists of approaching hazards. For instance, ITS 

technologies, such as changeable message signs (CMS), have proven to be effective in 

informing and warning drivers, resulting in reductions in crashes and related costs (2). 

These signs are used by Departments of Transportation to display dynamic information to 

drivers. CMS are still relatively new and have had limited use in rural areas. Some CMS 

can present only one of a few predetermined messages, while others can display any 

message at any time. CMS are useful in problem areas, such as areas with recurring 

congestion, adverse weather conditions, and frequent road closures or crashes.
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Background

There are strong correlations between the speed of a vehicle and the probability of 

the vehicle being involved in a crash. Moreover, speed is also related to the severity of a 

crash. In 1997, 30% of all fatal crashes in the United States had speed reported as a 

contributing factor. Crashes in which speed was found to be a contributing factor 

accounted for 13,000 deaths and 41,000 critical injuries. These figures represent the 

investigating officer’s .interpretation of “speeding” or traveling at a “speed too fast for 

conditions” as o n e  of the contributing factors to the crash and should be interpreted with 

caution (3). However, the numbers clearly suggest that excessive speed is a major safety 

challenge.

Many traditional solutions exist to mitigate speed-related crashes, such as (I) 

adjusting the speed limit and increasing enforcement; (2) installing static warning signs in 

advance of changes in alignment, access, or road surface where high speeds could 

increase the likelihood of a crash; and (3) reconstructing alignments, cross-sections and 

clear zones to improve a driver’s chances to recover from overdriving the highway (4). 

These solutions may not always be feasible and speed-related crashes may still exist 

regardless of the countermeasures put into effect.

. There are many types of rural ITS applications that can complement the existing 

infrastructure to improve the safety and efficiency of the transportation system. Some 

rural ITS applications can provide information to the driver regarding unsafe traveling 

speeds, particularly in relation to an upcoming hill or curve. The primary purpose of
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these ITS applications is to reduce crashes by better informing the drivers of what lies 

ahead on their route and posting an appropriate advisory travel speed.

Static Signing

The Manual on Uniform Traffic Control Devices (MUTCD) was created in 1935 

in order to regulate the use of traffic control devices with warrants. According to the 

MUTCD, these warrants are necessary to: “help insure highway safety by providing for 

the orderly and predictable movement of all traffic, motorized and non-motorized, 

throughout the national highway transportation system, and to provide such guidance and 

warnings as are needed to insure the safe and uniformed operation of individual elements 

of the traffic stream.” (5).

Warning signs must meet requirements in the MUTCD concerning application, 

design, and placement. To ensure that static signs will “(1) fulfill a need; (2) command 

attention; (3) convey a clear, simple meaning; (4) command respect of road users; and (5) 

give adequate time for proper response” they should comply with the MUTCD and the 

Caltrans Traffic Manual for California (5). It is important that signs are only placed 

where needed to maximize their effectiveness. Unnecessary signs could result in 

motorists eventually learning to ignore all signs, even the imperative ones.

Static curve warning signs are used when drivers must be notified of a curve 

where the advisory speed has been lowered in order for drivers to safely complete it.

Such static signs can be accompanied by a speed advisory plate to further increase safety 

conditions. Although currently under revision, the MUTCD only recognizes dynamic
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curve warning signs, such as CMS, but does not define specific requirements except to 

state that CMS should meet other warrants concerning design and application (5).

The MUTCD has a designated code for each sign, while the California 

Department of Transportation (Caltrans) uses a separate set of codes for identifying 

standard signs. Table I shows the different curve warning and speed signs present in the 

study area, their respective MUTCD symbol, the corresponding Caltrans symbol, a 

description of the sign, and its standard dimensions. Caltrans also has four signs not 

included in the MUTCD, as shown in Table I.
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Table I . Existing Warning Sign Types (5, 6

Graphic MUTCD Caltrans Description Standard
Dimensions

W1-2R W5 (RT) Right Curve 30"X30"

35
MPK

W13-1 W6 (speed) Speed Advisory Plate 18"X18"
24"X24"

No
MUTCD W4 (RT) Curve w/ Advisory Speed 72"X72"

W1-4R Wl (RT) Reverse Curve 30"X30"

WT-8 W81 Chevron Alignment 18"X 24"

—

I sq
No
MUTCD W4 (RT) Curve w/ Advisory Speed 96"X96"

E
RADAR

NFORCED
No
MUTCD R48-1 Speed Limit Plate

M A X I M U M

S P E E D

65 R2-4 R6(65) Speed Limit 24"X 30"

A U T O S  W IT H  

T R A IL E R S  

T R U C K S

55
M A X IM U M

No
MUTCD R6-1 Speed Limit 24"X30"

f 'RUCK!
-W PC U F M
FW GRA CE

EXT1V2MU

-

3S

No
MUTCD

No Caltrans 
Symbol

Trucks: Sharp Curves; 
Steep Grades 96"X 96"



7

ITS Applications of Dynamic Warning Systems

Intelligent Transportation Systems (ITS) are the advanced technologies and 

management strategies used to enhance the safety and efficiency of current transportation 

systems. There are many different applications of ITS, including lateral collision 

warning devices, automated highway systems, and dynamic speed warning systems, to 

name a few.

Dynamic speed warning systems can be used to mitigate speed in areas where 

geometric features may keep drivers from safely maintaining a uniform speed. These 

warning signs, which may be accompanied by other signs or advisories, can be installed 

in advance of locations with steep downgrades, areas with weather conditions that can 

affect safety, construction work zones, and specific curves with high frequencies of 

crashes. Other states, such as Colorado, Oregon, and Washington, and some European 

countries have conducted studies and installed similar changeable message sign systems 

for speed warning and regulation. It should be noted that this area of study is relatively 

new in the transportation industry and few systems exist that are similar to the dynamic 

curve warning system installed in the Sacramento River Canyon. The dynamic curve 

warning system differs from the aforementioned systems because it is the first ITS 

application to use radar for speed measurement and to sign for a specific curve(s).

In the summer of 1998, a Downhill Truck Speed Warning System was installed in 

Colorado for commercial vehicles on Interstate 70. The system determines the weight 

and configuration of commercial vehicles weighing over 40,000 pounds as they pass a 

weigh-in-motion device. A CMS displays a safe speed for the drivers to travel down the



8

steep grade. According to the evaluation conducted at the University of Colorado at 

Denver, the Dynamic Truck Speed Warning System has significantly reduced 

commercial truck speeds through the steep descent from average speeds of 41 mph to 34 

mph (7).

The Oregon Department of Transportation has installed a Downhill Warning 

System for commercial vehicles traveling on 1-84 between Pendleton and La Grande, 

Oregon: This system utilizes existing infrastructure, including a Mainline Preclearance 

System used for weigh-in-motion purposes and a CMS, both located at the top of 

Emigrant Hill. The Downhill Warning System integrated these two existing elements to 

give a warning to trucks, based on the weight and configuration of each truck. When a 

vehicle is identified and weighed by the preclearance system, messages are posted on the 

CMS. The first line reads “TRUCK ADVISORY” and the second line reads 

“CAUTION”. The third line reads “XX MPH DOWNHILL” if an accurate weight is 

obtained for the vehicle. The displayed advisory speed is dependent on the measured 

weight of the vehicle. If an accurate weight is not obtained by the preclearance system, 

the third line will read “STEEP DOWNGRADE”. The shipping companies utilizing this 

system can choose to subscribe to the Green Light Mainline Preclearance Program, which 

would provide personalized messages to the drivers. When a driver from a subscribing 

company passes through the system area, the second line displays the company name of 

the specific truck. An evaluation is currently underway, but no results were available for 

inclusion in this document. A final evaluation report should be completed in July 2000 

0 ).
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The Washington Department of Transportation installed 13 variable speed limit 

signs along a 40-mile segment of Interstate 90 over Snoqualmie Pass in December 1997. 

Harsh weather conditions during the winter season can increase the risk of traveling this 

route through the Cascade Mountains. This ITS system includes loop detectors in three 

different locations throughout the section and the real-time traffic flows collected will 

help to determine safe speed limits. The CMS display safe, enforceable speed limits for 

current weather conditions and display messages to inform drivers of closures or the need 

for chains. Although the variable speed limit is enforceable, if weather conditions are 

severe enough to alter the speed limit, the Washington State Patrol agree they will most' 

likely not stop anyone on the side of the roadway. A pre-installation evaluation was 

completed at the University of Washington through the use of simulation to determine if 

the traveler information conveyed externally (via the variable speed limit signs) and/or 

any information received in-vehicle were affecting driver behavior. This study concluded 

the variable speed limit signs had no statistically significant effect on a vehicle’s mean 

speed over longer segments of the route. It was found, however, there was a statistically 

significant reduction in vehicle mean speed in sections immediately following a variable 

speed limit sign. A post-installation evaluation is in the process of being conducted and a 

December 2000 completion is planned (9).

Several European communities have installed changeable message signs to 

display variable speed limits. Loop detectors have been positioned to maintain real-time 

traffic flows in order to measure if the traffic is slowing downstream of the CMS. 

Automated enforcement is used in many areas to ensure that vehicles are following the
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set limits. This automated procedure eliminates the confusion that standard enforcement 

officers might face with a constantly changing speed limit. Although these CMS display 

dynamic speed information, the main purpose of the application is to maintain an 

adequate level of service on congested freeways; improving safety is a secondary 

objective (10).

Europeans also have experimented with in-vehicle speed advisories and speed 

limiters. With such a system, a roadside beacon is placed at dangerous areas where lower 

speeds are desired. When an equipped vehicle passes the beacon, a warning is given to 

the driver and, if appropriate, the vehicle speed is reduced. Initial trials included small 

test fleets that did not yield sufficient data to statistically verify any safety benefits.

Larger trials are currently underway (10).

Speed warning signs also are used in construction or maintenance work zones to 

display speeds to both motorists and workers. These signs can be attached to a trailer and 

displayed to inform drivers of their current traveling speeds. The intent is to slow the 

drivers to reduce the number of vehicle-pedestrian collisions. Although these systems are 

widely used around the United States, evaluations are currently unavailable.

Report Purpose and Contents

The dynamic curve warning system installed in the Sacramento River Canyon is 

an example of a rural ITS application used to enhance safety. The system utilizes 

changeable message signs (CMS) to display dynamic warnings in advance of sharp 

horizontal curves and steep downgrades. It is envisioned that this or similar ITS
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applications can provide other roadside messaging services associated with maintenance, 

construction, weather, and roadway conditions. Specifically, this report: (I) describes the 

various evaluation sites and the dynamic speed warning system implemented (Chapter 2); 

(2) details the evaluation methodology (Chapter 3); (3) documents data analysis results 

for vehicle crashes, speed measurements, and erratic maneuvers (Chapter 4); (4) 

summarizes motorist and maintenance personnel opinions (Chapter 5); and (5) provides 

conclusions and recommendations (Chapter 6).

Interstate 5 between Redding and Dunsmuir, the area known as the Sacramento 

River Canyon, was selected as the demonstration site for the dynamic curve warning 

system because of its high traffic volumes, mountainous terrain and the number of 

crashes specifically related to heavy trucks. In addition to safety costs, crashes involving 

heavy trucks in this corridor can close the Interstate to travel for several hours. Specific 

curves were selected for the dynamic curve warning system based on a potential cost- 

benefit procedure used by Caltrans. The procedure is based on a potential estimation of 

crash reduction for a five-year period. Table 2 lists the data used for the cost-benefit 

procedure. Crashes shown in Table 2 occurred between September I, 1992 and August 

31, 1997, and are separated into fatal, injury, and property damage only (PDO) 

categories.
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Site Total Fatal Injury PDO
# % # % # %

Sidehill Viaduct 
(PM 29.0-29.88 SB only)

30 I 3.3 13 43.3 16 53.3

O’Brien
(PM 31.95-32.17 SB only)

21 : 0 0 6 28.6 15 71.4

Salt Creek
(PM 36.7-37.3 SB only)

13 0 0 3 23.1 10 76.9

LaMoine
(PM 48.8-49.1 SB only)

14 0 0 4 28.6 10 71.4

Sims Road
(PM 58.1-58.2 NB only)

9 0 0 5 55.6 4 44:4
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SITE AND SYSTEM DESCRIPTIONS

Five study sites were selected by Caltrans staff, based on a quasi cost-benefit 

analysis. Each site has unique characteristics that must be considered in the evaluation, 

as described below.

CHAPTER 2

General Site and System Descriptions

Caltrans District 2 has installed five dynamic curve warning signs with radar- 

measured vehicle speed incorporated into the respective changeable warning messages. 

The five sites, all within Shasta County, include:

1. Sidehill Viaduct, Southbound, Postmile 30.00; <

2. O’Brien, Southbound, Postmile 32.30;

3. Salt Creek, Southbound, Postmile 37.53;

4. La Moine, Southbound, Postmile 49.23; and

5. Sims Road, Northbound, Postmile 57.90.

The sight distance for each CMS met or exceeded the manufacturer’s 

specifications. Specifically, for the minimum 18-inch lettering that is being displayed on 

each CMS, the sign manufacturer specifies a sight distance of 1,000 feet (12). O’Brien is 

the only site at which the adequacy of the sight distance was questionable, due to existing 

obstructions. However, the actual sight distance of the CMS at O’Brien was measured to 

be 1,100 feet. Figure I shows the location of each site on Interstate 5.
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Figure I . Site Locations in Shasta County

Sidehill Viaduct

Sidehill Viaduct is the southernmost site on Interstate 5. This is the only location 

where the CMS is on the left-hand side, due to the steep cut slope on the right side of the 

road. The curve for which this system applies is placed about one-third of the way down 

a 6% downgrade on a southbound divided section of 1-5 (13). Figure 2 shows the

Sidehill Viaduct site.
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Figure 2. Sidehill Viaduct Site Location

At the time of pre-installation data collection, this area had a speed limit of 55 

mph. When the second set of data was collected, the speed limit had been increased to 65 

mph for passenger cars; the speed limit for commercial trucks remains at 55mph. The 

advisory speed for the curve has remained at 50 mph.

O’Brien

The O’Brien site is located facing southbound traffic on Interstate 5. The signed 

right-hand curve is located preceding a diamond interchange. The photograph in Figure 3 

is the O’Brien site.
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An advisory speed of 50 mph has been maintained throughout the course of the 

curves at the O’Brien Interchange. Although this area had a 55 mph speed limit at the 

time of the first data collection trip, it since has been raised to 65 mph for passenger cars. 

The truck speed limit remains at 55 mph.

Salt Creek

This site is on Interstate 5 southbound, following the Salt Creek Interchange. Of 

the two curves proceeding the CMS (shown on the right in Figure 4), the second curve is 

the principal reason for placing the dynamic curve warning sign in this area. Placing the 

CMS after the first curve, just prior to the second curve, would not have allowed 

adequate sight distance for motorists to respond prior to entering the second curve; 

therefore, the CMS was placed before the first curve. A fairly steep downgrade exists 

prior to and within the first curve. The second horizontal curve coincides with a vertical 

curve changing from a grade o f-5% to +6% (13). The site location at Salt Creek is 

shown in Figure 4.



17

At the time of the first site visit, this area had a 55 mph speed limit that has been 

increased to 65 mph for passenger cars. The speed limit for trucks remains at 55 mph, 

and the curve advisory speed remains at 50 mph.

La Moine

This dynamic curve warning sign is located on the southbound side of Interstate 5, 

near the La Moine Interchange. Following the interchange, this site includes an S-Curve 

(left then right). Although both curves are of concern, data were collected only for the 

first curve for simplicity and time-saving purposes. Figure 5 depicts the La Moine site 

and curves.

Figure 5. La Moine Site Location

Since the study began, this area has maintained a 65 mph speed limit for 

passenger cars and 55 mph speed limit for trucks. This is the only curve among the five 

study sites with an advisory speed of 60 mph.
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Sims Road

The site following the Sims Road Interchange is the only northbound study site on 

Interstate 5. The signed curve is a right hand curve, which is pictured in Figure 6.

Figure 6. Sims Road Site Location

This area also has maintained a 65 mph speed limit for passenger cars and a 55 

mph speed limit for commercial trucks. An advisory speed of 50 mph exists for the 

curve.

Geometric Features

Some important existing geometric features are included in Table 3 for each of 

the five sites. The radius of the curve is used to describe the sharpness of the curve (i.e., 

the smaller the radius, the sharper the turn).
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Table 3. Existing Geometric Features by Site (13)

Site: NB/SB CMS
(PM) Curve Radius

(ft)
Length

(ft)
Grade
(%)

Posted
Advisory

Speed
(mph)

Sidehill 
Viaduct: SB 30.00 Left 850 1007.96 -6.0 50

O’Brien: SB 32.30 Right 850 1137.85 +2.7 to 
+6.0 50

Salt Creek: 
SB 37.53

Right 1150 855.80 -5.0 50

Left 1174 1274.92 -5.0 to 
+6.0 50

La Moine: SB 49.23
Left 1150 928.14 -4.4 to 

+3.0 60

Right 1150 1126.50 +3.9 60
Sims Road: 
NB 57.90 Right 950 1023.08 +1.3 50

One standard procedure for determination of an advisory speed uses a ball-bank 

indicator. This test is conducted to determine the maximum speed at which a driver can 

remain at a moderate level of comfort in a given curve. A ball-bank indicator measures 

the amount of lateral force on the vehicle. A measurement of 10° by a ball-bank 

indicator is the typically accepted limit (for speeds over 35 mph), above which riding 

discomfort is excessive and the likelihood of losing control of a vehicle increases. 

During the test, a vehicle is driven through the designated curve(s) with the device 

securely and precisely attached to the dashboard. Calibration is completed to ensure the 

indicator is at zero when the vehicle is level. As the driver steadily maneuvers the 

vehicle through the particular curve at a constant speed, an observer watches the ball- 

bank indicator until it reaches a peak height and records the reading. Drivers generally 

start at a lower speed and continuously repeat this process in 5 mph increments until a
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maximum reading of 10° is reached. Once the highest speed that can be traveled without 

exceeding the 10° maximum has been determined, the process must be repeated two more 

times to ensure accuracy and consistency. Again, this speed is considered the speed at 

which a driver can negotiate a curve without experiencing excess lateral force that can 

cause the driver discomfort and result in possible loss of control (14). Although the ball- 

bank indicator test is commonly used to determine appropriate advisory speeds, crash 

history and geometry of the roadway also should be considered.

Ball-bank tests were conducted at each curve at the designated study sites. 

Although many additional test runs were completed, Table 4 lists the three ball-bank 

readings used to determine an appropriate advisory speed.
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Table 4. Ball-Bank Test Results
Curve Test Speed 

(mph)
Ball-Bank 
Reading at 
Safe Speed

Sidehill Viaduct 50 I) 10
2) 10
3) 10

O’Brien 55 I) 11
2) 10
3) 10

S alt'Creek 
Curve I

60 I) 10
2) 9
2)" 9

Salt Creek 
Curve I

60 I) 10.5
2) 11
3) 10.5

La Moine 
Curve I

60 I) 12
2) 11
3) 11

La Moine 
Curve 2

60 I) 10
2) 10
3) 10.5

Sims Road 55 D 9
2) 9
3 ) 9

Average Annual Daily Traffic (AADT) and Composition

Table 5 includes the 1998 average annual daily traffic (AADT) volumes for the 

appropriate direction of travel at each study site, which is assumed to equal 50% of the 

total AADT. Two traffic counters in the area measure directional volumes. During the 

week of January 3, 2000, the northbound traffic passing the Sims Road offramp 

accounted for 50.4% of the total (leaving 49.6% in the southbound direction) and the 

northbound traffic at Fawndale accounted for 50.3% (49.7% in the southbound direction) 

(15). Worth noting is the high percentage of commercial vehicles traveling this route.
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Table 5. Average Annual Daily Traffic and Composition by Site (16)
Site Directional AADT %Truck
Sidehill Viaduct 9300 32.1
O’Brien 9300 34.0
Salt Creek 8600 34.2
La Moine 7900 38 .4
Sims Road 7650 37.4

Traffic Control/Waming Signs at the Study Sites

In addition to the CMS, there are other static warning signs located at each site, 

with the exception of the La Moine site. Table 6 shows the type of static sign, the 

quantity present, and the location. The sign type is listed by the California sign code (See 

Table I for the corresponding MUTCD codes).
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Table 6. Existing Static Signs (6)
Site CA

Code
Description Qty. Side: Left 

(L) or 
Right (R)

Date Installed 
or Replaced (I) 
or Removed (R)

Sidehill
Viaduct

WS(LT) Left Curve 2 L & R (R) after 8/97
Wb(SO) Advisory Plate 2 L & R (R) after 8/97
W4(LT)
60”

Left Curve w/ Advisory 
Speed

2 L & R (I) 12/93

W4(LT)
96"

Left Curve w/ Advisory 
Speed

I R (I) 11/98

W81 Chevron Alignment 6 R (1 )3 /9 7
Trucks: Steep Grades 
and Sharp Curves

I L (1 )8 /9 8

O’Brien Wl (LT) Reverse Curve 2 L & R (1 )6 /9 5
W6 (50) Advisory Plate 2 L & R (1 )6 /9 5
WS
(RT)

Right Curve 2 L & R (I) 6/21/95

W6 (50) Advisory Plate 2 L & R (I) 6/21/95
Salt
Creek

WS
(RT)

Right Curve 2 L & R (I) prior to 9/93

W6 (55) Advisory Plate 2 L & R (I) prior to 9/93
La
Moine

None

Sims
Road

R 6(65) Speed Limit I R (I) 7/6/97
R48-1 Radar Enforced Plate I R (I) 10/1/97
R 6-1 Speed Limit I R (I) 7 /6 /9 7 '
R48-1 Radar Enforced Plate I R (I) 10/1/97
W4(RT) Right Curve w/ 

Advisory Speed
I R (I) 7 /16/97

WS(RT) Right Curve I R (R ) 7 /6/97
W 6(50) Advisory Plate I R (R) 7 /6/97
W81 Chevron Alignment 15 L (I) 8 /28/97

Recent Changes

In order to adequately determine if changes in Crashes or driving behavior can be 

attributed to the dynamic curve warning sign system, it is important to identify any other 

safety improvements that have been made within the designated stretch of Interstate 5.
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The speed limit for trucks and autos with trailers has been 55 mph for all study 

sites throughout the analysis period. For passenger cars, the speed limit was 65 mph for 

the La Moine and Sims Road sites throughout the study period. At the other sites, the 

speed limit for passenger cars was 55 mph during the first data collection trip, but was 

subsequently increased to 65 mph before the second data collection trip.

The 55 mph speed limit for passenger cars was not changed immediately 

following the repeal of the national Maximum Speed Limit of 55 mph by Congress in 

1995. Since 1995, many states have conducted speed studies and, as a result, many states 

increased their speed limits on highways and most of the Interstates. A section in the 

Sacramento River Canyon, including the Sidehill Viaduct, O’Brien, and Salt Creek sites, 

was one of the last sections on Interstate 5 in California to be evaluated and the speed 

limit adjusted accordingly (15). In terms of this evaluation, the speed limit for passenger 

cars was raised to 65 mph between the first and second data collection trips. It should be 

noted that this change might have had an effect on the differences in speeds collected 

prior to, and following, the dynamic curve warning sign system installation.

In addition to speed limit changes, minor site changes involving surfacing, 

separation, and signing have occurred which could confound the results of this study. 

Table 7 summarizes any improvements documented since 1994, excluding the signing 

changes noted in Table 6.
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Table 7. Summary of Recent Site Changes (6)
Site Speed Surfacing Separation
Sidehill Viaduct 55 mph to 65 mph for passenger cars None None
O’Brien 55 mph to 65 mph for passenger cars None None
Salt Creek 55 mph to 65 mph for passenger cars 1996 May 1999
La Moine None None May 1999
Sims Road None None None

Dynamic Curve Warning Systems

The dynamic curve warning system includes the following elements at each site: a 

changeable message sign (CMS), a radar speed-measuring device, two cameras, video 

detection software for one of the cameras, and control/communications equipment. This 

report includes the evaluation conducted on the effectiveness of the CMS on driver 

behavior, and does not include an evaluation of the camera and software functions. The 

CMS at this location is a 10-fdot by 7-foot full matrix light-emitting diode (LED) sign 

supplied by American Signal Company that allows for 50 columns and 28 rows of lights 

(12). Each CMS has specific messages and graphics that can be displayed and rotated 

every three to four seconds. Some of the standard messages are shown in Figure 7.
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The Decautor Radar Unit measures speeds accurately between 15 mph and 120 

mph on vehicles up to 2500 feet away, depending on the size of the vehicle. Smaller 

passenger cars can be read from approximately 1250 feet; larger commercial vehicles can 

be recognized at approximately 2500 feet. The radar unit is mounted on top of the CMS; 

the radar has a cone of detection of 18° and operates at a frequency of 10.525 GHz ± 5 

MHz. The speed measured by the radar unit is used by the controller to determine the 

appropriate message on the CMS (12). The radar unit does not distinguish between 

direction of travel and, therefore, it may display the speeds of vehicles traveling in the 

opposite direction. To eliminate confusion resulting from this phenomenon or doubt on
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the part of the drivers with regard to the accuracy of the dynamic curve warning sign 

systems, the radar unit should be angled, if possible, so the cone of vision includes only 

the relevant travel lanes and does not include lanes traveling in the opposite direction. 

This is an issue only at the Salt Creek, La Moine, and Sims Road sites. Enough space 

between the two directions of traffic at the Sidehill Viaduct and O’Brien sites that the 

opposite lane of traffic does not intrude into the cone of vision and, therefore, does not 

affect the radar readings.

Two fixed-view, closed-circuit television cameras are mounted at each site with 

one camera pointing in each direction. The camera viewing upstream (facing the traffic 

approaching the CMS) utilizes the Autoscope Video Vehicle Detection System to detect 

vehicles and measure their speeds. The video vehicle detection system also is capable of 

collecting data relating to vehicle headway, vehicle classification, occupancy and 

volume. The speeds measured by the vehicle detection system are used to provide 

possible incident warning. If five or more vehicles are traveling at speeds less than 35 

mph, a warning message is sent via pager to several key Caltrans personnel. In such an 

event, the second camera viewing downstream traffic is used for monitoring the roadway, 

weather, and traffic conditions from the Caltrans District 2 Office in Redding. In the 

future, these images may be accessible by the public via the Internet (12).

The video elements of each site are controlled by an Adpro controller accessible 

via telephone line. The systems operate as stand-alone units, but may be controlled and 

monitored from a personal computer at the Caltrans Redding District Office or a laptop 

computer at remote locations (12).
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Initial costs of the dynamic curve warning system installation are comprised of 

hardware and construction expenses. The initial costs for the entire system, 

encompassing all five sites, totaled $565,222. However, this does not mean that a single 

sign system at each site cost exactly one-fifth of the total cost because there were 

expenses related to integration between the five individual systems and the setup of the 

workstation stationed at the District office (12).

The CMS system is designed as a stand-alone system and requires no dedicated 

staff for its day-to-day operation. As long as the system is in good working condition, 

power and communication costs are the only operational costs associated with the 

system. These typically average $60 per month per sign, totaling approximately $300 per 

month for the entire system (17).
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CHAPTER 3 

METHODOLOGY

According to the IT S  H a n d b o o k  2 0 0 0 , when evaluating ITS applications, there are 

standard steps to follow in order to demonstrate effectiveness correctly. Measures of 

effectiveness must be chosen and then she visits must occur during various stages of the 

evaluation process. Studies must be done before and after the installation of the 

application to collect both the baseline data and the characteristics after implementation

cm

Measures of Effectiveness

Crash reductions and the associated cost savings are typically some main 

measures of effectiveness related to safety improvements (2). Other attributes to observe 

and analyze for the effectiveness of a particular safety improvement include speeds and 

erratic maneuvers in this case.

The purpose of the dynamic curve warning sign system is to better inform drivers 

of their current speeds and display an appropriate advisory speed for the upcoming 

section of roadway. Crash reductions after system implementation would most directly 

confirm system effectiveness and as such were considered in this study. Crash reductions 

could not, however, be proven significant due to the short time duration between system 

implementation and study completion. For this reason, the average speeds at the sites 

were examined to determine if there were any statistically significant speed differences
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(i.e., reductions in crashes) after the dynamic curve warning sign system had been 

installed.

Maneuvers conducted while a vehicle is in the curve, such as the actuation of 

brake lights or lane line encroachments, m a y  indicate drivers are attempting to complete a 

curve at an unsafe speed arid correcting for their actions. It is important to understand 

that these maneuvers are riot necessarily indicative of emergency reactions but, rather, 

may have been executed so as to make drivers feel more comfortable as the curve is 

traveled. The number of these maneuvers at a site, however, may be related to crash 

frequency; therefore, these measurements were studied to monitor changes at curves 

equipped with the dynamic curve warning signs.

It was hypothesized that drivers familiar with a route may travel differently than 

those who are unfamiliar with the area. Therefore^ an attempt was made to separate 

drivers into these two subsets for analysis purposes.

A measure of public opinion was necessary to see how people were responding 

and adjusting to the dynamic curve warning system. A motorist survey was administered 

at a truck stop and a rest area to collect reactions and feelings about the systems from 

both commercial truck operators and passenger car drivers.

Lastly, telephone interviews were conducted with selected Caltrans maintenance 

personnel to determine how difficult the dynamic curve warning system was to maintain.
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Site Visits

A total of four site visits was completed over the course of the evaluation. The 

first trip occurred on June 4-6, 1998, approximately nine months prior to the final 

installation of the dynamic curve warning system, and included the collection of the 

baseline speed and erratic maneuver data. Shortly after the completion of the dynamic 

curve warning system installation, the next visit was made on May 18 and 19, 1999 in 

order to see how drivers were initially reacting to the new sign system. Only four of the 

five sites were visited at this time, due to construction taking place at the Salt Creek site. 

Although traffic was moving at the Salt Creek site, the lane closure and construction 

activities made any data collection invalid. Data measurements at Salt Creek were 

collected during the remaining two trips. The motorist survey was conducted for the first 

time during this trip, as well. The third trip was made three months later on August 17- 

19, 1999 to observe if drivers were becoming desensitized to the advanced sign systems, 

and to determine if system effectiveness was reduced over time. The final visit was made 

on January 3 and 4, 2000 to see if there was any further desensitization and if driving 

behaviors differed under potentially inclement weather conditions. In addition to the data 

collected at each curve, the second administration of the motorist survey was completed 

during this fourth trip. The curve data were collected during daylight hours and the 

survey was administered during both daylight and nighttime hours. The weather for all 

of the sites for each of the trips was sunny and clear, with the exception of the Sidehill 

Viaduct and O’Brien sites in January 2000 when it was raining and/or the roadway was

wet.
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Data Collection

Data collected at each of the five study sites included (I) crashes, (2) speeds, (3) 

erratic maneuvers, (4) motorist opinions, and (5) maintenance personnel opinions.

Crashes

Reductions in crashes are a substantial measure of effectiveness for safety 

improvements in transportation systems. Costs can be associated with each crash to 

determine the dollar savings that correspond to the reduction in crashes. Combined with 

the costs of the system, these values can be converted into a benefit-cost ratio, which is a 

standard form used to express the effectiveness of a safety improvement (2).

Crash records for the three years prior to CMS installation were gathered and an 

annual average was calculated. For each curve, the crashes taking place between the 

CMS location (or planned CMS location) and one-tenth of a mile following the endpoint 

of the particular curve were examined. Once the pre-installation crashes were compiled, 

post-installation crash records were gathered for comparison purposes. Due to the short 

period of time between the installation of the dynamic curve warning sign system and the 

completion of this evaluation, insufficient data have been collected to determine if any 

observed reductions in crashes were statistically significant.

Speeds

According to T raffic  E n g in eer in g , speed data are typically collected using one of 

four measurement methods, including (I) the use of a speed measuring unit (i.e., radar or
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laser) to find spot speeds, (2) timing drivers using stopwatches as they cross over a 

relatively short, pre-measured distance for spot speeds, (3) timing drivers as they pass 

through a longer section of roadway (also pre-measured) to determine space mean speeds 

in the area, and (4) timing several test funs through sections of the road, also for space 

mean speeds (14). For this evaluation, a spot speed was desired. The manual timing 

method (i.e., alternative (2) above) was chosen over the use of a radar or laser unit for 

various reasons, as discussed below.

Radar may bias the sample by (I) placing an obstruction near the traveled way, 

and (2) imitating speed enforcement. When using radar, there is an error associated with 

the angle between the radar path and the line of traffic. To minimize this error, data 

collectors would control and read the radar units from parked vehicles in the shoulder (as 

close to the traveled way as possible to achieve the best measurements). It is commonly 

accepted that ffee-flow speed is affected by obstacles within close lateral proximity to the 

traveled way (19). In terms of bias associated with the imitation of enforcement, drivers 

with radar detectors may slow their speeds upon receipt of the radar signal. Similarly, 

when drivers without detectors catch their first glimpse of a parked vehicle with a radar 

unit, they may reduce their speeds for fear an enforcement official is measuring speeds. 

Reductions in speed resulting from fear of enforcement would provide an inflated 

measure of CMS effectiveness.

Because concerns exist with the accuracy of the stopwatch method, a comparison 

was made between stopwatch-measured and radar-measured speeds. Speeds were 

measured at the O’Brien and La Moine sites using stop watches while, simultaneously,
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the same vehicle speeds were measured with a radar unit along the roadside. In all, 42 

vehicles were measured. Stopwatch-measured speeds averaged 1.1 mph lower than the 

speeds measured by radar units (see Appendix A). Assuming (I) a normal distribution, 

(2) a 99% confidence interval and (3) the radar-measured speed is the accurate speed, the 

stopwatch-measured speed will have an error of less than 1.5 mph. In actuality, however, 

the radar-measured speed is likely in error by as much as 0.5 mph due to rounding, 

because it measures speed to the nearest I mph. Although the stopwatch method does 

contain some error, the researchers believed the stopwatch method to be the best viable 

option, due to radar’s potential for measurement error and its probable influence on 

speeds, as discussed previously.

In addition to potential data bias, the researchers were concerned about safety 

risks associated with positioning an obstruction (i.e., the radar collection setup) near the 

traveled way. The manual speed measurement method allowed data collection personnel 

to measure speeds from a vantage point well away from traffic. This method was felt to 

be a safer alternative and it minimized adverse effects on traffic flow compared to radar ■ 

measurement methods. Road tubes also were considered, but could not accurately track 

the same vehicle through both measurement sections without significant costs associated 

with both setup and software development.

One disadvantage of measuring speeds by use of a stopwatch is that this method 

primarily determines a vehicle’s average speed over a given distance. Thus, there is an 

inability to know if, and at what point, reductions in speed are occurring over the course
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of the marked distance. According to T raffic  E n g in eer in g , however, the times produced 

with the stopwatch method can be used to calculate instantaneous spot speeds (14).

Statistical procedures, which took into account such factors as the type of 

highway, determined that approximately 50 to 100 vehicles at each curve would serve as 

sufficient sample size for proposed analyses. To ensure random selection and to include 

all types of vehicles for statistical purposes (e.g., fast vehicles, slow vehicles, commercial 

trucks, and platoon leaders), every fifth vehicle was chosen for inclusion in the sample 

(14). The use of fifth vehicle was based on abilities of data collectors to keep up with the 

rate of data collection. Collecting data on every vehicle was not possible due to the 

amount of data elements collected and every tenth vehicle would have been too time- 

consuming. Vehicle selections do not exclude those traveling at encumbered speeds, but 

due to the low traffic volumes at the designated study sites, all vehicles can be considered 

to be operating at a ffee-flow speed. Radios were used to communicate the description of 

the vehicle to the downstream data collectors in order to track the same vehicle through 

both speed measurement sections.

During each of the four site visits, vehicle speeds were measured at two locations 

at each site: just upstream of the CMS location (or planned location) and then at the 

approximate beginning of the curve. This provided upstream and downstream speed data 

both before and after the CMS implementation.

The recommended speed measurement section lengths range from 50-300 feet, 

based on the expected average speed. The advisory speeds of the curves ranged from 50- 

60 mph and, therefore, a length of 300 feet was utilized for the speed measurement
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sections (14). Speed section locations were chosen to correspond with (I) the beginning 

of the curve, and (2) the planned or actual CMS location. Speeds measured in the second 

section (i.e., at the entrance to the curve) collected during different visits were compared 

with one another to determine if the dynamic curve warning signs were effectively 

warning drivers of the curve. In other words, if speeds as vehicles were entering the 

curve during post-installation trips were slower than speeds measured during the pre­

installation trip, it could be inferred that the sign was having a desired effect by reducing 

speeds. The average changes in speed between the two measurement sections also were 

analyzed to assess the effectiveness of the dynamic curve warning system.

The first speed measurement section was measured from the CMS location to 300 

feet upstream, and the second section was measured from the approximate beginning of 

the curve to 300 feet upstream. Brightly colored paint was used on the center lane line to 

mark the beginning and endpoint of each speed section. To observe the vehicles and 

record the requisite information, data collectors sat between the two points. Because a 

tire from each vehicle could be followed as it crossed the painted marks, parallax error 

was negligible (14). Figures 8-12 display diagrams from each site, showing the speed 

measurement section setup and positioning of the data collectors.
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Three people were stationed at each site: two people at the first speed 

measurement section, and one at the second. One person at the first speed section 

collected vehicle characteristics (i.e., vehicle type, lane of travel) and measured vehicle
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times, while the other person communicated which vehicle was chosen to the collector at 

the second speed section. The person at the second speed measurement section read the 

time measurement and recorded any movement outside the lane boundaries or braking 

activity (described below).

Erratic Maneuvers

Any erratic maneuvers made while traveling the curve, including lane 

encroachments and brake light actuations, suggest the corresponding drivers m a y  be 

traveling at a speed too fast for safe negotiation of the curve. During each trip, any 

erratic maneuvers were recorded at each site to determine how drivers handled the curve. 

The maneuver data were collected on the same vehicles as the speed information, which 

enabled statistical analyses to be conducted in conjunction with the corresponding speed 

data.

Lane Line Encroachments. While in the process of traveling a curve, vehicles 

sometimes leave the lane and/or traveled way. This may or may not indicate a driver is 

having problems safely completing the curve. However, a lane or traveled way departure 

could result in a crash if it causes the driver to lose control of the vehicle. If the vehicle 

leaves the entire traveled way, it could collide with roadside obstacles, or if it crosses the 

lane boundaries, it could strike another vehicle in an adjacent or opposing lane. Rain, 

snow, or slippery roads can exacerbate these effects. It is possible the driver may be 

moving in such a way as to simply flatten out the curve for a smoother drive, change 

lanes after passing another vehicle, or miss uneven bumps in a lane. In such cases, safety 

is less apt to be an issue and the maneuvers are less accurately defined as “erratic”.
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However, the frequency and type of the maneuvers m a y  correlate to the frequency of 

crashes and, therefore, these actions were recorded for analysis.

There are several different ways for a vehicle to leave the lane, which are 

described below in Figures 13-15. The inside lane maneuver refers to the lane that is on 

the inside of the curve (i.e., for a left curve, the left lane would be the inside lane). An 

outside lane maneuver, on the other hand, refers to the lane opposite the curve.

Inside or outside edgeline maneuvers occurred when the vehicle crossed the 

painted stripe with two wheels from the inside or outside lane and then returned to the 

travel lane (Figure 13). Records were kept when the vehicle crossed the center laneline 

to the other lane and then returned to the original lane (Figure 14). If a vehicle was 

performing a full lane change during the curve, this was classified as a “Lane Change” 

maneuver (Figure 15).

Figure 13. Erratic Maneuvers: Inside/Outside Edgeline
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Figure 14. Erratic Maneuvers: Cross Center Laneline

Figure 15. Erratic Maneuvers: Lane Change

Brake Light Actuations. Observing the driver’s brake lights is another good way 

to determine if drivers may be prepared for a particular curve. Ifbrakes are not used
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during a curve, the driver apparently felt comfortable completing the curve at the speed 

he was traveling when he entered the curve. Conversely, if the brake lights are actuated 

during a curve, this implies a driver m a y  have been uncomfortable with the speed he Was 

traveling. Using the brakes in a curve increases the likelihood of losing control of the 

vehicle, especially if roadway conditions are wet or icy. Brakes are often used by drivers 

to continually slow themselves when a downgrade or vertical curve is present in the 

horizontal curve, so this action does not necessarily mean the driver is traveling at an 

unsafe speed. The only brake light actuations that were recorded were those that 

occurred while the vehicle was in the curve.

Motorist Opinions

During the second and fourth site visits, a non-scientific motorist survey was 

conducted to collect input about the dynamic curve warning system from the driving 

public. The motorist survey consisted of questions for the public concerning their 

opinions of the importance, placement, and visibility of the signs. The survey was 

designed to gather information from commercial vehicle operators, passenger car drivers, 

and recreational vehicle drivers. A copy of the survey instrument can be found in 

Appendix B. Furthermore, all results have been broken down by vehicle type, with the 

exception of the answers to the visibility question, where results were separated by the 

time of day the survey was administered (day versus night).

A total of 250 surveys per trip was completed during each administration, with the 

sample split between locations and times as follows: (I) 100 surveys were administered 

during the daytime at the 76 Travel Center in Redding, south of all sites; (2) 50 surveys
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were administered at the same truck stop after dark; and (3) 100 surveys were 

administered during the daytime at the Lakehead Rest Area, south of the La Moine site. 

The 76 Travel Center was used as a survey location to reach operators of commercial 

vehicles. Surveys' collected at night were at the request of the study sponsor to evaluate 

the visibility of the CMS during dark conditions. Surveys completed at the Lakehead 

Rest Area focused on the opinions of passenger car and recreational vehicle drivers. 

Dates and times of survey administrations are as follows: 

o 76 Travel Center on May 20, 1999 from 11:00 AM to 4:00 PM; 

o 76 Travel Center on January 6, 2000 from 10:30 AM to 2:30 PM;

° 76 Travel Center on May 20, 1999 from 10:00 PM t o l l  :30 PM;

o 76 Travel Center on January 6, 2000 from 7:00 PM to 8:30 PM; 

o Lakehead Rest Area on May 21,1999 from 11:00 AM to 2:30 PM; and 

o Lakehead Rest Area on January 5, 2000 from 9:30 AM to 12:30 PM.

Surveyors verbalized each question to the participating respondents; every 

attempt was made to ask survey questions without biasing the responses. Brochures with 

pictures and additional information were used to help describe the signs, and participants 

were allowed to keep them if they chose to do so.

Maintenance Personnel Opinions

Telephone interviews were conducted with selected Caltrans personnel to 

determine any construction and maintenance issues associated with the dynamic curve 

warning system. Interviews were held prior to the third data collection trip in August
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1999, and again in March 2000. Among the interviewed Caltrans District 2 employees 

were Roy Arnett, Electrical Supervisor for Maintenance Crew; Tim Huckabay, Chief 

Traffic Operations; Jim Elgin, Transprtation Engineer/Electrical; Chuck Lees, Project 

Engineer, and Norville Hanke, Maintenance Road Supervisor. An informal method of 

interviewing was used, but certain key topics were addressed with each individual. 

Questions included:

o Has any maintenance been required on the dynamic curve warning system since 

installation?

o If so, who conducted these activities (Caltrans or a vendor)? 

o If there were maintenance activities, rate the difficulty/ease of the activities 

completed by Caltrans or the task of working with vendors.

In addition, any general comments were welcomed and recorded.

Statistical Analysis

hi order to determine if observed changes in vehicle speeds or erratic maneuvers 

were statistically significant, standard statistical analysis methods were used, as described 

by Kleinbaum, Kupper, and Muller (2 0 ) . Statistically significant differences would 

indicate the dynamic curve warning signs are effective in reducing speeds and/or erratic 

maneuvers. For each statistical test, a 95% confidence level (a = 0.05) was used to 

determine statistical significance. Throughout the remainder of this document, any 

reference to a significant difference in the before/after comparisons refers to statistical 

significance at the a  = 0.05 level. It was assumed that data collected for trucks could
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differ immensely from passenger car data; therefore, each vehicle was classified as a 

truck or non-truck for purposes of analysis. Specifically, the truck category includes 

commercial vehicles, vehicles towing trailers, and recreational vehicles; the non-truck 

category includes passenger cars and pickups.

Hypothesis testing is commonly used in statistical analysis to compare the mean 

or other parameter of one data set to a particular known value. In addition, parameters of 

two different data sets could be compared with one another to determine if there is a 

statistically significant difference between the two samples. Speed and erratic maneuver 

data were compared with the use of different hypothesis tests, including paired t-tests, 

two-sample t-tests, and two-sample binomial tests. Among other assumptions described 

for the individual tests below, all three types of tests require that the data be collected 

randomly ( 2 0 ) . As mentioned previously, every fifth vehicle was observed in order to 

comply with the random sampling requirement. To complete these hypothesis tests, 

normal approximations were assumed for all data sets.

Paired t-tests

Paired t-tests are used when two sets of data are not independent (20). For 

instance, when comparing vehicle speeds found at the two different speed measurement 

sections, the same vehicle appears in both samples and, therefore, the value of the second 

speed reading depends on the speed of that vehicle at the first section. A paired t-test was 

used to confirm or deny the hypothesis that mean vehicle speeds are lower at the 

beginning of the curve (i.e., vehicles are slowing after seeing the CMS).

The paired t-test is conducted using the equations:
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. Sd = [E(di2) - ((Edi)2Zn)] / (n-1)0'5 

t = d bar / (SdZn0'5)

Where: Sd = Composite standard deviation value, based on standard 

deviations of individual samples 

i = Increment value for each individual data value 

dj = Difference between values of two samples at i 

n = Sample size 

dbar = Average of all dj’s

Once the test statistic Was found, it was compared with a critical value, which was based 

on the confidence level (a = 0.05) and sample size. If the absolute value of the calculated 

test statistic was greater than the critical value, it was shown there was a statistically 

significant difference between the means of the two samples.

Two-Sample t-tests

When two data sets are independent, the two-sample t-test can be used. An 

example is when the comparison is being made between one set of measurements 

collected during the pre-installation visit and another set gathered after the installation of 

the dynamic curve warning system. Two sample t-tests are used in this case to confirm 

or deny the hypothesis that changes in vehicle speeds collected between the pre­

installation trip and each of the post-installation trips (i.e., the vehicles were entering the 

curve at a lower speed after the installation of the CMS) (20). The two-sample t-test also
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was used to compare the differences in speed (between the CMS and beginning of the 

curve) of each data collection visit, to monitor driver reaction over time.

The statistical procedure began with testing the variances to determine if they 

were equal or unequal, using the equation:

F = Si2/ S22

Where: Si = Standard deviation of first sample

S2 = Standard deviation of second sample

The calculated F value was compared with two critical values, which were based on the 

confidence level (a = 0.05) and the sample size. If the calculated F value was either less 

than or greater than both critical F values, the variances were shown to be unequal. 

However, if the calculated F value fell between the two critical values, the variances were 

shown to be equal. The remainder of the two-sample t-test procedure is dependent on 

whether or not the variances are equal. If the variances were equal, the formula used for 

the test statistic is as follows:

t = (x bari - x bar2) / S((l/ni)+(l/n2))A0.5 

Where: xbari = Average value of first sample

xbar2 = Average value of second sample 

S = Composite standard deviation value, based on standard 

. deviations of individual samples 

ni = Size of first sample 

n2 = Size of second sample
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If the variances were not equal, the test statistic was found using:

t = (x bari - x bar2) / ((Si2Zni^(S22Zn2))zxOJ

Once the test statistic was found, it was compared with a critical value. If the absolute 

value of the calculated test statistic was greater than the critical value, it was shown there 

was a statistically significant difference between the means of the two samples.

Two-Sample Binomial Tests

When comparing two proportions that are independent, a two-sample binomial 

test can be used ( 2 0 ) . A two-sample binomial test was conducted to confirm or deny the 

hypothesis that the proportion of drivers executing erratic maneuvers before and after the 

dynamic curve warning system installation date decreased.

Once it was determined that the two-sample binomial test was to be used, the Z 

statistic was found using the equation:

Z = Pr P2 Z ((P(l-P))((lZni)+(lZn2)))0'5 

Where:. Pi = Proportion of first sample

P2 -  Proportion of second sample 

ni = Size of first sample 

n2 = Size of second sample

Once the Z statistic was found, it was compared with a critical value, which was based on 

the confidence level (a  = 0.05) and sample size. If fhe absolute value of the calculated 

test statistic was greater than the critical Z value, it was shown there was a statistically 

significant difference between the means of the two samples.
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Unfamiliar Motorists

Because unfamiliar drivers are less aware of the road geometries than drivers who 

frequently travel the route, they may drive with a different level of attentiveness and 

caution. Familiar drivers may ignore posted advisory speeds, relying on their familiarity 

with the geometry of the roadway to determine an appropriate travel speed. Thus, the 

dynamic curve warning system may have different effects on familiar and unfamiliar 

drivers. In an attempt to categorize drivers on the basis of their familiarity with the 

roadway, license plates were used as a surrogate measure of a driver’s experience with 

the route. That is, if the license plate was from a different state, the driver was assumed 

to be an unfamiliar driver. Statistical analysis of these data yielded inconclusive results. 

After further consideration, it was acknowledged that an out-of-state license plate does 

not necessarily mean a driver is unfamiliar with the route. Conversely, in-state license 

plates do not necessarily mean a driver is familiar with the specific segment of roadway 

being studied. Therefore, these data have been omitted from the evaluation.
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CHAPTER 4 .

DATA ANALYSIS AND RESULTS

Data related to vehicle crashes, speeds, and erratic maneuvers were collected and 

statistically analyzed to determine the effect of the dynamic curve warning system. 

Results are detailed in this section.

Crashes

As mentioned previously, reductions in crashes can be a primary measure of 

effectiveness when evaluating safety improvements. Crashes occurring within the 

postmile location of the CMS (or planned CMS location) and one-tenth following the end 

of the curve were observed. The official contract completion date for CMS installation 

was April 18, 1999; however, the system was operational in mid-March. For purposes of 

this report, March 15,1999 was used as the installation date for all five CMS. Three 

years of crash data before the signs were installed (March 15, 1996 -  March 14, 1999) 

were obtained. The time between the installation of the dynamic curve warning system 

and the completion of this report was very limited. Moreover, crash records were only 

accessible for the first six months following installation (March 15 -  September 15,

1999). It should be noted that for crashes taking place after July 31, 1999, the records in 

the database may still be incomplete.

Seasonal variations in traffic and weather conditions can affect the number of

crashes occurring at a given location. To account for this variation, crashes that occurred
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prior to the CMS installation date were separated into a time period equivalent with the 

post-installation data (i.e., March 15 -  September 15 for 1996,1997, and 1998). The 

totals were divided by three to reflect annual averages for comparison with the 

corresponding totals of the post-installation data. Crashes have been categorized by 

severity, primary collision factor of “speeding”, and vehicle type (if a commercial vehicle 

was involved in the collision). Tables 8-12 list the number of crashes that took place 

between the March 15,1996 and September 15, 1999 by site location.

Table 8. Crashes at the Sidehill Viaduct Site (21)
Total Fatal Injury PDO Speed Trucks

Crashes in 3 Years Prior to Sign 
Installation Date (3/15/96-3/14/99) 19 I 9 9 12 ' 11

Crashes in Equivalent Period Prior 
to Sign Installation Date (3/15 -  
9/14 of 1996, 1997, and 1998)

11 I 6 4 6 7 .

Average Number of Crashes in 
Equivalent Period Prior to Sign 
Installation Date (per period)

3.7 0.3 2 1.3 2 2.3

Crashes in 6 months After Sign 
Installation Date (3/15/99-9/14/99) 4 0 I 3 2 I \

Table 9. Crashes at the O’Brien Site (21)
Total Fatal Injury PDO Speed Trucks

Crashes in 3 Years Prior to Sign 
Installation Date (3/15/96-3/14/99) 6 0 2 4 3 2

Crashes in Equivalent Period Prior 
to Sign Installation Date (3/15 -  
9/14 of 1996, 1997, and 1998)

I , 0 0 I I I

Average Number of Crashes in 
Equivalent Period Prior to Sign 
Installation Date (per period)

0.3 0 0 0.3 0.3 0.3

Crashes in 6 months After Sign 
Installation Diate (3/15/99-9/14/99) 2 0 0 2 I I
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Table 10. Crashes at the Salt Creek Site (21)
Total Fatal Injury PDO Speed Trucks

Crashes in 3 Years Prior to Sign 
Installation Date (3/15/96-3/14/99) 7 0 2 5 2 3
Crashes in Equivalent Period Prior 
to Sign Installation Date (3/15 -  
9/14 of 1996, 1997, and 1998)

3 0 I 2 I 2

Average Number of Crashes in 
Equivalent Period Prior to Sign 
Installation Date (per period)

I 0 0.3 0.7 0.3 0.7

Crashes in 6 months After Sign 
Installation Date (3/15/99-9/14/99) 4 0 2 2 I 0

Table 11. Crashes at the La Moine Site (21)
Total Fatal Injury PDO Speed Trucks

Crashes in 3 Years Prior to Sign 
Installation Date (3/15/96-3/14/99) 16 0 9 7 7 6
Crashes in Equivalent Period Prior 
to Sign Installation Date (3/15 -  
9/14 of 1996, 1997, and 1998)

5 0 2 3 I 2

Average Number of Crashes in 
Equivalent Period Prior to Sign 
Installation Date (per period)

1.7 0 0.7 I 0.3 0.7

Crashes in 6 months After Sign 
Installation Date (3/15/99-9/14/99) 0 0 0 0 0 0

Table 12. Crashes at the Sims Road Site ( 2 Y
Total Fatal Injury PDO Speed Trucks

Crashes in 3 Years Prior to Sign 
Installation Date (3/15/96-3/14/99) 14 0 3 11 6 . 7

Crashes in Equivalent Period Prior 
to Sign Installation Date (3/15 -  
9 /1 4  o f  1 9 9 6 ,1997, and 1998)

8 0 I 7 4 2

Average Number of Crashes in 
Equivalent Period Prior to Sign 
Installation Date (per period)

2.7 0 0.3 2.3 1.3 0.7

Crashes in 6 months After Sign 
Installation Date (3/15/99-9/14/99) I 0 0 I I 0
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A valid before-after comparison cannot be made with the limited crash 

information available to date. As can be seen in Tables 8-12, there have been slight 

reductions in total crashes at the La Moine and Sims Road sites, but the Sidehill Viaduct, 

O’Brien, and Salt Creek sites appear to have experienced small increases. Along with a 

slight decrease in total crashes seen at the La Moine and Sims Road sites, a 

corresponding decrease in speed-related crashes and crashes involving trucks is evident. 

Although slight variations in crash frequency or severity may be noted, it is not possible 

to attribute any observed changes to the presence of the CMS. Until sufficient data are 

available to establish the statistical significance of any differences in before-after 

comparisons, any attempts to credit the CMS with observed decreases in crash frequency 

or severity are unfounded.

Speed Measurements

Speed measurement data were collected at each of the five sites on four different 

occasions. To reiterate, one trip was made prior to the dynamic curve warning system 

installation, while the remaining three took place after the CMS were in place and 

functioning. The data gathered on the first trip were compared to the data collected on all 

three of the trips after the CMS were in place. The similarities and differences noted in 

the analyses will help determine the effectiveness of the dynamic curve warning signs. 

The collected speed measurement data is included in Appendix C.
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Mean Speeds

Speeds were measured and recorded as the vehicles were traveling through the 

speed measurement section at the beginning of the curve at each site. A mean speed was 

found for each data collection trip at each site; Figures 16 and 17 graphically depict the 

mean speeds. The speed data were separated by vehicle type: Figure 16 shows the speed 

data collected for commercial vehicles, vehicles towing trailers, and recreational vehicles; 

Figure 17 shows the speed data for passenger cars. The black columns signify the 

average speeds found at each study site during the trip made prior to the dynamic curve 

warning system installation. The gray columns are the speeds observed after the sign 

systems were in place, and correspond specifically to the second, third, and fourth trips 

from left to right. The white column for each site represents the average of the speed 

measurements obtained on the second, third and fourth trips (i.e., all the data collected 

after the dynamic curve warning system was installed). The gray arrow appearing in 

some of the columns indicates a significant decrease in speed (a = 0.05) when these data 

were compared with the data collected on the first trip (i.e., before the CMS). If no arrow 

is present, there was either no significant change or there was an increase in mean speed 

from before to after the installation of the CMS. An increase in speed or no change in 

speed between the before and after CMS installation data (denoted by no arrow in the 

corresponding column) suggest the dynamic curve warning sign system may be 

ineffective at reducing speeds at the specific location.
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Figure 16. Mean Truck Speeds At the Curve At All Five Sites

As can be noted in Figure 16, there were significant decreases in speed at the 

curves at the Sidehill Viaduct, Salt Creek, and Sims Road sites. Sidehill Viaduct and Salt 

Creek both showed significant decreases in all post-installation periods. An examination 

of roadway characteristics reveals that these two sites are the only curves located on 

rather steep downgrades (-5.0 to -6.0%). The speeds at the Sims Road site significantly 

decreased initially (64.1 mph to 61.9 mph), but then continued to rise over time. Overall, 

mean post-installation truck speed was significantly lower than the corresponding pre­

installation speed at Sims Road, but given the increases in speed noted in the data 

collected on the third and fourth trips, it would appear that desensitization to the CMS is 

a possibility at this site. The truck speeds collected at the O’Brien and LaMoine sites did 

not show any significant decreases after the dynamic curve warning system was in place.
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During the fourth data collection trip, there were wet weather conditions at the 

Sidehill Viaduct and O’Brien sites, which could have had some effect on the speed 

measurements. When roadways are wet, drivers may reduce their travel speeds, thereby 

affecting the measured speeds at these sites.

Before Sign 
I  Installation 

(Trip I)

After Installation: 
]  Individual 

(Trips 2, 3, 4)

After Installation: 
3 Combined 

(Trips 2, 3, 4)

I Significant 
* Decrease from 

Before
Installation Data

Site Location

Figure 17. Mean Non-Truck Speeds At the Curve At All Five Sites

The results of the passenger car speed analyses indicate the Sidehill Viaduct and 

Sims Road sites have experienced significant speed decreases. The speeds collected on 

all three of the post-installation trips at Sidehill Viaduct showed statistically significant 

decreases. There was one statistically significant reduction in mean speeds at the La 

Moine site. The mean speeds of the remaining trips were not significant reductions, and 

the reduction represented by the combined average of the three post-installation mean 

speeds was not a statistically significant change. The reductions in mean speed at the La 

Moine site may or may not have been attributable to the intallation of the CMS.
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However, the speed reductions at Sidehill Viaduct and Sims Road provide convincing 

evidence that the dynamic curve warning sign may be effective at reducing non-truck 

speeds at these curves.

The data collected for passenger cars at the O’Brien and Salt Creek sites did not 

show a significant decrease in speeds in the period following the CMS installation. In 

fact, average speeds at these sites actually increased in the post-installation period. A 

change in the area that may have influenced the speed results is the increase in the posted 

speed limit that would have affected the Sidehill Viaduct, O’Brien, and Salt Creek sites. 

Between the first and second trips, the speed limit for passenger cars was raised from 55 

to 65 mph, although the curve advisory speed remained at 50 mph for each curve. It 

seems reasonable to assume that an increase in the posted speed limit might be reflected 

in higher mean speeds at the curves, despite the warnings and advisory speeds provided 

on the CMS. Although this theory would help to explain increases observed at the 

O’Brien and Salt Creek sites, the data collected at the Sidehill Viaduct are 

counterintuitive. In fact, the decreases in mean speeds at this site were the most dramatic 

of any and provided the strongest indication of the CMS’s effectiveness at reducing non- 

truck speeds.

As mentioned previously, weather also could have had some contributing effects 

on the data. Conditions were clear and dry for the majority of the data collection trips, 

with the exception of the fourth trip to Sidehill Viaduct and O’Brien where it was raining 

and/or the roadway was wet. Reductions in speeds at these two sites may have been due,
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at least in part, to drivers slowing their speeds because of the roadway conditions. Again, 

however, the discrepancy between the two sites remains unexplained.

Other Speed Considerations

In addition to the speeds recorded at the beginning of the curve, speeds were 

collected at the CMS location (or planned CMS location before the installation). The 

differences in speeds observed between the location of the CMS and the beginning of the 

curve were compared between trips to determine if the degree of driver slowing changed 

from before to after the CMS installation. Table 13 displays the measured differences in 

speed. A negative value indicates vehicles are slowing down between the CMS and the 

curve, while a positive value denotes an increase in speed. Shaded cells denote 

statistically significant changes between the results found during the pre-installation trip 

and the remaining post-installation trips.

Table 13. Speed Changes Between the CMS (or Planned CMS Location) and the Curve
Site Speed Speed Speed Speed

Reduction for Reduction for Reduction for Reduction for
Trip #1 (mph) Trip #2 (mph) Trip #3 (mph) Trip #4 (mph)

Sidehill Viaduct -0.9 LI 0.7
O’Brien -2.4 -2.2 -2.3 -1.8
Salt Creek 1.2 N/A* 0.5 - 1.7
La Moine 1.5 2.1 -0.4 0.5
Sims Road -1.3 -2.4 -1.5
* No data was collected, due to ongoing construction

Observed increases or decreases in speed between the CMS location and the 

approximate beginning of the curve are less indicative of the CMS’s effectiveness than an 

overall reduction in speed in the area at the beginning of the curve following the
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installation of the CMS, as found in the previous section. Decreases in speeds between 

the two speed measurement sections may indicate drivers are slowing for the curve, but 

this does not necessarily mean the CMS was more effective in reducing speeds than a 

static curve warning sign. Increases in speeds between the CMS and the beginning of the 

curve may indicate drivers have overadjusted their speeds and then sped up to complete 

the curve. This initial reduction in speed could suggest the CMS was so effective at 

slowing the driver, they slowed down too much. Because of the possibility of two 

interpretations, conclusions concerning the effectiveness of the dynamic curve warning 

signs at reducing speeds in the distance between the CMS and the entrance to the curve 

are less definitive.

Once again, the speed limit increase for passenger cars (fiom 55 to 65 mph 

between the first and second trips) at the Sidehill Viaduct, O’Brien, and Salt Creek sites 

complicates the interpretation of the findings. In theory, the higher posted speed limit 

should not have affected this analysis as much as the mean speed analysis in the previous 

section. If anything, a higher traveling speed as cars approached the CMS should have 

resulted in a greater decrease in speed as they entered the curve, if they adjusted their 

speed in response to the CMS advisory. The results reported in Table 13, however, do 

not support this theory.

Positioning of the speed measurement sections may have influenced the results of 

the speed reduction analysis. Placement of the first section was intended to measure the 

speed at the driver’s first reaction to the CMS. In retrospect, it might have been more 

appropriate to have positioned the first speed measurement section farther upstream so as
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to measure the speed at the driver’s first sight of the CMS. It is possible that drivers 

began their deceleration process before reaching the first speed measurement section, in 

which case both the initial speed measurement and the overall change in speed would 

have been underestimated. This would have adversely affected the results of the analysis.

Other analyses of the speed data were conducted. For each vehicle, the speed 

collected at the CMS location and the speed at the approximate beginning of the curve 

were compared to determine if there was a statistically significant change in speed 

between the two speed measurement sections. Secondly, the speeds of the drivers who 

were observed performing erratic maneuvers during each data collection visit were 

compared with one another. Results of these additional statistical tests did not affect the 

final results of the evaluation.

Erratic Maneuvers

In addition to the speeds at which drivers were traveling, two measures of driver 

behavior and vehicular movements during the negotiation of the curves were observed 

and recorded. Specifically, these “erratic” maneuvers included lane encroachments and 

brake light actuations that occurred while the vehicle was in the curve. As discussed 

previously, both phenomena could indicate that drivers m a y  have been traveling too fast 

for safe negotiation of the curve and had to react to correct their actions. However, it is 

possible a driver may have performed an erratic maneuver even though he was able to 

safely complete the curve. For instance, a driver may swing wide simply to smooth out a 

curve, but this erratic maneuver also could indicate that a driver was compensating for
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approaching a curve too fast. Because of the uncertainty in interpreting erratic 

maneuvers, less emphasis was placed on the results of this analysis. Statistical tests were 

conducted to determine if the percentage of drivers performing a n y  type of erratic 

maneuver changed significantly between data collection periods. No statistical analyses 

were conducted on individual types of erratic maneuvers, given the interpretation 

uncertainties and the limited data available for analysis.

Figures 18-22 include erratic maneuver information recorded at each site during 

each data collection trip. Although lane encroachment categories are mutually exclusive, 

it is quite possible for a driver to apply his brakes and cross the boundaries of the travel 

lane during his negotiation of the curve. Therefore, some drivers are double-counted in 

the following figures.

Sidehill Viaduct

Figure 18 displays the erratic movements or use of brakes by drivers during data

collection at the Sidehill Viaduct site.
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Figure 18. Sidehill Viaduct: Types of Erratic Maneuvers Observed

Lane line encroachments were seldom executed at this site; at most, only 6% of 

the total vehicles that passed through this curve were observed crossing over their lane 

boundaries. Brake lights actuations were much more commonly noted, ranging from 

58% to 64% of the observed vehicles, depending on the trip. There was a small reduction 

in the percentage of drivers who utilized their brakes over time. This curve is positioned 

on a steep downgrade (-6.0%) and, therefore, the application of brakes in the curve could 

be an instinctive reaction to the slope of the road, alone, or in combination with the curve, 

more than a perception of excessive speed on the driver’s part. Tests to determine 

statistical significance were only completed on the total number of vehicles performing 

any maneuver, not on specific maneuvers, as explained previously. There were not any 

statistically significant changes in the number of combined erratic maneuvers.
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O’Brien

The O’Brien site experienced significant reductions in the percentages of drivers 

performing any type of erratic maneuver between the pre-installation trip and each of the 

post-installation trips. The types of erratic movements performed at the O’Brien site 

during each of the data collection trips are shown in Figure 19.
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Figure 19. O’Brien: Types of Erratic Maneuvers Observed

At the O’Brien site, the most common erratic maneuver (ranging from 13% to 

40% of the observed vehicles) was the inside edgeline movement. This site is one of two 

right-hand curves, and because most vehicles travel in the driving (right) lane, this 

maneuver might have been made to smooth the curve to lessen or avoid the need to slow 

down. As seen in Figure 19, the number of inside edge maneuvers was noticeably 

reduced over time, although these findings are somewhat counterintuitive to increased
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speeds at this site that were noted in the speed analysis section. It would seem that 

drivers traveling at higher speeds would be more likely to apply their brakes or cross 

outside their lane, but the speed data collected during the first and second trips, in 

particular, do not support this notion. No explanation for this finding is offered.

Salt Creek

Figure 20 illustrates that less than 10% of the vehicles were observed making any 

type of lane line encroachment at the Salt Creek site.
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Figure 20. Salt Creek: Types of Erratic Maneuvers Observed

Brakes were used in the Salt Creek curve by 14% to 20% of the drivers in 

observed vehicles (depending on the data collection trip), which could be partly due to 

the downgrade and vertical curve in this segment. There are no statistically significant
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changes or trends in the erratic maneuver data collected at Salt Creek, and there does not 

appear to be a dominant type of lane line encroachment. Again, it should be noted that 

no data were collected during Trip 2 because of ongoing construction activities.

La Moine

During each data collection, the majority of drivers observed at the LaMoine site 

(over 90%) did not perform any lane line encroachments, as can be seen in Figure 21.
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Figure 21. La Moine: Types of Erratic Maneuvers Observed

Compared to all of the study sites besides Sidehill Viaduct, brake light actuations 

were fairly common in this curve (ranging from 10% to 29%). In theory, drivers 

traveling at higher speeds are more likely to use their brakes to safely complete a curve. 

Therefore, there would be a correlation between the mean speed and the number of
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drivers utilizing their brakes. However, the speed data at the La Moine site do not follow 

the same trend displayed by the brake light actuation data, which cannot be explained. 

There were no significant reductions in the erratic maneuver data at the La Moine site.

Sims Road

The Sims Road site experienced a significant decrease in the percentage of drivers 

performing any type of erratic maneuver. Figure 22 displays the different ways in which 

vehicles left the lane boundaries at the Sims Road site and the percentage of drivers who 

used their brakes while traveling the curve.
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Figure 22. Sims Road: Types of Erratic Maneuvers Observed

The curve at this site experienced a large group of drivers (10% to 30%) who 

drifted over the inside edge as they traveled the curve. Other than this type of lane line
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encroachment, most motorists executed this curve without leaving their designated lanes, 

and only 4% to 12% of the drivers used their brakes around the curve. The percentage of 

drivers performing each particular type of erratic maneuvers remained relatively constant 

through the first three data collection trips, but dropped rather noticeably in the fourth 

trip.

Similar to the O’Brien site, the high number of inside edge encroachments at the 

Sims Road site (which is also a right hand curve) could be attributed to drivers using the 

shoulder to give themselves more room around the curve. Although a breakdown by 

vehicle type was not selected for inclusion in this document, it was of interest that truck 

drivers were responsible for a majority of the inside edge maneuvers (60% at O’Brien 

and 70% at Sims Road).
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CHAPTER 5

MOTORIST AND MAINTENANCE PERSONNEL OPINIONS

In addition to the quantified data described previously, qualified data related to 

motorist and maintenance personnel opinions of the dynamic curve warning system were 

sought.

Motorist Opinions

Motorist opinions were solicited via survey. Response percentages for the 

questions pertaining to the dynamic curve warning sign are provided in Figures 23-33. 

Examining the travel trends of the survey respondents concerning vehicle type, trip 

purpose, and frequency of travel through this section of Interstate 5, responses were 

found to be similar between the two different survey administrations. Out of the different 

vehicle types represented at each survey location, it was noted that the vast majority of 

drivers who participated in the survey at the 76 Travel Center were commercial vehicle 

operators (99% in the daylight and 98% after dusk), whereas the majority of survey 

participants at the Lakehead Rest Area were passenger car (79%) or recreational vehicle 

(14%) drivers. Without exception, all of the truck drivers surveyed were traveling strictly 

for business purposes, while 77% of the passenger car drivers and 97% of the recreational 

vehicle operators were traveling for pleasure purposes. When asked about the frequency 

of driving the particular segment of Interstate 5 where the signs are located, 

approximately 12% of the truck drivers stated they travel it less than once a month, while'
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75% of the passenger car drivers and 97% of the recreational vehicle users made the 

same claim. First time visitors to the area are included in this category, as well. It can be 

inferred from these figures that the truck drivers are more familiar with the route than 

their non-truck counterparts.

Commercial Vehicles

During the first survey administration in May 1999, 153 commercial vehicle 

drivers were surveyed, while 162 participated in the second survey administration in 

January 2000. Figure 23 shows the response distribution when commercial vehicle 

drivers were asked if they thought the speed information given on the new dynamic curve 

warning signs was useful. As can be seen in Figure 23, the vast majority of survey 

participants who were operating trucks believed the signs were helpful during both 

survey administrations (73% and 70% for second and fourth visits, respectively).

H Yes

■ No

□ Somewhat

May 1999 January 2000

Figure 23. Commercial Vehicle Operators’ Responses to “Do you think this speed 
information was useful to you in driving safely through the curve?”
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Figure 24 displays the answers given when truck-driving respondents were asked 

if they personally responded or adjusted their travel speed through the curve, as advised 

by the sign. These results may differ from the previous question because some drivers 

said they thought the signs gave useful information, but felt they were already driving 

slowly enough that they didn’t have to adjust their speeds, or felt they knew their current 

speed was safe for the particular curve due to experience driving in the area. It is possible 

that the number of those claiming to respond is inflated because people tend to over­

report their personal behaviors. Interestingly, however, the proportion of truck drivers 

who reportedly responded to the curve warning sign (76% and 69%) is roughly 

equivalent to the proportion who felt the information provided on the sign was useful 

(Figure 23).

Figure 24. Commercial Vehicle Operators’ Responses to “Did you respond and adjust 
your travel speed through the curve as advised?”

When asked if the positions of the warning signs were adequate, most of the truck 

drivers (79% and 84%) felt they were positioned well. Comments were made about the
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O'Brien CMS location, noting that by the time drivers complete the previous curve, there 

may not be enough time for them to read more than one or two messages on the sign. 

Drivers familiar with the area also felt the CMS at the Salt Creek site was difficult to 

respond to because they knew they would subsequently have to adjust their speed to 

make the upgrade in the second curve. All of the respondents who didn’t think the 

position was suitable felt the CMS was too close to the curve. Figure 25 shows the 

proportions of responses to this question made by the commercial vehicle operators 

during each survey administration.

Figure 25. Commercial Vehicle Operators’ Responses to “Was the location of the 
changeable speed warning sign adequate for you to respond?”

Passenger Cars

Survey participants driving passenger cars may have different opinions of the 

dynamic curve warning system than the commercial vehicle operators due to different 

traveling habits, such as the purpose of their trips and frequency of travel through the 

study area. Vehicle size also may affect the driver’s ability to slow for each curve upon
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warning, which may affect opinions about the positioning of the CMS. The location of 

the survey administration was south of the La Moine site, which meant for those seeing 

the dynamic curve warning system for the first time, the only CMS seen at the time of the 

survey was at the La Moine site. For these reasons, the survey answers received from 

passenger car drivers have been separated from those of the truck drivers (as are the 

results of recreational vehicle operators reported in the next section).

Eighty-nine passenger car drivers were surveyed in May 1999; 77 passenger car 

drivers responded in January 2000. Figure 26 shows the responses from passenger car 

drivers when asked if they thought the information on the CMS was useful. As can be 

seen, 78% and 85% of the respondents (during the second and fourth site visits, 

respectively) said they did believe the information was useful. When compared with the 

results of the truck drivers, the number of passenger car drivers who thought the 

information was useful is notably higher.

Figure 26. Passenger Car Drivers’ Responses to “Do you think this speed information 
was useful to you in driving safely through the curve?”
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The responses of passenger car drivers to the question concerning whether they 

each, personally, responded to the CMS message are displayed in Figure 27. A smaller 

percentage of the passenger car drivers adjusted their speed in response to the CMS (60% 

and 69%), compared to the corresponding percentage who felt the advisory information 

was useful.

Figure 27. Passenger Car Drivers’ Responses to “Did you respond and adjust your travel 
speed through the curve as advised?”

As some drivers were interviewed, they added that they did not have to slow 

down because they were already driving at a speed lower than the advisory. This 

response was categorized as “No” because of the wording of the question, although it is 

acknowledged that this does, to some extent, underestimate the effectiveness of the CMS 

at changing driver behavior (i.e., reducing speed). In addition, the numbers may 

conversely be inflated due to the tendency to over-report personal behavior.

Figure 28 illustrates the distribution of responses of those driving passenger cars 

to the CMS position question. Approximately 84% and 90% of the passenger car drivers
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thought the positioning of the CMS at the La Moine site was adequate. Twelve of the 13 

people who thought the positioning was inadequate added that the CMS was too close to 

the curve.

Figure 28. Passenger Car Drivers’ Responses to “Was the location of the changeable 
speed warning sign adequate for you to respond?”

Recreational Vehicles

The survey responses for drivers of recreational vehicles were separated from the 

rest of the data. Drivers of vehicles traveling for pleasure purposes might have different 

opinions of the dynamic curve warning system than those traveling for business. Because 

97% of the surveyed recreational vehicle drivers stated they traveled this segment of 

Interstate 5 less than once a month, this was quite possibly the first time some of these 

drivers had seen the dynamic curve warning system.

The sample sizes of recreational vehicle drivers are small compared to the other 

vehicle types: only 11 participated in May 1999 and 20 participated in January 2000. 

Results of this analysis, therefore, should be interpreted with caution. As can be seen in
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Figure 29, most surveyed recreational vehicle drivers (100% and 87% for the second and 

fourth visits, respectively) believed the speed information given on the CMS was useful.

May 1999 January 2000

Figure 29. Recreational Vehicle Drivers’ Responses to “Do you think this speed 
information was useful to you in driving safely through the curve?”

Although the percentage of recreational vehicle drivers who reportedly responded 

to the CMS was high for the first survey administration (89%), half of the respondents 

said they did not adjust their speed during the second wave of the survey. As noted 

earlier, this high percentage of persons who did not respond to the CMS could be a 

reflection of drivers already traveling at speeds lower than the CMS advisory speed by 

the time the warning was received. Again, these self-reported numbers may be inflated.
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5  Yes 

■  No

□ Not sure

May 1999 January 2000

Figure 30. Recreational Vehicle Drivers’ Responses to “Did you respond and adjust your 
travel speed through the curve as advised?”

All of the recreational vehicle drivers surveyed during the second site visit stated 

the positioning of the sign was adequate, while only 67% of the drivers responded the 

same way during the fourth visit, as can be see in Figure 31. The extremely small sample 

sizes make interpretation of any differences in response percentages problematic.

Figure 31. Recreational Vehicle Drivers’ Responses to “Was the location of the 
changeable speed warning sign adequate for you to respond?”
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All Vehicles

The question related to the visibility of the sign has been broken down by survey 

time (i.e., day or night), as opposed to vehicle type, as shown in Figures 32 and 33. The 

vast majority of the respondents felt the visibility of the CMS in terms of the brightness 

of the lights was adequate (98% and 99%). The few who didn’t think the visibility of the 

CMS was adequate either thought the lights were too bright or didn’t comment.

Figure 32. Daytime Responses to “Was the visibility of the changeable message speed 
warning sign adequate for you to respond?”
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□ Somewhat

■ No

EH Yes

May 1999 January 2000

Figure 33. Nighttime Responses to “Was the visibility of the changeable message speed 
warning sign adequate for you to respond?”

Two initial problems were identified from interviews with Caltrans maintenance 

personnel. First, the radar units chosen for the system are incapable of distinguishing 

between north- and southbound directions of traffic. The Sidehill Viaduct and O’Brien 

sites are divided and separated by enough space that this is not an issue; at the Salt Creek, 

La Moine, and Sims Road sites, this limitation results in an inaccurate reading and 

message being displayed to drivers. The positioning and the angle of the radar units have 

been adjusted, but the cones of vision cannot be changed enough to exclude the traffic in 

the opposite lanes. For future installations, a different radar unit model that can 

distinguish between the different directions of travel will be used 117).

Second, the paging system is intended to page authorized Caltrans personnel 

when five c o n se c u tiv e  vehicles pass the CMS at speeds of 35 mph or less. At the time of 

the preparation of this report, there were some errors in the software and the system was

Maintenance Personnel Opinions
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notifying the employees when a n y  five vehicles were approaching the CMS traveling 35 

mph or slower, whether or not the vehicles were consecutive. Work is currently 

underway to improve this flaw in the pager system (2 2 ) . In addition, a final comment 

was made by maintenance personnel that a laptop computer was needed so the CMS 

could be controlled from the field (2 3 ) . Aside from these initial problems, there have 

been no other documented maintenance or operational difficulties with the dynamic curve 

warning system.



81

CONCLUSIONS AND RECOMMENDATIONS

This report summarizes the results of an evaluation of the effectiveness of the 

CMS portion of the dynamic curve warning system in the Sacramento River Canyon. 

Measures of effectiveness (MOEs) used in the analysis include (I) crashes, (2) speeds,

(3) driver behavior, and (4) motorist and maintenance personnel opinions. The results 

indicated the dynamic curve warning signs may be an effective safety improvement at 

some locations, although data collected at other sites did not demonstrate significant 

differences in MOEs following the installation of the CMS. Four trips were made to 

determine changes in the measures of effectiveness: one before the CMS installation; one 

shortly after the installation to measure initial changes; one approximately four months 

after the installation to see if there was any desensitization to the system; and the last trip 

made nine months after the installation during the winter season to observe any changes 

corresponding to potentially inclement weather conditions.

Due to the lack of sufficient crash data following the installation date of the 

dynamic curve warning system, a meaningful before-after analysis could not be made at 

the time of this report. Slight reductions in crashes were noted in the available data 

obtained for the La Moine and Sims Road sites, while there were small increases in the 

frequency of crashes at the Sidehill Viaduct, O’Brien, and Salt Creek curves. Because of 

the extremely small set of post-installation crash data, it is impossible to attribute any 

observed differences to the installation of the dynamic curve warning system. Even the

CHAPTER 6
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observed increases or decreases in crashes should be interpreted with caution due to the 

inherent instability of traffic crash data.

Speed data were collected at the approximate beginning of each designated curve, 

using a manual stopwatch method at all of the sites during each of the four site visits. 

Data were analyzed by vehicle type. Decreases in truck speeds (including commercial 

vehicles, recreational vehicles, and vehicles towing trailers) were found to be statistically 

significant (a = 0.05) at the Sidehill Viaduct and Salt Creek sites, which are the only 

curves located in steep downgrades (-5.0% to -6.0%). The Sims Road site experienced a 

significant reduction in truck speeds immediately following the installation of the CMS, 

but the speed data collected at this site on subsequent visits indicate the mean speeds rose 

steadily thereafter. There were no significant decreases in truck speeds at the O’Brien 

and La Moine sites. Passenger car speeds were found to significantly decrease at the 

Sidehill Viaduct and Sims Road sites, while the O’Brien, Salt Creek, and La Moine sites 

did not experience any statistically significant decreases in speeds.

Speeds measured and recorded at the CMS location (or planned CMS location), 

speed changes between the CMS and the beginning of the curve, and speeds of drivers 

performing erratic maneuvers were analyzed also, although the results showed no 

significant trends.

Erratic maneuvers were monitored in an attempt to measure possible effects of the 

dynamic curve warning system on driving behavior, including lane line encroachments 

and brake applications in the curve. Erratic maneuvers m a y  indicate drivers were 

traveling at unsafe speeds as they entered the curve. Statistical analyses were completed
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only on the total number of erratic maneuvers performed at each site. Ambiguity of the 

interpretation of this MOE and insufficient sample sizes prevented further analysis of 

individual maneuvers. Statistically significant decreases in the number of vehicles 

performing erratic maneuvers at the O’Brien site were found when comparisons were 

made with the data collected on the first trip and each of the post-installation trips. A 

significant reduction was found in the number of vehicles performing erratic maneuvers 

at the Sims Road site between the first and fourth trips.

Overall, the public was supportive of the dynamic curve warning sign applications 

in the Sacramento River Canyon. The same survey was given on two different occasions: 

one shortly after the installation date, and another approximately nine months after the 

installation date. Responses from each trip were very similar and have been combined 

for comparison purposes in this conclusion. Amongst the survey respondents, the 

majority of drivers felt the speed information given on the CMS was useful (72%, 82%, 

and 92% for commercial vehicle, passenger car, and recreational vehicle drivers, 

respectively. Passenger car and recreational vehicle drivers reportedly responded less 

often to the advisory speed provided on the CMS (i.e., reduced their speeds to comply 

with the advisory) (64% of surveyed drivers of passenger cars and recreational vehicles, 

respectively) than did their truck driving counterparts (72%). While some commercial 

vehicle operators didn’t think they, personally, needed the information provided on the 

signs, they still believed it would be useful for drivers who didn’t frequent this route as 

often as they do. The reactions of the majority of survey participants were positive in 

terms of sign placement and visibility (83% and 96%, respectively).
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Some of the Caltrans maintenance personnel were interviewed to see if there were 

any problems in the field with the dynamic curve warning system. Initial problems with 

the setup of the sign systems included having to adjust the direction of radar units to 

maximize accurate readings (i.e., to prevent the units from reading the oncoming traffic 

speeds), and needing to correct the operation of the paging system. The problem with the 

radar unit installation cannot be solved with the current system, so a new radar unit has , 

been chosen for future applications of the dynamic curve warning system. At the time 

this report was written, the software with the paging system was still being modified. 

There have not been any other maintenance or operational problems reported by Caltrans 

personnel. Expenses associated with power and communication are the only sources of 

operational costs involved with the system.

hi addition to the MOEs described previously, there may be other less 

quantifiable effects of the signs, such as increasing driver awareness at the specific curve 

locations. Although the signs may not be significantly influencing driver speeds or 

behavior, this relatively new and different form of warning may catch the attention of 

drivers better than conventional signs and, therefore, drivers may enter the curve with an 

increased awareness of potential hazards. Unfortunately, there is no feasible way to 

measure such effects of the CMS except by observing changes in behavior, as was 

attempted here.

The CMS does appear to be effective in lowering vehicle speed in areas of steep 

downgrades and level terrain. There was little evidence to suggest the CMS significantly 

reduced speeds at curves in upgrades. A clearer picture of the potential effectiveness of
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this system may be provided by an analysis of vehicle crashes in the Sacramento River 

Canyon, but considerably more time will be needed to accumulate sufficient crash data 

for a meaningful statistical analysis.

Recommendations include the conduction of further crash analysis. As explained 

previously, crashes are typically a primary measure of effectiveness for safety 

improvements* but without sufficient data, a valid before-after comparison cannot be 

made.

The use of a different radar unit model will be important in the success of future 

installations of the dynamic curve warning system. When the radar unit reads speeds of 

other vehicles, the CMS displays messages that appear to be untrue and the dynamic 

curve warning system loses its credibility. The new radar unit will distinguish between 

different directions of traffic and, therefore, will appear to be more accurate.

Selection of the dynamic curve warning system at appropriate sites is key to a 

successful implementation. From this study, it was found that the CMS at sites with or 

immediately following steep downgrades or level terrain were the most effective at 

lowering speeds, hi addition, a sharper curve (i.e., shorter radius) appeared to contribute 

to the effectiveness of the CMS. When analyzing vehicle speeds, truck speeds were 

found to significantly decrease more than passenger car speeds, therefore areas with high 

commercial vehicle traffic volumes would be ideal for implementation of a dynamic 

curve warning system.
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APPENDIX A:

Experimental Data for Stopwatch Versus Radar Collection
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Table 14. Experimental Data for Stopwatch Versus Radar Collection 
Weather Conditions: Sunny, Warm

MEASURED SPEEDS: O'BRIEN (6/6/97)

#
Radar
(mph)

Stop Watch 
(s)

Stop Watch 
(mph) error abs error

I 58 3 .6 5 56.04 -1.96 1.96
2 57 3.7 5 5 .2 8 -1.72 1.72
3. 55 3 .8 4 53.27 -1.73 1.73
4 53 4.01 51.01 -1.99 1.99
5. 56 3.77 5 4 .2 6 -1.74 1.74
6 52 4.03 50.76 -1.24 1 .24
I 56 .3 .7 2 54.99 -1.01 . 1.01
8 72 2 .9 6 69.10 -2.90 2 .9 0
9 67 ■ 3.06 66.84 -0.16 . 0.16
10 54 3 .8 6 5 2 .9 9 -1.01 1.01
11 52 3.95 51.78 r0 .22 0 .2 2
12 53 3 .7 8 54.11 ■ 1.11 ■ 1.11
13 60 3.47 5 8 .9 5 -1.05 1.05
14 44 4.65 43.99 -0.01 0.01
15 59 3.52 58.11 -0.89 0 .8 9
16 52 3.99 51.26 -0.74 0.74
17 57 3 .6 2 5 6 .5 0  I -0.50 0.50
18 69 2 .9 5 6 9 .3 4  0.34 0.34
.19 56 3.56 57.46 I 1.46 1.46
20 6 4 3.2 6 3 .9 2 -0.08 0.08
21 50 4.15 49.29 -0.71 0.71
22 61 3.48 5 8 .7 8 -2 .2 2 2 .2 2

. 23 54 3.79 - 5 3 .9 7 -0.03 0.03
24 54 3.47 5 8 .9 5 4 .9 5 4 .9 5
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MEASURED SPEEDS: LA MOINE (6/5/97)

#
Radar
(mph)

Stop Watch 
(s)

. . .

Stop Watch 
(mph) error abs error

I 6 2 3.445 59.37 -2.63 2 .6 3
2 67 3.203 6 3 .8 6 -3.14 3.14
3 63 3 .3 8 8 60.37 -2.63 2 .6 3
4 61 3.44 59.46 -1.54 1.54
5 62 3.394 6 0 .2 7 -1.73 1.73
6 6 6 3.158 64.77 -1.23 1.23
7 74 2 .8 0 6 7 2 .9 0 -1.10 | 1.10
8 57 3 .6 6 6 55.80 -1.20 1.20
9 66 3.199 63.94 -2.06 2.06
10 71 2.944 69.48 -1.52 1.52
11 55 3.775 54.18 -0 .8 2 0 .8 2
12 57 3.613 56.61 -0.39 0 .3 9
13 71 2.999 68.20 -2.80 2 .8 0
14 59 3.615 5 6 .5 8 -2.42 2 .4 2
15 58 3 .6 3 5 6 .3 5 -1.65 1.65
16 65 3.273 6 2 .4 9 . -2.51 2,51 .
17 56 3 .7 2 8 54.87 -1.13 1.13
18 65 3.2 63.92 -1.08 1.08

Average -1 .0 9
Standard Deviation 1.41
Maximum Positive 4 .9 5

Maximum Negative -3,14
Average Absolute Error 1.46

Maximum Absolute Error 4.95
Minimum Absolute Error 0.01

Sample Size, n 42
95% confidence interval -1.51 -0.66
99% confidence interval -1.65 -0.53
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California Department of Transportation Sacramento River 
Canyon Advanced Curve Warning Motorist Survey

D ate:_______ ^ ________ Weather:
Time:________  Interviewer:

1. What type of vehicle are you driving today?
____Car/Pick-up/Van ____ Commercial Truck ____ RV

2. What is the purpose of your trip on I -  5 today?
____Work ____Pleasure ____Other

3. How often have you driven this section of I -  5 ?
____< I/Month ____1-3/Month ___ _ >3/Month

4. Did you notice the Changeable Message Sign (CMS) displaying your vehicle speed?
____Yes ___ _No . ____Not sure

If yes, do you think this speed information was useful to you in driving safely 
through the curve?

_ Yes ____No ____ Somewhat

5. Did you respond and adjust your travel speed through the curve as advised?
____Yes ____ No ____ Not sure

6. Was the location of the changeable speed warning sign adequate for you to respond?
____Yes ____ No ____ Somewhat

If no, what was your difficulty with the sign location?
____Too close to curve ____ Too far from curve

7. Was the visibility of the changeable message speed warning sign adequate for you to 
respond?

____Yes ____No __ _ Somewhat

If no, what was your difficulty with the sign visibility?
____Too bright ____ Too dim

8. ______Age ______ Sex

9. Driver comments, if offered
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APPENDIX C:

Speed Measurement Collection
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Table 15. Sidehill Viaduct: Data Collected During Trip
L o c a t i o n : S ID E  H IL L  V IA D U C T

6 / 6 / 9 8 1(T rip  I )
S p e e d  I r a p  I  D i s t a n c e  ( H I ): 3 0 0
S p e e d  T ra p  2 D i s t a n c e  (F T ): 3 0 0

B r a k e  L i g h t s E n c r o a c h m e n t
S t a t e V e h ic l e  L a n e T r a p  1 T r a p  2 In  C u r v e I n s id e O u t s i d e  L a n e  

E d g e  C h a n g e
T r » p 1  J T r a g i  I

m p h  m p hV e h  ID V e h i c l e  T y p e In O u t D r iv e  L n  (x )  P a s s  L n  (x) T im e T im e (x )  f o r  y e s E d g e L a n e l in e
1 C X X_ _ 3 .21 3 6 3 .7 2 1  6 8  182

7 2 .7 9 2  ' 5 5 .5 8 3
-4  4 6 0

2 C X X 2 8 1 3 .8 8 X 17 2 0 9  
2  4 f3 .S 

-0  0 3 1  
- 0 .6 1 0

3
4

C
T ; : : :

7 0 .8 7 5  6 8  4 1 0
5 6  3 1 8  5 6  3 4 9

5 C X X 3 .3 4 3 3 .3 1 X 6 1 1 8 6  6 1 7 9 6
6
7

T
C X

X
:

3 .5 4 3
3 .5 7 7 :

5 7  7 3 2  5 8  1 1 0
5 7  184  5 9 6 3 4

-0 .3 7 7
-2 .4 5 18 T X X 3 .2 5 8 3 .3 ______ X _ _  _ X 6 2 .7 8 3  6 1 .9 8 3 0 .7 9 9

9 C X X 3 .0 9 7 2 .9 6 6 6 .0 4 6  6 9 .1 0 3 -3 .0 5 7
10 C X X 3 .5 3 1 3 .5 9 5 7  9 2 8  5 6 .9 7 6 0 .9 5 2
11 T X X 3 .4 2 9 3 .4 2 X 5 9 .6 5 2  5 9 .8 0 9 -0  157
12 C X _ X __ 2 .9 8 3 2 .8 5 X 6 8 .5 7 0  7 1 ,7 7 0 -3 .2 0 0
13 C X 3 .0 9 7 3 .3 4 6 6 .0 4 6  6 1 .2 4 1 4 .8 0 5
1 4 T X -  X .. 3 .2 2 8 3 .3 5 X X 6 3 .3 6 6  6 1 .0 5 8 2 .3 0 8
1 5 C X X 2 .6 6 5 2 .9 2 X 7 6 .7 5 3  7 0 .0 5 0 6 .7 0 3
1 6 C . _  X 3 .4 0 6 3 .6 3 X 6 0 .0 5 4  5 6 3 4 9 3 7 0 6
1 7 C X X 3 .4 0 3 3 .6 1 X 6 0  1 0 7  5 6 .6 6 1 3  4 4 7
18 T

~ ~ x
X . 3 5 4 4 3 .5 5 X 5 7  7 1 6  5 7  6 1 8 0 0 9 8

19 T X 3 3 8 8 3 .3 6 X 6 0 .3 7 4  6 0 8 7 7 -0  5 0 3  
4 4 9 6  
I 146

2 021 C
T X

X
X • 2 39 r m I

7 0 .2 6 6  6 5  7 7 0
5 8  4 4 2  5 7  2 9 622

2 3
U H
T

X
X

3 5 6 3
3 .9 4 X

5 7 .4 0 8  6 2 .1 7 2
5 1 .9 1 5  ' 5 2 .0 4 7

-4  7 6 4  
- 0  1 3 2

2 4 U H X 3 .2 9 3  2 X 6 2 .1 7 2  6 3 .9 2 0 - 1 .7 4 9
2 5 T X X 3.4 1 3 .6 3 X X 5 9 .9 8 4  5 6 .3 4 9 3 .6 3 5
2 6 C X _______X_______ ,________________ 3 .1 5 3 3 .3 4 X 6 4 .8 7 3  6 1 .2 4 1 3 .6 3 2
2 7 C X X 3 .2 3 2 3  16 X 6 3 .2 8 8  6 4 .7 3 0 - 1 .4 4 2
2 8 C X X 3 .5 7 3 3 .3 7 5 7 .2 4 8  6 0 6 9 6 - 3 .4 4 8
2 9 C X X 2 .7 5 2 3 .1 3 X X 7 4 .3 2 6  ' 6 5 .3 5 0  I 

7 0 .4 3 0  6 8 .4 1 0
8 .9 7 6
2 .0 2 630 C X X 2 .9 0 4 2 .9 9 X

31 -  . C X X 3 .1 8 1 3 .0 4 6 4  3 0 2  6 7 .2 8 5 - 2 .9 8 2
32 C X X 3 .8 6 3 .8 3 X X - 5 2  9 9 1  5 3  4 0 6 -0  4 1 5
33
3 4

C
P U  W /B X

X
; 33 646 i 6 8  3 4 1  6 0 .1 6 0

5 8  7 2 7  ' 5 5  8 8 7
8  181 
2  8 4 0

35
36

T
C X

X
- H M - H ?

_ X 5 8  7 6 1  5 4 4 0 0
6 0 .8 2 2  61 7 9 6

4 3 6 0  
-0  9 7 4  
- 2 .9 0 4  
3 8 0 7

3 7
38

T
C X #  - '3 ' S t § X

6 3  9 4 0  6 6  8 4 5
61 4 2 5  5 7  6 1 8

39
4 0 § ; X

X m n ;
_______ X _______ 6 4  5 0 5  6 5  7 7 0

7 8 .3 4 0  8 0  8 4 8
- I  2 6 5  
- 2 .5 0 8

41 C  _ „ X X 2 .9 4 8 2 .9 6 6 9 .3 8 4  I 6 9 .1 0 3  
5 7 .2 6 4  ' 5 5 .8 8 7

0 .2 8 1
4 2 C X X 3 .5 7 2 3 .6 6 1 .3 7 7
4 3 T

~ s r
X X 4 .1 9 1 4 .0 5 X 4 8 .8 0 6  5 0 .5 0 5 - I  6 9 9

4 4 C X 2 .5 1 2 3 .5 2 —
8 1 .4 2 7  5 8 .1 1 0 2 3 .3 1 8

4 5 C  . . . . X X 3 .6 3 2 3 .6 2 5 6 .3 1 8  5 6 .5 0 4 -0  1 8 7
4 6 C X X

X
3 .4 3 4 3 .5 1 5 9 .5 6 5  5 6 .2 7 5 1 .2 9 0

4 7 C X 2 .8 5 3 3 .1 3 7 1 .6 9 5  6 5  3 5 0 6 .3 4 5
4 8
4 9 :

X
X

X
X '3 % H f - X

61  1 6 8  5 5 .8 8 7
6 7  0 6 4  6 2 .9 3 7

5  2 8 1  
4 1 2 7

50 _  C X X 2  8 3 9 2 .9 5 X 7 2  0 4 8  6 9 3 3 7 2 .7 1 1
51 T X X 3 .8 6 3 .6 3 X 5 2  9 9 1  5 6  3 4 9 - 3 .3 5 8  

5  0 8 4  
-1 5 9 5

52
53

T
C

X
X ;  • lorn H f X

“ T  r . ................. 6 0 .5 1 6  5 5 4 3 2
6 7 .9 7 8  6 9 .5 7 3

5 4
5 5 § ~

X
X

X

X 3 0 8 5 H f —  X
4 6 4  6 6 8  6 1 .7 9 6

6 6 .3 0 3  6 9 .5 7 3
- 2 : 8 7 2

- 3 .2 7 0
5 6 C X X 3 .3 8 7 3 2 6 0 .3 9 1  6 3 .9 2 0 - 3 .5 2 9
5 7 C X X 3.1 1 3 .2 4 t  X 6 5 .7 7 0  6 3 .1 3 1 2 .6 3 9
58 C X X 3 3 6 6 3 .2 6 X 6 0 .7 6 8  6 2 .7 4 4 - 1 .9 7 6
59 C X X 3 .0 5 4 3 .1 8 6 6 .9 7 6  6 4 .3 2 2 2 .6 5 4
6 0 C X X 3 .0 5 3 .1 1 X 6 7 .0 6 4  6 5 .7 7 0 1 .2 9 4
61 C X X 3 .4 9 1 3 .3 7 ! 5 8 .5 9 2  I  6 0 .6 9 6 -2  104
62 C X X 3 .3 3 6 . 3 . 2 7 6 1 .3 1 5  I 6 2 .5 5 2 - 1 .2 3 8
6 3 M H X X 3 .3 1 4 3 2 8 6 1 .7 2 2  6 2 .3 6 1 - 0 .6 4 0
6 4 C X X 2 .9 9 4 3 3 1 6 8 .3 1 8  6 1 .7 9 6 6 .5 2 2
6 5 T X X 3 .1 1 3 .3 3 X 6 5 .7 7 0  61 4 2 5 4 34  5
66 C X X 3 .1 0 2 2 .9 5 X 6 5 .9 4 0  6 9 .3 3 7 -3  3 9 8
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Table 16. O ’Brien: Data Collected During rip I
L o c a t i o n : O 'B R IE N ------------------- 1------------------- 1---------------------
D a te : 6 / 6 / 9 8 : (T r ip  I )

------------------- 1------------------- ----------------------

S p e e d  T r a p  I  D i s t a n c e  (F T ) : 3 0 0
S p e e d  T r a p  2  P i t t a n c e  ( F I 1 L _ 3 0 0

B r a k e  L i g h t s E n c r o a c h m e n t S p e e d
S l a t e V e h i c l e  L a n e T r a p l T r a p  2 In  C u r v e I n s id e C e n t e r O u t s i d e L a n e T r a p  I T r a p  2 R e d u c t i o n

V e h I D V e h i c l e  T y p e In O u t D r iv e  L n  (x ) P a s s  L n  (x ) T im e T im e (x )  f o r  y e s E d g e L a n e l in e  E d g e C h a n g e m p h m p h
I T X 3 .7 9 3 3 .9 9 ----------------- |------------------1------------------ 5 3 .9 2 7 51 2 6 5 2  6 6 32 C X 3 .9 1 7 3 .9 5 5 2 .2 2 0 5 1 .7 8 4 0 .4 3 6
3 C X 3 .4 8 2 3 .9 5 5 8 .7 4 4 51  7 8 4 6  9 6 0
4 T _ X - X 3 .8 2 3 3 8 5 5 3 .5 0 4 5 3  1 2 9 0 3 7 5
5 C X X 3 .7 6 3 3 .6 4 5 4 .3 5 7 5 6 .1 9 4 -1 8 3 7
6 C X X 3 .8 8 6 4 3 6 5 2 .6 3 7 4 6  9 1 4 5  7 2 2
7 C X 3 4 0 6 3 .3 5 X X 6 0  0 5 4 6 1 .0 5 8 - 1 .0 0 4
8 C X 3 .0 8 8 3 .5 X B C 6 6  2 3 9 5 8  4 4 2 7  7 9 7
9 C X X 3 .4 9 3 3  5 7 5 8  5 5 9 5 7 .2 9 6 I 2 6 3

1 0 C X X 3 .1 7 5 3 .5 9

X

6 4 .4 2 4 5 6 .9 7 6 7 4 4 7
11 C X X  I 3 5 5 4 3 .3 1 5 7  5 5 4 6 1 .7 9 6 - 4 .2 4 3
1 2 C X X 3  1 6 4 3 .0 6 X B C 6 4  6 4 8 6 6  8 4 5 - 2 .1 9 7
1 3 C X X 3 .4 3 7 3 .3 5 9 .5 1 3 61 9 8 3 - 2 4 7 1
1 4 C X X 3 .7 4 5 3 .5 1 X X B C 5 4 .6 1 8 5 8 .2 7 5 - 3 .6 5 7
1 5 C

X
_ X ______ 3 ,4 7 1 3 .7 6 5 8 .9 3 0 5 4  4 0 0 4 .5 2 9

16 P U W Z T X ... 4 1 4 7 4 .4 1 X  _ 4 9 .3 2 4 4 6  3 8 2 2  9 4 2
1 7 C X X 3 .2 7 6 3 .5 X 6 2 .4 3 8 5 8 .4 4 2 3 9 9 6
18 C X X 3 .5 0 9 3 .5 9 X 5 8 .2 9 2 5 6 .9 7 6 1 .3 1 5
19 C X X 3 .1 5 9 3 .7 X 6 4 .7 5 0 5 5 .2 8 3 9 .4 6 8
2 0 - -  T X X 3 5 9 7 4 1 7 X 5 6 .8 6 6 4 9  0 5 2 7 8 1 4
21 C X

X
X 3 7 0 1 3 7 3 5 5 .2 6 8 5 4 .8 3 8 0 .4 3 0

2 2 C X 3 .8 5 3 4 .1 9 5 3 .0 8 7 4 8 8 1 8 4 .2 7 0
2 3 T X X 3 .7 7 9 3 .9 7 h  X 5 4 .1 2 7 5 1 .5 2 3 2 6 0 4
2 4 C X X 3 .4 2 1 3 .4 5 X 5 9 .7 9 1 5 9 .2 8 9 0 .5 0 3
2 5 C X X 3 .5 9 5 3 .8 5 5 6 .8 9 7 5 3 .1 2 9 3 .7 6 9
2 6 T X X 4 .1 1 9 4 .5 1

h  x
4 9 .6 5 9 4 5 .3 5 4 4 .3 0 5

2 7 -  c  _ X X 3 - 6 4 3 3 .8 8 5 6 .1 4 8 5 2 .7 1 8 3 .4 3 0
2 8 T X 3 .2 5 1 3 .4 2 6 2 .9 1 8 5 9  8 0 9 3 .1 0 9
2 9 C X X 3 .4 3 1 3 .3 5 9 .6 1 7 61 9 8 3 - 2 .3 6 7
3 0 T X X 4 .1 9 8 4 .81 4 8 .7 2 5 4 2 .5 2 5 6 .1 9 9
31 . T  _ X X 3 .8 1 4 3 8 5 3 .6 3 0 5 3 8 2 8 - 0 .1 9 8
3 2 C X X 3 6 8 1 3 7 X 5 5 .5 6 8 '  5 5  2 8 3 0 .2 8 5
3 3 C  . X -  X  _ 3 .7 6 9 3 7 X 5 4 .2 7 0 5 5 .2 8 3 - 1 .0 1 2
3 4 T X X 3 9 8 4 .3 3 X 51  3 9 3 4 7  2 3 9 4 .1 5 4
3 5 M H X X 3 4 6 8 3 6 6 X 5 8 9 8 1 5 5  8 8 7 3 0 9 4

- 3 7 4 93 6 C X X 3 2 9 8 3 .11 6 2 .0 2 1 6 5  7 7 0
3 7 T  _ . X X  _______ 3  3 7 4 3 .2 5 6 0 .6 2 4 6 2  9 3 7 2  3 * 3
3 8 C X X 3 - 3 9 5 3 .5 4 6 0 .2 4 9 5 7  781 2  4 6 8
39 T X X 3 .6 8 7 3 .8 5 X 5 5 4 7 7 5 3  1 2 9 2  3 4 9
4 0 C X X 3 .2 4 1 3 .5 6 3  1 1 2 5 8 4 4 2 4  6 7 0
41 C X X 3 .5 1 3 3 .4 4 X X  ! 5 8  2 2 5 5 9 .4 6 1 - 1 .2 3 6
4 2 C X X 3 .3 8 3 2 8

-  X
6 0 .5 1 6 6 2 .3 6 1 -1 8 4 5

4 3 C X X 3 .1 7 5 3 .5 6 6 4 4 2 4 5 7 .4 5 7 6 .9 6 7
4 4
4 5 S U B W Z T

X ______ X .............
X

— — —
5 9 5 1 3

5 2 9 2 2
6 0 .1 6 0
5 0 .5 0 5

- 0 .6 4 8
2 4 1 7

4 6 T X X 3 .5 8 3 .5 4 X 5 7  1 3 6 5 7  781 - 0 .6 4 6
4 7 T X X 3 .5 1 5 3 .7 X 5 8 .1 9 2 5 5  2 8 3 2 .9 1 0
4 8 .. T  ____ X X ■ 3 4 4 1 3 .4 5 _ X 5 9 4 4 4 5 9 2 8 9 0  1 5 5
4 9 C X X 3 .3 5 7 3  6 3  . X 6 0  9 3 1 5 6  3 4 9 4  5 8 2
5 0 C X X 3 .6 1 2 3 .6 5 6 6 2 9 5 6 8 1 8 -0  1 8 9
51 T X X 3 .5 7 5 3 .9 2 X 5 7 .2 1 6 5 2  1 8 b 5 0 3 6
5 2 C X X 3 .5 0 9 3 .6 4 X 5 8 .2 9 2 5 6 .1 9 4 2 0 9 8
5 3 C X X 3 .4 0 3 3 .3 6 6 0 .1 0 7 6 0 .8 7 7 - 0 .7 6 9
5 4 __ -  C _______ X

~ ~ X ~

X I  _____________ 3 .6 1 5 3 .6 3 5 6 ,5 8 2 5 6 .3 4 9 0 .2 3 4
5 5 C X 2 .6 4 6 . 2  8 8 ____ X_____ X 7 7 .3 0 4 7 1 .0 2 3 6 .2 8 1
5 6 T X X 3 .8 6 7 4 .4 9 X 5 2 .8 9 5 4 5  5 5 6 7  3 3 9
5 7 C X X 3 .7 8 1 3 .5 3 X 5 4 .0 9 8 5 7 .9 4 5 - 3 .8 4 7
5 8 T X X 3 .3 1 9 3 .6 3 X 6 1 .6 2 9 5 6 .3 4 9 5 .2 8 0
5 9 T _______ X _ X 3 -3 7 3 4 .3 7 6 0 .6 4 2 4 6 .8 0 7 1 3 .8 3 5
6 0 T X X 3 8 0 8 3 .7 6 X X 5 6 .6 9 2 5 4 .4 0 0 2 .2 9 2
61 C X X 3 .3 8 4 3 .4 5 6 0 .4 4 5 5 9 .2 8 9 1 .1 5 6
6 2 C X X 2 .9 6 3 .3 7 6 9 .1 0 3 6 0  6 9 6 8 4 0 7
6 3 C X X 3 .1 0 1 3 .2 7 X 6 5 .9 6 1 6 2 .5 5 2 3  4 0 9
6 4 - -  C X X 2 8 8 4 3 ,1 1 7 0 .9 2 4 6 5 .7 7 0 5 .1 5 4
6 5 M H X X 3 5 9 3 4 .0 3 ______ X . _ _  X  _

~ ~ x

5 6 .9 2 9 5 0 .7 5 6 6 .1 7 3
6 6 C X X 2 .4 2 2 .8 1 8 4 .5 2 3 7 2 .7 9 2 1 1 .7 3 1
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Table 17. Salt Cree c: Data Collected During Trip I
L o c a t i o n : S A L T  C R E E K I
D a te : 6 / 5 / 9 8 1 (T r ip  1)
S p e e d  T r a p  I  D i s t a n c e  ( H J :
S p e e d  T r a P 2  D i s t a n c e  ( F T ) :

B r a k e  L i g h t s E n c r o a c h m e n t S p e e d S p e e d

V e h  ID V e h i c l e  T y p e
S t a t e V e h i c l e  L a n e T r a p l T r a p  2 In  C u r v e I n s i d e C e n t e r

L a n e l i n e
O u H I d e

E d g e C h a n g e
l r a P 2 R e d u c t i o n

In O u t I S S

S5I

T im e T im e (x )  f o r  y e s E d g e m p h
1 C X 3 .1 6 5 2 .9 5 6 4 .6 2 7 6 9  3 3 7 -4  7 1 0
2 C X 3 .3 0 1 3 .1 1 6 1 .9 6 5 6 5  7 7 0 - 3 8 0 6
3 C X 3 .8 4 3 3 .7 6 5 3  2 2 5 5 4  4 0 0 -1 1 7 5
4 -  - C X 3 J 4 8 _ 3 .2 4 6 2 9 7 6 6 3  131 -0  1 5 5
5 C  _ _ X 3 2 6 1 3 .3 8 6 2 7 2 5 6 0 .5 1 6 2  2 0 8
6 T X 3 .3 4 4 3 .3 1 61 1 6 8 61  7 9 6 - 0 .6 2 8
7 C X 2 .8 7 2 3 .3 2 71 2 2 1 61 6 1 0 9 6 1 0
8 T X 3 .8 0 5 3 .4 2 5 3 .7 5 7 5 9  8 0 9 - 6 0 5 2
9

------------ R X "
X .  3 1 1 9 3 .2 2 -X 6 5  5 8 0 6 3 .5 2 3 2  0 5 7

1 0 P . 3 .6 7 5 3 .5 5 5  6 5 9 5 8 4 4 2 -2  7 8 3
11 P u v y / i X X 3  * 0  _ 3  7 6 I 51 2 3 9 5 4  4 0 0 -3  1 6 2
1 2 R V X 3 .7 7 9 3  7 5 X 5 4 .1 2 7 5 4  5 4 5 - 0 4 1 9
1 3 C X 3 .5 9 3 3 .3 4 5 6 .9 2 9 6 1 .2 4 1 -4  3 1 2
14 C X 2 .7 1 2 .6 6 ----------------- ------------------------------------- 7 5 .4 7 8 7 6  8 9 7 - 1 .4 1 9
1 5 C  _ -  X 3 .0 0 6 3 .0 5 X 6 8  0 4 6 6 7  0 6 4 0 9 8 2
1 6 T -  X 3 .7 7 8 3 .5 1 X 5 4 .1 4 1 5 8 .2 7 5 -4  1 3 4
1 7 T X 3 .8 7 8 3 .5 9 X 5 2 .7 4 5 5 6 .9 7 6 -4 .2 3 1
18 C X 3 .4 9 4 3 .4 5 5 8 .5 4 2 5 9 .2 8 9 - 0 .7 4 7
1 9 C X 3 .5 4 6 3 .2 9 5 7  6 8 3 6 2 .1 7 2

I o e2 0
-  S  - * X 3 .3 3 2 3 .3 1 X B C ________ ____________ 61 3 8 8 6 1 7 9 6

21
2 2 k -

X
—

X
—

X

3 .7 4 3
2 .9 2 3 ¥ — —

5 4 .6 4 7
6 9 .9 7 8

5 5  134  
6 8  1 8 2

-0  4 8 6  
1 .7 9 6

2 3 C X 2 .8 9 6 3 .1 9 7 0 .6 3 0 6 4 .1 2 1 6 5 1 0
2 4 T X X 3 .5 8 9 3 .3 2 5 6 .9 9 2 6 1 .6 1 0 -4  6 1 8
2 5 T X 3 .5 1 3 .3 X 5 8 .2 7 5 6 1 9 8 3 -3  7 0 8
2 6 G  ___ X . .3 6 0 7 3 .5 1 5 6 .7 0 8 5 8 .2 7 5 - 1 .5 6 7
2 7

- G -  -
X x 3  0 2 3 3 .1 3 u Z Z Z 6 7 .6 6 3 6 5 .3 5 0 2 .3 1 3

C X 3 .5 0 3 3 .5 9 5 8 .3 9 2  ! 5 6 .9 7 6 1 .4 1 5
2 9 C X 3 .4 3 5 3 .4 5 9 .5 4 7 6 0 .1 6 0 - 0 .6 1 3
3 0 C X 3 .1 6 7 3 .1 3 6 4 .5 8 7 6 5 .3 5 0 - 0 .7 6 3
31 C

X
X 3 .2 7 5 3 6 1 6 2 .4 5 7  I 

5 9 .2 3 7  
6 2 .7 4 4  

6 3 4 2 5

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

6 3 .1 3 1

5 7 9 6  
- 5 .0 8 5  
-4  101 
0 2 9 4

3 2 T X

X

3 .4 5 3 3 .1 8 x  -
3 3 T 3 .2 6 3 .0 6 X B C
3 4 T X 3 .2 2 5 3 .2 4 X
3 5 T X 3 .1 6 4 2 .9 X B C 6 4  6 4 8 7 0 .5 3 3 -5  8 8 5
3 6 C X 2 .6 4 2 .8 1 7 7  4 7 9 7 2  7 9 2 4  6 8 7
3 7 C X 3 .9 4 2 3 .7 7 X B C 51  8 8 9 5 4  2 5 6 -2  3 6 7
3 8 T _ X 3  4 6 2 3 3 8 5 9  0 8 3 6 0 8 7 7 - I  7 9 4
39 C X 2  8 5 8 2 9 2 X 71 5 6 9 7 0  0 5 0
4 0 C X 3  1 6 6 2 8 4 6 4  6 0 7 7 2 0 2 3
41 C X 2  8 4 6 2 .9 2 X B C 7 1 .8 7 1 7 0  0 5 0 1 .8 2 1
4 2 C X 3 .0 2 9 2 .7 ? X X 6 7  5 2 9 7 3 3 1 4 - 5 7 8 5
4 3

-  T  - X
— I------------------------

3 .4 5 9 3 .1 6 5 9  1 3 4 6 4  7 3 0 -5  5 9 5
4 4 C X 2  6 5 6 2  85 7 1 .6 2 0 71 7 7 0 - 0 1 5 1
4 5 T X 3 .9 4 3 3 .5 2 X 5 1 .8 7 6 5 8  1 1 0 - 6 .2 3 4
4 6 C X X 2 .9 0 5 3 .4 5 7 0 .4 1 2 5 9 .2 8 9 1 1 .1 2 3
4 7 C X 3 .2 0 9 3 .1 5 6 3 .7 4 1 6 4  9 3 5 -1 1 9 4
4 8 P U  W /T _ _ X 3 .4 2 3 3 .2 3 X 5 9 .7 5 6 6 3 .3 2 7 -3 .5 7 1
4 9 C X 3 .8 0 4 3 .5 9 5 3 .7 7 1 5 6 .9 7 6 - 3 .2 0 5
50 C X 3 0 9 1 3 .2 7 X 6 6  1 7 5 6 2 .5 5 2 3 .6 2 2
51 T X 3 .1 7 7 3 .3 5 X 6 4  3 8 3 61 0 5 8 3 3 2 5
5 2 M H X 3 .6 5 8 3 .6 3 X B C 5 5 .9 1 7 5 6  3 4 9
5 3 C ______ X 3 0 5 8 3 .0 6 6 6  8 8 9 6 6  8 4 5
5 4 T X 3 4 7 2 3 .6 6 X B C 5 8 .9 1 3 5 5  8 8 7 3 0 2 6
5 5 C

-
T

l X 3 1 3 7 3 .4 6 5 .2 0 4 6 0  1 6 0 5 0 4 4
5 6 C X 3 .6 1 3 5 6 X B C X 5 6 .6 6 1 5 7  4 5 7 - 0 .7 9 6
5 7 C X 2 .9 1 9 2 .8 8 7 0 .0 7 4 7 1 .0 2 3 - 0 .9 4 9
5 8 C X 3 .1 0 8 3 .0 1 6 5 .8 1 3 6 7 .9 5 5 - 2 .1 4 3
5 9 ____ C

X -
_ X . 3 .03.1 3 .0 5 6 7 .4 8 4 6 7 .0 6 4 0 .4 2 0

6 0 C 3 7 1 4 3 .5 9 5 5 .0 7 4 5 6 .9 7 6 - 1 .9 0 2
61 C X I 3 .3 0 6 3 2 7 6 1 .8 7 1 6 2 .5 5 2 - 0 .6 8 1
6 2 C X 2 .8 9 9 2 .9 5 7 0 .5 5 7 6 9 .3 3 7 1 .2 2 0
6 3 C X 2 .8 7 7 2 .8 4 7 1 .0 9 7 7 2 .0 2 3 - 0 .9 2 6
6 4 C X 3 .1 5 2 2 .9 7 6 4 .8 9 4 6 8 .8 7 1 - 3 .9 7 7
6 5 C X 3 7 4 1 3 .6 3 5 4 ,6 7 7 5 6 .3 4 9 - 1 .6 7 2
6 6 C X 3 .3 2 9 3 .3 4 61  4 4 4 6 1 .2 4 1 0 2 0 2
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Table 18. La Moine: Data Collected During Trip I
L o c a t i o n :  LA  M O IN E I
D a te : 6 / 5 / 9 8 1 ( T n p I ) ____ ____ ------------------- ------------------------------------------
S p e e d  T r a p  I  D i s t a n c e  (F T ) : 3 0 0 —
S p e e d  T r a p 2  D i s t a n c e  ( F I 3 0 0 1

B r a k e  L i g h t s E n c r o a c h m e n t S p e e d
S t a t e V e h ic l e  L a n e T r a p l T r a p  2 In  C u r v e I n s i d e C e n t e r  O u t s i d e L a n e T r a p  1 T r a p  2 R e d u c t i o n

V e h  ID V e h i c l e  T y p e In O u t D r iv e  L n  (x) P a s s  L n  (x) T im e T im e (X) f o r  y e s E d g e  L a n e l i n e E d g e C h a n g e m p h
I T X 3 .5 3 8 3 .4 9 5 7 .8 1 4 5 8 6 0 9 - 0 7 9 5
2 C X 3 .1 4 6 3 .0 9 6 5 .0 1 8 6 6 .1 9 6 - 1 .1 7 8
3 C X 3 .1 3 4 3 0 4 6 5 .2 6 7 6 7  2 8 5 - 2 .0 1 8
4 C X 3 .1 6 8 3 .0 8 6 4 .5 6 6 6 6  411 -1 8 4 5
5 T  _ x - T 3 1 6 9 3 .0 1 X 6 4 5 4 6 6 7  9 5 5 - 3 4 1 0
6 C X 3 .2 1 1 3 .2 5 6 3 7 0 1 6 2 .9 3 7 0 7 6 4
7 T X x 3 4 3 7 3 .3 8 X B C 5 9 .5 1 3 6 0 5 1 6 - I  0 0 4
8 C X 3 .1 1 7 3 .1 4 6 5 .6 2 3 6 5  1 4 2 0 .4 8 1
9

- g  - X 2 .8 5 1 2  5 9 X 71 7 4 5 7 8 9 7 5 -7  2 3 0
1 0

-  S  - X 3 .2 9 3 3 3 1 6 2  1 1 5 61  7 9 6 0 3 1 9
11 T -  X 3 .2 2 8 3  2 6 3  3 6 6 6 3  9 2 0 - 0 .5 5 4
1 2 C X 2 8 2 8 3 .0 7 7 2 3 2 9 6 6  6 2 7 5  701
1 3 C X 2 9 2 5 2 .9 5 6 9  9 3 0 6 9  3 3 7 0 5 9 3
1 4 C X 2 .8 4 5 2 .9 6 71 8 9 6 6 9  1 0 3 2  7 9 3
1 5 C X X .  3 .1 2 2 .9 9 6 5  5 5 9 6 8 4 1 0 - 2 .8 5 0
16 T X 3  2 7 3 .1 6 _ x 6 2 .5 5 2 6 4 .7 3 0 - 2 .1 7 7
1 7 C X 3 .0 8 2 .9 5 6 6  4 1 1 6 9 .3 3 7 -2 .9 2 7
1 8 C X 3 .2 0 9 3 .0 3 6 3 7 4 1 6 7 .5 0 7 -3  7 6 6
19 C X 2 .8 6 2 .7 7 7 1 .5 1 9 7 3 .8 4 3 - 2 .3 2 4
2 0 C _  X 3 .1 6 3 3 .0 8 6 4 .6 6 8 6 6 .4 1 1 - I  7 4 3
21 P U V W C X 3 .1 9 4 3 1 6 6 4 .0 4 1 6 4 .7 3 0 -0  6 8 9
2 2 T . . . .  X 3 3 * . 2 9 4 6 0  7 8 6 6 9 .5 7 3 - 8 7 8 7
2 3 C X 2 .8 9 9 2 .9 X B C 7 0 .5 5 7 7 0 .5 3 3 0 .0 2 4
2 4 C X 3 .1 1 4 2 .9 4 6 5 .6 8 6 6 9 .5 7 3 - 3 .8 8 8
2 5 V A N  W /C X 3 .2 3 1 3 .1 9 6 3 .3 0 7 6 4  121 - 0 .8 1 4
2 6 T -  X _ 3 .5 7 1 3 .4 9 5 7  2 8 0 5 8  6 0 9 -1 3 2 9
2 7 T X 3 .2 3 1 3 6 3 6 3 .3 0 7 5 6  3 4 9 6 .9 5 9
2 8 C X 2 9 0 9 2 .8 7 7 0 .3 1 5 7 1 .2 7 0 - 0 .9 5 5
2 9 C X 2 .8 6 6 2 .7 2 7 1 .3 7 0 7 5 .2 0 1 - 3 .8 3 1
30 C X 2 .4 3 3 2 .3 8 X I 8 4 .0 7 1 8 5 .9 4 3 - 1 .8 7 2
31 C X 2 .8 5 6 2 .7 4 X B C 7 1 .6 2 0 7 4 6 5 2 - 3 .0 3 2
3 2 T X 3 0 9 3 .0 4 _______X  . . X 6 6 .1 9 6 6 7 .2 8 5 - 1 .0 8 9
3 3 C X 2 .7 6 8 2 .8 8 7 3 .8 9 6 7 1 .0 2 3 2 .8 7 4
3 4 P U  W /C X _______ X 3 .2 9 3 .2 5 6 2 1 7 2 6 2 .9 3 7 - 0 .7 6 5
3 5 T X 3 .7 1 4 3 .6 6 5 5 .0 7 4 5 5 .8 8 7 - 0 .8 1 3
3 6 C X 3 .1 6 9 3 .2 2 6 4 .5 4 6 6 3 .5 2 3 1 .0 2 2
3 7 P U  W /T X 3 .3 1 5 .2 8 6 1 .7 9 6 3 8 .7 4 0 2 3 .0 5 7
3 8 T .  X  -  ■ 3 7 2 3 6 X 5 4  9 8 5 5 6 8 1 8 - I  8 3 3
3 9 C X 2 .9 7 2 .8 1 6 8 8 7 1 7 2  7 9 2 - 3 9 2 1
4 0 C X 2 8 7 7 2 .7 6 71 0 9 7 74  111 -3  0 1 4
41 T X 3 .1 1 3 3 .1 3 6 5  7 0 7 6 5  3 5 0 0 .3 5 7
4 2 C . X 3 .0 9 7 . 3 .3 1 6 6 .0 4 6 61 7 9 6 4  2 5 0
4 3 C X 2 9 6 2 8 4 6 9 .1 0 3 7 2 0 2 3 - 2  9 2 0
4 4 C X 3 .0 2 3 2 8 7 6 7  6 6 3 71 2 7 0 - 3 6 0 7
4 5 C X 2 7 9 7 2 .5 6 7 3  1 3 0 7 9 .9 0 1 - 6 .7 7 0
4 6 T X 3 .1 5 6 2 .7 9 X X 6 4  8 1 2 7 3 .3 1 4 - 8 .5 0 2
4 7 C X 3 .4 1 9 3 .3 5 x I 5 9 .8 2 6 61 0 5 8 - 1 .2 3 2
4 8 P U  W /C . .  X 3 .7 1 1 3 .5 9 5 5 .1 1 9 5 6 .9 7 6 - 1 .8 5 8
4 9 -  C  . X 3 .0 1 3 6 7 .8 8 8 6 8 .1 8 2 - 0 .2 9 4
5 0 C X 3 .4 3 5 3 .3 2 5 9 .5 4 7 6 1 .6 1 0 - 2 .0 6 3
51 T X 3 .9 6 1 3 .6 8 51  6 4 0 5 5  5 8 3 - 3 9 4 3
5 2 C X 3 .3 2 7 3 .1 1 6 1 .4 8 0 6 5 .7 7 0 - 4 .2 9 0
5 3 C X 3 .7 4 8 3 .4 6 5 4 .5 7 5 5 9  1 1 7 -4  5 4 3
5 4 C X 2 7 8 3 2 7 2 7 3 4 9 8 7 5 .2 0 1 - I  7 0 2
5 5 C X 3 .0 9 3 2 8 7 6 6 .1 3 2 71 2 7 0 - 5  1 3 8
56 C X 3 .5 3 .5 6 5 8 .4 4 2 5 7  4 5 7 0  9 8 5
5 7 T X 3 .5 3 1 3 .6 5 5 7 .9 2 8 5 6 .0 4 0 1 8 8 9
58 C X 2 .7 8 2 .7 1 7 3 .5 7 8 7 5 .4 7 8 ■ 1 9 0 1
59 __ T X 3 .5 9 8 3 .4 5 5 6 .8 5 0 5 9  2 8 9 - 2 .4 3 9
6 0 X 2 .9 5 4 2 8 3 6 9 .2 4 4 7 2 .2 7 8 -3 .0 3 4
61 C X X 3 .2 5 2 3 .2 2 6 2 .8 9 8 6 3 .5 2 3 - 0 .6 2 5
62 C X 3 .3 5 3 .2 5 6 1 .0 5 8 6 2 .9 3 7 - 1 .8 7 9
6 3 C X 3 .0 6 6 3 .0 9 6 6 .7 1 4 6 6 .1 9 6 0 .5 1 8
6 4 C X 3 5 0 2 3 .4 X B C 5 8 .4 0 8 6 0 .1 6 0 - 1 .7 5 2
6 5 T X 3 .5 3 1 3 .4 6 5 7 .9 2 8 5 9 .1 1 7 - 1 .1 8 9
6 6 C X 3 .3 7 1 3 .3 6 0 .6 7 8 6 1 .9 8 3 - 1 .3 0 5
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Table 19. Sims Road: Data Collected During Trip
L o c a t i o n :  [ S im s  R o a d
D a te : 6 / 4 / 9 8 1 (T r ip  1)

—

S p e e d  T r a p  I  D i s t a n c e  (F T ) : 3 0 0
S p e e d  T r a p  2  D i s t a n c e  ( F I _ 3 0 0 r

B r a k e  L i g h t s E n c r o a c h m e n t S p e e d S p e e d

V e h  ID V e h i c l e  T y p e
S t a t e  _ V e h i c l e  L a n e T r a p  1 T r a p  2 In  C u r v e I n s i d e  C e n t e r O u t s i d e L a n e T r a p  I T r a p  2 R e d u c t i o n

In O u t D r iv e  L n  (x ) P a s s  L n  (x) T im e T im e (x )  f o r  y e s E d g e  L a n e l i n e  E d g e C h a n g e m p h m p h
1 C X X 3 .2 5 9 3 .2 7 X 6 6 .6 5 1 5 9 .2 1 6 7 4 3 5
2 T X x  : 3 .4 2 4 .0 3 6 3 .5 1 3 4 8 .0 4 9 1 5 .4 6 5
3 C X X 3 .7 4 5 3 .0 7 5 8 .0 0 2 6 3 .0 7 4 - 5 .0 7 2
4

-  — g ________ X l o w . ?  8 4 7 0 .3 1 9 6 8 .1 8 2 2 .1 3 7

-------------§ -------------
X X 2 .7 6 3 2 .7 2 X 7 8 .6 1 6 71 1 9 0 7 4 2 6

6 C X X 3 6 6 6 3 .41 5 9 .2 5 1 5 6  7 8 5 2 .4 6 7
7 C X X 3 .1 0 6 3 .1 7 6 9 .9 3 4 61  0 8 4 8 .8 5 0
8 C X X 3 .0 3 1 2 .7 3 X — — 7 1 .6 6 5 7 0 .9 2 9 0 .7 3 6
9 T X . 3 .1 6 3 3 .4 3 X 6 8 .6 7 4 5 6 4 5 4 1 2 .2 2 0

1 0 T

. r

X X 3 .6 9 3-41 X 5 8  8 6 6 5 6  7 8 5 2 .0 8 1
11 C X 3 .2 2 3 .0 3 X 6 7  4 5 8  

7 0  8 4 7
6 3  9 0 6 3 .5 5 2

12 C X X 3 .0 6 6 3 .0 6 6 3 .2 8 0 7 5 6 7
1 3 C X 3 .3 1 3 3 .1 6 X 6 5 .5 6 5 6 1 .2 7 7 4 .2 8 7
1 4 T X X 3 .5 3 1 3 .1 7 X X  I 6 1 .5 1 7 61 0 8 4 0 .4 3 3
1 5 T X X 3 .6 3 3 3 .1 9 X 5 9  7 9 0 6 0  701 -0 .9 1 1
16

________ £ ________ X X 3 4 0 6 3 .0 5 X 6 3  7 7 4 6 3  4 8 7 0 .2 8 7
1 7 T X X 3 .6 7 3 .2 4 5 9  1 8 7 5 9  7 6 4 -0 .5 7 7
18 T X X 3 .9 2 1 4 .0 5 X 5 5 .3 9 8 4 7  811 7 5 8 7
1 9 C X 3 .2 3 2 .8 8 6 7 .2 5 0 6 7  2 3 5 0 .0 1 5
2 0 T X 3 6 1 3 .5 1 X 6 0  171 5 5  167 5 0 0 4
21 T X ______ X 3  7 6 4 3 .4 5 X 5 7  7 0 9 5 6  1 2 6 1 .5 8 2
2 2 C X X 3 .0 2 1 2 .6 4 X 7 1 .9 0 2 7 3 .3 4 7 - I  4 4 5
2 3 C X X 3 .3 2 8 6 5 .8 2 3 6 9  1 5 6 - 3 .3 3 3
2 4 T X X 3 .7 1 9 3 .4 4 X 5 8 4 0 7 5 6 .2 9 0 2 .1 1 7
2 5 C X 3 .3 5 4 3 .0 4 X 6 4 .7 6 3 6 3 .6 9 6 1 .0 6 7
2 6 C ______ X 3 .3 6 1 2 7 9 X B C 6 4 .6 2 8

5 8 7 7 1
6 9 .4 0 4 -4  7 7 5

2 7 C  _ _ _ X X 3  6 9 6 2 .7 4 7 0 .6 7 0 -1 1  9 0 0
2 8 T _______X  ^ 3 .9 4 3 .3 2 X B C 5 5 .1 3 1 5 8  3 2 4 - 3 .1 9 3
2 9 C X X 3 0 7 1 2 .7 7 7 0 .7 3 1 6 9 .9 0 5 0 .8 2 7
3 0 T X X 4 .0 8 2 3 .5 9 X 5 3 .2 1 3 5 3 .9 3 8 - 0 7 2 5
31

- C  - X X 3 .9 4 5 3 .8

:  x  — ..... X  I

5 5 .0 6 1 5 0 .9 5 7 4 .1 0 4
3 2 _ T

X  ---------------------

3 .5 3 5 3 :3 7 61  4 4 7 5 7 .4 5 9 3 .9 8 8
3 3 M H X 3 .8 1 8 3 3 3 X 5 6 .8 9 3

6 2 .8 3 4
5 8 .1 4 9
6 5 .6 3 9

- 1 .2 5 6
3 4 C X 3 .4 5 7 2 9 5 X — — -2  8 0 6
3 5 T X X 3 .5 7 6 3 .1 9 X B C 6 0 .7 4 3 6 0 .7 0 1 0 .0 4 2
3 6 T X 3 .5 6 8 3 .2 2 X 6 0 .8 7 9 6 0 .1 3 6 0 .7 4 3
3 7 C X 3 .4 1 3 3 .0 6 X B C 6 3 .6 4 4

5 8 7 5 5
5 4 .1 8 2

6 3 .2 8 0  
6 0  1 3 6  
5 4  2 4 0

0 .3 6 4
3 8 T X X 3 6 9 7 3 .2 2 X X B C -1 .3 8 1
3 9 T X X 4 .0 0 9 3 .5 7 ~ X  • - 0 .0 5 8
4 0 C X 3 .4 0 5 2 .9 3 X B C 6 3 .7 9 3 6 6  0 8 7 - 2 .2 9 4
41 C X 3 .6 9 9 3 .3 4 5 8 .7 2 3 5 7 .9 7 5 0 7 4 8
4 2

________ C X 3 .1 5 7 2 7 3 X X 6 8 .8 0 5 7 0 9 2 9 -2  1 2 5
4 3 T

X
X 4 2 2 2 3 7 6 51  4 4 9 51 4 9 9 -0  0 5 0

4 4 C

X
X 3 .7 7 1 3 .5 7 5 7  6 0 2 5 4 .2 4 0 3 3 6 2

4 5 T X 3 .6 1 2 3 .0 6 6 0 .1 3 7 6 3  2 8 0 - 3 .1 4 3
4 6 T X X 3 .7 3 4 3 .2 2 X B C 5 8 .1 7 2 6 0  1 3 6 - 1 .9 6 3
4 7 T X X 3 5 4 3 3 .3 4 X 61 3 0 8 5 7  9 7 5 3 .3 3 4
4 8 T X X 4 0 5 2 3 .4 5 X 5 3 .6 0 7 5 6 .1 2 6 - 2 .5 1 9
4 9
50

T

P U  W / t
X
X : : - i t - — X — —

51 9 0 3  
6 7  2 0 8

51 7 7 4  
61 8 6 5

0 .1 2 9
5 .3 4 3

51 T X 3 .5 3 .0 5 X X 6 2 .0 6 2 6 3  4 8 7 - 1 .4 2 6
5 2 T X 3 .9 1 3 .6 3 5 5 .5 5 4 5 3  3 4 3 2 .2 1 1
5 3 T X 4 .1 4 7 3 .7 5 5 2 .3 7 9 51 6 3 6  

6 2  0 6 3
0 7 4 3

5 4 c X 3 .5 7 1 3 1 2 X 6 0  8 2 8  
6 8  0 9 3

- 1 .2 3 5
5 5 C X - 3 .1 9 2 8 6 6 7  2 3 5 0  8 5 8
5 6 C X X 3 .0 9 2 9 4 . 7 0 2 9 6 6 5  8 6 3 4 4 3 4
5 7 C X X 3 5 4 2 2 .9 1 61 3 2 6 6 6  5 4 2 . 5 2 1 6
5 8 C X 4 0 2 4 3 .4 1 5 3  9 8 0 5 6  7 8 5 - 2 8 0 5
5 9 T X 3 7 3 4 3 .5 2 5 8 .1 7 2 5 5 0 1 0 3  1 6 2
6 0 C X 3 .2 1 7 3 0 6 6 7 .5 2 1

6 6 .8 7 7
6 3 2 8 0 4 241

61 C X 3 .2 4 8 2 9 1 - 6 6 .5 4 2 0 .3 3 5
6 2 C X 3 2 7 7 2 .8 -----------------1 I 6 6 .2 8 5 6 9  1 5 6 - 2 .8 7 1
6 3 T X 3 .8 2 6 3 .2 3 X 5 6 .7 7 4 5 9 .9 4 9 - 3 .1 7 6
6 4

-  T _____ X ______ ________________ 3 .7 6 9 3 4

X

5 7 .6 3 2 5 6 .9 5 2 0 .6 8 0
6 5 C

x

3 .1 6 9 3 0 3 6 8 .5 4 4 6 3 .9 0 6
6 4 .7 6 1

4 .6 3 8
- 0 .8 7 46 6 C X X 3 .4 2 .9 9 X 6 3 .8 8 7
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Table 20. Sidehill Viaduct: Data Collected During Trip 2
L o c a t i o n :  S ID E  H ILL V IA D U C T  I
D a te : 5 / 1 9 / 9 9 1 (T r ip  2 )
S p e e d  T r a p  1 D i s t a n c e  (F T ): 3 0 0

—

S p e e d  T r a p  2  D i s t a n c e  (F T ) : 3 0 0

B r a k e  L i g h t s E n c r o a c h m e n t

V e h  ID
S t a t e V e h i c l e  L a n e T r a p  1 T r a p  2 In  C u r v e I n s i d e C e n t e r O u t s i d e L a n e T r a p  1 T r a p  2 R e d u c t i o n

V e h i c l e  T y p e In O u t D r iv e  L n  (x ) P a s s  L n  (x ) T im e T im e (x )  f o r  y e s E d g e L a n e l in e E d g e C h a n g e m p h m p h
1 T X 4 .3 1 3 .9 8 X X 4 7 .4 5 8 5 1 .3 9 3 - 3 .9 3 5
2 C X X 2 .8 5 2 .9 7 7 1 .7 7 0 6 8 .8 7 1 2 .9 0 0
3 C X X 3  8 5 3 .7 4 X X 5 3 .1 2 9 5 4 .6 9 1 - 1 .5 6 3
4
5 -------------T------------

X
X — S — = ^ = W -S 1 X

_ _ _
—

4 6 .8 0 7  
4 9  8 8 9

51 5 2 3  
51 7 8 4  
5 2 .8 5 4

- 4 .7 1 6
- 1 .8 9 5

6 C X 3 .2 2 3 .8 7 6 3 .5 2 3 1 0 .6 6 9
7 C X X 3 3 .3 9 X 6 8 .1 8 2 6 0  3 3 8 7 8 4 4
8 T X X 4 .1 6 3 8 7 X 4 9 .1 7 0 5 2 .8 5 4 - 3 .6 8 5
9 T

T

X X 3 7 8 3 .4 9 X 5 4  1 1 3 5 8 .6 0 9 -4  4 9 6
10 R V  . _ X  _ 3 .51 X 51  1 3 6 5 8 .2 7 5 -7  1 3 9
11 ____ I ____ X . X 3 .8 1 . 3 4 3 _ _ .  _ x X 5 2 .3 1 3 5 6 .3 4 9 - 4 .0 3 5
1 2 T X 3 .8 1 3 .5 5 5 3 .6 8 6 5 7 .6 1 8 - 3 .9 3 2
1 3 C X X 3 .6 9 3 .2 7 X 5 5 .4 3 2 6 2 .5 5 2 -7  1 2 0
1 4 C 1R V X X 3 .4 4 3 .4 2 5 9 .4 6 1 5 9 .8 0 9 -0  3 4 8
1 5 C  _ X X 2 .8 2 IS 7 2 .5 3 4

4 9 5 2 7
6 6 .1 9 6 6 .3 3 8

1 6
C  - X -  X  - 4 .1 3 5 9 .2 8 9 - 9 .7 6 2

1 7 T X X 4 .5 6 4 .0 4 X 4 4 .8 5 6 5 0 .6 3 0 -5  7 7 4
1 8 C X X 4 .1 9 3 .9 8 X 4 8 .8 1 8 51 3 9 3 - 2 .5 7 6
19 C X X 2 .9 3 3 .1 9 X 6 9 .8 1 1 6 4  121 5 .6 9 0
2 0 C X X 3 6 8 3 .4 4

X

5 5 .5 8 3 5 9 4 6 1 - 3 .8 7 8
21 C X X 3 3 8 3 2 2 6 0 .5 1 6 6 3 5 2 3 - 3 0 0 7
2 2 -  C X ____  J  - X 2 6 8 . 3  2 5 7 1 0 2 3 6 2 .9 3 7 8 0 8 6
2 3 C X X 4 .2 2 4 0 8 4 8 .4 7 0 5 0  134 _ _ - _ r .6 6 3  _  

- 9 .7 2 22 4 C X X 3 .1 9 2 .7 7 6 4  121 7 3 8 4 3
2 5 C X X 3 .6 3 3 .1 5 5 6 .3 4 9 6 4 .9 3 5 - 8 5 8 6
2 6 C X X 3 .2 5 3 .4 1 X 6 2 .9 3 7

4 6 .0 6 9
5 1 .6 5 3

5 9 .9 8 4 2  9 5 3
2 7 C X X 4 .4 4 3 .9 5 X  _ 5 1 .7 8 4 - 5 .7 1 5
2 8 C X X 3 .9 6 3 .7 2 5 4  9 8 5 - 3 .3 3 2
2 9 C X X 3 .7 8 4 .1 4 5 4 .1 1 3 4 9 .4 0 7 4 .7 0 5
3 0 C 1R V X X 4 .6 2 4 .1 6 X X 4 4 .2 7 4 4 9 .1 7 0 -4  8 9 6
31

- -  C X X 3 .2 2 3 .3 1 _. X  _ __
X

6 3 .5 2 3 6 1 .7 9 6 1 .7 2 7
3 2 T X X 5 .0 3 4 4 8 4 0 6 6 5 4 5 .6 5 7 - 4 .9 9 2
3 3 X X 3 .9 4 3 9 3 X 5 1 .9 1 5

6 1 .2 4 1
5 2 .0 4 7
5 9 .6 3 4

-0  1 3 2  
1 .6 0 73 4 C X X '  3 .3 4 3 .4 3 X

3 5 T X X 4 .6 6 3 .8 6 X 4 3 .8 9 4 5 2 .9 9 1 - 9 .0 9 7
3 6 C X X 3 .0 3 3 .1 8 6 7 .5 0 7 6 4 .3 2 2 3 .1 8 4
3 7 C X X 3 4 1 3 .1 6 X 5 9 .9 8 4  

6 1 0 5 8  
5 6 .5 0 4  '

6 4  7 3 0  
6 2 .5 5 2  
5 4 .8 3 8

- 4 .7 4 6
3 8 C X X 3 .3 5 3 2 7 X -1 4 9 4
3 9 C X X 3 .6 2 3 .7 3 X 1 .6 6 6
4 0 C X X 4 3 X 5 1 .1 3 6 6 8 .1 8 2 -1 7  0 4 5
41 T X X 4 .1 3 3 .7 4 X 4 9 .5 2 7 5 4 .6 9 1 -5  1 6 5
4 2 C X X 3 .8 8 3 .6 7 ____ X _____ 5 2 .7 1 8 5 5  7 3 4  

7 2  7 9 2
- 3 0 1 7

4 3 C X 3 .1 5 2 .8 1 X 6 4  9 3 5 -7  8 5 7
4 4 _______C _ X _ X 3 .7 5 3 .4 7 X 5 4  5 4 5 5 8  9 4 7 -4  4 0 1
4 5 C X X 3 .5 9 3 .4 6 X 5 6 9 7 6 5 9  1 1 7 - 2  141
4 6 C X 3 .3 1 3 4 8 61 7 9 6 5 8  7 7 7 ™ 3 0 1 9
4 7 T X X 3 .5 3 3 .4 1 5 7 .9 4 5 5 9  9 8 4 - 2 .0 3 9
4 8 T

X

X X 3  9 7 _. 3  7 7 X 5 1 .5 2 3 5 4  2 5 6 - 2 7 3 3
4 9 C

X
____________ _______ X 3 3 .1 8 X 6 8  1 8 2 6 4  3 2 2 3 .8 5 9

50 T X 3 7 2 3 .7 X 5 4  9 8 5 5 5 .2 8 3 -0 .2 9 7
51 C X X 3 2 5 3 .3 6 X 6 2 9 3 7 6 0 8 7 7 2 0 6 0
52 T X 3 .9 1 3 .8 4 X 5 2 .3 1 3 5 3 .2 6 7 -0  9 5 4
5 3

—  - C _______
X

X X _ 3 ,0 6 3 2 7 X 6 6  1 9 6 6 2  5 5 2 3 .6 4 4
5 4 T X 4 .2 1 4 .0 9 X 4 8 .5 8 6 5 0 .0 1 1 - I  4 2 5
5 5 T X X 4 6 2 4 .1 3 4 4 .2 7 4 4 9 .5 2 7 - 5 .2 5 3
5 6 C X _______ X_______ 4 3 .6 6 51 1 3 6 5 5  8 8 7 -4  7 5 0
5 7 T X 3 .7 5 3 .8 1 X 5 4 .5 4 5 5 3 6 8 6 0 8 5 9
5 8 C X X 3 .1 9 3 .4 X 6 4  121 6 0  1 6 0 3  9 6 0

T T o i o -5 9 C X X 4 2 2 4 .0 6 4 8 4 7 0 5 0  381
6 0 _____ C  _ X X  - 3 .6 6 3 2 1 5 5  8 8 7 6 3 .7 2 1 -7  8 3 5
61 I X X 3 .7 5 3 .3 8 X 5 4  5 4 5 6 0 5 1 6 -5 .9 7 1
6 2 T X X 4 .1 3 4 .2 6 4 9 .5 2 7 4 8 .0 1 5 1 .5 1 1
6 3 C X X 3 .0 3 3 .3 7 X 6 7 .5 0 7 6 0  6 9 6 6 .8 1 1
6 4 C _ X X 3 .5 9 3 .3 3 5 6 .9 7 6  

4 8  1 2 8  
5 7 .2 9 6

6 1 .4 2 5 - 4 .4 4 9
6 5 T X X 4 .2 5 4 .0 9 X X 5 0 .0 1 1

5 3 .9 7 0

- 1 .8 8 3
6 6 C X X 3 .5 7 3 .7 9 ------------------1— 3 .3 2 6
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Table 21. O ’Brien: Data Collected During rip 2
L o c a t i o n : O 'B R IE N ------------------1-----------------
D a te : 5 / 1 9 / 9 9 1 (T r ip  2 )
S p e e d  T r a p  I  D i s t a n c e  (F T ) : 3 0 0
S p e e d  T r a p  2  D i s t a n c e  ( F I p _____ 3 0 0

— —

B r a k e  L i g h t s E n c r o a c h m e n t S p e e d

V e h  ID V e h i c l e  T y p e
S l a t e V e h ic l e  L a n e T r a p  I T r a p  2 In  C u r v e I n s i d e  C e n t e r O u t s i d e L a n e T r a p i

m p h
T r a p  2 R e d u c t i o n

In O u t D r iv e  L n  (x )  P a s s  L n  (x) T im e T im e (x )  f o r  y e s E d g e L a n e l in e E d g e C h a n g e m p h m p h
I C X X  ! 3 .3 5 3 .41 6 1 .0 5 8 5 9 9 8 4 1 .0 7 4
2 C X 3 .3 5 3 .8 4 I 6 1 .0 5 8 5 3 .2 6 7 7 .7 9 1
3 C X 3 .2 5 3 .2 6 6 2 .9 3 7 6 2 .7 4 4 0 .1 9 3
4 -  C

X

X 3 .4 2 5 6 .3 4 9 5 9 .8 0 9 - 3 .4 6 0
5

________I________ ...........X 3 .4 4 3 .8 6  . X 5 9 .4 6 1 5 2 .9 9 1 6 .4 7 0
6 C X X 3 .3 8 3 .4 X 6 0 .5 1 6 6 0 .1 6 0 0 .3 5 6
7 C X X 3 .1 6 3 .2 3 6 4 7 3 0 6 3  3 2 7 1 .4 0 3
8 C X X 3 .8 4 3 .8 2 5 3 .2 6 7 5 3 5 4 6 - 0 .2 7 9
9

1 0
= 4 = - H b - —

3 .5 6
3 .3 8 X

5 7 .4 5 7
6 0 .5 1 6

5 0  8 8 2  
5 1 7 8 4

6 5 7 5
8 .7 3 3

11 x X 3 .0 3 3 3 4 6 7  5 0 7 6 1 .2 4 1 6 .2 6 6
1 2 C X X 2 .6 6 2 .8 1 X 7 6 .8 9 7 7 2  7 9 2
1 3 C X 2 .9 1 3 .2 9 X 7 0 .2 9 1 6 2  172
1 4 T X 3 .4 1 4 .0 1 5 9 9 8 4 5 1 .0 0 9 8 .9 7 5
1 5 T -  X 3  3 5 3 .3 4 X 61 0 5 8 6 1 .2 4 1 - 0 .1 8 3
1 6 T _ X 3 .3 7 3 .6 4 6 0 .6 9 6 5 6 .1 9 4 4 .5 0 2
1 7 C X 3 .7 8 4 .0 5 5 4 .1 1 3 5 0 .5 0 5 3 .6 0 8
18 C X _______ X________________________ 3 3 .1 3 6 8  1 8 2 6 5 .3 5 0 2 .8 3 2
19 C X X 2 .6 6 3 .0 5 X 7 6 .8 9 7 6 7  0 6 4 9 .8 3 3
2 0 C X X .  .3  2 8 3 2 1  _ 6 2  361 6 3  721  -1 3 6 0
21 T X X 3 3 8 3 .8 1 X 6 0 5 1 6 5 3  6 8 6 6 8 3 0
2 2 C X X 3 .6 5 3 .8 6

X
5 6  0 4 0 5 2  991 3 0 4 9

2 3 T X 3 .9 3 .7 7 5 2 4 4 8 5 4  2 5 6 - I  8 0 9
2 4 C X _______ X  ________________ 3 .0 6 3 .2 7 6 6 .8 4 5 6 2 .5 5 2 4  2 9 3
2 5 T X 4 .2 8 4 .4 5 X 4 7  791 4 5  9 6 5 H #2 6 C  _ X 3 .3 4 3 4 1 X 61 2 4 1 5 9  9 8 4
2 7

_______ c ________ I X 2 .7 8 2 8 2 7 3 .5 7 8 7 2 .5 3 4 I 0 4 4
2 8 C X X 3 .2 8 3 .3 6 2 .3 6 1 61 9 8 3 0 3 7 8
2 9 R V X X 3 .7 8 3 .7 7 5 4 .1 1 3 5 4 .2 5 6 - 0 .1 4 4
3 0 U H A U L X 3 .7 9 3 .8 5 X 5 3 .9 7 0 5 3 .1 2 9 0 .8 4 1
31 T  _ _ X 3 .5 3 3 .4 1 X 5 7 .9 4 5 5 9 .9 8 4 - 2 .0 3 9
3 2 _ _ _  c X _  X 3 .1 6 3 .5 9 X 6 4 .7 3 0 5 6 .9 7 6 7 7 5 3
3 3

T  - X 3  4 7 3 .5 5 p x 5 8 .9 4 7 5 7 ,6 1 8 1 .3 2 8
34 C X 3 .1 3 .2 6 5 .9 8 2 6 3 .9 2 0 2 .0 6 2
3 5 C X X 4 .1 2 4  3 8 4 9 .6 4 7 4 6 .7 0 0 2 .9 4 7
3 6 C X X 3 .0 3 2 .9 3 6 7 .5 0 7 6 9  811 - 2 .3 0 4
3 7 C X -  X 3 .8 8 4 0 1 X 5 2 .7 1 8 5 1 .0 0 9 1 .7 0 9
3 8 C X ...  X 3 .1 3 .3 X 6 5 .9 8 2

6 4 .1 2 1
61 9 8 3  

I 6 2 .1 7 2
3 .9 9 9

39 C X X 3 .1 9 3 .2 9 I 9 4 9
4 0 T X 3 .6 3 .3 4 X I I 5 6 .8 1 8 6 1 .2 4 1 - 4 4 2 3
41 T X X 3 .7 2 4 .2 6 X X  I 5 4 .9 8 5 4 8 .0 1 5 6 .9 7 0
4 2 C  _ X -  X 3 3 4 4 .0 1 X ___ 6 1 .2 4 1 51 0 0 9 1 0  2 3 2
4 3 C X X 3 .1 6 3 .1 3 6 4 .7 3 0 6 5  3 5 0  

5 2  991
- 0 .6 2 0

4 4 C X X 3 .9 4 3 8 6

X
5 1 .9 1 5 -1 0 7 6

4 5 T X X 3 .0 7 3 .4 2 6 6 .6 2 7 5 9 .8 0 9 6 8 1 9
4 6 T X X 4 .1 6 4 .6 3 X X 4 9 .1 7 0 4 4  1 7 8

= S I=4 7 T X X 3 .4 1 3 .7 3 5 9 .9 8 4 5 4 .8 3 8
4 8 C ______ X X  . 3 .5 3 .8 3 _ .  X 5 8  4 4 2 5 3  4 0 6
4 9 T X X  . 3  6 6 3 .9 4 X 5 5  8 8 7 5 1 9 1 5 3  9 7 2
5 0 T X X 3.5 1 3 .6 5 5 8 2 7 5 5 6 .0 4 0
51 T X X 4 .2 5 4 .4 4 8 .1 2 8 4 6 4 8 8
52 C X X 3 .2 2 3 .4 5 X 6 3 5 2 3 5 9 2 8 9 4 .2 3 5
5 3 C X X 3 .5 7 3 .6 4 X 5 7 .2 9 6 5 6 .1 9 4 1 .1 0 2
5 4 C  „ X . .  X 3 .6 9 3 .8 4

X  “
5 5 4 3 2 5 3 .2 6 7 2 .1 6 5

5 5 T X _ 3 .8 1 4 6 6 X 5 3 .6 8 6 4 3 .8 9 4 9 7 9 3
5 6 T X 3 .3 9 3 3 3 X 6 0 .3 3 8 6 1 .4 2 5 - 1 .0 8 7
5 7 T X X 3 5 6 3 .3 4 X 5 7 .4 5 7 6 1 .2 4 1 -3  7 8 5
5 8 T X 3 .3 2 3 .5 5 6 1 .6 1 0 5 7 .6 1 8 3 .9 9 2
5 9 C _______

~ X ~
. X 3 .4 3 .5 5 6 0 .1 6 0 5 7 .6 1 8 2 5 4 2

6 0 C X
—

3 8 8 . 3 .5 3 5 5 .8 8 7 5 7 .9 4 5 -2  0 5 8
61 C X X 3 .5 3 3 .6 1 5 7  9 4 5 5 6  661 I 2 8 4
6 2 C X X 3 .3 4 3 .3 1 X 6 1 .2 4 1 61 7 9 6  ' - 0 .5 5 5
6 3 C X X 3 .5 3 6 6 5 8  4 4 2 5 5  8 8 7 2 5 5 5
64 C ........... .. X

X

X 2 .9 7 3 .0 6 .  X 6 8 .8 7 1 6 6 .8 4 5 2  0 2 6
6 5 C .  T R A IL E R X 3 .8 5 3 9 5 5 3 .1 2 9 5 1 7 8 4 1 .3 4 5
6 6 T X X 3 .5 7 3 .5 6 X 5 7 .2 9 6 5 7  4 5 7 -0 .1 6 1
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Table 22. La Moine Data Collected During Trip 2
L o c a t i o n : L a  M o in e
D a te : 5 / 1 9 / 9 9 1 (T r ip  2 )
S p e e d  I r a p  1 D i s t a n c e  ( H J : 3 0 0
S p e e d  T r a p  2  D i s t a n c e  (F T ): 3 0 0

B r a k e  L i g h t s E n c r o a c h m e n t
S t a t e V e h i c l e  L a n e T r a p  I T r a p  2 In  C u r v e I n s id e C e n t e r

L a n e l in e
O u t s i d e

E d g e
T r a p  I 

m p hV e h  ID V e h i c l e  T y p e In O u t D r iv e  L n  (x )  P a s s  L n  (x) T im e T im e (x )  f o r  y e s E d g e C h a n g e
1 T X 3 .6 2 3 .41 X 5 6 .5 0 4 5 9  9 8 4 -3  4 8 0
2 T X X 3 .4 7 3 .21 5 8 .9 4 7 6 3 .7 2 1 - 4 .7 7 5
3 T X X 3 2 8 3 .31 X ----------------- ------------------ ------------------ 6 2 .3 6 1 61  7 9 6 0 .5 6 5
4 _______C X X 3 .6 5 3 .5 5 5 6 .0 4 0

6 7 .5 0 7
6 7 .5 0 7

5 7 .6 1 8 - I  5 7 9
5 . . C  . _ X _  X 3 .0 3 2 .8 1 -  X  " 7 2 .7 9 2 - 5 .2 8 5  

-1 5 9 66 C X 3 .0 3 2 .9 6 ------------------------------------- 6 9 .1 0 3
7 T X X 3 .9 3 .5 3 5 2 .4 4 8 5 7 .9 4 5 - 5 .4 9 7
8 C X X 3 .5 9 3 .5 2 5 6 .9 7 6 5 8 .1 1 0 - 1 .1 3 3
9 C X X 3 .2 2 3 .2 5 6 3 .5 2 3

■ 1 1
0 .5 8 6

1 0 C X

X—
X  _ 2 .7 8 2 .7 6 X 7 3 .5 7 8 - 0 .5 3 3  

-1 6 8 911 T 3 .5 3 3 .4 3 —5 1 9 4 5
6 2 .3 6 11 2 T X 3 .2 8 3 .0 4 X -4 .9 2 3

1 3 C X X 2 .9 3 2 .8 4 6 9 .8 1 1 7 2 .0 2 3 - 2 2 1 2
1 4 C X X 3 .1 8 3 .3 4 X 6 4 .3 2 2 6 1 .2 4 1 3 .0 8 1
1 5 J X X 3 .8 7 3 .6 1 5 2  8 5 4 5 6  661 -3  6 0 7
1 6 C X X 3 .4 4 3 .2 7 ■ X 5 9 .4 6 1 6 2  5 5 2 - 3 0 9 1
1 7 C X 3 .1 3 3 .1 4 6 5  3 5 0 6 5  1 4 2 0 2 0 8
18 T X X 3 .5 3 .3 1 X 5 8 4 4 2 61 7 9 6 - 3 .3 5 5
19 T X X 4 .0 3 3 .8 5 0 .7 5 6 5 3  8 2 8 - 3 .0 7 2
2 0 C X _ X 2 .7 8 2 .9 5 X 7 3 .5 7 8 6 9  3 3 7 4 2 4 0
2 1  . C X X 3 3 .1 2 6 8  1 8 2 6 5 .5 5 9 2 .6 2 2
2 2 T X _  X  _ 3 .2 5 3 .1 X 6 2 .9 3 7

6 3 .5 2 3
6 5 .9 8 2  
6 6  411

- 3 0 4 5
2 3 C X X 3 .2 2 3 .0 8 X - 2 .8 8 7
2 4 C X 2 .6 9 2 .5 7 7 6 .0 3 9 7 9 .5 9 0 - 3 .5 5 0
2 5 C X X 3 .2 5 3 .3 3 6 2 .9 3 7 6 1 .4 2 5 1 .5 1 2
2 6 T X X 3 .6 2 3 .5 1 X 5 6 .5 0 4

5 9 .9 8 4
5 8 .2 7 5 -1 .7 7 1

2 7 T X X
X

3 .4 1 3 .0 6 X 6 6 .8 4 5 -6 .8 6 1
2 8 C X 3 .3 1 2 .7 6 X 61 7 9 6 7 4 .1 1 1 - 1 2 3 1 4
2 9 T X X 3 2 5 3 .3 1 6 2 .9 3 7 61 7 9 6 1 141
3 0 C X X 3 2 .9 6 8 1 8 2 7 0 5 3 3 - 2 3 5 1
31 — S— X X 3 .0 3 3 .0 9 6 7 .5 0 7 6 6  1 9 6 1 .3 1 1

I T
C n r — I — z A ? - m X

—
61 241  

71 2 7 0  
7 4  3 8 0

6 5  1 4 2  
6 9  5 7 3

-3 .9 0 1  
I  6 9 7

3 4 C X X  - 2 .7 5 2 .6 X 7 8 6 7 1 -4  2 9 1
3 5 C X X 3 .3 3 .2 7 — 61  9 8 3 6 2  5 5 2
3 6 T X X 3 .5 6 3 .3 8 5 7 .4 5 7 6 0 .5 1 6 -3  0 6 0
3 7 T _X _ X 3 .9 1 3 .7 3 5 2 .3 1 3

6 4 .7 3 0
5 4  8 3 8

:
- 2 .5 2 5

3 8 _  C X 3 .1 6 3 1 6 0 .0 0 0  
-4  1 2 73 9 C X X 3 .2 5 3 .0 5 X 6 2 .9 3 7

4 0 T X X 3 .4 7 3 .5 5 X 5 8 .9 4 7 5 7 .6 1 8 1 .3 2 8
41 C X X 3 .5 6 3 .4 X 5 7 .4 5 7 6 0 .1 6 0 - 2 .7 0 4
4 2 „ T X .  X . 3 6 3 .7 2 X 5 2 .4 4 8

' : : :
- 2 .5 3 8

4 3
________ $ . . .

X
______ X ______ I ...................... I 3 2 2 . 3 .3 6 3 .5 2 3 1 .5 4 0

4 4 T X 3 .6 6 3 .4 5 5 5 .8 8 7 5 9 .2 8 9 - 3 .4 0 2
4 5 C X X 2 .9 7 2 .9 8 6 8 .8 7 1 6 8 .6 3 9 0 .2 3 1
4 6 C X X 3 .1 6 3 .1 6 6 4 .7 3 0 6 4  7 3 0 0 .0 0 0
4 7 C X X 3 .1 8 3 .0 2 6 4 .3 2 2 6 7 .7 3 0 - 3 .4 0 8
4 8 - - -  T  _ X _  X _  I _  .. _ 3 3 1 3 .1 8 6 1 .7 9 6 6 4  3 2 2 - 2 .5 2 6
4 9 C .R V X X 3 .2 5 3 .1 6 6 2 .9 3 7 6 4 .7 3 0 - I  7 9 3
5 0 C 1R V X X 3 .5 3 3 .4 7 5 7  9 4 5 5 8 .9 4 7 - I  0 0 2  

0 9 8 551 T X X 3 .5 3 .5 6 X 5 8 .4 4 2 5 7  4 5 7
5 2 T X X 3 .4 4 3 .2 X 5 9 .4 6 1 6 3 .9 2 0 - 4 .4 6 0
5 3 C X X _ _ 3 .1 5 3 .0 6 X 6 4 .9 3 5 6 6 .8 4 5 - 1 .9 1 0
5 4 C X X 3 .2 5 3 .1 6 6 2 .9 3 7

7 1 0 2 3

6 4  7 3 0 -1 7 9 3
5 5 C  _ X ~  X .. 2 .8 8 2 .8 1

----------------- 1----------------
7 2 .7 9 2 -1 7 6 9

56 T 3 .9 7 3 .4 7 51  5 2 3 5 8 .9 4 7 - 7 4 2 4
5 7 C X X 3 .1 6 2 .9 1 6 4  7 3 0 7 0 .2 9 1 - 5 .5 6 1
5 8 T X X 3 .6 3 3 .4 5 5 6  3 4 9 5 9 .2 8 9 - 2 .9 4 0
5 9 C X X 3 3 8 3  2 7  _ 6 0 .5 1 6 6 2  5 5 2 - 2 .0 3 6
60 C .R V X X 4 .4 7 4 .0 7 4 5 .7 6 0 5 0  2 5 7 - 4 4 9 7
61 C X X 3 .4 7 3 .2 1 5 8 .9 4 7 6 3  721 -4  7 7 5
62 T X X 3 .4 4 3 .3 1 5 9 .4 6 1 61 7 9 6 - 2 .3 3 5
6 3 C X X 3 .1 3 3 .1 6 5 .3 5 0 6 5 .9 8 2 - 0 .6 3 2
6 4 C X 2 .9 7 2 .9 4 6 8 .8 7 1 6 9 5 7 3 -0  7 0 3
6 5 C X X _____ I 2 .8 1 2 .8 1 7 2 .7 9 2 7 2 .7 9 2  

6 5  1 4 2
0  0 0 0

6 6 C X X 3 .1 2 3 .1 4 X 6 5 .5 5 9 0 4 1 8
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Table 23. Sims Road: Data Collected During Trip 2
Locat ion:  Rims Rnarl  I l  I ! *L o c a t i o n : S im s  R o a d
D a te : I
S p e e d  T r a p  1 D i s t a n c e 3 0 0 —
S p e e d  T r a p  2  D i s t a n c e  ( F I

I
3 0 0

— — —

B r a k e  L i g h t s E n c r o a c h m e n t

V e h i b V e h i c l e  T y p e
S t a l e -  V e h i c l e  L a n e T r a p  I T r a p  2 In  C u r v e I n s i d e C e n t e r O u t s i d e L a n e T r a p  1 T r a p  2

m p h  m p h
R e d u c t i o n

In O u t D r iv e  L n  (x ) P a s s  L n  (x) T im e T im e (x )  f o r  y e s E d g e L a n e l in e E d g e C h a n g e
1 T X 3 .5 6 3 .7 3 5 7  4 5 7  5 4  8 3 8 2 . 6 1 9 .  _ 

-1 5 4 22 T X 3 .5 3 .41 5 8 .4 4 2  5 9  9 8 4
3 C X X 3 2 .9 6 6 8 .1 8 2  6 9  1 0 3 - 0 9 2 1
4 ________ 5 _ X X . -  3  9 3 3 7 X 5 2 .0 4 7  5 5  2 8 3 - 3 .2 3 5
5

-------------1 ------------ X 3 .6 5 3 .5 7 X 5 6 .0 4 0  5 7  2 9 6 - 1 .2 5 6
6 C X X 3 .31 3 .4 1 6 1 .7 9 6  5 9  9 8 4 1 .8 1 2
7 I X X 5 .3 1 5 .1 6 X 3 8 .5 2 1  3 9 ,6 4 1 - 1 .1 2 0
8 T X X 4 .0 3 4 .2 2 X 5 0 .7 5 6  4 8 .4 7 0 2 .2 8 5
9 . . .  C X X 3 .1 3 4 1 X 6 5 .9 8 2  5 9 .9 8 4

6 6 .8 4 5  5 3 .2 6 7
5 9 9 8
1 3 .5 7 8
5 .5 4 3
0 .9 5 4

1 0 - C
X

X

■ X
X 3 0 6 3 .8 4 X

11 - C 3 .8 9 4.1 5 5 .4 3 2  4 9 .8 8 9
12 C X X 3 .2 5 3 .3 6 2 .9 3 7  6 1 .9 8 3
1 3 R V X X 4 4 .0 5 X 5 1 .1 3 6  5 0 .5 0 5 0 .6 3 1
1 4 T X X 3 .8 2 4 .2 6 X 5 3 .5 4 6  4 8 .0 1 5 5 .5 3 1
1 5

-  - C  — X X  J 3  4 4 3 .9 5 ___X 5 9 .4 6 1  5 1 .7 8 4 7 .6 7 7
1 6 C X X  - 3 .2 8 3 .2 9 6 2 .3 6 1  6 2 .1 7 2 0  1 9 0
1 7 R V X X 3 .8 1 3 .8 9 X 5 3  6 8 6  5 2 .5 8 2 I 1 0 4  

I 9 0 4  
O B V

18 T X X 3 .9 4 4 .0 9 51 9 1 5  5 0  011
19 T X X 3 .4 7 3 .5 2 5 8 .9 4 7  5 8  1 1 0
2 0 C

X
X X 3 1 6 3 3 1 6 4  7 3 0  6 1 .7 9 6 2 .9 3 3

21 C -X - - 3 .4 9 3 .0 2 5 8 .6 0 9  6 7  7 3 0 -9  121
2 2 C ,T R A IL E R X _______________ L -  X  „ __ 3 .3 8 3 ,9 5 I ^ X  - 6 0 .5 1 6  5 1 .7 8 4 8 7 3 3
2 3 C X X 3 .0 9 3 .1 6 6 6  1 9 6  6 4  7 3 0 1 .4 6 6
2 4 C X X 2 .5 9 2 .6 1 7 8 .9 7 5  7 8 .3 7 0 0 .6 0 5
2 5 C ,T R A IL E R X X 3 .4 1 3 .2 7 X 5 9 9 8 4  6 2 .5 5 2 - 2 .5 6 8
2 6 T X - __ X -  . 3 .4 1 3 .7 7 X 5 9 .9 8 4  ' 5 4 .2 5 6  

5 7  4 5 7  5 6  3 4 9
5 .7 2 8

2 7 C X
X

* 3 .5 6 3 .6 3 1 .1 0 8
T X 3 .1 9 3 .6 6 X 6 4  121 5 5 .8 8 7 8 2 3 4

2 9 T X X 3 .9 1 3 .8 4 I I------------------ 5 2 .3 1 3  5 3  2 6 7 - 0 .9 5 4
3 0 T X X 4 .1 2 3 .9 X X 4 9  6 4 7  5 2 .4 4 8 - 2 8 0 1
31 -  C  __ X X 3 0 6 3 .0 2 6 6  8 4 5  6 7  7 3 0 0 8 8 5
3 2 -  C X

X -

X 3 .0 6 3 .0 1

x

6 6  8 4 5  6 7  9 5 5 - I  1 1 0
3 3 C X . 3 .1 3 ,6 X 6 5 .9 8 2  5 6 8 1 8 9 .1 6 4
3 4 C X X 2 8 7 3 .0 9 7 1 .2 7 0  6 6  1 9 6 5 .0 7 4
3 5 C X X 2 .7 5 2 .9 3 7 4 .3 8 0  6 9  811 4  5 6 9
3 6 C X X 3 .7 8 3 .8 ------------------------------------ 5 4 .1 1 3  5 3  8 2 8 0 2 8 5
3 7

—

X
* —

3  4 3 3 .7 7 X 5 9 .6 3 4  5 4  2 5 6 5 .3 7 8
3 8 X 3 .5 3 3 .9 9 X 5 7 .9 4 5  51  2 6 5

6 9 .8 1 1  5 7 .2 9 6
6 .6 8 0

3 9 C X X 2 .9 3 3 .5 7 1 2 .5 1 5
4 0 C X X 3 .6 3 .4 8 5 6 .8 1 8  5 8 .7 7 7 - 1 .9 5 9
41 T X X 3 .7 8 3 .6 6 5 4 .1 1 3  5 5 .8 8 7 - 1 .7 7 4
4 2

=F
X - - -  X 3 .7 8 3 9 5 5 4 .1 1 3  5 1 .7 8 4 2 .3 2 9

4 3 C - —  X 3 .1 3 -  4  0 3 X 6 5 .3 5 0  5 0 .7 5 6 1 4 .5 9 4
4 4 C - X 3 .1 6 3 1  . 6 4 .7 3 0  6 5 .9 8 2 - 1 .2 5 3
4 5 C X X 3 2 2 3 .4 5 6 3 .5 2 3  5 9 .2 8 9 4 .2 3 5
4 6 C X X 3 .3 4 3 .5 8 X 6 1 .2 4 1  5 7 .1 3 6 4 .1 0 6
4 7 C X X 3.1 3 .0 4 X 6 5 .9 8 2  6 7  2 8 5 -1 3 0 2
4 8
4 9 Hh X

X -  3 % — - I 5 8 .9 4 7  5 5 .2 8 3
5 2 .3 1 3  4 9  2 8 8

3 .6 6 4
3 .0 2 5

50 C X X 3 .2 8 3 .3 1 6 2 .3 6 1  61 7 9 6 0 .5 6 5
51 C X X 2 .8 8 2 .9 5 7 1 .0 2 3  6 9 .3 3 7 I 6 8 5
52 C X X 3 .1 3 3 .2 6 5 .3 5 0  6 3 .9 2 0 1 .4 3 0
5 3 -  C  _ X ______ X -  3  3 7 3 ,5 9 6 0 .6 9 6  5 6 .9 7 6 3 .7 2 0
5 4 T X - X  - 3 .8 7 4 .1 3 5 2 8 5 4  4 9 .5 2 7 3 .3 2 7
5 5 T X X - 3 .4 1 3 .7 X 5 9 .9 8 4  5 5 .2 8 3 4 .7 0 1
5 6 T X X 4 2 2 4 .5 2 4 8 .4 7 0  4 5 .2 5 3 3 .2 1 7
5 7 C X X 3 .0 3 2 .9 9 6 7 .5 0 7  6 8 4 1 0 - 0 .9 0 3
5 8 C ,T R A IL E R X X 3 .8 4 3 .4 8 X 5 3 .2 6 7  5 8 7 7 7 - 5 5 1 0
59 C X X 3 .4 7 3 .1 7 — 5 8 9 4 7  6 4  5 2 5 - 5 .5 7 9
6 0 C X X 3 .4 4 3 .7 5 9 4 6 1  5 5  2 8 3 4 .1 7 8
61 C X X 3 .2 2 3 .3 6 3 .5 2 3  61 9 8 3 1 .5 4 0
6 2 C X X 3 .5 6 3 .5 9 5 7 .4 5 7  5 6  9 7 6 0 .4 8 0
6 3 T X X 3 .8 5 4 .0 5 5 3  1 2 9  5 0  5 0 5 2 .6 2 4
6 4 C X -  -  X 2 .8 1 . 2 .9 1 7 2  7 9 2  7 0 .2 9 1 2 5 0 1
6 5 T X x 4 .0 3 4 .2 8 5 0 .7 5 6  4 7  791 2 9 6 5
66 C X X 3 .1 3 3 .3 1 6 5 .3 5 0  61 7 9 6 3 5 5 4
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Table 24. Sidehill Viaduct: Data Collected During Trip 3
L o c a t i o n : S ID E  H ILL V IA D U C T
D a te : 8 /1 9 /9 9 (T rip  3 )
S p e e d  T r a p  I  D i s t a n c e  (F T ): 3 0 0
S p e e d  T r a p 2  D i s t a n c e  (F T ): 3 0 0

— L---------------

B r a k e  L i g h t s E n c r o a c h m e n t

V e h l D V e h i c l e  T y p e
S l a t e V e h i c l e  L a n e T r a p  I T r a p  2 In  C u r v e I n s i d e C e n t e r O u t s i d e L a n e T r a p l T r a p  2 R e d u c t i o n

In O u t D r iv e  L n  (x ) P a s s  L n  (x ) T im e T im e (x ) f o r  y e s E d g e L a n e l i n e E d g e C h a n g e m p h
I T X 3 .4 3 3 .6 9 X 5 9 .6 3 4 5 5  4 3 2 4  2 0 2
2 T X 3 .7 5 3 .5 4 I 5 4 .5 4 5 5 7  781 - 3 2 3 6
3 C X X 3 .1 6 3 .2 8 X 6 4  7 3 0 6 2  361 2  3 6 8
4

- C  - X X 3 .3 8 3 .4 3 X 6 0 .5 1 6 5 9  6 3 4 0 8 8 2
5 ________ g ________ X X 3 7 2 3 .3 4 X 5 4  9 8 5 61 241 - 6 2 5 6
6 C X X 3 .7 5 3 .3 X 5 4 .5 4 5 61 9 8 3 -7  4 3 8
7 C X 3 .6 8 3 .5 7 X X 5 5 .5 8 3 5 7 .2 9 6 - 1 .7 1 38 T X 3 .7 5 3 .5 7 X 5 4 .5 4 5 5 7 .2 9 6 - 2 .7 5 0
9 C  _ X

x ”
X 3 8 4 3 .6 6 X 5 3 .2 6 7 5 5 .8 8 7

5 9 4 6 1
- 2 .6 2 0

10 C
X

X  _ _ 3 1  . 3 .4 4 6 5 .9 8 2 : :
6 .6 3 6

11 C  . X  _ _ 3 .0 4 3 .3 6

%%- 6 0 .8 7 7

6 2 .9 3 71 2 C X X 2 .9 4 3 .2 5
1 3 C X X 3 3 .5 5 X 6 8 .1 8 2 5 7 .6 1 8 1 0 .5 6 3
1 4 C X X 3 3 .3 1 X 6 8 .1 8 2 6 1 .7 9 6 6 .3 8 6
1 5 - C X X 2 .9 1 2 .9 3 X 7 0 .2 9 1 6 9 .8 1 1 0 .4 8 0
1 6 R V .  X X

X —

3.8 1 3 .6 3 5 3 6 8 6  
5 7  781

5 6  3 4 9  
5 9 8 0 9

- 2 .6 6 2
1 7 C X 3 .5 4 3 .4 2 X - 2 .0 2 7
1 8 C X X 3 .2 1 3 .4 4 6 3 7 2 1 5 9 4 6 1 %19 C X X 3 .4 3 3 9 3 5 9  6 3 4 5 2  0 4 7
2 0 - C X X 3 7 8 3 .3 7 X 5 4  1 1 3 6 0  6 9 6 -  .6 .5 8 3
21 ________ C ________ X X .  3  5 4 3 .5 4 _______ X . 5 7  781 5 7  781 0  0 0 0
2 2 I X X 2 .9 1 3 .0 2 X X 7 0 .2 9 1 6 7  7 3 0 2 .5 6 0
2 3 C X X 3 .2 5 2 .9 5 X 6 2 .9 3 7 6 9 .3 3 7 - 6 4 0 0
2 4 T X 4 3 .5 5 X 51  1 3 6 5 7  6 1 8 -6 .4 8 2
2 5 T X 3 .8 5 3 .6 9 X 5 3  1 2 9 5 5  4 3 2 -2 .3 0 4
2 6 _ _  T ............... . X _  - 4 .0 6 3 .6 8 5 0  3 8 1 5 5 .5 8 3 - 5 .2 0 2

- 1 .7 8 02 7 C X _  X _ 3 .4 4 3 .3 4 - 5 9  4 6 1 6 1 .2 4 1
2 8 T X 3 .9 7 3 .4 7 X 5 1 .5 2 3 5 8  9 4 7 -7  4 2 4
2 9 C X X 3 .0 9 3 .3 8 6 6 .1 9 6 6 0 .5 1 6 5 .6 8 0
30 C X 2 .7 5 3 .2 2 X 7 4  3 8 0 6 3 .5 2 3 1 0  8 5 7
31 „ C X X 3 8 1 3 .6 8 X 5 3  6 8 6 5 5  5 8 3 -1 8 9 7
3 2

R, v X .  3 7 8 3 .4 8 5 4  1 1 3 5 8  7 7 7 -4  6 6 5
33 _ C X 3  31  „ 3 .1 9

X
X 61 7 9 6 6 4  121 -2  3 2 5

3 4 R V X 4 .4 3 .8 4 4 6 4 8 8 5 3  2 6 7

S t
3 5 T X 3 6 9 3 .4 1 5 5 4 3 2 5 9  9 8 4  

5 6  6613 6 R V X X 3 .7 8 3 .6 1 X 5 4  1 1 3
3 7 C X X 3 3 .6 8 X 6 8  1 8 2 5 5 .5 8 3 1 2 .5 9 9
3 8 C X X  . . 2 7 8 3 .0 3 X 7 3 .5 7 8 6 7 .5 0 7 6 .0 7 1
39 C X X 3 .4 3 .2 7 X 6 0 .1 6 0 6 2 .5 5 2 - 2 .3 9 2
4 0 C X 3 .2 8 2 .9 4 X 6 2 .3 6 1 6 9 .5 7 3 - 7 .2 1 2
41 C X 4 .2 2 3 .9 2 X 4 8 .4 7 0 5 2 .1 8 0 - 3 .7 0 9
4 2 ----S-—— X

X--- X 3 .1 6 3 .4 6 4 .7 3 0 6 0  1 6 0 4 .5 6 9
4 3 3 .5 3 .1 5 X M M 2 6 4 .9 3 5 - 6 .4 9 4
4 4 C X X ........... 3 .2 1 3 .6 8 6 3 .7 2 1 5 5 .5 8 3 8 .1 3 8
4 5 C X X 3 7 5 3 .3 8 5 4 .5 4 5 6 0 .5 1 6 - 5 .9 7 1
4 6 C X X 3 .1 6 3 .5 4 6 4 .7 3 0 5 7 .7 8 1 6 .9 4 8
4 7 C X X 3 .6 3 5 2 X 5 6 .8 1 8 5 8  1 1 0 - 1 .2 9 1
4 8
4 9

C
C - X r -

X 2 8 1

H x  ; — —

7 2 .7 9 2  6 3 .5 2 3
6 8 .1 8 2  5 8  6 0 9

9 .2 6 9
9 .5 7 3

50 R V X X 3 .2 9 3 .7 4 X 6 2 .1 7 2 5 4 .6 9 1 7 4 8 1
51 R V X 4 .6 3 4 .1 6 X 4 4 .1 7 8 4 9 .1 7 0 -4 .9 9 1
52 C X X 3 .4 4 2 .9 9 X 5 9 .4 6 1 6 8 4 1 0 - 8  9 4 »
5 3

T
X

. X 3 7 8 . . . 3 5 9  „ 5 4 .1 1 3 5 6 .9 7 6 - 2 8 6 4
5 4 C „ „  .

" X ™
X 3 .3 1 3 .0 4 X 6 1 .7 9 6

6 8 .8 7 1
6 7  2 8 5 - 5 4 8 8

5 5 C X 2 .9 7 2 .7 X X 7 5 .7 5 8 - 6 .8 8 7
5 6 T X 4 .2 9 4 .0 9 X 4 7 .6 8 0 5 0 .0 1 1 - 2 .3 3 2
5 7 C X X 3 .3 4 3 .0 9 6 1 .2 4 1 6 6  1 9 6 - 4 .9 5 5
5 8 C X X ........... 4 .3 7 3 .9 9 4 6 .8 0 7 5 1 .2 6 5 - 4 .4 5 8
5 9 C X X 3 .S 4 3 .6 6 5 3 .2 6 7 5 5 .8 8 7 - 2 .6 2 0
6 0 C X X 3 .3 4 3 2 7  .

X
61 241 6 2  5 5 2 - 1 .3 1 1

61 C X X 3 .6 4 3 .2 3 5 6  1 9 4 6 3  3 2 7 -7  1 3 3
6 2 C X 3  72 3 .4 1 5 4  9 8 5 5 9  9 8 4 -4  9 9 9
6 3 T X 3 .6 3 3 .3 1 X 5 6 .3 4 9 61 7 9 6 -5  4 4 8
6 4 C X 2 .8 7 3 .1 1 7 1 .2 7 0 6 5  7 7 0 5 5 0 0
6 5 -  T X 4  2 2 3 .6 8 . X 4 8 4 7 0 5 5  5 8 3 -7  1 1 3
6 6 C X X 3 .4 3 .2 3 X X 6 0  1 6 0 6 3  3 2 7 -3  1 6 6
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Table 25. O’Brien: Data Collected During rip 3
L o c a t i o n :  O 'B R IE N
D a te : 8 /1 9 / 9 9 !(T rip  3 ) 1 !------------------ -------------------
S p e e d  T r a p  I  D i s t a n c e  (F T ) : 3 0 0
S p e e d  T ra p 2  D i s t a n c e  (F T ) : 3 0 0

B r a k e  L i g h t s E n c r o a c h m e n t S p e e d
S p e e d

R e d u c t i o n
V e h i c l e  T y p e

S t a t e  _ V e h i c l e  L a n e T r a p  1 T r a p  2 In  C u r v e I n s i d e C e n t e r O u t s i d e L a n e T r a p  I T r a p  2
V e h  ID In O u t D r iv e  L n  (x ) P a s s  L n  (x) T im e T im e (x )  f o r  y e s E d g e L a n e l i n e E d g e C h a n g e m p h

1 T X 3 .5 3 .5 4 ----------------- 1------------------ ------------------- 5 8 4 4 2 5 7 .7 8 1 0 6 6 0
2 C X 4 .9 1 5 .1 1 41  6 5 9 4 0  0 2 8 I 6 3 0
3 C X X 3 .1 9 3 .2 3 ------------------------------------ 6 4 .1 2 1 6 3 3 2 7 0 .7 9 4
4 T X  _ __ 3 .9 1 4 .3 1 X 5 2 .3 1 3 4 7  4 5 8 4 8 5 5
5 C X X 3 .3 4 3 .5 9 X 6 1 .2 4 1 5 6  9 7 6 4  2 6 5
6 C X X 3 .4 4 3 .4 1 5 9 .4 6 1 5 9  9 8 4 - 0 .5 2 3
7 C X X 3 .3 1 3 .3 2 6 1 .7 9 6 61  6 1 0 0 .1 8 6
8 C X X 3 .0 9 3 .1 4 6 6  1 9 6 6 5 1 4 2 1 .0 5 4
9 - T _______ ______X 3 .9 7  _ 4  3 4 X 5 1 5 2 3 4 7 .1 3 0 4 .3 9 2

10 C X ______ 3 .1 3 3 ;2 6 5 .3 5 0 6 3 .9 2 0 1 .4 3 0
11 T - X 3 .3 5 3 .4 9 ____ ____ 6 1 .0 5 8 5 8 .6 0 9 2 .4 4 9
1 2 T X 3 .6 6 4 .5 2 X 5 5  8 8 7 4 5 .2 5 3 1 0 .6 3 3
1 3 C X X 3 .3 7 3 .8 2 6 0 .6 9 6 5 3 .5 4 6 7 .1 5 0
1 4 C X X 3 .3 1 3 .2 3 6 1 .7 9 6 6 3 .3 2 7 - 1 .5 3 1
1 5 C ______ X X 3 .7 2 3 .81 X 5 4 .9 8 5 5 3 .6 8 6 1 .2 9 9
1 6 C _  X _ 4 0 9 4 0 5 5 0 .0 1 1 5 0 .5 0 5 - 0 4 9 4
1 7 T X 3 .3 4 3 .9 9 X 6 1 .2 4 1 5 1 .2 6 5 9 .9 7 7
1 8 C X X 3 .1 8 3 .51 6 4 .3 2 2 5 8 .2 7 5 6 .0 4 7
19 C X X 3 .7 8 3 .5 5 5 4 .1 1 3 5 7  6 1 8 - 3 .5 0 6
2 0 C X X  __„ 3  2 8 3 .61 6 2 .3 6 1 5 6 .6 6 1 5 .7 0 1
21 C X X 3 .4 4 3 .3 4 _  .. X 5 9 4 6 1 61 241 -1 7 8 0
2 2 C X  _ 3 .9 7 3 .5 6 5 1 .5 2 3 5 7  4 5 7 -5  9 3 4
2 3 C X X 3 .4 3 .31 6 0 .1 6 0 61 7 9 6 -1 6 3 6
2 4 T X 3 .5 6 3 .8 8 5 7  4 5 7 5 2  7 1 8  4  7 3 9
2 5 C X X 3 .4 3 .3 8 6 0 .1 6 0 6 0 5 1 6 - 0 .3 5 6
2 6 C X _

X
2 .7 5 2 8 4 X 7 4 ,3 8 0 7 2  0 2 3 2 .3 5 7

2 7 - C X 3 .0 3 3 2 6 7  5 0 7 6 3  9 2 0 3 5 8 6
2 8 C X X 2 .3 7 2 .6 7 8 6 .3 0 6 7 6  6 0 9 9  6 9 7
2 9 C X X 3 .3 1 3 .81 X 61  7 9 6 5 3  6 8 6 8  110
30 C X 3 .3 1 3 .3 3 6 1 .7 9 6 61  4 2 5 0 .3 7 1
31
32

C
C X X

X

a - < 2 7
= Z = E Z Z =  

----------------- 1------------------

X 7 0 5 3 3
5 3 .2 6 7

6 4 .7 3 0  
4 7  9 0 3

5 .8 0 3
5 3 6 4

33 C X - X  _____ 2 .9 4 3 .5 6 8 0 0 7 3 5 7  4 5 7 1 2 .1 1 7
3 4 C X 3 .0 9 3 .0 2 6 6 .1 9 6 6 7 .7 3 0 - 1 .5 3 4
3 5 C X 2 .6 9 2 .9 9 7 6 .0 3 9 6 8 4 1 0 7 6 2 9
3 6 C X X 3 .0 3 2 .8 8 X 6 7 .5 0 7 7 1 0 2 3 - 3 .5 1 6
3 7 R V __x_ X  _ _ 3 5 9 4 .3 8 5 6 .9 7 6 4 6  7 0 0 1 0 .2 7 7
38
3 9 i x ~

_______X
X 3 .1 2 X

6 8  1 8 2  
6 5 .5 5 9

6 9  5 7 3  
6 5  1 4 2

-1 .3 9 1
0 .4 1 8

4 0 C X X 3 .4 7 3 .3 9 5 8 .9 4 7 6 0  3 3 8 -1 .3 9 1
41 C X X 3 .3 4 3 .2 2 I I 6 1 .2 4 1 6 3 .5 2 3 - 2 2 8 2
4 2 C  _ _ X _ X 2 .8 1 2 .9 1 7 2 .7 9 2 7 0 .2 9 1 2 .5 0 1
4 3 C X 3 .2 5 3 .3 2 6 2 .9 3 7 6 1 .6 1 0 1 .3 2 7
4 4 T X 3 .6 3 3 .7 3 X 5 8 .3 4 9 5 4 .8 3 8 1 .5 1 1
4 5 T X 2 .0 7 4 .4 2 9 8 .8 1 4 4 6 .2 7 7 5 2 .5 3 7
4 6 C X X 4 .4 4 .0 8 ------------------1------------------ 4 6 .4 8 8 5 0 .1 3 4 - 3 .6 4 6
4 7 C X X 3 .3 5 3 .4 5 X 6 1 .0 5 8 5 9 .2 8 9 1 .7 7 0
4 8 C  „„ X x  . ;  ___ . _ 3 .4 4 3 .5 7 5 9 .4 6 1 5 7 .2 9 6 2 .1 6 5
4 9 . C  „ X X  _ 3 .3 1 3 .3 1 8 1 .7 9 « 61 7 9 6 0 .0 0 0
5 0 C X X 2 .5 9 3 .0 1 X 7 8 .9 7 5 6 7  9 5 5 11 .020
51 C X X 3 .9 3 3 .7 5 2 .0 4 7 5 5  2 8 3 - 3 2 3 5
5 2 C X X 3 .7 5 3 .4 5 5 4 .5 4 5 5 9 2 8 9 - 4 7 4 3
5 3 C X X 3 0 6 3 .0 5 6 6 .8 4 5 6 7  0 6 4 - 0 .2 1 9
5 4 - C X _ X 2 8 1 2 .7 6 _______X  . .. 7 2 .7 9 2 74  111 - I  3 1 9
5 5 C X X 3 .7 2 3 8 8 X 5 4  9 8 5 5 2  7 1 8 2 2 6 7
5 6 C X X 3 .1 9 3 .2 9 X 6 4 1 2 1 6 2  172 1 .9 4 9
5 7 C X X 3 .1 8 3 .3 8 I 6 4 .3 2 2 6 0 .5 1 6 3  8 0 6
5 8 C X 3 .2 5 3 .6 4 6 2 .9 3 7 5 6 .1 9 4 6 .7 4 3
59 __ _ _ _  C

X
X X 3 .3 5 3 .5 X 61 0 5 8 5 8 .4 4 2 2 .6 1 7

60 _........... C xT __X  _ 3 .9 1 3 .8 1 _  X 5 2 .3 1 3 5 3  6 8 6 - 1 .3 7 3
61 C X 4 3 .8 6 5 1 .1 3 6 5 2 .9 9 1 -1 8 5 5
6 2 C X X 3 .0 3 3 .2 2 X 6 7 .5 0 7 6 3 .5 2 3 3  9 8 3
6 3 T X 3 .6 3 .7 X 5 6 .8 1 8 5 5  2 8 3 1 .5 3 6
6 4 C X

X
_ X 3 .4 3 .3 8 6 0  1 6 0 6 0  5 1 6 - 0 .3 5 6

6 5 R V X 3 .2 8 3 -2 7  _ 6 2  361 6 2  5 5 2 - 0 .1 9 1
6 6 C X X 2 .7 5 2 .9 3 7 4  3 8 0 6 9 .8 1 1 4 5 6 9
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Table 26. Salt Creek: Data Collected During Trip 3
L o c a t i o n :  I S A L T  C R E E K I---------------------
D a te : 8 /1 8 /9 9 !  (T r ip  3 )
S p e e d  T r a p  1 D i s t a n c e  (F T ): 3 0 0
S p e e d  T r a p  2  D i s t a n c e  (FTl— 3 0 0

B r a k e  L i g h t s E n c r o a c h m e n t S p e e d
R e d u c t i o n

V e h  ID
S l a t e V e h i c l e  L a n e T r a p l T r a p  2 In  C u r v e I n s i d e C e n t e r  O u t s i d e L a n e T r a p  I T r a p  2

V e h i c l e  T y p e In O u t D r iv e  L n  (x ) I ? S T im e T im e (x )  f o r  y e s E d g e L a n e l in e E d g e C h a n g e m p h m p h
1 R V X 5 .0 3 4 .4 6 4 0 .6 6 5 4 5 .8 6 2 -5  1 9 7
2 C ________________________X 2 .7 2 2 .8 X 7 5 .2 0 1 7 3 .0 5 2 2 .1 4 9
3 T X 4 .2 5 3 .6 4 X X 4 8  1 2 8 5 6  194
4 T X 3 .9 4 3 .4 1 X X 51 9 1 5 5 9  9 8 4
5 C X X 2 .9 7 0 .5 3 3 6 3  5 2 3 7 0 0 9
6 R V X X 3 .5 6 3 .4 5 5 7 .4 5 7 5 9  2 8 9

I E

7 C X 2 .8 5 2 8 9 X 7 1 .7 7 0 7 0 .7 7 7
8 R V X 3 .7 8 3 .7 5 X 5 4  1 1 3 5 4  5 4 5
9 C X 3 .3 1 3 .3 4 6 1 .7 9 6  . 

6 2  361
6 1 .2 4 1 0 5 5 5

10 C X X
X

3 .2 8 3 3 8 6 0 .5 1 6 1 .8 4 5
11

C X _ 3 3 .2 6 8 8 1 8 2 6 2 .7 4 4 5 .4 3 8
C X 3 .4 7 3 .3 8 5 8 .9 4 7 6 0 .5 1 6 - 1 .5 7 0

1 3 C X X 3 .4 7 3 .1 2 X 5 8 .9 4 7 6 5 .5 5 9 - 6 .6 1 3
14 C X 3 2 9 6 6 8 .1 8 2 6 9  1 0 3 -0 .9 2 1
1 5 T X  . 4 0 4 3 .6 8

: ! S
7 0 .2 9 1

5 5 .5 8 3
6 0 .6 9 6
6 5 .3 5 0

- 4 .9 5 3  
- 6  7 2 61 6 T X 3 .7 9 3 3 7

1 7 T X 2 .9 1 3 .1 3 4 941
1 8 C X _______X  ________________ 3 .0 3 3 .0 6 ----------------- ------------------- 6 7 .5 0 7 6 6 .8 4 5 0  6 6 2
19 T X 4 .1 2 3 .2 8 X 4 9 .6 4 7 6 2 .3 6 1 - 1 2 .7 1 4
2 0 C X X 2 .3 5 2 .9 1 X 8 7 .0 4 1 7 0 .2 9 1  

6 0  6 9 6
1 6 .7 5 0

21 T -  X  _ 3 2 8 3 3 7 6 2  3 6 1 I 6 6 5
2 2 C X X 2 .6 2 2 .0 1 7 8 .0 7 1 1 0 1 .7 6 4 - 2 3 6 9 3
2 3 C X X 3 .0 6 3 .0 8 6 6 .8 4 5 6 6  411 0 4 3 4  

■2 6 5 72 4 C X 3 .1 2 9 8 6 5  9 8 2 6 8  6 3 9
2 5 T X 3 4 7 3 .01 X 5 8 .9 4 7 6 7  9 5 5 - 9 0 0 8
2 6 T U- X

-  X

3 8 2 3 4 1 X 5 3 .5 4 6 5 9  9 8 4 - 6 4 3 8
2 7 C X

X  -
3 .0 3 3 .2 6 7 ,5 0 7 6 3 .9 2 0 3 5 8 6

2 8 C X 3 .5 9 2 .9 1 5 6 .9 7 6 7 0 .2 9 1 - 1 3 .3 1 4
2 9 C X 2 .8 1 3 .0 2 X 7 2 .7 9 2 6 7  7 3 0 5 .0 6 2
3 0 C X X 2 .7 8 2 .7 X ----------------- ------------------ :------------------ 7 3 5 7 8 7 5  7 5 8 - 2 .1 8 0
31

C X X 3 .1 6 3 .1 5 6 4 .7 3 0 6 4 .9 3 5 - 0 .2 0 5
3 2 R V X

X
x . 3 . 0 9 3 .0 4 6 6 1 9 6 6 7 .2 8 5 -1 0 8 9

3 3 T
X

X _ 3 1 6 3 .1 8 6 4 .7 3 0 6 4  3 2 2 0 .4 0 7
34 C X 2 .7 2 3 .0 1 X 7 5 .2 0 1 6 7  9 5 5 7 2 4 5
3 5 T X 3 .9 7 3 .6 8 5 1 .5 2 3 5 5  5 8 3

I

3 6 T X 3 .5 6 3 .6 4 X 5 7  4 5 7 5 6  194
3 7 C X X 3 .1 9 3 1 5 6 4  121 6 4  9 3 5
3 8 C X - X

X
3 .2 8 3 3 5 6 2  361 61 0 5 8 I 3 0 3

39 C 2 .8 1 3 0 6 7 2  7 9 2 6 6  8 4 5
, 1 % ' ,4 0 C X X 2 2 8 2 7 4 X 8 9 7 1 3 7 4 6 5 2

41 C X 2 .9 7 3 .1 2 6 8 .8 7 1 6 5  5 5 9 3 .3 1 1
4 2 J  _

~ X “

X 4 0 6 3 .3 6 X 6 0 .8 7 7  
6 5  142

- 1 0 .4 9 6
4 3 C ---------- X ______ 3 0 3 3 1 4 i------------------ 2 .3 6 5
4 4 C X L X 2 9 1 3 1 3 _______ X _______ 6 5 .3 5 0  

61 6 1 0
4 .9 4 1

4 5 C X X 3 8 9 3 .3 2 - 6 .1 7 8
4 6 C X X 3 .0 6 3 .0 5 6 6 .8 4 5 6 7 .0 6 4 - 0 .2 1 9
4 7 T X 3 .6 9 3 .3 9 X 5 5 .4 3 2 6 0 .3 3 8 - 4 .9 0 6
4 8 C X X _ 2 .6 9 3 8 9 X 7 6 .0 3 9 5 2 .5 8 2

7 1 .5 1 9
2 3 .4 5 7

C

4 9 C X X  _ 3 .0 3 2 8 6 6 7  5 0 7
50 C X X 3 .1 2 3 3 8 6 5 .5 5 9 6 0 .5 1 6
51 T _______ X_______ I________________ 3 .5 6 3 .3 8 5 7 .4 5 7 6 0 .5 1 6 - 3 0 6 0
5 2 C X 2 .6 5 3 .1 4 X 7 7 .1 8 7 6 5  1 4 2 1 2 .0 4 5
5 3 C X X 2 .8 1 3 1 3 7 2  7 9 2 6 5 .3 5 0 7  4 4 2
54 . _ C X 3 2 8 3 .2 7 6 2 .3 6 1 6 2 5 5 2 -0  191
5 5 T I  X

X
3  81 3  6 4 ' ........... 5 3 .6 8 6 5 6  194 - 2 5 0 7

5 6 C 3 .0 3 3 .1 8 6 7  5 0 7 6 4  3 2 2 3 1 8 4
5 7 C X X 3 .1 6 2 .8 6 6 4  7 3 0 7 1 5 1 9 - 6 .7 9 0
5 8 C X X 3 .8 7 3 .9 2 X 5 2 .8 5 4 5 2 1 8 0 0 .6 7 4
59 C X _______ X 2 .5 3 2 5 X ______ 8 0 .8 4 8 8 1 .8 1 8 - 0 9 7 0
6 0 C . _ _______ X  . „ 3 .1 6 C  3 .0 8 X 6 4 .7 3 0 6 6 .4 1 1 -1 .6 8 1
61 C X X 2 .7 8 2 9 9 X 7 3 .5 7 8 6 8 4 1 0 5  1 6 8
62 C X X 3 .0 4 3 6 7 .2 8 5 6 8 .1 8 2 - 0 .8 9 7
6 3 C X X 3 .2 5 3 .2 7 6 2 .9 3 7 6 2 .5 5 2 0 .3 8 5
6 4 C  „ X

-  X

X 2 .6 6 2 .6 6 X 7 6 .8 9 7 7 6 .8 9 7 0 .0 0 0
3 6 7 16 5 C  „ „ 3 .1 6 3 .3 5 6 4 .7 3 0 61 0 5 8

6 6 C X X 3 .1 5 3 .3 5 X 6 4 .9 3 5 61 0 5 8 3 8 7 7
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Table 27. La Moine: Data Collected During Trip 3
L o c a t i o n :  LA  M O IN E
D a te :

I

S p e e d  T r a p  I  D i s t a n c e  (F T ): 3 0 0
S p e e d  T r a p  2  D i s t a n c e  ( F IIi__ 3 0 0 f

B r a k e  L i g h t s E n c r o a c h m e n t

V e h  ID
S t a t e V e h i c l e  L a n e T r a p l T r a p  2 In  C u r v e I n s id e O u t s i d e L a n e T r a p  I  T r a p  2 R e d u c t i o n

V e h i c l e  T y p e In O u t D r iv e  L n  (x ) P a s s  L n  (x ) T im e T im e (x )  f o r  y e s E d g e L a n e l in e E d g e C h a n g e m p h  m p h m p h
1 T X 3 .4 4 3 .4 4 5 9 4 6 1  5 9 4 6 1 0 .0 0 0
2 R V X 3 .2 2 3 .2 9 X 6 3 .5 2 3  6 2  1 7 2 1 .3 5 2
3 C X X 3 .0 3 2 .9 2 6 7  5 0 7  7 0  0 5 0 - 2 5 4 3
4 C X 2 .9 1 2 .8 4 7 0 .2 9 1  7 2 .0 2 3

6 8 .8 7 1  6 8  6 3 9
7 1 .7 7 0  6 4 .9 3 5

- 1 .7 3 3
5 C X X 2 .9 7 2 .9 8

-------------------------------------
0 .2 3 1

6 C X X 2 .8 5 3 .1 5 ~  X 6 8 3 5
7 T X 3 .4 3 3 .3 8

------------------ ------------------- 5 9 .6 3 4  6 0 .5 1 6 -0 .8 8 2
8 C X X 3 .5 9 3 .2 7 5 6 .9 7 6  6 2 .5 5 2 -5  5 7 6
9 C X X 3  0 7  „ 3 .2 2 6 6 .6 2 7  6 3 .5 2 3 3 .1 0 4

1 0 T
- - X 3 .6 9 3 .5 7 X 5 5 .4 3 2  5 7 .2 9 6 -1 8 6 3

1 2
T

C X & 3 ^ —
5 8  4 4 2  6 0  160

6 5 .5 5 9  6 5 .7 7 0
- 1 .7 1 9  

-0 .2 1 1
1 3 C X X 3 .5 9 3 .3 7 5 6 9 7 6  6 0 6 9 6 - 3 7 2 0
1 4 T X 2 .9 3 3 .3 2 X 6 9 .8 1 1  6 1 .6 1 0 8 .2 0 1
1 5 C X X . 3 .1 3 .0 2 X 6 5 .9 8 2  6 7 .7 3 0 - 1 .7 4 8
16 C

'  X
X X  I _ 3 .1 2 3 .1 2  . 6 5 .5 5 9  6 5 .5 5 9 0 .0 0 0

1 7 C X 3 .2 5 3 .2 6 2 .9 3 7  6 3  9 2 0 - 6 .9 8 3
18 C _______X_______ I________________ 3 .1 3 3 .1 7 6 5 .3 5 0  6 4  5 2 5 0 .8 2 5
19 C _______X ________________ 2 .8 1 3 .7 6 7 2 .7 9 2  5 4 .4 0 0 1 8 .3 9 2
2 0 -  . .  C X X 2 .8 8

::
7 1 .0 2 3  7 1 .0 2 3
7 7  1 8 7  7 7  187

0 .0 0 0
21 C ______ X

X
X 2 .6 5 0  0 0 0

2 2 3 .4 7 3 .5 2 5 8 .9 4 7  5 8  1 1 0 0 .8 3 7
2 3 T X 4 3 .8 X 5 1 .1 3 6  5 3 .8 2 8 - 2 6 9 1
2 4 T X 3 .4 7 3 .3 1 5 8 .9 4 7  61  7 9 6
2 5 C X X 3 .2 9 3 .2 9 6 2  1 7 2  6 2  1 7 2
2 6
2 7

T
T ~  X ' " "

X -§F I" 6 6 .8 4 5  6 6  6 2 7
5 7 9 4 5  5 9 .9 8 4

0 2 1 8
- 2 .0 3 9

2 8 C X X 2 .9 4 2 .7 7 X X 6 9 5 7 3  7 3  8 4 3 - 4 2 7 0
2 9 T X 3 .5 3 3 4 8 5 7 9 4 5  5 8 7 7 7 - 0 .8 3 3
3 0 C X 3 .0 6 3 .0 4 6 6 .8 4 5  6 7 .2 8 5 - 0 4 4 0
31 T X 3 6 3 .4 6 X 5 6 .8 1 8  5 8 .7 7 7 -1 9 5 9
3 2 C X —  - X _______________________ 2 .9 7 3 .0 6 6 8 .8 7 1  6 6  8 4 5 2 .0 2 6
3 3 T

>r
X 3 .6 8 3 .5 6 X 5 5 .5 8 3  5 7 4 5 7 - 1 .8 7 4

3 4 C X 3 .0 3 3 .0 5 6 7 .5 0 7  6 7  0 6 4 0 .4 4 3
3 5 C X X 3 .1 6 3 .01 6 4 .7 3 0  6 7 9 5 5 - 3 2 2 6
3 6 C X X 2 .8 7 3 .1 6 7 1 .2 7 0  6 4  7 3 0
3 7

-  C X X 3 1 8 _ 3 1 5 -----------------1------------------ 6 4 .3 2 2  6 4  9 3 5
3 8 C X 2 8 5 2 7 3 71 7 7 0  7 4 .9 2 5 -3  1 5 5
3 9 T X 3 .3 4 3 .4 5 6 1 .2 4 1  5 9 .2 8 9

%4 0 C X X 2 .8 2 2 .8 4 7 2 5 3 4  7 2 .0 2 3
41 T X 3 .6 3 3 .6 3 5 6 .3 4 9  5 6 .3 4 9 0 .0 0 0
4 2 C X -  X ' _  . 3 1 9 3 .4 6 4  121  6 0  1 6 0 3  9 6 0
4 3 g  - X -  3  0 3 3 .2 6 7 .5 0 7  6 3 .9 2 0 3 5 8 6
4 4 ________C ______ X 3  0 3 2  0 3 6 7 .5 0 7  6 9 .8 1 1 - 2 .3 0 4
4 5 T X 3 .7 2 3 .5 1 X 5 4  9 8 5  5 8 .2 7 5 - 3 .2 9 0
4 6 C X X 2 .8 1 2 .8 4 7 2 .7 9 2  7 2 .0 2 3 0 .7 6 9
4 7 T X 3 .5 9 3 .9 5 X 5 6 .9 7 6  5 1 .7 8 4 5 .1 9 3
4 8 C X X 3 .1 2 3 .0 2 6 5 .5 5 9  6 7 .7 3 0

= # =
4 9 . . . .  C  .  _ X X 3 .6 3 .5 8 5 6 .8 1 6  5 7 .1 3 6
5 0 C X X 3 .1 5 3 .1 9 6 4 .9 3 5  6 4  121
51 C X X 2 .9 1 3 .1 2 7 0 .2 9 1  6 5  5 5 9 4 .7 3 1
5 2 T X 3 .4 4 3 .4 1 5 9 .4 6 1  5 9 9 8 4 - 0 5 2 3
5 3 R V X  I 3 4 3 3 .4 7 5 9 .6 3 4  5 8  9 4 7 0  6 8 7
5 4 T X 3 8 3 3 .7 2 5 6  3 4 9  54  9 8 5 1 .3 6 3
5 5 T

X
-X  I 3 .6 2  . 3  6 2 X 5 6  5 0 4  5 6  5 0 4 0 0 0 0

5 6 C X 3 2 9 X 6 8 .1 8 2  7 0  5 3 3 -2  3 5 1
5 7 C X 3 .3 4 3 .2 3 6 1 .2 4 1  6 3  3 2 7 -2  0 8 6
58 C X 3 3 1 3 .0 2 X 61 7 9 6  6 7  7 3 0 -5  9 3 4
5 9 -  C  . X X _______ -  _  - 3 .6 8 3 7 2 5 5 .5 8 3  5 4  9 8 5 0 5 9 8
6 0 C ________ X _____ X 3 .1 6 3 .3 9 6 4  7 3 0  6 0 .3 3 8 4 ,3 9 2
61 T X 3 .3 1 3 .3 7 6 1 .7 9 6  6 0  6 9 6 1 .1 0 0
6 2 R V X 3 .5 3 3 .3 8 5 7 .9 4 5  6 0 .5 1 6 - 2 .5 7 2
6 3 T X 3 .2 2 3 .61 6 3 .5 2 3  5 6 .6 6 1 6 .8 6 3
6 4 C X X 3 . 3 .0 3  _ 6 8 .1 8 2  6 7 .5 0 7 0 .6 7 5
65

C- X X  - - 3 .2 8 3 .3 4 6 2 .3 6 1  6 1 .2 4 1 1 .1 2 0
66 T X 3.3 1 3 .21 6 1 .7 9 6  6 3 .7 2 1 - 1 .9 2 5
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Table 28. Sims Road: Data Collected During Trip 3
L o c a t i o n :  I S IM S  R O A D

8 /1 7 /9 9 j ( T r ip  3 )
S p e e d  T r a p  1 D is t a n c e  (F T ) :  
S p e e d  T r a p  2  D i s t a n c e  (F T ):

V e h  ID V e h i c l e  T y p e
_ S t a t e V e h i c l e  L a n e  

D r iv e  L n  (x )  P a s s  L n  (x)
T r a p  1 T r a p  2 In  C u r v e I n s i d e C e n t e r  O u t s i d e  

L a n e l i n e  E d g e
L a n e

C h a n g e
T r a p  1 T r a p  2

m p h  m p h
R e d u c t i o n

In O u t T im e T im e (x )  f o r  y e s E d g e
1 T X 3 .5 3 .4 5 X 5 8  4 4 2  5 9  2 8 9 -0  8 4 7
2 C X X 3.1 3 .2 8 6 5  9 8 2  6 2  361 3 6 2 1
3 T X 3 .5 6 3 6 5 5 7 4 5 7  5 6 0 4 0 I 4 1 7
4
5
6

T

§—
X
X

—
= = = , - - :

3 . 5

E
E
3 .2 9

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

6 2 9 3 7  6 2  1 7 2

- 3  7 3 0  
0 .5 4 1  
0  7 6 5

X

7 R V X 3 .7 1 3 .7 5 X 5 5 .1 3 4  5 4 .5 4 5 0  5 8 8  
~  -1 . 6 2 98 C X 3 .2 1 3 .1 3 I 6 3 .7 2 1  6 5  3 5 0

9
1 0  

11 
1 2

C X X 3 .2 5 2 .9 5 X 6 2 .9 3 7  6 9 .3 3 7

5 7 .9 4 5  ; 5 7  6 1 8
6 8  1 8 2  6 8  871
5 7 .9 4 5  '  5 4 .4 0 0

- 6 .4 0 0
0 .3 2 6
- 0 6 8 9
3 5 4 5

C X ______ X ______ 3 .5 3

3 .5 3 E
C X

------------------ ------------------C X X
1 3 R V X X 3 .9 3 .8 8 X 5 2 .4 4 8  5 2 .7 1 8 - 0 .2 7 0
1 4 T X 3 .7 2 3 .7 4

—
5 4 .9 8 5  5 4 6 9 1 0 .2 9 4

1 5
1 6  
1 7 = F =

X  „

— l \  " I S
— - i

6 2 .3 6 1  6 1 .7 9 6
61 2 4 1  6 1 9 8 3
6 0  6 9 6  54  691

0 .5 6 5
- 0 .7 4 2
6 .0 0 5

18 T X 4 .1 4 X ----------1---------- 4 9 .8 8 9  5 1 .1 3 6 - 1 .2 4 7
19 T X 4 .1 5 4 .1 1 4 9 .2 8 8  4 9 .7 6 8 - 0 .4 8 0

2
8

2
8

I 
I 

I X  „ X
X

3 .3 1

E
6 1 .7 9 6  I 6 1 .2 4 1  
6 8  8 7 1  6 3  131

51 1 3 6  51 136
7 2 .7 9 2  ' 7 0 .7 7 7

0 .5 5 5  
5  7 3 9  
0  0 0 0  

2 .0 1 5X
T
2 .8 1

. . I X

2 8 9 X
X

C X
2 4 C X X 3 .1 9 3 .3 9 6 4 .1 2 1  6 0 .3 3 8 3 .7 8 3
2 5 T X 3 .3 8 3 .5 8 6 0 .5 1 6  5 7  1 3 6 3 .3 8 1

#
2 8 T =

X
j r

T : 1-------------
X

E E
X _ _ X  ; ______  _ .

r - .............  |
5 6 .9 7 6  5 4 .6 9 1
5 0  7 5 6  5 4 .2 5 6
5 9  6 3 4  6 2  9 3 7

2 .2 8 5
- 3 .5 0 0
- 3 .3 0 33 .4 3 3 .2 5

2 9 C X X 3 8 4 3 8 8 5 3 .2 6 7  5 2 .7 1 8 0 5 4 9
3 0 C X X 3 .2 2 3 .3 1 6 3 .5 2 3  61 7 9 6 1 .7 2 7
31I
3 4

T
T

_ X

S
4

3 .5 3 I I  X =  = = •

6 6 .8 4 5  6 2 .5 5 2
5 6 5 0 4  5 3  6 8 6

4  2 9 3  
2 8 1 8  
0  631  

- 2 .5 7 2

51  1 3 6  5 0 .5 0 5
5 7  9 4 5  6 0 5 1 6

3 5 C X 2 .8 8 2 .9 3 7 1 .0 2 3  6 9 .8 1 1 1 .2 1 2
3 6 C ________________________ X______ 3 .0 9 2 .9 4 6 6 .1 9 6  6 9 .5 7 3 - 3 .3 7 7
3 7
3 8
39

C X # I

7 8 .9 7 5  7 2 .2 7 8
4 8  4 7 0  4 4  3 7 0
6 4  7 3 0  5 9 6 3 4

6  6 9 8  
4 .1 0 1  
5 0 9 5

______  T X
X

I I----------
C X X

4 0 C X X 3 2 8 8 6 8  1 8 2  71 0 2 3 -2  8 4 1
41 C X X 3 2 8 3 .1 8 6 2  3 6 1  6 4  3 2 2 - 1 .9 6 1
4 2

= ¥ =
4 5

. C X X

I I
X  ____________ 6 5 3 5 0  6 6  1 9 6

5 9  6 3 4  6 2  7 4 4
6 6  1 9 6  6 4  5 2 5
6 7 .5 0 7  6 0 .1 6 0

- 0  8 4 6  
- 3 .1 1 0  
I  6 7 1  

7 3 4 6

_ C X X

§ -  X -
4 6 C X X 3 .5 6 3 .5 5 5 7 .4 5 7  5 7 6 1 8 - 0 .1 6 2
4 7 C X X 3 4 4 3 .4 7 5 9 .4 6 1  5 8  9 4 7 0 .5 1 4
4 8
4 9
50

R V X X 3 .7 5

33 143 5 —

X — 5 4 .5 4 5  5 2 .8 5 4
6 0 .1 6 0  6 1 .2 4 1

1 .6 9 1
- 1 .0 8 1
2 .6 0 6C  “ — — X  —

_ X
6 5 .3 5 0  6 2 .7 4 4

51 T X 3 .5 3 .5 3 5 8 .4 4 2  5 7 .9 4 5 0 .4 9 7
5 2 C X X 3 .0 6 2 .9 6 X 6 6 .8 4 5  6 9 .1 0 3 - 2 .2 5 8

5 5
5 6

T X 3 .4 7 i
3 .1 8

5 8 .9 4 7  6 0 .6 9 6
5 7  9 4 5  5 5  8 8 7
5 9 .4 6 1  5 7  1 3 6

6 6  1 9 6  6 4 .3 2 2

- 1 .7 4 9
2 .0 5 8
2 .3 2 5

__
6  4 6 6

T . __ X  . . . .

X
E
3 .0 9

X

: — ----------1----------1----------
5 7 C X X 2 .6 9 2 .9 4 7 6 .0 3 9  6 9 .5 7 3
5 8 C X X 3 3 X 6 8  1 8 2  6 8  1 8 2 0 000

61

T
T
T

—
—

- I  4 -  ■
X  I -

3 .6 2
3 .6 2  
3 .6 i X

X: : 5 6 .5 0 4 54  1 1 3
5 6 .5 0 4 5 3  1 2 9
5 6 .8 1 8  4 8 .2 4 2

2 3 9 2
3 .3 7 6
8 5 7 6

62 C X X 2 .8 8 3 .0 2 X 7 1 .0 2 3  6 7  7 3 0 3 .2 9 2
6 3 T X 3 .5 6 3 .7 3 X 5 7 .4 5 7  5 4  8 3 8 2 .6 1 9
6 4
6 5
6 6

. T X
—

_  X 3 .9 1 3 .9 7

- 5 -

5 2 .3 1 3  51 5 2 3
6 8  1 8 2  7 0  5 3 3
6 4  121  61 4 2 5

0 .7 9 1
- 2 3 5 1
2 6 9 6

C X 3
3 .1 9 3 :3 3C X
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Table 29. Sidehill Viaduct: Data Collected During Trip 4
L o c a t i o n :  S I D E H I L L  V I A D U C T

D a t a : 1 / 4 /0 0  ( T r ip  4 )

S p e e d  T r a p  1 D i s t a n c e  ( F T ) : 3 0 0
S p e e d  T r a p  2  D i s t a n c e  ( F T ) : 3 0 0

I
B r a k e  L i g h t s E n c r o a c h m e n t S p e e d S p e e d

v e h  t y p e V e h i c l e  L a n e T r a p  1 T r a p  2 In  C u r v e I n s i d e C e n t e r O u t s i d e L a n e T r a p l T r a p  2  
m p h

R e d u c t i o n

m p hV e h I D T r a c k  T r a i l D r iv e  L n  ( x ) P a s s  L n  (X) T i m e T i m e ( x )  f o r  y e s E d g e L a n e l i n e E d g e C h a n g e m p h

1 T X 3 .7 5 3 . 4 9 X 5 4 . 5 4 5 5 8  6 0 9 -4  0 6 4
2 C X 2 .9 1 3 . 1 2 7 0 .2 9 1 6 5 . 5 5 9 4 .7 3 1
3 C  +  T r a i l e r X 3 .3 1 3 2 2 X 6 1  7 9 6 6 3 .5 2 3 - 1 .7 2 7
4

5 ? X
X

# a 3 / , X
X

—
6 5  3 5 0  

4 6 . 8 0 7

5 5  2 8 3  

4 6  3 8 2

1 0  0 6 7  

0 . 4 2 5
6 C X 2 .8 7 3 .4 7 1 . 2 7 0 6 0  1 6 0 11 H O
7 C X 3 . 6 6 3 . 5 8 X 5 5  8 8 7 5 7  1 3 6 - 1 .2 4 9

8 C X 3 .2 2 3 . 2 9 X — 6 3  5 2 3 6 2  1 7 2 I 3 5 2
9 T X 4 .2 2 4 X 4 8 4 7 0 5 1 .1 3 6 - 2  6 6 6

1 0 T X 3 . 9 6 3 . 7 4 X 5 1 . 6 5 3 5 4 .6 9 1 - 3 .0 3 8
11 C X 3 .4 1 3 .3 7 5 9 . 9 8 4

5 8 . 4 4 2

6 0 . 6 9 6 - 0 .7 1 2
1 2 C X 3 .5 3 .3 X 6 1 . 9 8 3 - 3 .5 4 2
1 3 T X 3 . 7 5 3 .6 1 X 5 4 . 5 4 5 5 6 .6 6 1 - 2 .1 1 5
1 4 C X 3 . 2 2 3 .3 6 X 6 3 . 5 2 3 6 0 .8 7 7 2 . 6 4 7

1 5 R V _  X _______ _________________ 4 3 4 4 .1 4 7 . 1 3 0 4 9 . 8 8 9 - 2 .7 5 9
1 6 C X 3 . 1 5 3 2 2 6 4 . 9 3 5 6 3 .5 2 3 1 4 1 2
1 7 C X 2 . 6 5 3 .3 6 X 7 7 . 1 8 7 6 0 .8 7 7 1 6 .3 1 0
1 8 C X 3 . 3 8 2 . 9 8 6 0 . 5 1 6 6 8 . 6 3 9 - 8 .1 2 3
1 9 T X 4  2 2 3 . 8 9 X 4 8 . 4 7 0 5 2 .5 8 2 - 4 .1 1 2
2 0 C X 3 . 3 8 3 .1 2 X X 6 0 . 5 1 6 6 5 . 5 5 9 - 5 .0 4 3
2 1 C X 3 .2 2 3 .4 1 X 6 3 . 5 2 3 5 9  9 8 4 3 . 5 3 9
2 2 C X 3 . 4 4 3 . 2 9 X 5 9 4 6 1

5 6 . 3 4 9

6 2 .1 7 2 - 2 .7 1 1
2 3 T X 3 . 6 3 3 .4 X 6 0  1 6 0 - 3 .8 1 2
2 4 C X 3 . 7 8 4 . 2 6 X 5 4 . 1 1 3 4 8 . 0 1 5 6 .0 9 7
2 5 C X 4 . 1 8 3 . 7 3 4 8 . 9 3 4 5 4 .8 3 8 - 5 9 0 4
2 6 T X 4 . 1 3 3 . 9 3 X 4 9 . 5 2 7 5 2  0 4 7 - 2 .5 2 0
2 7 T X 4 . 2 8 3 . 9 6 4 7  7 9 1 5 1  6 5 3 - 3 .8 6 2
2 8 C X  . 3 . 0 9 3 . 2 9 X 6 6  1 9 6 6 2 .1 7 2 4 . 0 2 4
2 9 C _________ X  _ „ 3 3 4 3 .3 7 6 1 .2 4 1 6 0  6 9 6 0 . 5 4 5
3 0 C X 4 . 6 4 .1 2 X 4 4  4 6 6 4 9 6 4 7 - 5  1 8 1
31 T X 3 8 2 3 . 3 3 5 3 . 5 4 6 6 1 . 4 2 5 - 7  8 7 9
3 2 U h a u l X 4 . 7 5 4 . 5 2 X 4 3 . 0 6 2 4 5  2 5 3 - 2 .1 9 1
3 3 C X 3 . 3 4 3 .0 1 X X 6 1 .2 4 1 6 7 . 9 5 5 - 6 .7 1 4
3 4 C X 3 . 2 8 3 .6 1 X 6 2 3 6 1 5 6 .6 6 1 5 .7 0 1
3 5 C X 3 . 5 3 3 .3 2 5 7 . 9 4 5 6 1 . 6 1 0 - 3 .6 6 5
3 6 T X 4 . 6 9 4 . 3 2 X 4 3 . 6 1 3 4 7  3 4 8 - 3 .7 3 5
3 7 T X 4 . 4 4 3 . 9 8 4 6 . 0 6 9 5 1 .3 9 3 - 5  3 2 5
3 8 C X 3 .5 3 .2 X 5 8 . 4 4 2  

5 9  4 6 1  

5 3 . 2 6 7

6 3  9 2 0 - 5 4 7 9
3 9 C X 3 . 4 4 3 .3 6 1 . 9 8 3 - 2  5 2 3
4 0 R V X 3 . 8 4 3 6 6 X 5 5 .8 8 7 - 2 .6 2 0
4 1 C X 3 . 7 5 3 .6 9 5 4 . 5 4 5 5 5 .4 3 2 - 0  8 8 7
4 2 R V I 4 3 .7 1 5 1 . 1 3 6 5 5 .1 3 4 - 3 .9 9 7
4 3 C 3 . 5 7 3 .3 4 5 7  2 9 6 6 1  2 4 1 - 3 .9 4 6
4 4 C X 2 .9 1 3 .2 8 7 0 .2 9 1 6 2 3 6 1 7  9 2 9
4 5 C  __ _ X 4 .3 1 3 . 8 5 X 4 7 . 4 5 8 5 3 .1 2 9 - 5 .6 7 0
4 6 C X 3 . 1 9 3 . 7 9 X 6 4 .1 2 1 5 3 .9 7 0 1 0 .1 5 1
4 7 C X 2 . 8 5 3 .2 1 X 7 1 . 7 7 0 6 3 .7 2 1 8 .0 4 9
4 8 T X 4 . 6 3 4 .3 2 X 4 4 . 1 7 8 4 7 . 3 4 8 - 3 .1 7 0
4 9 T X 4 . 1 3 3 . 9 8 4 9 . 5 2 7 5 1 . 3 9 3 - 1 .8 6 7
5 0 C X 3 . 2 8 3 .1 7 6 2 .3 6 1 6 4 .5 2 5 - 2 .1 6 4
51 C X 3 . 2 8 3 .0 2 X 6 2 .3 6 1 6 7 . 7 3 0 - 5 .3 6 9
5 2 C X 3 .4 1 3 . 2 4 X 5 9 . 9 8 4 6 3 .1 3 1 - 3 .1 4 7
5 3 C X 3 . 7 5 3 . 4 9 X 5 4  5 4 5 5 8  6 0 9 - 4 .0 6 4
5 4 T X 3 .1 3 . 6 5 X 6 5  9 8 2 5 6  0 4 0 9  9 4 3
5 5 _______ C __________ X

:  x

3 .3 8 3 0 9 X 6 0  5 1 6 6 6  1 9 6 - 5  6 8 0
5 6 C 2  7 2 3 .0 3 X 7 5 .2 0 1 6 7  5 0 7 7  6 9 4
5 7 T X 4 . 4 3 4 .0 1 X 4 6  1 7 3 51  0 0 9 - 4  8 3 6
5 8 C X 3 2 2 3 . 9 6 X 6 3  5 2 3 51  6 5 3 1 1 .8 7 1

5 9 T X 3 8 2 3 .6 2 5 3  5 4 6 5 6 .5 0 4 - 2 .9 5 8
6 0 C X 3 . 4 4 3 .2 5 9 .4 6 1 6 3 .9 2 0 - 4  4 6 0
6 1 C X 3 . 1 8 3 .5 6 4 . 3 2 2 5 8 .4 4 2 5 .8 8 1
6 2 T X 4 . 2 2 3 .9 1 4 8 . 4 7 0 6 2 . 3 1 3 - 3 .8 4 3

6 3 T X 3 .9 3 .7
—

5 2 . 4 4 8 5 5 .2 8 3 - 2 .8 3 5
6 4 T X 3 .8 1 3 .3 8 X 5 3 . 6 8 6 6 0 .5 1 6 - 6 .8 3 0
6 5 C X 3 .9 1 3 .4 8 X 5 2 . 3 1 3 5 8 .7 7 7 - 6  4 6 4

6 6 C X 3 . 6 6 3 .1 6 5 5  8 8 7 6 4  7 3 0 - 8 .8 4 3
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Table 30. O’Brien: Data Collected During Trip 4
L o c a t i o n : O 'B R I E N

D a t e : 1 /4 /0 0 ( T r ip  4 )

S p e e d  T r a p  1 D i s t a n c e  ( F T ) : 3 0 0
S p e e d  T r a p  2  D i s t a n c e  ( F T ) : 3 0 0

B r a k e  L i g h t s E n c r o a c h m e n t S p e e d S p e e d
v e h  t y p e V e h i c l e  L a n e T r a p  1 T r a p  2 In  C u r v e I n s i d e

E d g e
C e n t e r  O u t s i d e  

L a n e l i n e  E d g e
L a n e T r a p t

m p h

T r a p  2  

m p h
R e d u c t i o n

V e h I D T r a c k  T r a i l D r iv e  L n  ( x ) P a s s  L n  (X ) T i m e T im e ( x )  f o r  y e s C h a n g e m p h

1 . T _  _ . X 4 . 1 2 4 . 0 9 4 9  6 4 7 5 0  0 1 1 - 0 .3 6 4
2 T X 3 . 7 6 3 . 8 6 X 5 4 . 4 0 0 5 2 .9 9 1 1 .4 0 9
3 C X 2 .5 3 .3 1 X | '------------------- 8 1  8 1 8 6 1  7 9 6 2 0 . 0 2 2
4 C -  X 3 .4 7 3 . 3 6 X

S E
6 0 .8 7 7 - I  9 3 0

5 . .  C  . X 3 . 3 7 3 . 2 9 6 2 .1 7 2 - 1 .4 7 6
6 T X 3 .9 1 4 . 3 3 4 7  2 3 9 5  0 7 4
7 C X 4 0 6 4  3 6 5 0 .3 8 1 4 6 .9 1 4 3 4 6 7
8 T X 3 .6 3 . 5 9 5 6 . 8 1 8 5 6 9 7 6 - 0  1 5 8
9 T X 3 .8 4 4 . 2 2 5 3 . 2 6 7 4 8  4 7 0 4  7 9 7

1 0 C X 3 .4 1 3 .4 4 ■ 5 9 . 9 8 4 5 9  4 6 1 0  5 2 3
1 1 T X 3 . 7 5 3 .9 5 X 5 4 . 5 4 5

r  6 1 . 6 1 0

5 1 7 8 4 2 .7 6 2
1 2 C X 3 . 3 2 3 . 6 2 5 6  5 0 4 5 .1 0 6
1 3 C X 3 . 2 8 3 .2 7 6 2 .3 6 1 6 2  5 5 2 - 0 .1 9 1
1 4 C X 3 . 2 5 3 . 0 9 6 2 . 9 3 7 6 6  1 9 6  

6 3  9 2 0

- 3 2 5 9
1 5 -  C _______ X 3 .1 2 3 .2 6 5 . 5 5 9 1 .6 3 9
1 6 T X 3 . 3 8 3 .7 4 6 0 . 5 1 6 5 4 .6 9 1 5 .8 2 5
1 7 C X 3 .9 7 3 .9 4 5 1 . 5 2 3 5 1 . 9 1 5 - 0  3 9 2
1 8 T X 4 3 .8 1 5 1 . 1 3 6 5 3 . 6 8 6 - 2 .5 5 0
1 9 T X 3 .8 4 3 .9 3 5 3 . 2 6 7 5 2 .0 4 7 1 .2 2 0
2 0 T X 3 .8 4 3 .9 5 5 3 . 2 6 7 5 1 .7 8 4 1 . 4 8 3
21 T X 3 .3 8 3 .8 — X 6 0 . 5 1 6 5 3 . 8 2 8 6 .6 8 9
2 2 T -  X .......... 3 . 5 9 3 .6 3 5 6 . 9 7 6 5 6 . 3 4 9 %2 3 C X 3 . 9 4 3 . 6 9 T  i 5 1 . 9 1 5 5 5 .4 3 2
2 4 C X 3 . 4 7 3 .4 9 5 8 . 9 4 7 5 8  6 0 9 0  3 3 8
2 5 R V X 4 . 6 6 4 3 8 4 6  7 0 0 - 2 .8 0 6
2 6 C X 2 .9 1 3 . 3 9 6 0  3 3 8 9  9 5 3
2 7 C  +  T r a i l e r X 3 . 6 2 3 . 5 9 5 6 . 5 0 4 5 6 .9 7 6 - 0 4 7 2
2 8 C X 3 . 3 5 3 . 5 5

EE
5 7  6 1 8 3  4 4 0

2 9 T 3 . 6 9 3 . 9 2 X 5 2  1 8 0 3 . 2 5 2
3 0 C 3 . 0 9 3 . 1 5 6 4  9 3 5 1 .2 6 1
31 C

~ ~ x ------------
X  _ 3 . 0 6 3 .3 1 X 6 6  8 4 5 6 1  7 9 6 5 . 0 4 9

3 2 C 3 . 6 5 3 .9 7 5 6 . 0 4 0 5 1  5 2 3 4  5 1 7
3 3 C X 3 .8 7 3 .6 6 5 2  8 5 4 5 5  8 8 7 - 3 .0 3 3
3 4 C X 3 . 3 8 3 .3 4 6 0 . 5 1 6 6 1 .2 4 1 - 0 .7 2 5
3 5 _ C I X  _ 3 .2 1 3 . 6 5 6 3 .7 2 1 5 6 .0 4 0 7 6 8 1
3 6 C X 3 . 3 7 3 . 1 9 6 0 . 6 9 6 6 4  121 - 3 .4 2 5
3 7 C X 2 . 9 4 3 .1 2 I I 6 9 . 5 7 3 6 5  5 5 9 4 . 0 1 4
3 8 T X 3 . 7 5 3 . 9 9 X 5 4 . 5 4 5 5 1 .2 6 5

5 0 .6 3 0

3 .2 8 1
3 9 C X 3 . 9 3 4 . 0 4 « 2 . 0 4 7 1 .4 1 7
4 0 C X 3 .4 3 .4 1 '  6 0 : 1 6 0 5 9  9 8 4 0 . 1 7 6
4 1 T X 3 . 7 5 3 .8 1 X 5 4 . 5 4 5 5 3 .6 8 6 0 8 5 9
4 2 T X 3 . 6 3 3 .8 1 5 6 . 3 4 9 5 3 .6 8 6 2 6 6 2
4 3 T X 3 . 5 3 3 . 6 8 " 5 7  8 4 5 5 5  5 8 3 2  3 6 2
4 4 C X 3 .8 1 3 . 5 6 5 3 . 6 8 6 5 7  4 5 7 - 3 .7 7 0
4 5 C ________ X 3 . 1 6 3 . 3 6 6 4  7 3 0 6 0 8 7 7 3  8 5 3
4 6 T X 3 7 9 4 . 2 5 5 3 . 9 7 0 4 8  1 2 8 5 8 4 1
4 7 C _______ X ________ 3 .4 1 3 .3 7 5 9 . 9 8 4 6 0  6 9 6 - 0 .7 1 2
4 8 C ________X _________________________ 3 .4 7 3 . 5 5 5 8 . 9 4 7 5 7 .6 1 8 I 3 2 8
4 9 C  +  T r a i l e r X 4 . 1 2 4 . 4 3 X 4 9 . 6 4 7 4 6 . 1 7 3 3 . 4 7 4
5 0 C X 3 . 5 9 3 . 4 5 5 6 . 9 7 6 5 9 .2 8 9 - 2 .3 1 2
51 C X 3 .5 3 . 5 4 5 8 . 4 4 2 5 7 .7 8 1 0 . 6 6 0
5 2 C X 3 . 4 3 3 .2 5 9 . 6 3 4 6 3 . 9 2 0
5 3 C X 4 . 5 9 4 . 3 4 4 4 . 5 6 3 4 7 . 1 3 0
5 4 C  +  T r a i l e r X 3 . 8 4 4 . 0 9 X 5 3 . 2 6 7 5 0 .0 1 1 3 . 2 5 6
5 5 C X 3 .4 1 3 .4 2 5 9 . 9 8 4 5 9  8 0 9 0  1 7 5
5 6 C X 3 .5 9 3 . 6 2 5 6 . 8 7 5 - 5 6  5 0 4 0  4 7 2
5 7 T X 4 . 1 8 4 . 1 6 X 4 8  9 3 4 4 9  1 7 0
5 8 C X 3 .5 3 .5 1 5 8  4 4 2 5 8 2 7 5
5 9 C X  ... 3 7 2 3 . 5 4 5 4  9 8 5 5 7  7 8 1 2  7 9 6
6 0 C X 3 . 1 6 3 . 1 3 6 4 . 7 3 0 6 5  3 5 0 - 0  6 2 0
61 C X 3 .5 3 3 .2 8 X 5 7 . 9 4 5 6 2  3 6 1 - 4  4 1 7
6 2 C X 2 . 7 8 3 .0 7 7 3  5 7 8 6 6 .6 2 7 6 . 9 5 0
6 3 - C  „ _ X 3 .3 1 3 .2 4 5 1 . 7 8 6 6 3 .1 3 1 - 1 .3 3 5
6 4 T X 4 . 0 4 4 . 0 5 X 5 0 . 6 3 0 5 0 .6 0 5 0 . 1 2 5
6 5 C  +  T r a i l e r X 4 . 0 6 3 .0 7 5 0 .3 8 1 6 6 .6 2 7 - 1 6 .2 4 7
6 6 T X 4 . 1 9 4 . 6 2 4 8 . 8 1 8 4 4 .2 7 4 4  5 4 4
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Table 31. Salt Creek: Data Collected During Trip 4
L o c a t i o n :  S A L T  C R E E K

D a t e :  1 /3 /O 0 |( T r ip  4 )
S p e e d  T r a p  1 D i s t a n c e  ( F T ) : 3 0 0

— —

S p e e d  T r a f> 2  D i s t a n c e  ( F T ) : 3 0 0 ___________

B r a k e  L i g h t s E n c r o a c h m e n t S p e e d S p e e d
v e h  t y p e V e h i c l e  L a n e T r a p l T r a p  2 I n  C u r v e I n s i d e C e n t e r O u t s i d e L a n e T r a p  1 T r a p  2 R e d u c t i o n

V e h I D T r a c k  T ra i l D r iv e  L n  ( x ) P a s s  L n  ( x ) T i m e T im e (X ) f o r  y e s E d g e L a n e l i n e E d g e C h a n g e m p h m p h m p h
I T ______ X _______I_______________ 2 . 8 4 3 . 0 4 6 9 . 5 7 3 6 7  2 8 5 2 2 8 9

_ 2 C  +  T r a i l e r X 2 . 8 4 3 .2 2 7 2 . 0 2 3 6 3 . 5 2 3 8  5 0 0
. 3  „ C X 2 . 7 2 2 . 7 4 X 7 5 .2 0 1 7 4 .6 5 2 0  5 4 9

4 T X 3 . 5 3 3 5 9 5 7 . 9 4 5 5 6 . 9 7 6 0  9 6 8

s _ T X 3 .9 7 3 . 7 9 5 1 . 5 2 3 5 3 .9 7 0 - 2 .4 4 7

6 C X 3 . 1 3 3 .3 9 6 5 . 3 5 0 6 0  3 3 8 5 .0 1 2
7 C X . 2  7 8 3  _ 7 3 . 5 7 8 6 8  1 8 2 5  3 9 6
8 C X 3 . 2 9 3 . 3 4 6 2  1 7 2 6 1 .2 4 1 0 9 3 1
9 T X 3 .4 1 3 . 4 9 5 9 . 9 8 4 5 8 .6 0 9 I 3 7 5

1 0 C  _ _ . . .  X 3 . 2 8 3  7 3 6 2  3 6 1 5 4  8 3 8 7  5 2 3
11 c + T r a i l e r _ X 3 3 8 3  2 9 6 0 5 1 6 6 2  1 7 2 -1 6 5 5
12 C X 3 . 0 9 2 .8 6 6 6 . 1 9 6 7 1 . 5 1 9 - 5  3 2 3
1 3 C X 2 . 6 3 .3 7 8 .6 7 1 6 1 9 8 3 1 6 .6 8 8
14 C X 3 2 . 7 6 X 6 8 . 1 8 2 7 4 .1 1 1 - 5 .9 2 9
1 5 C X 2 . 7 2 3 . 7 5 7 5 .2 0 1 5 4 .5 4 5 2 0 . 6 5 5
16 R V X 3 . 3 5 3 .0 5 6 1 . 0 5 8 6 7 .0 6 4 - 6 .0 0 6
1 7 -  -  C X 3 1 8 2 9 7 6 4 . 3 2 2 6 8 .8 7 1 - 4 .5 4 8
1 8 C X 3 . 2 5 3 .2 X 6 2 . 9 3 7 6 3 .9 2 0 - 0  9 8 3
19 T X 3 . 2 8 3 . 4 8 6 2 .3 6 1 5 8 .7 7 7 3 5 8 4
2 0 C X 3 1 3  . 3 , 2  _ X 6 5 . 3 5 0 6 3 . 9 2 0 1 4 3 0
21 R V -  x . _ 3 . 6 5 3 .5 6 5 6 . 0 4 0 5 7  4 5 7 -1  4 1 7
2 2 T X 3 . 5 9 4 .1 1 X 5 6 . 9 7 6 h 4 9  7 6 8 7  2 0 9
2 3 C X 2 .9 7 2 . 9 5 X 6 8 .8 7 1 6 9 . 3 3 7 - 0 .4 6 7
2 4 _____ i _________ ______ X ____ ___________ 3 . 3 8 3 . 4 5 6 0 . 5 1 6 5 9 .2 8 9 1 .2 2 8
2 5 C X 3 .2 2 3 . 0 9 6 3 . 5 2 3 6 6  1 9 6 - 2 .6 7 3
2 6 C X 3 .2 1 3 . 3 8 6 3 .7 2 1 6 0 . 5 1 6 3 .2 0 5
2 7 C  + T r a i l e r ... — X____ 3  8 4 . 3 .7 1 X 5 3 . 2 6 7 5 5 .1 3 4 -I 8 6 7
2 8 C X 2 . 7 8 2 . 9 3 7 3 . 5 7 8 6 9 .8 1 1 3 . 7 6 7

2 « T X 3 . 5 3 3 . 6 8 X T 5 7 . 9 4 5 5 5 .5 8 3 2  3 6 2
30 R V . ..  X 3 . 8 4 3 . 9 8 5 3 . 2 6 7 5 1 .3 9 3 1 .8 7 4
31 C X 3 . 0 3 _ 3 , 0 5  _ i----------- r  — 6 7  5 0 7 6 7 .0 6 4 0  4 4 3
32 C X 2 .6 2 2 .6 7 8 .0 7 1 7 8 .6 7 1 - 0 .6 0 1

M C X 3 .4 3 . 2 9
-

6 0  1 6 0 6 2  1 7 2 - 2 .0 1 1
3 4 C  _ X 2,5 2 . 9 2 8 1 . 8 1 8 7 0 0 5 0 11 7 6 8
3 5 C X 2 9 1 3 0 9 7 0 .2 9 1 6 6  1 9 6 4  0 9 5
36 T X 3  5 3 4 .0 1 5 7 . 9 4 5 5 1  0 0 9 6  9 3 6
37 C ______ X _______ 3 . 5 9 3 .5 3 5 6  9 7 6 5 7  9 4 5 -0  9 6 8
38 C X 3 . 1 9 2 .9 1 6 4  1 2 1 7 0 2 9 1 - 6  1 7 0
3 6 C X 4 . 1 5 3 8 8 X 4 9 . 2 8 8 5 2 7 1 8 - 3 .4 3 0
4 0 T X 4 5 4  4 1 X 4 5 . 4 5 5 4 6 .3 8 2 - 0  9 2 8
41 C X 3 .3 4 3 .2 4 X 6 1 .2 4 1 6 3 .1 3 1 - I  8 9 0
4 2 C X 2 . 6 8 3 . 0 9 7 6 . 3 2 3 6 6 .1 9 6 1 0  1 2 7
4 3 C X Z 9 4 3 0 9 6 9 . 5 7 3 6 6 .1 9 6 3 . 3 7 7
4 4 -  C  __ X 3 . 1 6 3 .0 8 6 4 . 7 3 0 6 6 .4 1 1 - I  6 8 1
4 5 C X 3 . 0 3 2 . 9 5 6 7 . 5 0 7 6 9 .3 3 7 - 1 .8 3 1
4 6 C X 2 .8 4 3 .2 7 2 . 0 2 3 6 3 .9 2 0 8 .1 0 3
4 7 C X 2 8 1 2 .9 1 7 2 . 7 9 2 7 0 .2 9 1 2 .5 0 1
4 8 C X 3 .3 1 3 .3 1 6 1 . 7 9 6 61  7 9 6 0 0 0 0
4 9 T X 3 .4 4 3 . 6 6 5 9 .4 6 1 5 5 .8 8 7 3 . 5 7 4
50 C X 2 B 4 2 7 X 6 9 . 5 7 3 7 5 .7 5 8 - 6 .1 8 4
51 C X 3 . 0 6 3 . 0 6 6 6 . 8 4 5 6 6  8 4 5 0 .0 0 0
5 2 T X 3 . 2 5 3 . 3 4 6 2 . 9 3 7 6 1 .2 4 1 1 .6 9 6
5 3 C X 2 9 1 2 9 6 7 0 .2 9 1 6 9 .1 0 3 1 .1 8 7
54 C X 3 .2 5 3 .2 7 X 6 2  9 3 7 6 2 .5 5 2 0 . 3 8 5
5 5 C X 2 .9 7 3 .0 4 X  - 6 8 .8 7 1 6 7 . 2 8 5 1 .5 8 6
5 6 C X 2 . 9 4 3 .1 6 9 . 5 7 3 6 5 .9 8 2 3 5 9 1
5 7 C  .  _ X 3 . 2 5 3 .4 1 6 2 . 9 3 7 5 9 .9 8 4 2 .9 5 3
5 8 C X 3 . 0 9 3 .1 2 6 6  1 9 6 6 5  5 5 9 0  6 3 6
5 9 C X 3 . 4 4 3 .4 9 5 9 .4 6 1 5 8 .6 0 9 0  8 5 2
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Table 32. La Moine: Data Collected During Trip 4
L o c a t i o n :

S p L l r =

L A  M O I N E

1 / 3 / 0 0 ( T r ip  4 )
—

p  1 D i s t a n c e  ( F T ) : 3 0 0
S p e e d  T r a p  2  D i s t a n c e  ( F T ) : 3 0 0

------------------- --------------------

B r a k e  L i g h t s E n c r o a c h m e n t S p e e d

V e h  ID
v e h  t y p e ____

T r a c k  T ra i l
V e h i c l e  L a n e

z ; Z e 2

I n  C u r v e  

( x )  f o r  y e s
I n s i d e  C e n t e r  O u t s i d e  L a n e  

E d g e  L a n e l i n e  E d g e  C h a n g e

T r a p  1 

m p h
T r a p  2  

m p h

R e d u c t i o n

m p hD r iv e  L n  (x ) P a s s  L n  (x )

I §

X 2 . 6 3 2 .6 — 7 7  7 7 4  

5 7 . 4 5 7

7 8 6 7 1

5 3 .8 2 8

- 0 .8 9 7  

3  6 2 9X 3 . 5 6 3 .8
3 C X 3 .4 4 3 .5 5 9 .4 6 1 5 8 .4 4 2 1 .0 1 9
4

I
C

= ¥ =

X 3 . 1 5 3 . 0 6 ------------------- 1-------------------

------------------- -------------------

6 4 . 9 3 5

6 4 .1 2 1

5 4 . 9 8 5

6 6 .8 4 5  

6 6  6 2 7  

5 6  0 4 0

- 1 .9 1 0  

-2  5 0 6  

- I  0 5 5

X 3 . 1 9 3 . 0 7
X 3 . 7 2 3 . 6 5 ---------------------------------------

7 C X 2 . 7 8 2 . 9 7 3 . 5 7 8 7 0 .5 3 3 3 . 0 4 5
8

8 E

X 3 . 3 8 3 .3 6 0 5 1 6  

6 7  5 0 7

6 1 . 9 8 3

6 4 1 2 1

- 1 .4 6 7  

3  3 8 6X 3 . 0 3 3 . 1 9
1 0 C X 3 . 6 9 3 . 0 9 5 5 . 4 3 2 6 6  1 9 6 - 1 0 7 6 4
1 1

1 2 g  - — — 4 ™ 2 . 7 2 2.8 6 8  1 8 2  

7 5 2 0 1

6 8  1 8 2  

7 3  0 5 2

0  0 0 0  

2  1 4 9
1 3 T X 3 .3 1 3 . 1 3 6 1  7 9 6 6 5  3 5 0 - 3  5 5 4

C X 3 .3 7 3 . 0 9
-

6 0 . 6 9 6  

5 8  9 4 7  

6 5 . 9 8 2

6 6  1 9 6  

6 3  131  

6 8 . 1 8 2

- 5  5 0 0  

- 4  1 8 4  

- 2  1 9 9

C X 3 .4 7 3 .2 4
R V X 3 .1 3 X

1 7 C X 2 . 9 7 2 . 9 6 X 6 8  8 7 1 6 9  1 0 3 - 0 .2 3 3

: :

C X 3 . 1 9 3 . 0 8 6 4 .1 2 1 6 6  4 1 1 - 2 .2 9 0

3 .0 6 5C X 3 . 0 9 3 .2 4 6 6 . 1 9 6 6 3 .1 3 1
2 0 T X 3 . 6 6 3 . 4 5 5 5 . 8 8 7 5 9 . 2 8 9 - 3 .4 0 2

4 =

- C  __ X 3 . 1 6 3 . 0 7 6 4 . 7 3 0 6 6 .6 2 7 - 1 .8 9 8
C X 3 . 2 5 3 .2 1 6 2 . 9 3 7 6 3 .7 2 1 - 0 .7 8 4
C X 3 . 2 5 3 .4 1 6 2 . 9 3 7 5 9 .9 8 4 2 9 5 3

2 4 C X 3 . 4 6 3 .4 5 9 . 1 1 7 6 0  1 6 0 - I  0 4 3

§

C  +  T r  _  

C
______ X ________

X S '

5 5 . 8 8 7 5 4 .2 5 6

7 0 .7 7 7

1 .6 3 1  

- I  9 0 66 8 .8 7 1
2 7 T X 3 . 6 3 3 .4 2 5 6 . 3 4 9 5 9  8 0 9 - 3 .4 6 0

8
8

8

I 
I -  _  C  . X 3 .1 2 3 . 1 6

.
6 5 . 5 5 9  
6 6 . 6 2 7  

6 4  1 2 1

6 4 .7 3 0

6 2  7 4 4

6 3  5 2 3

0  8 3 0  

3 .8 8 3  

0  5 9 7

R V  .. . X 3 .0 7 X
C X 3 . 1 9

E

^  C  „ . X 3 . 1 2 2 . 9 3 6 5  5 5 9  

5 2  8 5 4  

6 4  3 2 2

6 9  8 1 1  

5 4 .5 4 5  

6 8  1 8 2

- 4 2 5 1  

- I  6 9 1  

- 3  8 5 9

C  +  T r X 3 . 8 7 3 . 7 5
C X 3 . 1 8 3

3 4 C X 3 . 2 2 3 .5 2 X 6 3 . 5 2 3 5 8 .1 1 0 5 .4 1 4

: R V

X 3 . 1 8 3 .4 6 4  3 2 2  

5 6 9 7 6

6 0 .1 6 0

5 7 . 2 9 6

4  1 6 2  

- 0 .3 1 9X 3 . 5 9 3 .5 7
3 7 C X 3 8 2 2 .8 1 5 3 . 5 4 6 7 2 7 9 2 - 1 9  2 4 6
3 8

3 9

4 0 C

X

X

2 .8 1

: : E
—

7 2 7 9 2  

6 6  1 9 6  

6 4  7 3 0

7 4 ,6 5 2  

6 7  2 8 5  

6 4  7 3 0

- I  8 6 0  

- I  0 8 9  

0  0 0 0
4 1 C X 2 . 7 5 2 .8 X 7 4  3 8 0 7 3 0 5 2 I 3 2 8
4 2 C X 3 . 0 6 3 .3 1

------------------ 1— " — I----------------- 1----------------
6 6  8 4 5  

5 5 . 5 8 3

6 1  7 9 6  

5 8  6 0 9

5 0 4 9

- 3 0 2 64 3 R V X 3 . 6 8 3 . 4 9
4 4 C X 3 . 5 3 .4 9 5 8  4 4 2 5 8  6 0 9 -0  1 6 7
4 5 C X 3 . 1 5 3 .1 7 ------------------ ------------------- 6 4 . 9 3 5  

5 8  4 4 2  

7 1 . 7 7 0

6 4 . 5 2 5

6 2 .5 5 2

7 4 .9 2 5

0 4 1 0  

-4  111  

- 3 .1 5 5

4 6

4 7

T X 3 . 5 3 .2 7

C X 2 . 8 5 2 . 7 3 ------------------- 1-------------------
4 8 C +  T r X 3 . 4 7 3 .3 8 ------------------- 1------------------- 5 8 . 9 4 7 6 0 .5 1 6 -1  5 7 0

:

C X 3 . 6 9 3 . 5 3 5 5 . 4 3 2 5 7 .9 4 5  

5 9  1 1 7

- 2 .5 1 3  

0  3 4 4C X 3 . 4 4 3 4 6 5 9 .4 6 1
51 C X 2 .8 1 2 . 7 3 7 2 . 7 9 2 7 4 .9 2 5 - 2 .1 3 3
5 2

5 3
c ; T r .

X 3 . 5 3 3 .3 9

X

5 7 . 9 4 5 6 0 .3 3 8
X 3 . 2 5 3 .3 2 6 2 . 9 3 7 6 1 .6 1 0

5 4 C X 2 . 8 8 2 . 8 7 7 1 . 0 2 3 7 1 .2 7 0 - 0 .2 4 7
5 5 C X 2 . 8 7 2 . 9 8 7 1 . 2 7 0 6 8 . 6 3 9

6 7 .7 3 0

6 3 .3 2 7

2 .6 3 1

- 4 .2 0 7

0 . 7 9 4:

U h a u l X 3 .2 2 3 .0 2 X 6 3 . 5 2 3
C X 3 . 1 9 3 .2 3 6 4 .1 2 1

5 8 C X 2 . 9 6 2 .8 8 X 6 9  1 0 3 7 1 . 0 2 3 - 1 .9 2 0
5 9 C X 3 . 1 3 3 . 2 6

— — —
6 5 . 3 5 0  

6 4  7 3 0

6 2  7 4 4  

6 5  9 8 2

2 6 0 6

- 1 .2 5 36 0 C X 3 . 1 6 3 .1 X
6 1 C X 2 .8 4 2 . 7 3 7 2 0 2 3 7 4 . 9 2 5 -2  9 0 2

I

X

F — I E —

5 9  1 1 7  

6 6  1 9 6  

5 6 9 7 6

6 8 4 1 0  

6 8  6 3 9  

5 6  1 9 4

- 9  2 9 3  

- 2  4 4 3  

0  7 8 3
6 5 C X 2 . 5 6 2 6 6 7 9 .9 0 1 7 6  8 9 7 3  0 0 4
6 6 C X 2 . 9 6 3 . 0 5 6 9  1 0 3 6 7  0 6 4 2 . 0 3 9
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Table 33. Sims Road: Data Collected During Trip 4I I I
D a t e : 1 / 3 / 0 0 ( T r ip  4 1
S p e e d  T r a p  1 D i s t a n c e  ( F T ) : 3 0 0
S p e e d T r a p  2  D i s t a n c e  ( F T ) : 3 0 0

B r a k e  L i g h t s E n c r o a c h m e n t S p e e d S p e e d

v e h  ID
v e h  t y p e V e h i c l e  L a n e T r a p  1 T r a p  2 In  C u r v e I n s i d e C e n t e r O u t s i d e

E d g e
T r a P  1 

m p h
T r a p  2  

m p h
R e d u c t i o n

T r a c k  T r a i l D r iv e  L n  ( x ) P a s s  L n  (X ) T i m e T im e ( x )  f o r  y e s E d g e L a n e l i n e C h a n g e m p h

1

2 O
 O X

X

3 . 5 6

2 . 5 7

3 . 5 6

3 . 1 4 X

5 7  4 5 7  

7 9  5 9 0

5 7  4 5 7  

6 5  1 4 2

0  0 0 0  

1 4  4 4 8
3 T X 3 9 1 4 .0 6 5 2 3 1 3 5 0  3 8 1 I 9 3 3

« C X 3 . 3 8 3 .4 1
— ■— I------------------- 6 0  5 1 6  

5 6  3 4 9

5 9  9 8 4 0 5 3 2

5 C . X  __ 3 . 6 3 3 . 5 9 5 6 .9 7 6 - 0  6 2 8
6 C X 3 . 0 3 3 .5 8 I------------------- 6 7 . 5 0 7 5 7 .1 3 6 1 0 .3 7 1
7 C X 3 .1 2 3 6 5  5 5 9 6 8 1 8 2 - 2 6 2 2

» C
X

X 3 . 2 5 3 . 3 2 6 2 . 9 3 7 6 1 .6 1 0 1 .3 2 7
9 T 3 . 7 5 3 .7 5 4 . 5 4 5 5 5 .2 8 3 - 0 .7 3 7

1 0 C X 2 .9 2 . 9 8 7 0 . 5 3 3 6 8 .6 3 9 1 .8 9 4

11 T „ X _____ 3 . 3 8 3 . 3 8 6 0 . 5 1 6 6 0 . 5 1 6 0 0 0 0
1 2 C X 2 . 9 4 3 . 1 3 -  X 6 9  5 7 3 6 5 .3 5 0 4  2 2 3
1 3 C X 2 . 7 8 3 I : --------------- 7 3  5 7 8 6 8  1 8 2 5  3 9 6
1 4 T X 3 .7 8 3 . 8 5 5 4  1 1 3 5 3 1 2 9 0  9 8 4
1 5 _ C X 3 .0 6 3 .3 4 6 6  8 4 5 6 1 .2 4 1 5  6 0 4
1 6 C X 3 . 0 3 3 .4 7 6 7 . 5 0 7 5 8  9 4 7 8  5 6 0
1 7 C X 4 .4 1 4 . 5 8

-----  --------------------
4 6  3 8 2 4 4  6 6 1 1 .7 2 2

1 8 C X 3 . 1 3 3 .3 4 6 5  3 5 0 6 1 .2 4 1 4  1 0 9
1 9 T X 3 . 5 7 3 . 6 5 5 7 . 2 9 6 5 6 .0 4 0 1 .2 5 6
2 0 C X 3 .4 1 3 . 4 4 5 9 . 9 8 4 5 9 .4 6 1 0 .5 2 3
21 C X 3 .4 7 3 .5 5 8 . 9 4 7 5 8 .4 4 2 0 .5 0 5

2 2 C  +  T r a i l e r X 3 .8 8 3 . 9 6 5 2 . 7 1 8 $ 1 , 6 5 3 1 .0 6 5
2 3 C X 4 . 2 2 4 .7 4 8 . 4 7 0 4 3 . 5 2 0 4 .9 5 0
2 4 C X 2 .8 1 2 . 8 4 7 2 . 7 9 2 7 2 . 0 2 3 0 .7 6 9
2 5 ________ C  . X 3 .1 3 . 2 8 6 5 . 9 8 2 6 2 .3 6 1 3 .6 2 1
2 6 C X 2 . 8 8 3 . 1 9 7 1 . 0 2 3 6 4  121 6  9 0 2
2 7 T X 4 .6 2 4 .2 7 4 4 . 2 7 4 4 7 .9 0 3 - 3 6 2 9
2 8 T X

X

3 .8 1 3 .7 8 X 5 3 . 6 8 6 5 4  1 1 3 - 0 4 2 6
2 9 . . c 2 .9 7 3 .2 3 6 8  8 7 1 6 3  3 2 7 5  5 4 4
3 0 C X 3 . 0 6 3 .4 2 6 6  8 4 5 5 9 .8 0 9 7  0 3 6
31 C ................ X 3 . 3 8 3 .2 2 6 0  5 1 6 6 3  5 2 3 - 3  0 0 7
32 T X 3 . 6 6 3 .6 6 5 5  8 8 7 5 5  8 8 7 0 0 0 0
3 3 C X 3 . 3 4 3 .6 7 6 1 .2 4 1 5 5  7 3 4 5 . 5 0 7
3 4 C X 3 .1 3 .2 6 5  9 8 2 6 3 .9 2 0 2  0 6 2
3 5 C X 3 .4 1 3 .3 4 X 5 9  9 8 4 6 1 .2 4 1 - 1 .2 5 7
3 6 C X 3 . 1 8 3 .4 4 X 6 4 . 3 2 2 5 9 .4 6 1 4  8 6 2
3 7 C X 3 . 3 5 3 . 5 5 X 6 1 . 0 5 8 5 7 .6 1 8 3  4 4 0
3 8 C  „

X
X 3 .4 1 3 .4 4 — 5 9 . 9 8 4 5 9 .4 6 1 0 .5 2 3

39 C 3 8 4 4 . 0 7 5 3  2 6 7 5 0 .2 5 7 3 .0 1 0
4 0 C X 3  3 5 3 3 4 6 1  0 5 8 6 1  2 4 1 -0  1 8 3
41 C X 3 .1 6 3  1 2 6 4  7 3 0 6 5 . 5 5 9 - 0  8 3 0
4 2 __  . C X 3 . 1 5 3 .2 4 6 4  9 3 5 6 3  131 I 8 0 4
4 3 T X 3 .4 7 3 . 5 9 5 8  9 4 7 5 6  9 7 6 1 .9 7 0
4 4 T X 3 .3 4 3 .4 1 6 1  2 4 1 5 9  9 8 4 1 .2 5 7
4 5 C X 3 .1 2 3 .2 5 6 5  5 5 9 6 2 9 3 7 2  6 2 2
4 6 C X 3 . 3 5 3 . 4 5 6 1  0 5 8 5 9 2 8 9 1 .7 7 0
4 7 C X 2 . 9 4 3 . 3 4 6 9 . 5 7 3 6 1  2 4 1 8 3 3 2
4 8 C X 3 . 1 9 3 .4 6 4  1 2 1 6 0  1 6 0 3 9 6 0
4 9 C X 3 . 2 5 3 . 2 4 6 2 . 9 3 7 6 3  131 - 0  1 9 4

5 0 C X 3 . 2 5 3 .3 7 6 2 . 9 3 7 6 0 . 6 9 6 2 2 4 1
51 C X 3 . 7 9 3 .9 7 5 3 . 9 7 0 5 1 .5 2 3 2  4 4 7

52 _ _ C X 3 . 1 3 3 . 4 9 6 5 . 3 5 0 5 8 .6 0 9 6 .7 4 1
53 T X 3 .3 1 3 . 4 2 X 6 1  7 9 6 5 9  8 0 9 I 9 8 8
5 4 C X 3 . 4 7 4 . 0 8 5 8 . 9 4 7 5 0 . 1 3 4 8 . 8 1 3
5 5 C X 2 .9 1 2 . 9 6 7 0 .2 9 1 6 9 .1 0 3 1 .1 8 7

56 C X 3 . 2 2 3 .3 6 3 . 5 2 3 6 1 .9 8 3 1 .5 4 0

57 T X 3 .7 2 3 . 7 9 5 4 . 9 8 5 5 3 .9 7 0 1 .0 1 6

58 T X 3 . 1 9 3 . 3 8 X 6 4 .1 2 1 6 0 . 5 1 6 3 .6 0 4

5 9 C X 2 . 7 5 2 . 8 9 7 4 . 3 8 0 7 0 .7 7 7 3 .6 0 3

6 0 C X 3 . 6 8 3 . 5 9 5 5  5 8 3 5 6  9 7 6 - I  3 9 3
61 C X 3 . 2 5 3 .4 1 6 2 9 3 7 5 9 .9 8 4 2 9 5 3

6 2 C X 3 . 4 4 3 .7 1 5 9 .4 6 1 5 5  1 3 4 4  3 2 7

6 3 C X 3 . 2 2 3 .0 9 6 3  5 2 3 6 6  1 9 6 - 2  6 7 3

6 4 T X 3 . 7 5 3 .5 6 T 5 4 . 5 4 5 5 7  4 5 7 -2  9 1 1

6 5 C X 4 . 2 2 3 .8 4 4 8 . 4 7 0 5 3 .2 6 7 -4  7 9 766 C X 3 . 0 9 3 .1 2 6 6  1 9 6 6 5  5 5 9 0  6 3 6
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