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FOREWORD

This report will be of interest to highway engineers and administrators responsible for the safety
of trucks on freeway ramps. This report presents the evaluation of three prototype automatic
truck rollover warning systems that were installed on ramps on the Capital Beltway in the
Washington, D.C. area. Two systems were installed on ramps in Virginia, and one system was
installed on a ramp in Maryland.

The systems were operational for 3 years, and data were collected on the effect the system had on
slowing trucks, the accuracy of the sensors in measuring truck characteristics, as well as the
operational and maintenance problems experienced with the systems. Plans and specifications-
for the installation of these systems are available from the Federal Highway Administration,
HSR-30.

Sufficient copies of this report are being distributed to provide a minimum of two copies to each
FHWA regional office and six copies to each Division office. Four of the Division office copies
should be sent to their State highway agency by the division.

f 7

A. George@Stensen, Director
Office of Safety and Traffic Operations
Research and Development

NOTICE

.This document is disseminated under the sponsorship of the Department of Transportation in the
interest of information exchange, The United States Government assumes no liability for its
contents or use thereof. This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade and
manufacturers’ names appear in this report only because they are considered essential to the
object of the document.
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1. INTRODUCTION

BACKGROUND

Truck accidents on urban freeways occur more frequently at interchanges — particularly on
curved exit ramps — than at any other location. In fact, trucks overturning on exit ramps at
interstate interchanges account for 5 out of every 100 fatal accidents.” Truck rollover accidents
can be very costly in urban areas, because these accidents usually result in fatalities and injuries,
vehicle and roadway damage, and traffic delays. Losses are even greater when trucks carrying
combustible or hazardous cargo are involved.

An earlier Federal Highway Administration (FHWA) study examined the feasibility of deploying
an automatic system that would warn drivers of trucks susceptible to rollover.® That study
identified that existing detection and information systems could be integrated to provide a system
that would give early warning of a possible overturn and advise the truck driver to reduce speed.
As a result of this feasibility study, three systems were designed and installed at three ramps on
the Capital Beltway (I-495) in Virginia and Maryland.

This final report presents the results and findings of the evaluation for three prototype Automatic
Truck Rollover Warning Systems (ATRWS), located at:

1. [-495W/1-958 in Springfield, Virginia.

2. [-495W/Route 123N in McLean, Virginia.

3. I-495E/I-95N in Beltsville, Maryland.
OBJECTIVES

The general objectives of this evaluation were to assess how the ATRWS performed and to
determine its cost-effectiveness. More specifically, the requirements of this project were to:

1. Evaluate the performance and maintenance requirements of the system
components. »

2. Evaluate the effect of the ATRWS on speed reduction of detected trucks travehng
at or near their rollover speed or maximum safe speed.

3. Evaluate any improvements in safety resulting from the systems.
4, Prepare appropriate user and mamtenance manuals, and update the design and
speclﬁcatlons



The project also called for system maintenance and operation support to the two States and

periodic calibration of the system components. The following tasks were followed to accomplish
the evaluation objectives:

L. Task A System Evaluation Plan.

2. Task B Calibration Tests — Weight, Speed, Classification, and Fiber-Optic Sign
Activation Analysis.

3. Task C Provide System Maintenance — Design Plans vs. As-Built, and

Operational Maintenance.
4, Task D System Evaluation — Speed Reduction Analysis.

5. Task E Preparation of Draft Manuals and Final Report — Updated User and
Technical Manuals, and Plans.

This report provides the results of the first four objectives. The user manual and updated design
plan (i.e., as-built drawings) and specifications were prepared and submitted to FHWA
separately. They are available from FHWA or the contractor.

PROCEDURE

The first task required the development of a system evaluation plan. This plan was submitted to
FHWA in February 1994.%) In summary, the plan called for the following:

1. Collection and analysis of accident data to establish if any truck rollover accidents
occurred or other accidents that could be attributed to the system.

2. Periodic testing of the system components by having tanker and box tractor -
trailers of known weight and speed travel over the system several times.

3. Periodic evaluation of the speed changes affected by the system.

4. Collection and analysis of maintenance and operation costs and other
requirements for operating the ATRWS.

The periodic testing was to be at 4-month intervals. Unfortunately, only two tests could be
conducted for a variety of reasons, including the fact that there were significant periods when the
systems were not operating properly, the unavailability of trucks, and some weather constraints.
The first evaluation occurred about 4 months after the three systems were installed. The results
of that evaluation were documented and reported to the FHWA in April 1995.*) This final report
provides the results of the second evaluation, which occurred about 16 months after installation,
and the results of the overall evaluation of the system.



CHAPTER 2. DESCRIPTION OF THE AUTOMATIC TRUCK ROLLOVER
WARNING SYSTEM

THE ROLLOVER PROCESS

A description of the ATRWS must begin with an understanding of truck rollover. While a
detailed discussion of this phenomena can be found in the feasibility report, the following
provides a summary.®

As a truck travels through a curved ramp, its speed and the ramp’s curvature and superelevation
cause a level of lateral acceleration on the truck. For each truck and loading condition, there is a
maximum value of lateral acceleration beyond which it will roll over. This level of acceleration
is called the rollover threshold (RT), and values for various trucks have been determined from
static and dynamic tests by the University of Michigan’s Transportation Research Institute
(UMTRI). UMTRI also has defined the maximum lateral acceleration a truck with a given RT
can sustain as:

RT-SM ’ 0}

max = 115

where SM is a safety margin value and 1.15 is a factor accounting for additional lateral
acceleration due to steering fluctuation during the turn.

The maximum lateral acceleration is also related to curve geometrics and speed by the following
equation:

2

V2

ay — ——_max
max =~ R(g * e)

- where e is superelevation, g is gravity, and V is speed. Thus the maximum rollover threshold
speed (V_,,) is derived from these two equations, which becomes one of the parameters to decide
if the truck may rollover. ‘ '

ATRWS DESIGN

The objective of the ATRWS is to identify a truck of a certain type that is traveling towards a
curved ramp, whose speed is likely to approach or exceed the rollover threshold speed, and then
to warn the driver of the truck to reduce speed prior to reaching the curve. The rollover theshold
speed is determined by the truck’s weight, rollover threshold factor, and the geometrics of the
ramp (superelevation and radius of curve). To accomplish this objective, the following
components are used:



1. Two sets of weigh-in-motion (WIM) detectors for each lane on the ramp
embedded in the pavement at an appropriate distance before the curved section,
which measure the weight and speed of trucks by class. The WIM detectors are
piezoelectric sensors.

2. Loop magnetic detectors for each lane on the ramp placed at a sufficient distance
before the curved section, which measure the speed of the passing vehicles.
Figure 1 shows the installation of both the piezoelectric sensors and loop magnetlc
detectors for one of the sites.

3. A radar-sensing device located at the second WIM detector for each lane on the
ramp, which is able to determine whether a truck has exceeded a pre-set height
value. (Tanker trucks, which are lower than box-trailer trucks, have a different
rollover threshold factor). Figure 2 shows the height detector.

4, A sign warning system for each lane on the ramp that consists of a static truck
rollover warning sign with an advisory speed and a fiber-optic sign that displays
the message “TRUCKS REDUCE SPEED” when activated. Figure 3 shows two
views of the sign, one when not activated and one when it is activated.

5. A controller that operates the system by processing the input data from the WIM
detectors, the speed loop detectors, and height detector in accordance to an
algorithm. Figure 4 shows the controller components which includes, the 486
computer controller (enclosed in industrial housing), cellular modem, 24-h
inverter/backup battery, loop, and piezo cables terminated at the computer.

Figure 5 shows a full view of the -495W/1-958S ssite in Springfield, VA. Figures 6 and 7 are
schematic diagrams of the typical installation. Detailed design plans and specifications were
prepared and are available.

WIM detection station 1 and 2 are loop-piezo-piezo stations, and provided vehicle weight,
vehicle classification, and vehicle speed for all vehicles to the ATRWS controller. Likewise,
WIM stations 4 and 5 of the system are also loop-piezo-piezo stations, which provide vehicle
weight, vehicle classification, and vehicle speed to the programmable controller. Vehicle height
is provided by the height detector, which is placed near WIM station 2 (station 4 for two-lane
system) to the controller. The data from WIM stations 1 and 2 and the height detector are
analyzed by the ATRWS software to determine if the vehicle would exceed the RT critical speed
at the point of curvature. If the ATRWS determines that the vehicle will exceed the critical speed
at the point of curvature, given its entry speed, weight, vehicle classification, and ramp
geometrics, the ATRWS activates a warning information system, i.e., a readable message on a
fiber-optic sign mounted below a static warning sign. Both WIM stations 3 and 6 consist of
loop-piezo-loop configurations and are used to measure and record vehicle speed and
classification data prior to entering the point of curvature (PC) of the ramp.



Figure 1. Piezoelectric sensors and loop magnetic detectors embedded in pavement.

Figure 2. Radar sensor for detecting height threshold.
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(a) Fiber-optic sign blank.

(b) Fiber-optic sign activated.
Figure 3. Two views of ATRWS sign system.
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Figure 5. Full view of ATRWS,
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Figure 6. Typical ATRWS detector placements for one-lane ramp.

Figure 7. Typical ATRWS detector placements for two-lane ramp.




WIM stations 3 and 6 are both for evaluation purposes to determine the speed reduction of trucks
with and without sign activation. The data are stored and are retrievable via remote dial-up
modem on conventional telephone and cellular lines.

Both the one-lane and two-lane systems operate in the same manner; therefore, only the
operational logic of the one-lane system is described below. See figure 8 for the operational
logic flow chart. Both WIM detection stations 1 and 2 provide weight, vehicle classification, and
vehicle speed to the programmable controller. If the vehicle is classified as a truck, the two
weights will be compared and the heavier weight is used. Also, at WIM station 2, a height
detector determines if the truck is less than 3.4 m (11 ft), and if so, classifies it as a tanker truck.
Depending upon whether the truck is classified as a tanker or non-tanker, a rollover threshold
value will be assigned to it based on its weight using the following data programmed into the
controller: : ~

TANKER NON-TANKER

Weight Range (Ib) RT Weight Range (1b) RT
0-10,000 0.65g 0- 35,000 0.73g

>10,001 - 20,000 0.50g | >35,001- 50,000 0.60g
>20,001 - 50,000 0.49¢ | >50,001- 65,000 0.50g
>50,001 - 70,000 0.34g | >65,001- 80,000 0.38¢
>70,001 - 80,000 0.26g | >80,001 - 100,000 0.36g

11b=0.454 kg

e From station 1 and station 2 detectors, the truck’s deceleration (d) is determined from the’
following equation:

Vlz - sz
2L,

d= 3)

where V, and V, are speeds at stations 1 and 2, respectively, and L, is the distance between
them, established at 30.5 m (100 ft). \ :

e Based on deceleration rate (d) from above, and effective deceleration due to gravity (a, ),
resulting from the slope of the road, the likely speed of the truck at the point of curvature
is calculated as follows:

4
Voe = V2 -2dL, + L)-2a;L, + Ly @

where (L, + L,) is the distance from the second station to the point of curvature.



WIM Station 1

Vehicle )
Voot (W)
Type

WIM Station 2 and Height Detector
/ :«mwfi ) Tm?«E !;

2
4= ViV,

3

]

Likely Speed At PC

VIV 20(Lete) 280LetL0)

Ramp Data

Critical (R, )
Pair

Yeos

Activate Warning Sign
(t=L/Vmax=4.0s)

Figure 8. Operational logic for activating the warning system.
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o The maximum value of lateral acceleration a,.« beyond which the truck will roll over is
calculated as follows:

a_ = (RT-SMyg
1.15

®)

e The maximum rollover threshold speed (V,,,) derived from equation 2 is then calculated
by the following;:

max

Viax = V(@nax * 80) R (6)

e The calculated V ,, is then compared to a maximum safe speed (MSS) of the ramp, which
is determined by the user and would normally be set at about 94.4 km/h (40 mi/h). The
. lower of the two values is used in the next step.

o The likely speed at the PC, calculated previously as V,, is then compared to the V_,,. Ifit
is equal to or greater than V_,,, then the sign is activated.

At WIM station 3, the vehicle speed for the truck is also measured. Data from all stations are
recorded and retained in the controller for a specified period. The data can be downloaded to a
microcomputer at the controller site or transferred to a microcomputer in a central office over a
communication link.

As indicated above, the fiber-optic sign is activated whenever the predicted speed (V o) at the
PC exceeds the estimated rollover threshold speed or the preset maximum safe speed. Both
States requested the use of a maximum safe speed advisory warning sign. Because of this
requirement, the ATRWS rarely, if ever, activated under the rollover threshold speed options,
which normally would be higher than the maximum safe speed. This issue will be discussed
later in the report.
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3. PERFORMANCE AND MAINTENANCE OF SYSTEM

This chapter presents the findings that determine the performance and maintenance of each
ATRWS system. The findings are presented by the following two tasks: (1) Task B Calibration
Tests, and (2) Task C Provide System Maintenance.

TASK B CALIBRATION TESTS

This task presents: (1) the data analysis for the second evaluation period, and (2) a comparative
analysis for the first evaluation period and the second period, for system detection accuracy, that
is, for identifying trucks by type and measuring their speeds, gross weight, and height threshold.

The vehicle record (veh_rcrd) file produced by the ATRWS system was used for this analysis.
Veh_rcrd files can be recorded in several durations (i.e., daily, weekly, or monthly), but were
collected daily for ease of analysis. This file recorded all vehicles that traveled through the site
for each WIM station in graphical and text formats. Flgure 9 shows a sample vehicle record
(veh_rcrd) file screen printout.

The veh_rcrd file was used in conjunction with the ATRWS analysis software to verify field '
observations and measurements of the ATRWS system. To fulfill this requirement, the following
subtasks were conducted: '

1. Calibration tests (after installation) to ensure that all components worked and
systems functioned according to their design, and summary (second evaluation
period).

2. Evaluation of classification and speed measurements for additional visual

observations of different truck types (second evaluation period).

3. Evaluation of fiber-optic sign activation accuracy for visual observations of Class
5 through 11 trucks (second evaluation period).

4, Comparative analysis of the first and second evaluation periods.

To accomplish Tasks 1 to 4, data for two trucks (one tanker trailer and one box trailer) of known
weights and speeds that traveled through the systems were evaluated. A laser speed gun was
used to measure the speeds of Class 5 through 11 trucks for each WIM station. The evaluation
criteria for all ATRWS system gross vehicle weight (GVW) percent error measurements is £15
percent per the American Society for Testing and Materials (ASTM) Standard E1318- 90® and
recommendations made by VDOT. The speed accuracy criteria for all WIM station -
measurements is = 3.2 km/h (2 mi/h). At the time of this study, typical vehicle classification data
was not readily available. Hence, a 95-percent confidence level specification for vehicle
classification was assumed for analysis of vehicle classification data.
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GRAPHICAL FORMAT

(5877) LANE WIK 1 TYPE 9 GVW 69.6 kips LENGTH 72 ft
18-K ESAL 1.416 SPEED 44 mph HMAX GW 80.0 kips Tue May 10 11:20:59.90 1994

0=~-Q--=mccmemoceonoeen O-<--Q-~------- 0
14.6 16.9 13.4 13.8 10.9

(5881) LANE WIK 2 TYPE 9 GW 84.6 kips LENGTH 68 ft
18-K €SAL 3.138 SPEED 42 mph MAX GW 80.0 kips Tue May 10 11:21:01.27 19%

4.0 34.9 4.2 14.9
* * *
20.1 17.6 ) 17.0 17.8 12.0

(5894) LANE WIH 3 TYPE ¢ GW 0.0 kips LENG’NIl 68 ft

18-K ESAL 0.000 SPEED 39 mph MAX GW 80.0 Kips Tue May 10 11:21:10.44 1994
4.3 36.8 44 15.6 '
Q---=Q-===semcvecccinccnaas O==--Q-~vv=eo- °

Hit any key to resume

TABULAR FORMAT

(S8TT) LANE WIN 1 TYPE @ GW &9.6 kips LENGTH 72 ft
18-K ESAL 1.416 SPEED 44 mph MAX GW 80.0 kips Tue May 10 11:20:59.90 1994
UNIT  SEPARATION  WEIGHT  ALLOVABLE

(ft) . (kips) (kips)
1 10.9 20.0
2 15.0 13.8 17.0
3 4.2 13.4 17.0
4 354 16.9 17.0
5 4.0 14.6 10

(5881) LANE WIK 2 TYPE 9 GW 84.6 kips LENGTH 68 ft
18-K ESAL 3.138 SPEED 42 mph HAX GW 80.0 kips Tue May 10 11:21:01.27 1994
UNIT  SEPARATION . VEIGHT ALLOVWABLE

(ft) Ckips) Ckips)
1* OVER GW 12.0 20.0
2% 1%.9 - 17.8 17.0
k4 4.2 17.0 17.0
& 349 17.6 17.0
5% 4.0 20.1 17.0

| Hit key to resume
Vehi:Iz Oisplay Resumed

(58%4) LMHE WIN 3 TYPE 9 GW 0.0 kips LENGTH 68 ft
18-K ESAL 0.000 SPEED 39 wph MAX GW 80.0 kips Tue May 10 11:21:10.44 1994
UNIT  SEPARATION  ALLOWABLE

ft) Ckips)
20.0
2 15.6 17.0
3 4.4 17.0
4 36.8 17.0
5 4.3 17.0

Hit any key to resume

Figure 9. Sample vehicle record (veh_rcrd) file screen printout in
graphical and tabular formats. ‘
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Calibration Tests Results for Second Evaluation Period

The purpose of this analysis was to compare actual Class 9, five-axle tanker and box truck: (1)
GVW, (2) speed, and (3) classification to those recorded by the ATRWS system. One Class 9
five-axle tanker and box truck was used for this analysis. Each driver was instructed to drive the
truck through each lane of each site as many times as possible within the allowable time frame.
Statistical analysis was conducted for only those runs that were 100 percent identified. The
effectiveness of conducting and completing this analysis was contingent upon the ability to
schedule trucks through a trucking association, which was logistically a problem throughout this
study.

A sample of the data results reported in this section is shown in appendix A for only the
Springfield ATRWS. The results of the three measures of effectiveness prevxously mentioned
are presented for each site.

Actual GYW vs. Measured GYW

Carriers were requested to load their trucks to 75-percent capacity. Their GVW was measured
using a static scale at the carrier’s location or at a static scale near the Springfield site. The
known weights from the static scale were used to compare against the weight measured by the
ATRWS. The results for each site follow.

Soringfield Si

Calibration tests for the tanker truck were conducted on April 25, 1995, and July 17, 1996.
Calibration tests were conducted on May 24, 1995, and July 17, 1996, for the box truck.
Calibration runs were not conducted for WIM station 1 and 2 (right travel lane, lane 1) for tanket
and box trucks on April 25, 1995, due to severe pavement deterioration. Calibration runs
conducted on July 17, 1996, were for right and left lanes for tanker and box truck.

Table 1 summarizes the data results by showing the number of times the truck’s measurement
was within the £15 percent GVW specification (first number), the number of valid truck runs
(second number), followed by the percentage of trucks within the specification. WIM stations 1
and 2 for the second evaluation were not operating properly due to pavement deterioration. As
seen by the data in the table, the reliability of each WIM station of the ATRWS varied from 43
percent to 100 percent.
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Table 1. Number and percentage of truck runs with measured weights within specification
at the Springfield ATRWS site.

) Lane 1 Lane 2
Truck Trailer Type Evpaé:liaot;on WIM Station WIM Station
1 2 4 5
Tanker April 1995 ND ND 8/9(89) 6/8(75)
' July 1996 4/9(44) 9/9(100) 3/7(43) 7/7(100)
Box May 1995 ND ND 4/7(57 2/2(100)
July 1996 9/9(100) 4/8(50) 4/9(44) 9/9(100)
Note: ND =No data .
X/Y(XX), where X = # passing specification, Y = # of valid runs, and XX = percent

Calibration tests for the tanker truck were conducted on April 25, 1995, and July 16, 1996.
Calibration tests were conducted on May 24, 1995, only for the box truck. Interchange
construction and realignment caused this site to be without power for several months (September
10, 1995, to April 30, 1996). This action reduced the amount of time available to conduct an
additional evaluation.

Table 2 summarizes the results by showing the same statistics noted for table 1. As seen by the

data in table 2, the reliability of each WIM station of the ATRWS varied from 0 percent to 56
percent.

Table 2. Number and percentage of truck runs with measured weights within specification
at the McLean ATRWS site.

Lanel
Truck Trailer Type Evaluation Period WIM Station
_ 1 2
' April 1995 5/9(56 0/9(0
Tanker p! (56) (0)
July 1996 . 4/13(31) 6/16(38)
Box May 1995 1/5(20) 0/7(0)
Note: ND =Nodata
X/Y(XX), where X = # passing specification, Y = # of valid runs, and XX = percent
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Beltsville Site

Calibration tests for the tanker truck were conducted on May 11, 1995, and October 3, 1996.
Calibration tests were conducted on May 25, 1995, only for the box truck. However, no results
were recorded since calibration runs were cancelled in the field due to piezo sensor failure.

Table 3 summarizes the results by showing the same statistics noted in table 1. As seen by the

data in table 3, the reliability of each WIM station of the ATRWS varied from 0 percent to 100
percent.

Table 3. Number and percentage of truck runs with measured weights within specificatioii
at the Beltsville ATRWS site.

_ Lane 1 Lane 2
Tnick Trailer Type | Evaluation Period WIM Station WIM Station
‘ 1 2 4 5
Tanker May 1995 0/3(0) 9/3(0) 0/8(0) 0/6(0)
October 1996 "~ 5/6(83) 1/14(7) 10/12(83) 12/12(100)
Note: ND =No data
X/Y(XX), where X = # passing specification, Y = # of valid runs, and XX = percent

Weight Calibration Analvsis S

It is concluded that all ATRWS system WIM stations accurately measured both the tanker and
box trucks’ GVW within specifications, with the exception of WIM stations 1 and 2 tanker truck
measurement at the Springfield site and WIM station 5 box truck measurement at the Beltsville -
site. The Virginia GVW measurement errors were attributed to pavement deterioration. The
Maryland site GVW measurement errors were attributed to drivers not traveling completely in
their lane. '

It is also concluded from this analysis that comparing statically weighed trucks to ATRWS

GV W-measured trucks is an effective method for analyzing the results of the WIM stations.
However, it is very difficult to find static weigh stations in close proximity to most WIM
stations. Therefore, it is recommended that one of several possible alternative methods be used.
A study published recently in Transportation Research Record 1364 provides an effective and
expedient way to validate weigh-in-motion station GVW measuring accuracies.® In the study,
researchers from the Minnesota Department of Transportation (MNDOT) found that they could
determine WIM station accuracy by comparing the measured GVW’s of 5,000 trucks to the
distribution graph of a statically weighed truck as a baseline. MNDOT found that if a graph of
the average distribution of GVW’s for the 5,000 truck population matches the baseline
population (i.e., within a 4-percent systematic WIM error), that it would be considered an
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accurate WIM station. When this procedure is used and a particular WIM station is shown by
graphical data to have a higher than 4 percent error for Class 9 five-axle trucks, ATRWS
technicians will be advised to adjust calibration parameters from the host computer located at
VDOT and the Maryland State Highway Administration (MDSHA).

Actual Speed vs. Measured Speed

The drivers of the test trucks were instructed by the evaluator to travel at various speeds,
communicated to them via transceivers. These speeds were used as the actual speed for the
comparisons, which are reported for each site below.

Sprinefield Si

Table 4 summarizes the data results for this analysis by showing the number of times when the
truck’s measured speed was within the £ 3.2 km/h (2 mi/h) specification (first number), the
number of valid truck runs (second number), followed by the percentage of trucks with measured -
speeds within the specification. WIM stations 1 and 2 for the second evaluation were not
operating properly due to pavement deterioration. As seen by the data in table 4, the reliability
of measured speeds by system was more accurate than weight measurements, varying from 71
percent to 100 percent.

Table 4. Number and percentage of truck runs with measured speeds within specification
at the Springfield ATRWS site.

Lane 1 Lane 2
Truck Trailer Type | Evaluation Period WIM Station - WIM Station
1 2 4 5
. April 1995 ND ND 9/9(100) 8/8(100)
Tanker
July 1996 7/9(78) 7/9(78) 5/7(71) - 5/7(71)
May 1995 ND ND 7/7(100) 2/2(100)
Box July 1996 7/8(88) 7/8(88) 7/9(78) 9/9(100)
Note: ' ND =No data ‘
X/Y(XX), where X = # passing specification, Y = # of valid runs, and XX = percent
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Mc i

Calibration tests for the tanker truck were conducted on April 25, 1995, and July 16, 1996.
Calibration tests were conducted on May 24, 1995, only for the box truck.

Table 5 summarizes the results by showing the same statistics as table 4. As seen by the data in
table 5, the reliability of each WIM station of the ATRWS varied from 40 to 100 percent.

Table 5. Number and percentage of truck runs with measured speeds within specification
at the McLean ATRWS site.

Lane 1
Truck Trailer Type Evaluation Period WIM Station
1 2
April 1995 9/9(100 8/9(89
Tanker p: (100) | (89)
July 1996 12/13(92) 15/16(94)
Box May 1995 2/5(40) 8/8(100)
Note: ND = No data
X/Y(XX), where X = # passing specification, Y = # of valid runs, and XX = percent

Belisville Si

Calibration tests for the tanker truck were conducted on May 11, 1995, and October 3, 1996.
Calibration tests were conducted on May 25, 1995, only for the box truck.

Table 6 summarizes the data results by showing the same statistics mentioned previously in table
5. As seen by the data in table 6, the reliability of each WIM station of the ATRWS was 100
percent. .

Table 6 Number and percentage of truck runs with measured speeds within specification
at the Beltsville ATRWS site.

Lane 1 Lane 2
Truck Trailer Type | Evaluation Period WIM Station WIM Station
1 2 4 5
May 1995 3/3(100) 3/3(100) 8/8(100) 6/6(100)
Tanker October 1996 6/6(100) 14/14(100) 12/12(100) 12/12(100)

Note: ND =Nodata
X/Y(XX), where X = # passmg specification, Y = # of valid runs, .and XX = percent
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Spee librati is

In summary, all three ATRWS system site speed measurements were within the £3.2 kmvh (2
mi/h) specification, with the exception of the box truck runs for WIM stations 1 and 2 at the
Springfield site. For this site, it is not known whether the system did not measure the speed
correctly or whether the driver did not maintain the indicated speed. More data related to the
accuracy of the ATRWS in measuring speed are presented later.

\ctual Classification vs. M 1 Classificati

The ATRWS identifies the truck classification by determining the number and spacing of axles.
The accuracy of the system for this variable was compared to the known classification of both
trucks. The results for each site are reported below. ~

Sprinefield i
Table 7 summarizes the data results by showing the number of times the truck’s measured
classification was within the 95-percent specification (first number), the number of valid truck
runs (second number), followed by the percentage of trucks within the specification. WIM
stations 1 and 2 for the second evaluation were not operating properly due to pavement
deterioration. As seen by the data in table 7, the reliability of measured classifications by system

was typically more accurate than weight measurements with the exception of the tanker runs for
July 17, 1996.

Table 7. Number and percentage of truck runs with measured classifications within
specification at the Springfield ATRWS site.

Lane 1 Lane 2
Truck Trailer Type Evaluation Period WIM Station WIM Station
1 2 4 5
Tanker April 1995 ND ND 9/9(100) 8/8(100)
~ July 1996 3/9(33) 3/9(33) 3/7(43) 3/7(43)
May 1995 ND ND 4/1(57) 2/2(100)
Box July 1996 8/8(100) 7/3(88) 7/9(78) 9/9(100)
Note: ND =No data
X/Y(XX), where X = # passing specification, Y = # of valid runs, and XX = percent
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McLean Site

Calibration tests for the tanker truck were conducted on April 25, 1995, and July 16, 1996.
Calibration tests were conducted on May 24, 1995, only for the box truck.

Table 8 summarizes the results by showing the same statistics noted in table 7. As seen by the
data in table 8, the reliability of each WIM station of the ATRWS varied from 69 to 100 percent.

Table 8. Number and percentage of truck runs with measured classifications within
specification at the McLean ATRWS site.

Lane 1
Truck Trailer Type Evaluation Period WIM Station
1 2
‘ April 1995 9/9(100 9/9(100
Tanker p (100) (100)
July 1996 9/13(69) 12/16(75)
Box May 1995 5/5(100) 7/7(100)
Note: ND =No data
X/Y(XX), where X = # passing specification, Y = # of valid runs, and XX = percent

Beltsville Si

Calibration tests for the tanker truck were conducted on May 11, 1995, and October 3, 1996.
Calibration tests were conducted on May 25, 1995, only for the box truck.

Table 9 summarizes the data results by showing the same previously mentioned statistics. As
seen by the data in table 9, the reliability of each WIM station of the ATRWS was more accurate
for the tanker compared to the two other sites, ranging from 83 to 100 percent accurate.

Table 9. Number and percentage of truck runs with measured classifications within
specification at the Beltsville ATRWS site.

Lane 1 Lane 2
. Evaluation - e
Truck Trailer Type Period WIM Station WIM Station
1 2 4 5
Tenk May 1995 3/3(100) 3/3(100) 8/8(100) 6/6(100)
er
October 1996 5/6(83) 13/14(93) 12/12(100) 12/12(100)

Note: ND =No data ,
X/Y(XX), where X = # passing specification, Y = # of valid runs, and XX = percent
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assificati

i

In summary, it was concluded that the ATRWS performance for identifying truck classifications
was accurate for all three sites. However, it was determined that pavement deterioration does in
fact compromise the classification accuracy of the systems, especially for tanker trucks, and in
some cases the box truck. A final analysis of the systems classification accuracy will include the
results of additional truck classification runs discussed later in this report.

Evaluation of Classification Measurements of Different Truck Types

The purpose of this part of the evaluation was to determine the accuracy of the detectors of the
ATRWS for identifying additional Class 5 through 11 trucks per Scheme F of the FHWA Truck

Classification. Appendix B presents a sample of the truck classification data results for each

WIM station for one of the three ATRWS sites. Table 10 summarizes the results by showing the
number of times the truck’s measured classification was within the 95-percent specification (first
number), the number of valid truck runs (second number), followed by the percentage of trucks

within the specification.

Table 10. Number and percentage of additional measured truck classifications within the
specification for all three ATRWS sites.

Lane 1 Lane 2
ATRWS Evaluation . )
Site Period WIM Station WIM Station
1 2 3 4 5 6
Springfield | {08 23&27, | so/s00100) | s1/51¢100) | 43/430100) | 48/a8100) | s1/510100) | 47/47(100)
McLean | fost 22-23, | 26r6(100) | 271270000) | 27/27(100)
| Beltsville ;’1‘"’1";’;2‘" & ND ND | 46/46(100) | sarsa(100) | 4s/4894) | 37/37(100)
Note: ND =No data
X/Y(XX), where X = # passmg specification, Y = # of valid nms, and XX = percent

At the time of this study, there were no set industry-wide classification accuracy standards for
systems such as these. Thus, a 95-percent confidence level was arbitrarily selected. In summary,
all three ATRWS systems accurately classified all the Class 5 through 11 trucks above the 95
percent specification. As shown in table 10, all measurements exceeded the specifications at all

three sites.
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Evaluation of Speed Measurements of Different Truck Types

The purpose of this part of the evaluation was to determine the accuracy of the detectors of the
ATRWS to measure the speed of additional trucks (Class 5 through 11 trucks). The design
specification of the ATRWS was to measure the truck speed within £3.2 km/h (2 mi/h). To
accomplish this evaluation, the speed measured by the ATRWS was compared to that measured
by a laser speed gun. Although the laser speed gun used in this task was subject to the cosine
effect, it was relatively insignificant because of the small angle between the target and the speed
gun. (The apparent measured speed of a target will be decreased from its actual speed,
depending on the angle between the laser gun and the direction of traffic. For example, angles of
less than 8° have an error of under 1 percent, and angles of 14° have a 3-percent error.) Table 11
summarizes the speed gun cosine angle for each weigh-in-motion station for three sites. For this
study, all cosine angles were less than 8°. Therefore, all measured speeds by speed gun were
considered actual speeds within a 1-percent error.

Table 11. Speed gun cosine angie of each WIM station for ATRWS speed analysis.

ATRWS Site Speed gun angle (degrees) per WIM station
1 2 3 4 b 6 -
Springfield 2.7 32 2.5 2.7 32 2.5
McLean 2.0 1.2 1.0
Beltsville 2.9 2.9 2.1 1.4 14 04

The detailed results of this analysis for each site are shown in a series of tables in appendix B.
The overall results are summarized in table 12. The data shows that at 8 of 13 WIM stations, the
detectors measured the speed within the £ 3.2 km/h (2 mi/h) specification for at least 90 percent
of the measurements. Because of the accurate speed findings during the calibration part of the
evaluation, the speed inaccuracies of the McLean ATRWS are attributed to the targeting and
recording speeds of trucks by the laser gun technician. Also, it is believed that all the lower
percent accuracies found for all WIM station 3 speed measurements were primarily due to the
laser gun operator “locking onto” trucks at greater distances for WIM stations 3 and 6.

Evaluation of Fiber-Optic Sign Activation Accuracy

Visual observations of fiber-optic sign activations were conducted for the Springfield and
McLean sites on October 1, and August 22 and 23, 1996, and the Beltsville site on October 4,
1996. This subtask was analyzed based on a 95-percent confidence level specification for
ATRWS fiber-optic sign activations. Visual observations were compared to those of the system
veh_rcrd and/or dot_txt files. In this analysis, it was essential that WIM station 2 was accurately
matched to WIM station 3, and likewise for WIM station 5 and WIM station 6. In some cases,
the WIM station 3 record number in dot_txt file appeared to be incorrectly matched to WIM
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Table 12. Number of additional measured truck speeds within the specification
for all three ATRWS sites.

[ Wi ATRWS Site
Station Springfield McLean Beltsville
1 98(50) 81(26) - ND
| 2 94(51) , 74027) ND
3 95(43) 56(27) 98(46)
4 90(48) N/A 98(54)
2 5 73(51) N/A 94(48)
6 79(47) -N/A 92(37)
' Average All 88(290) 70(80) 96(185)

Notes: XX(YY)= XX Percent of Total Trucks measured (YY).

misclassify and/or not record trucks in veh_rcrd file. Consequently, there was no ATRWS
data to compare to field data for WIM stations 1 and 2.

through 6 trucks were used due to the lack of Class 7 and above trucks using this ATRWS
site.

ND  =No Data — Speed data was collected; however, inoperable piezo sensors caused ATRWS to

N/A =Not Applicable — one-lane ramp, therefore only three WIM stations. Also, primarily Class 5

station 2. Therefore, only dot_txt records that matched WIM stations 2 and 3 and WIM stations

5 and 6 within 25 record numbers were used as criteria for a valid dot_txt file record.

A sample of the detailed results of this analysis for the Springfield ATRWS site is shown in
appendix C, with a summary of each site discussed below.

Sorinefield Si

Fiber-Optic Sign Lane 1 - It was observed that trucks activated this sign 56 out of 79
observations. However, an analysis could only be conducted for 26 out of the 79 (33

percent) (activation and non-activation) observations. For the 26 confirmed observations,
20 out of 26 trucks activated the sign. The review of the dot_txt file showed that 19 out
of 20 (95 percent ) fiber-optic sign activations were correct. After reviewing dot_txt files,
it was confirmed that 6 out of 6 (100 percent) trucks did not activate sign. A review of
the vehicle record (veh_rcrd) file confirmed all the dot_txt file truck records were used in

this analysis. Only vehicle records that were 100-percent identified were used in this

analysis as shown in appendix C. The 53 unconfirmed field observations were due to two
reasons: (1) inherent ATRWS problem that causes records to not be stored in dot_txt file |
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when there is no matching truck record between WIM stations 2 and 3, or WIM station 3 being
totally missed by the system, and (2) incorrect downloading of file to host computer system
software not storing records because WIM station 3 was missed and/or not matched correctly.
However, these unconfirmed field observations were stored in the veh_rcrd file. The equipment
manufacturer is currently working on system software to rectify WIM station 3 not matching
and/or missed by the system.

Fiber-Optic Sign Lane 2 - It was observed in the field that trucks activated this sign for 55
out of 71 observations. All 71 observations could not be confirmed for the same reasons

as lane 1. However, 66 out of 71 (93 percent) of the unconfirmed field observations
were stored in the veh_rerd file.

Mcl.ean Site

Fiber-Optic Sign Lane 1 - It was observed that trucks activated this sign 42 out of 58
observations. The review of the dot_txt file showed that 41 out of 42 (98 percent) fiber-
optic sign activations were correct. After reviewing dot_txt files, it was confirmed that
14 out of 16 (90 percent) trucks did not activate sign. A review of the vehicle record
(veh_rcrd) file confirmed all the dot_txt file truck records used in this analysis.

E ]\ .]] S.

Fiber-Optic Sign Lane 1 - It was observed in the field that trucks activated this sign 64
out of 79 observations. All 79 observations could not be confirmed for the same reasons
that applied to lane 2 of the Springfield system. These unconfirmed field observations
were not stored in the veh_rcrd file. None of these 79 observations are shown in
appendix C.

Fiber-Optic Sign Lane 2 - This sign activated 53 out of 54 observations. After reviewing
the dot_txt file, 53 out of 53 fiber-optic sign activations were confirmed. Afier reviewing
dot_txt files, it was confirmed that 1 out of 1 trucks did not activate sign. A review of the
vehicle record (veh_rcrd) file confirmed all the dot_txt file truck records were used in this
analysis. '

Fiber-Ontic Si vation S

In summary, three of the five lanes met the ATRWS 95-percent specification for activation and
inactivation. The results of the fiber-optic sign activation are summarized in table 13. Upon
investigation, however, it was discovered that ATRWS software programing does not allow
vehicle records to be stored in the dot_txt file when WIM station 3 and 5 are missed and/or
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incorrectly matched. Therefore, lane 2 of the Springfield site and lane 1 of the Beltsville site were

not analyzed for this second evaluation period.

Table 13. Fiber-optic sign activation accuracy (second evaluation period).

Sign Activation . .
ATRWS Site Lane No. Percent Sn [n-Activation
Accuracy ercent Accuracy
I 95(20 100(6
Springfield ) ©
2 ND ND
McLean 1 98(42) 90(16)
1 ND ND
Beltsville
2 100(53) 100(1)
Notes: XX(YY) = XX Percent of Total Trucks measured (YY).
ND =No Data — Speed data were collected; however, inoperable piezo
sensors caused ATRWS to misclassify and/or not record WIM 3 or
WIM 6 in the dot_txt file. Consequently, there was no ATRWS data to
compare to field data for WIM stations | and 2.

Comparative Analysis of the First and Second Evaluation Periods for Task B Calibration

This section presents a comparative analysis of the findings from the first and second evaluation
of the GVW, speed, classification, and fiber-optic sign activation measures. These analyses are

presented in tables 14 through 24 that follow.

Table 14. Springfield ATRWS first and second evaluation calibration
summary comparisons for weight and speed accuracy (tanker truck).

GVW % Accuracy Speed % Accuracy
WIM # First Evaluation Second Evaluation First Evaluation Second Evaluation
Period Period Period Period
WIM 1 56 44 100 T
WIM 2 44 100 100 78
WIM 4 89 66* 100 86***
WIM 5 100 g7+ 100 -1

*  This percentage is the average of two different calibration days. The percent accuracies were

89 and 43 percent.

** This percentage is the average of two different calibration days. The percent accuracies were
73 and 100 percent

*** This percentage is the average of two different calibration days. The percent accuracies were
100 and 71 percent for both WIM 4 and 5.
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Table 15. Springfield ATRWS first and second evaluation calibration summary
comparisons for weight and speed accuracy (box truck).

GVW % Accurdcy Speed % Accuracy
WIM# First Evaluation Second Evaluation First Evaluation Second Evaluation
Period Period Period Period
WIM 1 0 _100 44 89
WIM 2 100 50 44 88
WIM 4 89 1060 78 89*
WIM 5 100 100 78 100**

* This percentage is the average of two different calibration days. The percent accuracies were

100 and 78 percent.

** This percentage is the average of two different calibration days. The percent accuracies were
both 100 percent.

Table 16. McLean ATRWS first and second evaluation calibration summary

comparisons for weight and speed accuracy (tanker and box truck).

GVW % Accuracy Speed % Accuracy
Trailer | WIM# | piroi Evaluation | Second Evaluation | First Evaluation | Second Evaluation
Type Period Period Period Period
WIM 1 100 44 100 96
Tanker ‘
WIM 2 100 19* 100 91
WIM 1 100 20 100 40
Box - -
WIM 2 100 0 100 100
*  This percentage is the average of two different calibration days. The percent accuracies were
39 and zero percent.

Table 17. Beltsville ATRWS first aﬁd second evaluation calibration summary
comparisons for weight and speed accuracy (tanker truck).

GVW % Accuracy Speed % Accuracy
WM # First Evaluation Second Evaluation First Evaluation Second Evaluation
Period Period Period Period

WIM 1 75 83 100 100

WIM 2 100 7 100 100

WIM 4 100 83 100 100

WIM 5 100 100 100 100
Table 3 shows the latest calibration day (October 6,1996) having a much higher weight
measurement percent accuracy (with the exception of WIM Station 2) than the first calibration
conducted on May 11, 1995.
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Table 18. Beltsville ATRWS first and second evaluation calibration summary
comparisons for weight and speed accuracy (box truck).

GVW % Accuracy Speed % Accuracy
WIM # First Evaluation " Second Evaluation First Evaluation Second Evaluation
Period Period* Period Period*
WIM 1 89 . ND ' 89 ND
WIM 2 100 ND 78 ND
WIM 4 100 ND 100 ND
WIM 5 0 ND 100 ND

* The system was down; ihus, scheduled box calibrgtion was canceled in the field. Also, trucks
'were not available when system was brought back online.

Table 19. Springfield ATRWS first and second evaluation
calibration summary comparisons for classification
accuracy (tanker truck).

: Classification % Accuracy
WIM # : . . . .
First Evaluation Period Second Evaluation Period
WIM 1 100 33
WIM 2 100 : 33
WIM 4 100 72*
WIM 5 100 VA add

* This percentage is the average of two different calibration days. The percent
accuracies were 100 and 43 percent.

** This percentage is the average of two different calibration days. The percent
accuracies were 100 and 57 percent. '
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Table 20. Springfield ATRWS first and second evaluation
calibration summary comparisons for classification
accuracy (box truck).

Classification % Accuracy

WM # First Evaluation Period Second Evaluation Period
WIM 1 100 100

WIM 2 100 100

WIM 4 100 68*

WIM 5 100 84r+*

Kk

This percentage is the average of two different calibration days. The
percent accuracies were 57 and 78 percent.
This percentage is the average of two different calibration days. The
percent accuracies were 100 and 67 percent.

Table 21. McLean ATRWS first and second evaluation
calibration summary comparisons for classification
accuracy (tanker and box truck).

Trailer Classification % Accuracy | Classification % Accuracy
Type WIM # First Evaluation Period Second Evaluation Period
WIM 1 100 85*

Tanker
WIM 2 100 85*
WIM 1 100 100
Box
WIM 2 100 100

* This percentage is the average of two different calibration days. The
percent accuracies were 100 and 69 percent.

Table 22. Beltsville ATRWS first and second evaluation
calibration summary comparisons for classification
accuracy (tanker truck).

Classification % Accuracy '
, WIM # - ; ; ; ;
First Evaluation Period | Second Evaluation Period
WIM 1 100 100
WIM 2 100 100
WIM 4 100 100
WIM 5 100 100
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Table 23. Beltsville ATRWS first and second evaluation calibration
summary comparisons for classification accuracy (box truck).

Classification % Accuracy®*
WIM # . ; ; ) :
First Evaluation Period Second Evaluation Period*
WIM 1 © 100 ND
WIM 2 100 " ND
wiM 4 100 ND
WIM § 100 ND

*  The system was down; thus, scheduled box calibration was canceled in
the field. Also, trucks were not available when system was brought
back online.

Table 24. Comparison of first and second evaluation of
classification and speed measurement accuracies for all ATRWS sites.

Classification % Accuracy Speed % Accuracy

ATRWS Site First E::ol:imon Secomli> fr\ilglduation Firstli:;aigation Secondp :;/:;uation
Springfield 100 100 87 ' 88
McLean 100* 100 80* 70
Beltsville 88 97 78 96
*  Analysis primarily used Class 5 through 6 trucks because Class 9 trucks did not use this
ATRWS site frequently.

Tables 25, 26, and 27 compare the first and second evaluation of speed measurements accuracies
of each WIM station for each ATRWS site for additional Class 5 through Class 11 trucks.
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Table 25. Springfield comparison of first and second evaluation
speed measurement accuracies for additional trucks.

Speed % Accuracy
WiM# First Evaluation Period Second Evaluation Period
WIM 1 100 98
WIM 2 78 94
WIM 3 82 95
WIM 4 96 90
WIM 5§ 96 73
WIM 6 U 79

*  Analysis used Class 5 through 11 trucks.

Table 26. McLean comparison of first and second evaluation
speed measurement accuracies for additional trucks.

Speed % Accuracy
WIM # " : ; - ”
First Evaluation Period Second Evaluation Period
WIM 1 100 81
WIM 2 87 74
WIM 3 52 56

*  Analysis used Class 5 through 9 trucks.

Table 27. Beltsville comparison of first and second evaluation
speed measurement accuracies for additional trucks.

Speed % Accuracy
WiM# First Evaluation Period Second Evaluation Period
WIM 1 86 ND
WIM 2 86 ND
WIM 3 78 98
WIM 4 73 98
WIM § 63 94
WIM 6 ND 92

*  Analysis used Class 5 through 9 trucks.
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Tables 28 and 29 present a summary of the findings for the first and second evaluation periods
for the sign activation and sign non-activation acccuracy, respectively. A sample spreadsheet of
the detailed results for the Springfield ATRWS site is shown in appendix C.

Table 28. First and second evaluations comparisons
for fiber-optic sign activation accuracy.

Sign Activation Percent Accuracy
ATRWS Site | Lane No.
First Evaluation | Second Evaluation
Springfield 1 100 95
ringfie
P 2 90 ND
McLean 1 ND . 98
1 82 ND
Beltsville
2 48 100°

Table 29. First and second evaluations comparisons
for fiber-optic sign non-activation accuracy.

. Sign Non-Activation Percent Accuracy
ATRWS Site | Lane No.
First Evaluation | Second Evaluation
Sori ’ 1 100 100
ringfie
pringf 2 86 ND
McLean 1 ND 90
1 ND ND
Beltsville
2 ND 100

TASK C SYSTEM MAINTENANCE

This section presents the findings of maintenance activities that were conducted during the
evaluation of this project. The findings are presented in two parts:

1. Design vs. As-Built Plans.

2. Operational Maintenance.

32



Design Plans vs, As-Built Plans

All three ATRWS systems were designed and built to the exact specifications, with only a few
differences. The typical operation, layout, and hardware components for these systems were
mentioned earlier in this report. The differences found between the design and as-built
construction of the ATRWS systems are discussed below.

Springfield ATRWS

l.

The placement of WIM stations 1, 2, 4, and 5 was shifted 30.5 m (100 ft)
upstream. This modification in the design allowed WIM stations 2 and 5 to not be
installed in the cooler shaded area below the bridge overpass and allowed the
temperature sensors to be much more effective in autocalibrating the system.

The type, location, and placement of power to service the system was excluded in
the design plans. Design of power requirements, location, and placement for this
system was determined during construction. -

Mclean ATRWS

The current amplifier included in the design was not used in the as-built plans.
The current amplifier was initially designed to boost the signals produced by piezo
sensors. However, after installation it was determined that the piezo sensors were
carrying noise along with the increased piezo signal, which adversely caused the
ATRWS to incorrectly recognize the piezo signal.

The type, location, and placement of power to service the sysfem was not.
designed or specified from the design plans, but included later in the as-built
plans.

The as-built plans show the height detector and disconnect switch/pole placed in a
different spot from the design plans. However, this placement does not affect the
operation of the system. '

Beltsville ATRWS

L.

Same as McLean #1.

Operational Maintenance

This portion of the evaluation presents the maintenance issues observed throughout the 3-year
operation of the systems. The following areas of maintenance are discussed as they pertain to all

ATRWS sites:
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1. Hardware Issues.

2. Site Software Issues.

3. Office Software Issues.

4. Operational Tests/Maintenance.

5. Maintenance Contracts.

While there was a procedure established for the States or maintenance contractor to report’
maintenance activities, it is likely that some activities went unreported.

Hardware Issues

Throughout the 3-year evaluation of the ATRWS sites it was seen that generally all the hardware
components of these systems performed in accordance with their design specification. However,
some equipment, such as the height detector and cellular communication, performed sporadically
at times. The performance of some of the more critical components is discussed below:

1.

Height Detector — The purpose of this component of the system was to supply a signal
instantaneously to the ATRWS notifying the system that the vehicle traveling through the
lane was a either a tank or box trailer truck. Based on Task B (Calibration) results, this
component performed as designed. However, sometimes the height detector would pick
up the antennas of tanker trucks and incorrectly classify them as a box truck.
Determining to what extent this occurred with the height detector would require
additional field observations to determine what is happening and the effects it has on the
overall operation of the system. Also, in some remote cases the height detector would
erroneously send a signal to the ATRWS controller identifying a tanker and box truck
traveling in opposite lanes, but nearly at that exact same location as they passed the
detector, both would be recorded as a box truck. The height detector was replaced on at
least four different occasions by the maintenance contractor for the following reasons: (1)
it was knocked down by truck from its placement at the top of the concrete retaining wall
at the Springfield site, and (2) internal electrical cards were malfunctioning at all three
sites. Frorp field observations, it was observed that it is difficult to calibrate the 3.5 m
(11.5 ft) detection zone.

Cellular Phone/Modem — The purpose of this component was to allow bidirectional
communication between the ATRWS site computer and the host computer at the State
agency’s office. The cellular modem communications between the host computer and the
site computer malfunctioned continuously throughout this evaluation for the Virginia
ATRWS sites. Frequently, celhilar communication was disconnected and/or no
connection occurred. This communication problem caused the user (VDOT) and the
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evaluators to make numerous visits to the Virginia sites to confirm operation of the

system and download files. Conversely, the Maryland ATRWS site had con51derably
less of a problem with their land line communications.

Back-up power supply — The purpose of this component was to supply power to the
ATRWS for 24 hours when there was absence of main line power to the system. The
24-h uninterrupted power supply operated as designed throughout the evaluation period.
However, in the case where the main line power is shut off and the system operates on
back-up batteries for 24 hours, the system will not recharge the back-up batteries when
the main line power re-energizes, if the charge-down setting on the ac inverter does not
allow the batteries to maintain minimal amount of charge-down current. For example, on
two separate occasions at the McLean site, when the power was lost to the system
because of lightning near the site, the surge protector disconnected from the ATRWS to
the main line, thereby causing the back-up power to be engaged. After the back-up
battery charged down totally for 24 hours and the system was placed back on the main
line, the back-up batteries would not recharge.

Fiber-optic sign — The purpose of this component was to provide the warning message
“TRUCKS REDUCE SPEED?” to truckers whose speed exceeded their predicted
maximum safe speed or rollover threshold speed calculated by the system. Based on the
results of Task B (Calibration) data, it was determined that the fiber-optic sign operated
effectively throughout this evaluation. However, on three occasions the fiber-optic cables
making up the warning message had to be refitted into the sign face. Other than that,
cleaning the sign face was usually the only maintenance required for the fiber-optic sign.

Piezoelectric sensors — The primary purpose of these components of the system were to
supply vehicle weight, speed, and classification (axle spacing) length information to the
controller. Based on the analysis of field data and real-time viewing of trucks, it was
determined that for the first 1'% years (January 1994 to June 1995) of evaluation, piezo
sensors operated as they were designed for the Virginia ATRWS. The Maryland ATRWS
operated as it was designed for nearly 3 years. These conclusions were reached based on

‘the ability of the sensors to be recalibrated. All weight-measuring discrepancies resulting
from piezo sensor output were attributed to pavement deterioration surrounding the
sensors. The results also showed that when the pavement deterioration caused the piezo
sensors to operate ineffectively, it also misclassified trucks. However, pavement
deterioration was seen to reduce their effective operation. Pavement deterioration at all
three sites caused piezo sensors to either be damaged from vehicle tires and/or vibration
of the roadway. The pavement deterioration at the Springfield site caused all the piezo
sensors to be replaced, as well as the loops for WIM stations 1, 2, 4, and 5. The results
showed that, although the weight and classification measuring accuracy of the systems
was reduced as sensor operational effectiveness went down, the speed-measuring
accuracy still remained within specification.
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6. Loop sensors — The primary purpose of these components was to provide an interrupt
signal to the ATRWS that notifies the system that there is a vehicle present and
determines the vehicle length. Based on the results of Task B (Calibration), it was
determined that all loops operated as they were designed. The only significant problem
occurred when pavement deteriorated around the corners of loops, causing the loop wires
to be exposed to rain and snow. Deteriorating pavement surrounding the corners of the
loops was observed on at least three different occasions. For these occasions, the
pavement was either patched or the loop was reinstalled. However, the loop maintenance
occurred much longer than required by the maintenance contract, which rendered the
system inoperable for several days.

Site Software Issues

In'general the ATRWS site software operated as designed. However, there were specific
instances where the system’s operation required some software modifications throughout the
evaluation. For the first evaluation period, it was observed from the DOT_TXT file that when a
truck was missed by WIM stations 1 and/or 2 the system did not record an “On” or “Off” sign
activation into the file. For example, throughout the 3-year evaluation, the system periodically
would not accurately match a truck traveling from WIM stations 2 to 3, or 5 to 6. This software
problem caused several trucks to not be recorded in the DOT_TXT file, the principal file used for
evaluating the effectiveness of the systems.

Office Software [ssues

The office software allowed the ATRWS users to view and analyze daily site records, and
produce a number of reports such as speed by hour, speed by class, weight by class, and error by
lane, etc. It was seen from numerous observations that the office software (installed on the host
computer) operated as designed. However, the “Reports” section of the software was the only
area that required additional programming throughout the evaluation.

Operational Tests

Operational tests were performed throughout the 3-year evaluation of the three ATRWS sites.
These tests were usually conducted for scheduled periods. But in some instances, piezo/loop
malfunction required additional operational tests to be conducted. These tests were twofold: (1)
recalibration of components for accurate operation, and (2) scheduled preventive maintenance.
Recalibration tests consisted of running a Class 9 tanker and box truck through each site to adjust.
and/or confirm accurate weight, speed, and height measurements by the systems. The scheduled
maintenance, which sometimes occurred in conjunction with the recalibration activities,
consisted of performing a list of activities described in the System Evaluation Plan report.® The
maintenance contractors had a somewhat difficult time getting trucks scheduled to conduct
recalibration tests. Trucking associations used by the maintenance contractor to provide trucks
usually could not guarantee trucks far in advance or with short notice. In some cases, the system
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was not recalibrated for long periods of timé. When the systems were not recalibrated because of
State request or sensor malfunction, the delay affected the number of evaluation periods that
could be conducted for all ATRWS sites.

Maintenance Contracts

The importance of a maintenance contract for the ATRWS systems was noted throughout this
evaluation. It was assumed that the prototype ATRWS sites would require some amount of
periodic/unscheduled maintenance, but the extent of this maintenance was not known at the start
of the evaluation. Initially, it was assumed that both States would expeditiously award a
maintenance contract to conduct operational (recalibration) tests and schedule periodic
maintenance activities at their ATRWS sites. However, after several meetings with the
manufacturer, the Maryland State Highway Administration (MDSHA) decided not to award a
maintenance contract to the manufacturer, citing that their maintenance personnel could conduct
the maintenance at a lower cost.

The maintenance activities required for the Virginia ATRWS sites were conducted without
additional costs or extended down time due to malfunctions in the system. However, it was
observed that several maintenance activities were performed by maintenance contractors well
beyond the 7-day receipt of written notice, cited in the maintenance contract. -

It was seen that initially the MDSHA was able to handle on a small scale some of the
maintenance requirements for the Maryland ATRWS. However, 1 year into operation of the
system, the maintenance department responsible for the ATRWS was closed due to MDSHA
restructuring. Thus, there were no State personnel to conduct scheduled or periodic maintenance
on the Maryland ATRWS site for nearly 1 year. The absence of an executed maintenance
contract by the MDSHA caused the State to pay the manufacturer of the system hardware to
conduct maintenance activities. For example, on several occasions lightning caused the surge
protectors to be tripped, powering down the system. Since there was no maintenance contract in
effect, the MDSHA had to request by purchase order that the manufacturer investigate and repair
the problem at the Maryland ATRWS site. The MDSHA awarded a sole-source maintenance
contract to the manufacturer that has been in effect for the past 7. months. The award of the
maintenance contract allowed several outstanding maintenance problems to be resolved, which
improved the last 6 months of this evaluation. However, as with the Virginia ATRWS sites, it
was observed on many occasions that the maintenance contractor performed the requested
maintenance well beyond the 7-day receipt of written notice.
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4. SYSTEM EVALUATION

The objective of ATRWS was to prevent truck rollover occurrences. This was to be
accomplished by identifying trucks traveling at or near their rollover speed or maximum sate
speed, and advising the driver to reduce the truck’s speed. Hence, the ability of the ATRWS to
affect a reduction in the speed of trucks was a key measure of its effectiveness. This chapter
presents the results of: (1) Task D Speed Reduction Evaluation, (2) Accident Evaluation
Analysis, (3) System Costs, and (4) Cost Effectiveness of the Systems.

TASK D SPEED REDUCTION

In conducting this task, the ATRWS system dot_txt file was used in the analyses. Figure 10
shows sample dot_txt file printout. Truck data such as gross vehicle weight, axle weights,
speeds, classification, etc., were recorded by the ATRWS software in ASCII text format.
Although the dot_txt file stores a number of truck-specific parameters, only the following
parameters were used: site name, lane number, vehicle number (per station), vehicle class,
vehicle speed (per station), speed reduction between WIM stations 2 and 3, and WIM stations 4
and 5, predicted and rollover speeds at the point of curvature (PC), deceleration rate between
WIM stations 1 and 2, and 4 and 5, system errors for WIM stations 1 through 6, vehicle height
(tanker or box), fiber-optic sign turned “On” or “Off”, and GVW of WIM stations 1 and 2, and
WIM stations 4 and 5. Also, in some cases the veh_rcrd file was used to confirm dot_txt file
data.

. S (- I F{ 8 [ W1 T [ 3 ] LT W W [ ¥ O KT ¥ Y (U Vv]
V" [Site: Spnatied, VA H495WA-93S I 1 1 NS _ .
iy VA AVRIRES Vi Predicieg [ Roligver Evr [ GVW
T [Dste Lara [WAM ) Jwind 7 [wind 3 [Cleay [ 1wt 2] Wi 3| Wwaz2 - WA Y| Wl 2 [t 3> = 111 T WAML1 WA 2 7
& 102724798 t1:18:28 1 1913/ 31937 8.8] 45, X1 .48 .08] _79.137] 1,229 K] Vi OFF 19302] 23184| 4017] 39
¥ 10124/88 11:16:3) 1934] 319381 31 48.38[ 44.74] 341 10.66] 4 7. .802] 17 WER _OFF 29660] 37044] 4839
N T0224R8 1111228, 2010] 32014} 320 48.38] 44.73] 31.2 7.48] 4 73,0271 0. 17 OVER _|OFF 18981} 23546) 4487] 4
T _[62724/88 11:17:26 613] 230183 48.36[ 43,98] 34.8) 7. 4 .47 0 220 g208] 2008| 32)
¥ 02124 2468] J2¢ 483] 98] €9.71] 44.74] 4.97 ] ) 12704] 184 81
¥ 0124p8 11:28: 31 [ [7X} ¥ 7 4 448
30 j02/24/98 11:29;41 1 1 1 4 4 42 Qnd a7
T T02724 130117, 3 7133181 18] 32.93 FIRD 7 OFF 188 480 4211] 38
W 62498 11 ! 837) 4| ON 1917 7] 42791 38
Vo239 11:38: 337 7 7 (¥} 7 - 1 1§1] 4428] ¢107
A Toa/2amy 11:42; 4271 4 . [) UNDER 132 118 111
"15‘jozgﬂ§ 1:48; 4 ] 48. BN .727 0 H 4 b 7.
kL) 0272498 :;g 129, Y — A4 X X 137 17 ON 13} 48
ﬁ"’m_m 4 704[ 34717 R ] N 7 oveR 3 ala 7
T To2ppany 11:47:89 4 44,3304 497 4f 7 ) 1234313267

Figure 10. Sample dot_txt file printout.

The purpose of this section was to determine the effectiveness of the system on speed reduction
of high speed trucks. Thus, the following two areas were evaluated:

1. Truck Speed-Reduction Evaluation (second evaluation period).

2. Comparison of First and Second Evaluation Periods for Speed Reduction.
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Truck Speed-Reduction Evaluation (Second Evaluation Period)

This section summarizes data collected to determine the effectiveness of ATRWS systems in
reducing truck speeds. Appendix D contains an excerpt of a spreadsheet data filc used for the
Springfield ATRWS site to determine the percent speed reduction of the system. Data gathered
from all three ATRWS systems allowed the following speed-related issue to be answered— Does
the activation of the ATRWS aftect a speed reduction? If so, to what level?

Truck speed data were collected before the systems were installed at both the McLean and
Beltsville sites in an attempt to gather reliable truck speed data to be used in a comparative study
for this analysis. However, this data was not used in this analysis because the data collection
procedures and equipment used were vastly different from the ones used during this analysis.
Hence, this analysis could not establish if the presence of ATRWS caused a lasting speed
reduction for all trucks or if speed reduction was attributed solely to ATRWS.

For this analysis, the average speed at WIM station 2 was compared to the average speed
reduction from WIM station 2 to WIM station 3. As mentioned earlier in the fiber-optic sign
activation analysis, it was essential that WIM station 2 was accurately matched to WIM station 3
(in lane 1), and likewise for WIM station 5 to WIM station 6 (in lane 2). Also, earlier it was
mentioned that in some cases the WIM station 3 record number in dot_txt file appeared to be
incorrectly matched to WIM station 2. Therefore, only dot txt records that matched WIM
stations 2 and 3 and WIM stations 5 and 6 within 25 record numbers were used as criteria for a
valid dot_txt file record. Table 30 summarizes comparisons of truck speed reduction “with” and
“without” sign activation per site. The results showed truck speed reductions were higher for
each lane when the sign was activated compared to when sign was not activated.

For this second evaluation period, it is concluded that for all three ATRWS sites (five lanes total)
the fiber-optic sign activation does in fact have an effect on truck speed reduction. This was seen
by reviewing records of trucks that activated the fiber-optic sign after clearing WIM station 2 or
5. The results showed that 500 trucks activated the fiber-optic sign for an overall average speed
reduction of 13.4 km/h (8.3 mi/h) from WIM stations 2 to 3 and WIM stations 5 to 6 for all three
ATRWS sites. The results showed that 252 trucks did not activate the fiber-optic sign for an
overall average speed reduction of 10.5 km/h (6.5 mi/h) from WIM stations 2 to 3 and WIM
stations 5 to 6 for all three ATRWS sites. The findings showed also that the overall speed
reduction of trucks “with” activation is 21.7 percent higher than those trucks that did not activate
the sign. Therefore, it has been concluded that the ATRWS caused truck speed reductions at
each of the sites for the second evaluation period.
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Table 30. Comparative analysis for average WIM 2 speed vs. average speed reduction
(WIM 2 - WIM 3)* (Second Evaluation).

With Without
i _Activation 7 Activation
Avg Avg
Speed Speed
Avg Speed Reduction % Avg Speed Reduction Yo
Lane | @WIM2 |WIM2to WIM3 | Speed @WIM2 | WIMZto WIM 3 Speed
Site No./Location No. (mi/h) (mi/h) Reduction (mi/h) __{(mi/h) Reduction |
L. [-495W/1-958, | 494 79 16.0 43.0 6.4 15.0
Springfield, VA ) ) ]
o i 2% 508 1.7 ] 152 44.2 59 133
Lane 1 & 2 Averages 50.1 7.8 15.6 43.6 6.2 14.2
2. [F[495W/RT 123N, .
Mclcan, VA 1 7 ‘3}4 | 174.6 ) 284 , 743‘1 - 7 11.6 7 26:‘)
3. [-495E/I-95N, 1 46.8 i 5.0 ) 10.7 395 | 35 ] 8%
Beltsville, MD
- A 504 | 61 ) 12.1 45 | 49 11.0
Lane 1 & 2 Averages 48.6 5.6 11.4 42.0 4.2 9.9
Average (all 5 lanes) 49.7 8.3 16.7 42.9 6.5 15.2
* Average speed at WIM 5 and speed reduction from WIM 5 to 6.
I mi/h = 1.61 km/h

Comparative Analysis of First and Second Evaluation Period Findings for Speed Reduction

This section compares the results of two different evaluation periods: May and November 1994,
and May, July, and October 1996. A sample of the detailed results for the second evaluation
period is shown in appendix D for the Springfield site. By analyzing the speed data of several
trucks traveling through each site, the effectiveness of the systems for speed reduction was
determined. The following two criteria were.used: (1) data consistency, and (2) whether speed
reduction was greater with sign activation than without activation. Tables 31, 32, and 33
showed that: (1) both evaluation periods results were consistent over approximately a 2-year
span, and (2) for the first and second evaluation periods, 9 out of 10 lanes had greater speed
reductions when the sign was activated than without activation. There were no results for one
lane because of the corrupted dot_txt file. However, it is concluded from the comparison of the
data results for both evaluation periods that the ATRWS systems for all three sites do, in fact,
cause truck drivers to reduce their speed prior to entering ramps when their speed is exceeding
the maximum safe speed (MSS).
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Table 31. First and second evaluations comparisons for
truck speed reduction with activation.

First Evaluation

Second Fvaluation

Avg Avg
Speed Speed
Reduction % Reduction Yo
Lane |WIM 2t0o WIM 3| Speed {WIM2to WIM 3 Speed
Site No./T.ocation No. (mi/h) Reduction (mi/h) Reduction
1. 1-495W/I-958, 1 6.4 12.6 7.9 16.0
Springfield, VA - o - - ]
PrRELEIS, 2 6.1 13.2 7.7 15.2
Lane | & 2 Averages 6.3 12.9 7.8 15.6
2. 1-495W/RT 123N,
McLean, VA 1 11.4 21.2 14.6 284
3. [-495E/1-95N, 1 5.1 10.6 5.0 10.7
Beltsville, MD - 51 9.9 6.1 21
Lane 1 &2 Averages 5.1 10.3 3.6 1.4 ]

*WIM 5 to WIM 6
1 ijr/h = 1.61 km/h

Table 32. First and second evaluations comparisons for
truck speed reduction without activation.

First Evaluation

Second Evaluation

Avg Avg
Speed Speed
Reduction Y Reduction Yo
Lane | WIM2to WIM3 | Speed |WIM2to WIM3 Speed
Site No./Location No. ___ (mish) Reduction {mi/h) Reduction
1. [-495W/I-958, s 2.6 55 6.4 150
Springfield, VA
o 2 42 9.6 59 133
Lane 1 & 2 Averages 3.4 1.6 6.2 14.2
2. [-495W/RT 123N, 1 9.0 19.2 11.6 26.9
_ McLean, VA )
3. I-495E/I-95N, 1 B 3.7 8.2 3.5 8.8
Beltsville, MD
) R A ND ND 4.9 11.0
Lane 1 & 2 Averages 3.7 8.2 42 9.9

*WIM S5 to WIM 6
Imi/h = 1.61 km/h
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Table 33. Percentage of specd reduction from WIM stations 2 to 3, and 5to 6
with sign activation.

First Evaluation Second Evaluation
Lane - -
ATRWS Site No. Percent Percent
Reduction Overall* Reduction Overall*
1 59.4 19.0
i feld — - _— L —— ]
Springtield ) 31.0 45.0 234 21.0
Mcl.ean l 21.0 21.0 21.0 21.0
t 27.5 30.0
Beltsville 2 ND 7.5 19.7 25.0
Overall Speed Reduction Per ,
. . 29. 21.
Evaluation Period** 00 210
* . Comparisons of speeds not percentages
*+ . These speed reduction percentages represent the average speed reduction for
all lanes with sign activation.
ND - No Data B

[t was mentioned earlier in this report that the States required the system design to include sign
activation for truck speeds exceeding the maximum safe speed ot the ramp as an additional
operational function of the ATRWS. The results shown in appendix D of one such ATRWS site
showed that all sign activations were caused by trucks whose speeds exceeded the maximum safe
speed. There were no sign activations directly caused by trucks exceeding the rollover threshold
speeds calculated by the systems. This function was deemed originally as the primary criteria for
activation of the fiber-optic sign. Since all sign activations were due to exceeding the MSS, there
was no data to determine if the reduction in truck speed resulied from the “rollover speed”
criteria. Therefore, the final analysis was not able to present a definitive finding with regards to
“rollover speed.”

However, for sign activations, data were available to determine the speed threshold ranges for the
calculated rollover speed (V ), calculated average V , speed, and the calculated average
predicted speed (V) at the PC based on deceleration rate. The speed threshold ranges for V,
were identified for the Springfield, McLean, and Beltsville ATRWS sites, to have large ranges
between the highest and lowest value. Table 34 presents the speed ranges of 'V, when signs
were activated for the three ATRWS systems. Further analysis showed that the McLean ATRWS
site had a calculated V4 greater than V, . This result indicated that unlike the other two sites
(Springfield and Beltsville), the rollover speed algorithm appears to be more critical for sign
activations. The extent of the V,, and V _, differences suggest that for the Springfield and
Beltsville ATRWS sites, the rollover speed algorithm can be eliminated from the sign activation

operation. Further analysis of V., and V ,, data should be conducted before eliminating these
operational parameters.
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‘Table 34. Speed ranges for V

roll

sign activation.

when the maximum safe speed is not used as a criteria for

Posted
Lane ATRWS Calculated Calculated Calculated Maximum
ATRWS Site No. Speed Range V Average V Average V. Safe Speed
) ] ~ (mih) (mi/h) - (mi/h) (mi/h)
1 24.5-73.1 60.5 50.0 35
Springfield, VA "' T B T
2 24.5-73.1 60.2 49.6 35
MclLean, VA 1 20.4 -694 442 46.9 40
_ 1 44.5 - 694 58.1 47.2 40
Beltsville, MD ) ] — B B
- 2 20.1 - 69.4 55.0 444 40

1 mi/h 1;6 1 km{h

ACCIDENT EVALUATION

This part of the evaluation presents the results of the analysis to determine if the systems
prevented rollover or other related accidents. This section presents findings for the number of
accidents that have occurred before and after the ATRWS sites were installed. Also, it presents

the findings regarding past and future percent probability of rollover accident occurrences at ail
three ATRWS sites.

As shown in table 35, there have been no reported truck rollover accidents at either of the three
sites since the ATRWS were installed. In reviewing truck accident data provided by the VDO'1
and MDSHA, it was determined that most of the accidents that occurred at or near the ATRWS
sites during the 3-year operation and evaluation involved cars or small trucks that sideswiped

and/or rear-ended Class 9 box trucks.

Table 35. Truck roliover-type accidents before and after installation.

ATRWS Site AC‘;L‘:‘::;;?(‘::‘“ A?ﬁ;?iﬁtaiisr?elj
(3 Years of Operation)
o Si)ringfiéld 72 B 0 B 7
 McLean 2 0
: Beltsviilér - 7 6 ] 407 7
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A predictive analysis for future percent chance of accident at cach site was conducted. The
Poisson Probability Distribution theory was used to predict the percent probability of zero, one,
two, and three rollover accidents at each of the ATRWS sites, based on the previous number off
rollover accidents that have occurred at each site for the following periods: (1) 1986-1989 for
Springtield and McLean sites, and (2) 1985-1990 for the Beltsville site. T'able 36 shows the
percent probability for zero, one, two, and three rollover accidents that could occur at all three
ATRWS site if the systems were not installed. Also, the results of this analysis showed that there
is zero-percent probability of one future rollover accident in | year at all three sttes, using the fact
that no rollover accidents occurred during the 3-year operation of the systems.

Table 36. Probability of zero, one, two, and three rollover accidents occurring
in 1 year using the number of past rollover accidents that
have occurred.

Percent Probability of Rollover Accidents Occurring*®
ATRWS Site e - : —
0 l 2 3
Springfield** 51.2 343 1.5 5.0
McLean** 51.2 34.3 11.5 5.0
Beltsville*** 30.1 36.1 21.7 8.7
¥ Poisson Probability Equation used for this analysis is P(r)=e*(u"/r!)

where u is average number of rollover accidents a year, and r is the
number of rollover accidents being predicied.

W Percent probability is based on 0.5 rollover accidents per year from
1986 to 1989.
ok Percent probability is based on 1.2 rollover accidents per year from

1985 to 1990.

SYSTEM COSTS
The analysis of the installation and operational costs and accident-related data ts presented here,
and will be used later in this report to the determine the cost-effectiveness of systems installed.

The purpose of this subtask was to present the estimated and actual operational and total costs for
all three ATRWS systems.

System/Installation

The installation costs consist of: (1) software modification costs, (2) construction costs, and (3)
system calibration, commissioning, and testing.

These costs were based on cosis that were supplied by the contractors and States for the three
ATRWS sites. A cornparison of the estimated total installation and actual total installation costs
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has been summarized for each site in table 37. These higher installation costs were atiributed to
three items:

I Fiber-optic sign cost.

2. Maintenance of traffic costs.

3. Additional construction costs primarily due to the installation of power at all three
sites.

These system/installation costs were estimated in the feasibility study at about $104,000 for a
one-lane installation based on the final design. This estimate was updated based on the final
analysis of design and installation costs provided by the three States. The final controller
modification cost of $23,100 is a quote from the manufacturer of a WIM system for modification
of their particular controller to meet the requirements of this system. This development cost was
a one-time cost for the three projects and presumably would not be a cost if the system were to be
installed at a significant number of locations.

The construction costs vary for the three sites. Sites 1 and 3 are for dual-lane installations, and
their final average cost is about $247,587. Based on the final three installation cost estimates, the
construction cost for a typical one-lane installation would be $149,542 and for a two-lane
installation about $247,587. In addition to the construction cost, the feasibility study final report
approximated the system calibration, commissioning, and testing costs at $5,000 per site.
However, this cost has been reduced to $920 per site due to the fact that some of the costs were
included in the installation costs.

Table 37. Actual total installation costs.

) ] *
o Cést [tem N Actuz(#s)C ost 7
Controller Modifications $ 23,100
Construction Cost
Site 1: [-495W/1-958, Springfield, VA $ 254,329
Site 2: [-495W/RT 123N, McLean, VA $ 149,542
Site 3: [-495E/1-95S, Beltsville, MD $ 240,845
System Calibration, Commissioning, and Testing
Cost (3920 per ramp)** § 2,760
Total Installation Costs | % 670516
* Costs for Work Zone Traffic Control were approximated for
actual costs (325,000 for Site 1 and $15,000 for Site 2):
¥*  This cost also included calibration test trucks.
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This would bring the installation cost up to $150,462 and $248,507 for a single-lane and dual-
lane system, respectively. It was assumed that the operational costs per site would be $1,000.
The final cost for installation, not shown in table 37, includes the engineering design cost. The
feasibility report cited the engineering design cost to be $10,000 and $15,000 for single- and
dual-lane installations, respectively. This estimate proved to be low with the actual costs closer
to $15,000 and $20,000 for single- and dual-lane installations. In summary, the total design and
installation costs are as follows:

e Single-lane ramp - $166,462.
¢  Dual-lane ramp - $268.,507.

Based on cost data gathered from the two States, the annual operation costs are estimated’ at
about $44,328 and $39,304 per year, with the maintenance contract accounting for 96 percent of
the total costs for both the Virginia and Maryland sites, respectively. The maintenance contract
allows for inspection, reduction of data from the controller, etc. With proper installation, the
system should have a service life of at least 10 years.

The annual operation and maintenance costs have been used in this study to also determine the
{otal present worth of systems. The results of the total present worth analysis for cach ATRWS
site are shown in table 38. The total present worth analysis was used to: (1) predict the total
required operational costs to sustain each ATRWS site for 10 years of operation, aud (2) provide
an cstimate of operational costs for long range planning of future system installations. These
costs are derived from the sum of initial system costs and present worth of annual costs. Since
the individual operational costs provided by the States were incomplete, the estimated
operational costs were used to calculate the total present worth of the systerns.

[t is concluded from the data shown in table 38 that it is more cost effective for the States to
conduct their own maintenance; this assumes that Department staff is adequately trained to
conduct the maintenance. It is assumed that the total present worth costs and required
operational costs shown in table 38 will be lower for future systems, because nearly ali the
required modifications in design and programming for the prototype sysiems will have been
corrected.

Operational Costs
The operational costs consist of:

1. Technician Costs (one per State to monitor system).
2. Maintenance Costs (per site).

3. Electrical Costs (per site).
4. Phone Costs (per site).
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Table 38. Total present worth of each ATRWS system based on total initial costs
plus present worth of annual costs for two interest rates.

ATRWS Site
Interest Springfield McLean Beltsville
Rate Maintenance Contract Maintenance Contract Maintenance Contract
Yes No Yes No Yes No
5% $515,000 | $303,000 | $266,300 | $185,000 | $515,000 | $303,000

Required ) N ,

Operational Costs $246,500 $34,500 $99,800 $18,500 $246,500 $34,500

Account

1% $493,000 | $300,000 | $257,200 | $183,000 | $493,000 | $300,000

Required , ; A

Operational Costs $224,500 $31,500 $90,800 $16,500 $224,500 $31,500

Account

“Notes: )

- The total present worth of systems is based on systems operating for 10 years.

- The Springfield and Beltsville ATRWS sites total initial costs used for this analysis was $268,507.

- The McLean ATRWS site total initial costs used for this analysis was $166,462.

- When the maintenance contract was in effect, the total present worth equation used $32,000 and
$12,900 per year for operational costs, for the two-lane and one-lane sites, respectively.

- When the maintenance contract was not in effect, $4,400 and $2,400 were used as the actual
operational costs for both two-lane sites and one-lane sites, respectively, in determining the total
present worth of the systems for 10 years of operation.

- All total present worth costs are rounded to the nearest $100.

Technician Costs

It is concluded that the previous ATRWS host computer technician man-hour estimate of 15
minutes per day to maintain the system was too low. The two States estimate that at least 30
minutes 4 day are required for the ATRWS technician to monitor system operations. ATRWS
software problems, such as transferring files from site to host computer, were the primary cause
of increased technician hours. It is anticipated that these costs will be reduced over a period of
time due to additional training, familiarization with the ATRWS system, and increased computer
literacy.

Maintenance Costs

These costs consist of> (1) Routine Maintenance and (2) Special Problem/Malfunction
Maintenance. VDOT, MDSHA and the maintenance contractor, International Road Dynamics
(IRD) were provided with maintenance data reporting forms to assist them in conducting the
appropriate maintenance and documenting all activities and maintenance costs. These forms
were provided to facilitate a timely and accurate maintenance analysis.

48



Routine Maintenance. The purpose of this analysis was to conduct a comparative
analysis of the actual maintenance costs versus the cost of the maintenance contract to the
States. This routine maintenance was scheduled to be conducted semi-annually for 3
years (for a total of six maintenance periods). However, since the ATRWS was approved
by the States later than anticipated, the desired schedule was not achieved. 1o effectively
evaluate this type of’ maintenance activity conducted at each of the ATRWS sites, it was
imperative that both States and the contractors use the scheduled preventive maintenance
record checklist cited in the System Evaluation Plan. This maintenance checklist
contained specific maintenance items that must be maintained in order for the systems to
operate as designed. 1t was confirmed during this evaluation that the routine
maintenance was conducted six times; however, only two service reports that summarized
the maintenance activities conducted were provided. The lack of scheduled maintenance
service reports prevented any conclusive evaluation of the findings here.

Special Problem/Malfunction Maintenance. The purpose of this analysis was to analyze:
(1) ATRWS problems cited by States and/or found by the technician during routine
viewing of records for truck type and (2) the frequency of problems and time and cost to
resolve them. To effectively evaluate this type of maintenance activity conducted at cach
of the ATRWS sites, it was imperative that both States and the maintenance contractors
use the maintenance request forms cited in the System Evaluation Plan.  For the first
evaluation period, an approved maintenance agreement had not been in effect for the
three ATRWS sites; however, there were numerous system components that were
repaired during this period that should have been covered under the maintenance
agreement. Maintenance repairs on back-up power supply, height detector, and piezo-
sensor relocation installation were conducted during the first evaluation period. Although
some maintenance request forms were submitted via facsimile transmittal and/or verbally
by telephone from States to the maintenance contractor, not enough information was
recorded to form a conclusive evaluation of the maintenance activities for the first
evaluation period. For the second evaluation period, a maintenance contract was in eftect
for both the Virginia and Maryland ATRWS sites for 1% years and 7 months,
respectively. Although both States now have approved maintenance contracts, it was
seen that few special problems and malfunctions found at all three ATRWS sites were
submitted on maintenance request form via facsimile transmittal and/or verbally from the
States to the maintenance contractor. In some instances where component or system
malfunction continued, both States would submit the appropriate maintenance requests;
however, maintenance contractor response times were longer than the specitied contract
time on several occasions. In some cases, the slow maintenance response time was not
the fault of the maintenance contractor, but in part due to weather and/or traffic control
information not provided by the States. In conclusion, a thorough evaluation of the
maintenance activities could not be conducted due to the small amount of maintenance-
related data recorded by the States and maintenance contractor.
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Llectrical Costs (Power Usage)

The clectrical cost estimates for each site were based on the power consumption of the ATRWS
sites, provided by the manufacturer, and the fuel charge, provided by the power company. The
estimated power costs were found by multiplying the average power consumption of each site by
the average electrical rate charged to public agencies. Since the estimated electrical costs were
found to be minimal compared to other operational costs, they were used as the actual electrical
costs of the systems. The electrical fuel charge equals $0.08 cent per kilowatt-hour (kW-h) per
day per 30 days for each site. Table 39 presents the findings for power consumption and
electrical costs for each ATRWS site.

Table 39. Power consumption and electrical costs for ATRWS sites.

ATRWS Site Power Consumption ’ Cost per Moﬁth
Sprjngﬁeld 8.016 kW-h $19.24
McLean 7.152 kW-h $17.17 |
- ) Bgltgville 7 8016 kW-h o ) - $19.24
Sample electrical cost calculation: 8.016 kW-h/day x 30 days x $0.08/kW-h=$19.24

These particular operational costs are minimal ($231, $206, and $231 per year for the
Springfield, McLean, and Beltsville sites) compared to other cost items to the system. These
costs should remain low over the life of the system; however, any major modifications to these
systems that would increase the electrical load could cause these costs to increase.

Phone Costs

Based on the data provided by VDO and the telephone company, the 3-year average actual costs
were $198 and $73 per month for the Virginia ATRWS sites. Cellular phone cost appeared in
some cases to be very high; however, they actually included previous month invoices that were
not paid before the next billing date. High cellular phone billing rates were attributed to: (1) the
immense amount of evaluation data downloaded from site computer to the evaluators’ host
computer, (2) States’ daily monitoring of the system, and (3) costs for numerous hangups after
connections and during downloading transmissions.

The Maryland phone costs averaged $38 a month. The much lower Maryland ATRWS phone

costs were principally due to it being a land line, instead of the cellular connection used by the
Virginia sites.

50



Summary of Operational Costs

Tables 40 and 41 compare the estimated operational and actual operational costs of the two
Virginia sites and the Maryland site, respectively. In summary, it is concluded thai the
operational costs data are insufficient to make a conclusive analysis. Also, based on data that
was provided by the States, maintenance contractor, and other utility agencies, it is concluded
that all the operational costs involved in these systems are minimal, with the exception of the
maintenance costs provided by the maintenance contractor and cellular phone costs (Virginia
only).

BENEFIT/COST ANALYSIS

This subtask evaluated the benefit/cost of the ATRWS systems. The benefits from the automatic
truck warning system are a reduction in rollover accidents and their associated costs. An accurate
analysis of benefit/costs can be realized by either of the following two methods: (1) analyzing
system costs with respect to truck accident costs per accident, or (2) analyzing systemn costs with
respect to the assumed prevention of the theornized number of future rollover occurrences by the
systems, truck accident costs, and previous number of accidents at each site. Method one is
being followed for this analysis.

The benefit costs are the dollar values assigned to the reduction of: fatalities, injuries and vehicle
property damage, and cargo loss; the possible damage to the highway facility and appurtenances;
the cost imposed on motorist(s) delayed by the accident; and the traffic control and cleanup.
Although the number of truck accidents is small, they can be very costly, especially if hazardous
cargo is involved. For instance, a truck rollover accident that occurred at a Capital Beltway
interchange and involved a fuel tanker truck resulted in a fatality, substantial structural damage to
the bridge overpass due to fire, and enormous delay and vehicle operating costs to motorists
caused by the 3-hour blockage of the Beltway. A study of truck accidents on urban freeways
presented accident cost data that indicates that the average total cost of a truck accident is
$13,274.7) This value is based on the reported $634,000 per freeway mile ($394,000 per freeway
kilometer) cost (considering all the cost elements discussed above for 2,221 reported accidents
over 74.9 km (46.5 mi) of freeway).

Another estimate of the cost of a truck accident was found in a study ot the Washington
Bypass.®) In that study, an analysis of truck accidents on the Capital Beltway was performed and
a cost per accident was established. Applying the observed distribution of accidents by severity
for truck accidents on the Beltway for 1986 to 1987, the costs per accident type of $1,200,000 per
fatality, $13,650 per injury, and $2,425 per property damage only (PDO) accident, a $15,470 per
accident value was developed. This value did not include any delay costs or cleanup costs.
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Table 40. Estimated operational costs vs. actual operational costs
for two Virginia ATRWS sites.

Sprmg,held ATRWS McLeant ATRWS

Estimated - e : —
-~ . Operational Flrst Second First Second
Type Cost Costs (8) Evaluation Evaluation Evaluation Evaluation
] (month) Actual Actual Actual Actual
Spring./McL ean (month) (month) (month) (month)
1. Technician $34/814 3100 $150 $100 $150
2. Maintenance* $2,575/$1,031 NP! NP! NP! Np!
3. Electrical $19/817 Np? NPp? NP* NP
4, Phone* $?5/$15 $246 $175 $112 $43
' Iotal ()peratlonal Cost $2 663/$1, 077 $346 $325 $212 $193
¥ .~ Although thlS cost is shown as estlmated it is consndered the actual cost, based on the actual

maintenance contract. These costs were not estimated; however, there was a maintenance contract in
effect through an independent contractor. [t was seen in this evaluation that 40 percent of this cost was
atiributed to Lightning Damage Option.

NP'-  Not provided by maintenance contractor.

NP~ Not provided by the States.

Table 41. Estimated operational costs vs. actual operational costs
for one Maryland ATRWS site.

Beltsville ATRWS
First Second
Type Cost Estimated Evaluation Evaluation
(month) Actual Actual
(month) (month)
I. Technician $48 $70 $70
2. Maintenance* $2,575 $300 NP!
3. Electrical $19 Np? NP?
4, Phone* $50 $35 $41
Total Operatlonal Cost 7 $2 692 $405 $111
* <~ Although this cost is shown as estimated, it is con51dered t:he actual cost,
based on the actual maintenance contract. These costs were not estimated,
however, their was a maintenance contract in effect through an independent
contractor. [t was seen in this evaiuation that 40 percent of this cost was
attributed to Lightning Damage Option.
NP!.  Not provided by maintenance contractor.
NP? " Not provided by the States.




Both of the values cited above — - $13,274 and $15,470 - are likely to be lower than the average
costs of a truck rollover accident. A more likely average is estimated at $20,000 with a
significant probability that a given accident of this type could result in a fatality.

The cost-effectiveness of the automatic truck rollover warning system is assessed by establishing
liow many accidents would have to be eliminated by the system to make it “pay for itself.”

Table 42 provides the results of this type of analysis. Increments of total accident costs ranging,
from the estimated average costs of $20,000 to $1,000,000 are listed with the number of
accidents that would have to be eliminated by a one-lane or two-lane system. The system costs
are those installation costs identified earlier, plus a $1,000 per year cost for maintenance over the
10-year life. The analysis revealed that a single lane system would have to eliminate just over
eight accidents, resulting in an average of $20,000 total costs, in 10 years. However, if the
average rollover accident was to result in $100,000 of économic loss, then the elimination of
nearly two accidents in 10 years would more than pay for the system. For a two-lane system, just
over 13 accidents averaging $20,000 in costs would have to be eliminated in 10 years. For a two-
lane accident with $100,000 of economic cost, the elimination of nearly three accidents would
more than pay for the system.

Obviously the cost-effectiveness of this system is very much dependent upon whether or not it
prevents the high cost rollover accident — an event which is relatively rare. From the feasibility
study, it was cited that there were 12 rollover accidents at 7 ramps in Virginia over a 4-year
period. A linear extrapolation of this trequency rate would reveal that there could be an average
of 4.25 accidents per ramp for those 7 ramps. Hence, it appears from this simplistic, but
reasonable, analysis that an effective automatic truck rollover warning system could be cost-
effective if applied at ramps with a history of truck rollover accidents of at least one every 5
years.

Lzarlier in this report, a more theoretical prediction of rollover accidents made use of the Poisson
Probability Analysis. That analysis predicted the percent probability of rollover accidents for
each ATRWS site. The results of that analysis were previously shown in table 36. Using those
percent probabilities, it is concluded that there is a higher probability of future rollover accidents
without the systems being installed than with an installation for each of the ATRWS sites. That
conclusion surmised that there was a 34.3-percent probability of one rollover accident occurring
in 1 year at each site without the systems and zero rollover accidents predicted using the fact
there were no accidents for 3 years. Additional accident percent probability statistics were
determined using the earlier conclusion that stated that an etfective system would be one where
system installed at a site had the occurrence of one rollover accident every 5 years. Given that
one accident every 5 years averages out to 0.20 accidents per year, the Poisson Probability
Analysis theorizes that the probability of one rollover accident in a year would be 16.4 percent
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Table 42. Required rollover accident reduction for system cost-effectiveness.

No. of Rollover
All Accident Costs , , —
(%) One-Lane System Two-Lane System
@%$166,462" @$268,507!
20,000 8.32 13.42
50,000 3.33 5.37
100,000 1.66 2.69
500,000 0.33 0.54
1,000,000 0.17 0.27
Note: 7
! Installation costs plus $1,000 per year for 10 years of maintenance. The previous maintenance
costs assumes that States would conduct their own maintenance, reducing the operational
maintenance costs from $36,800 and $15,400 for the two-lane and one-lane site, respectively, to
$1,000 per year for 10 years of maintenance.

compared to the zero percent probability when using the current data of no accidents occurring
for the 3-year operation of the systems.
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5. RECOMMENDATIONS

The tollowing are recommendations for future installations and evaluations of ATRWS systems.
These recommendations will be presented in four areas: (1) Modifications/Enhancements to
Current Design, and (2) Site-Specific Modifications, (3) Suggested Changes for Future
Fvaluations, and (4) Alternative ATRWS Designs (Simplified Systems).

MODIFICATIONS/ENHANCEMENTS TO CURRENT DESIGN

1.

Location of power drops and phone connections should be determined prior to tinal
design plan approval for future systems of this type. This element proved to be expensive
where these connections were not close by.

Pavement analysis should be done using the latest testing procedures for suitable use in
welgh-in-motion systems as outlined in ASTM E1318-90. Any deterioration in the
pavement will cause a faulty piezoelectric sensor measurements and/or damaged sensor.
(The manufacturer of the current piezo sensors claims that new designs are less sensitive
than previous designs to pavement deterioration. )

Pavement sealant should be applied over all WIM stations biannually to prevent
pavement detertoration.

The ATRWS algorithm should allow either the average or largest GVW measured for
WIM stations 1 and 2, and WIM stations 4 and 5, instead of using the larger of the two
GV W measurements for determining the rollover threshold (RT). This recommendation
would increase ATRWS accuracy for selecting the appropriaie rollover threshold value
for each truck that travels through the system.

The ROLLUTIL.EXE moditication should be incorporated into the otfice software. 1t
should allow scrolling up and down, and it should label Lane 2 vehicles by WIM 4, WiIM
5, and WIM 6 for both the screen preview and the Excel output file. It should also
include GVW and total axle spacing for vehicles, not just individual axle spacings in the
screen preview, as well as the following screen modifications:

© Field for selecting trucks that only activate the sign.

° Field for selecting lane 1 and/or 2 to be included, assuming system is 4 two-lane
site.

° Print site-specific parameters as a header to screen display and spreadsheet file,

i.e., radius (R), elevation (), WIM 2 to WIM 3 distance.

Height detectors should maintain an operational system check at its mstallation location,
e.g., component seen from outside of device showing its operation, and software
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9.

10.

11.

12.

13.

14.

15.

16.

17

18.

programming that causes the system to send a warning message to site computer when a
preset percentage of box and tanker truck measurements by height detector are exceeded.

lncorporate hardware/software modification that verifies fiber-optic sign activation (e.g.,
sign design includes an optical-relay switch that sends message to DOT TXT and

VEH RCRD file that sign was actually activated, independent of current software
message sent to DOT TXT ftile).

Incorporate ATRWS Debug Screen (calibration mode) into separate Rollover Menu in
site sottware. This menu would serve as the primary view vehicles screen.

Future controller cabinets should have a sliding shelf for the keyboard.

All cabinets should be installed so that glare does not affect the technician’s viewing of
records at site computer. '

'The cabinet should be installed in a location where the fiber-optic sign activation can be
viewed.

Allow date/time group adjustments through the site’s Main Menu.
Modify the site’s Main Menu to display real-time size of DOT TXT file.
Allow the DOT TXT file to record data daily (24-h intervals), like the VEH RCRD file.

Office Software — under the View Vehicles menu, the Start and End times should allow
seconds to be included as a search criteria, e.g., 9:08:15 or 16:00:30, instead of hours and
minutes only. This future modification would speed the search of records, thus allowing
the data to be evaluated faster and more efficiently.

ATRWS Site Main Menu should include a real-time window, similar in operation to the
current ROLLUTIL program display, that summarizes rollover specific parameters
included in the DO1 TXT file, but is more specific with regards to WIM station number.

Future ATRWS site and host computer should be programmed for Windows
environment. This modification would make system much more user friendly, and would
also allow the ATRWS program to be networked with other computers in office, thus
allowing the system to be accessed by several users.

Either through the Office Software Reports Menu or modified DOT_TX'/ Rollutil
Program, the system should produce a statistical report that includes ATRWS-specific
summaries. It was mentioned earlier in this report, that the system produces an enormous
amount of data to be analyzed. The ability of the system to produce statistical summaries
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19.

on rollover-specific parameters would significantly reduce the amount of time required to
analyze the data of the system. This report should summarize by the following:

. Site No./[ocation/Date and Time

o Classification (All Trucks or Truck Specific Class)

° [ane

© Average Predicted Speed at PC for Lanes | and 2

° Average Speed Reduction for WIM 2 to WIM 3 or WIM 5 to WIM 6

o Percent (%) Speed Reduction (Average Speed Reduction Compared to Average
Predicted Speed at PC)

o With Activation

o Without Activation

Table 43 represents the recommended format of the ATRWS statistical reporti for the
above criteria.

Table 43. Sample repori format for ATRWS statistical summanries.

With Without
Activation Activation
Site No./Locatior/ - | Lane Avg Avg Avg Avgr 7
Date/Time No. |Predicted Speed % Predicted Speed %
Speed Reduction Speed Speed Reduction Speed
@PC {WIM?2 to WIM 3¥| Reduction | @ PC |WIM 2 to WIM 3*| Reduction
(mi/h) {(mi/h) (mi/h) {(mi/h)

—

1. [-495W/1-958, 1
Springtield, VA/ - —— _ - _
08:00:30 to 13:30:45 2

2. I-495W/RT 123N, :
McLean, VA/ |

08:00:30 to 13:30:45
3. [-495E/1-Y5N, 1

Beltsville, MD/ ~
08:00:30 to 13:30:45 2

Average Speed Reduction

— — i

¥ . Average speed reduction from WIM 5 to WIM 6 for Lane No. 2 of two-lane system.
1 mi/h = 1.61 km/h .

Install trailing loops in future systems, i.e., loop-piezo-piezo-loop configuration instead of
the current loop-piezo-piezo configurations. This change will allow each WIM station to
be less dependent on headway (msec) set by upstream loop. For example, in the current
ATRWS systems, slower vehicles cause system to time out before the truck clears the
loop, causing the system to not count the fifth axle of Class 9 trucks. This modification
would also introduce a level of redundancy in the system, in case of loop failure.
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20.

21,

22.

ra
wd

If paved shoulder width is available, extend piezo sensor installations 0.91 to 1.22 m (3 to
4 {t) into it. This will prevent a number of trucks {rom being missed by the system due to
the fact that they are traveling out of their lane.

Use a land phone line instead of a cellular phone. This recommendation will reduce the
costs associated with communicating to sites. Also, it would increase the ability of the
system to maintain connection between the site and host computers via the
communication software. This recommendation reduces the effects of weather and/or
heavy cellular traffic disconnecting the system from ongoing ATRWS communication
and/or downloading of files.

Future ATRWS system technical manuals should include detailed maintenance
troubleshooting procedures so that States would not necessarily have to award a
maintenance contract to keep systems operational. This recommendation would allow
States to conduct their own maintenance activities at the ATRWS sites, since future
maintenance needs may be required to correct unanticipated software problems.

Since all the data required for this report have been collected, and the transfer of

DOT TXT and VEH RCRD files from site computer to the host computer requires 1 to 5
hours, it is recommended that all future data files produced by the systems be overwritten
biweekly, and saved only in the event of an accident or when requested by States. This
user-related change for storing files would make it more cost and time efficient for the
States to monitor systems. Refer to software user’s manual for instructions on how to
autornatically overwrite system data files.

SITE-SPECIFIC RECOMMENDATIONS

The following are recommendations specific to each ATRWS site.

Site 1: 1-495W/I-95S - Springticld, Virgini

Height detectors installed on top of concrete retaining wall at road shoulder edgeline
should be mounted on pole with offset from shoulder to prevent knockdowns by highway
department vehicles and/or private tractor trailer carriers.

Piezoelectric sensor length specification for all WIM stations should be shortened to

prohibit placement on centerline. This recommendation would reduce the error effects of
Class 9 five-axle trucks that partially stray into two lanes.
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Site 2: [-495W/RT 123N - McLean, Virginia - No additional recornmendations.

Site 3: [495E/1-95N - Beltsville, Maryland

1.

Piczocelectric sensor length specification for all WIM stations should be shottened to
prohibit placement on centerline. This recommendation would reduce the error effects of
Class 9 five-axle trucks that partially stray into two lanes.

SUGGESTED CHANGES FOR FUTURE EVALUATIONS

1.

b

7.

The proper operation ot the DOT 'I'XT should be confirmed betore any future
evaluations are conducted.

I'iber-Optic Sign Activation and Speed Reduction Analyses should use a constant study
group size.

A newer model laser speed gun or one that has been recently calibrated and/or tested for
WIM speed verifications should be used.

Future system evaluations should include the eftects of trucks (other than Class 9 tanker
or box trucks) whose heights are less than 3.5 m (11.5 {t) on the system. Presently all
three ATRWS systems consider trucks with heights less than 3.5 m (11.5 {t) as tanker
trucks in the algorithm that determines the rollover threshold speed.

Determine whether Class 9, five-axle dump trucks and car carriers should be classitfied in
ATRWS system as tanker or box trucks.

Future calibration tests should include individual axle weights in the analysis.

Calibrate box and tanker trucks using the same speed.

Accurate weight measurements by system should be confinmed by determining if WIM
stations 1 and 2, and 4 and 5 are within 15 percent of each other. If weight difterences
are greater than 15 percent, it should be assumed that one of the WIM stations 1s failing
or needs to be recalibrated manually. To accomplish this, States must download a current

VEH RCRD or DOT TXT files once a month.

For all future calibrations, use only one truck trailer type, (specifically the tanker),
because of the difficulty in calibrating the system.
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ALTERNATIVE ATRWS DESIGNS (SIMPLIFIED SYSTEMS)

This section presents two possible ATRWS alternatives: (1) a simplified system using limited in-
ground sensors or (2) a system that requires no in-ground sensors.

Alternative Design # 1 — Limited In-Ground Sensors

Since the data show a much higher sign activation for trucks exceeding the maximum safe speed
(MSS) than the rollover threshold speed, it is recommended that the weight and height program
measurement parameters used in determining the sign activation be eliminated from future
system installations. Thus, for future systems a cost savings can be realized by changing ('lass |
piezos to the new AMP Class 2 piezo sensor, eliminating the height detector and cable, and
reducing the following construction materials: loop wire/cable, junction boxes, and guardrail.
These modifications would yield an estimated $20,000 to $30,000 and $40,000 to $60,000
reduction in system cost for one- and two-lane ATRWS systems, respectively. Also, although
workzone traffic control was not considered in these estimates, it is assumed that this cost item
will be less costly due to the reduced amount of time for lane closures. Table 44 presents this
cost-savings estimate by number ot lanes.

" ‘Table 44. Kstimated cost for Alternative Design #1 compared to carrent ATRWS system.

Alternative Design # 1
(with in-ground sensors)
Type of Cost T ] B
One-Lane Two-Lane

Construction/Equipment $122,000 to $132,000 $189,000 to $209,000

Operation $1,000/yr $1,000/yr

Design : $15,000 $20,000

Total Cost of Simplified System* $137,000 to $147,000 $209,000 to $229,000

Current ATRWS Cost** $166,462 $268,507

Maintenance Cost (State or Contractor)*** $1,000/yr or $12,500/yr $1,000/yr or $20,000/yr
*  This ‘item includes construction, system calibration, and design costs only.
** ncludes construction, operation, sysiem calibration, and design costs.
**¥ The greater estimate is primarily due to an option for lightning damage. ) -
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Alternative Design # 2 -— No In-Ground Sensors Required
This alternative system uses upgraded acoustic sensing and signal processing technology. The
system consist ot two main components: (1) a Variable Message Sign (VMS), and (2) a
SmartSonic™ Traffic Surveillance Sensor (TSS-1). This systern is more practical than the
current ATRWS in-ground piezo and magnetic loop sensor, because it does not require expensive
piezo sensors, cutting pavement, and long lane closures for installation, which are costly. The
SmartSonic has the ability to trigger a VMS sign for commercial trucks with more than two axles
that are exceeding a user-definable speed. ‘The following are some additional characteristics of
this system:

1. Operates from current overhead and roadside stractures.

2. Able to distinguish between cars, small trucks, and large trucks.

3. Provides demonstrable detection ability (at all speeds), which compares very well with
loop detector sensitivity.

4. Small [38 cm by 38 cm by 7.6 ¢ (15 1n by 15 in by 3 in)| and lighiweight [less than
3.6 kg (8 1b)].

5. Controller Card is Type 170 and NEMA TS2 cardfile compatible.

6. Basy and rapid installations (45 minutes on average per sensor), minimum training for
installation, and no maintenance or cleaning,.

The esiimated cost for a one-lane system installation would be $33,000, much less than the
cuwrrent system and less than alternative design #1. This cost includes the following:

[. SmartSonic™ sensor with controller card, transition module/surge suppressor, 152.4-m
(500-1t) home run cable kit, serial cable, modular cable, cable assembly, pole mounting
bracket, and bracket support tubes.

2. Variable Message Sign with mounting bracket.

3. lInstallation supervision.

The estimated costs does not include the following items:
1. Installation labor and equipment (bucket truck, electrician, and technician).
2. Traffic control.

3. Conduit.
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4. Support structure for TSS-1 if one is not in place.
5. Power supply.

6. Telephone.
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6. CONCLUSIONS

Based on the evaluation results, it is concluded that were no rollover accidents at cither of the
ATRWS sites located in Springfield and McLean, VA, and Beltsville, MD, over the 3-year
operation of the systems. Since there were no rollover accidents at these sites, the Poisson
Probability theory was used to predict that there is a zero-percent probability of future accidents
at the sites. However, this conclusion should be studied {urther due to the fact that these systems
are prototypes and there are not enough current substantive accident data to more accurately
predict long range rollover accident probabilities.

Based on the data collected and analyzed, it is concluded that overall the three ATRWS systems
located in Springfield and McLean, Virginia and Beltsville, Maryland performed as they were
designed. 1t is concluded that for all three ATRWS sites, the main criteria for an eftective system
“Does the activation of the ATRWS affect a speed reduction” was answered. ‘he results showed
that all three systems caused truck drivers to reduce their speeds prior to entering the point of
curvature for the ramp, based ou their predicted speeds exceeding the maximum sate speed for
the ramp. The results of the speed reduction analysis showed that there was an overall 29.0 and
21.7 percent speed reduction from WIM 2 to WIM 3 for the first and second evaluation periods
when the fiber-optic sign was activated at all three ATRWS sites.

Although the hardware and sottware of the systems usually operated as designed, there were
some instances where they operated in less than optimal tashion. These instances are
characterized by deficiencies in height and weight measurements by the systems. These system
deficiencies could be reduced or even prevented by: (1) placing a percent volume category in the
algorithm that compares preset volumes for box and tanker trucks, and notifies the host computer
when differences are greater than the preset volume, and (2) installing the new improved
generation of piezoelectric sensors that reduce the effects of cracks in pavement surface, and
substructure, that causes the system to measure what is termed as “ghost axles.” The site and
oftice software required modifications throughout the 3-year operation of these systems. Program
modifications included corrections for: (1) adjusting sign activation duration times, (2) allowing
sign activations when WIM station 1 or 2 for lane 1, or station 4 or 5 for lane 2 are missed, (3)
recording vehicles in the DOT TXT file even if they are missed by WIM stations 3 or 6, and (4)
providing accurate viewing and printing of reports from VEH RCRD data files.

Truck speed and classifications measurements by the ATRWS systems were typically within
specifications. However, it is concluded that for instances where speed measurement
discrepancies were observed, they were attributed to speed gun operator tracking error.

It is concluded that the cellular phone costs for the Virginia sites could be reduced with use of

land line connections between site and host computers. However, lower cellular phone costs can
still be achieved because of: (1) the reduced demand for downloading daily files (i.e., veh rerd
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and dot _txt) for evaluation purposes, and (2) general communication to sites by States should be
minimal, i.e., twice a month.

In addition, it is concluded that although the fiber-optic signs performed as they were designed,
future systems should include a fail-sate message confirming all sign activations. This could be

achieved by installing some type of optical relay switch that sends a signal back to ATRWS
computer attached to the veh rerd and dot_ txt files.

Since there arc no industry standards for the functions of these systems and they are all prototype,
it is understandable that some maintenance issues have not been fully addressed. Nevertheless,
based on the components of the systems and numerous field observations, it is concluded that
States should keep a maintenance contract in effect until States can provide the necessary
maintenance required to keep systems operational. Maintenance turnaround times for correcting
maintenance activities were not conducted as timely as maintenance contracts stated to
contractor. It is concluded that throughout the 3-year operation of the ATRWS systems, instances

where maintenance turnaround times were delayed caused systems to perform less than
optimally.

The statically evaluated rollover threshold (RT) and maximum safe speed values are the primary
parameters used to determine sign activation for these ATRWS systems. Based on truck type
and weight, the RT parameter is applied to all trucks traveling on curved ramps to predict
rollover threshold (or lateral acceleration) speeds of Class 9 five-axle tanker and box trucks. The
maximum safe speed parameter was required by States to cause speeding trucks that do not fit
rollover threshold speed criteria to reduce their speeds. The data in this evaluation showed that
for nearly every case where a sign was activated, it was because the truck exceeded the maximum
safe speed. Therefore, it 1s concluded that systems such as these should be designed for ramps
where the maximum safe speed is nearer to the average rollover speeds. A case could be made
that these prototype systems and future ones should remove the rollover threshold speed
parameter from the ATRWS algorithm, since most tracks activate the signs based-on the
maximum safe speed. However, it is concluded that these systems (specifically the Springfield
and Beltsville sites) and future ones like them should continue to include the RT speed if there is
a substantial tanker truck population.

Based on the final meetings with VDOT and the MDSHA, it is concluded that both States were
satisfied with the design operation of the systems. Both States have decided to continue
maintaining these systems in their current locations. In addition to the specific design operation
of the systems, both States are using truck average daily traffic (ADT) and weight data for
Department purposes on a minimal level. However, both States expressed a major concern with
the amount of time required to oversee and download large data files from systems, the conduct
of periodic maintenance, and recalibrations (weight and height measurements) of the systems.
Thus, both VDOT and the MDSHA recommend the development of a more simplified system,
which would require less time spent on oversight and less maintenance.
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Based on numerous conversations with drivers of tanker and box trucks, such as Iixxon, Mobil,
Shell, Giant, and Sateway, it is concluded that they considered these systems beneficial for
preventing truck rollover accidents on exit ramps. Furthermore, truck drivers stated that this
system would especially benefit truck drivers who were not tamiliar with this geographical area.
Therefore, a survey of local and non-local truck drivers should be conducted 1o determine the
subjective reactions of existing and future system installations.



Appendix A.l

APPENDIX A
SAMPLE CALIBRATION DATA RESULTS FOR WEIGHT AND SPEED
MEASUREMENTS

Springfield Weight Measurement Results

Table 45. Box truck weight calibration evaluation results for right lane
of the Springfield site.

Summary:

oF TTucks Win

+/- 15% of the actual GVW

% of Trucks wiinn

TWS_truck dlassification spac. |15

Site Location: [495WN955 [Date: Wed. 7-17-06
Truck Type : Box Actual GVW = §8 580 B _
| Right Lane (WIM 1) ] Right Lane (WIM 2} i ]
% Difference Truck Typse % Difference Truck Type | Height Detector
Measured From Class 9 Measured From Class 9 Activation at
[Run #/vehrad # | GVW (ibs)  |Actual GVW~ {Y/N) jRun#/vehrcrd # | GVW (lbs) |Actual GVW (Y/N) WIM 2
1/ _missed 1/ 34552 71,600 22.2% Y Y
2/ 35684 57,700 -1.5% Y 2/ 35687 53 600 -8.5% _N(B) Y
3 37640 53,700 -8.3% Y 3 37642 66,300 13.2% Y Y
4/ 40734 53,500 _ -B7% Y L4/ 40738 65,500 11.8% Y Y
15/ 42342 56,800 -3.0% Y 15/ 42348 65,400 11.6% Y Y
b6/ 43481 57,700 | -1.5% Y Ko/ 43485 67,700 15.6% Y Y
7! 44629 56,400 -3.7% Y 7/ missed L ] )
18/ 47203 59,600 1.7% Y e/ 47295 73,700 _ 25.8% Y Y
fo 48638 56,900 2.9% Y / 48641 75,400 28.7% Y Y
[Average 56,538 -3.5% {Average 67,400 15.1%
Standard Deviation 1,923 3.3% Standard Davuatnon 6,331 10.8%

Table 46. Box truck weight cahbratlon evaluation results for left lane
of the Springfield site.

[Site Location: 1405WIT955 [Date: Wed. 7-17-86
Truck Type : Box Actual GVW = 58,580
J Loft Lane (WiM 4} . Left Lane (WIM5) _
% Difference Truck Typs % Difference Truck Type | Height Datector
Mesasured From Class 9 Messured From Class 9 Activation at

Run #/vehrerd # | GVW (Ihs) | Actual GVW* {Y/N) JRun#/vehrcrd # | GVW (ibs) | Actuai GVW (YN WiM 2

1/ 49841 59,600 1.7% Y 1/ 49844 55,200 | -5.8% Y Y

2/ 51231 51,200 -12.6% N(7) 2/ 51238 61,400 | 4.8% Y Y

3/ 52493 50,500 -13.8% _ N@11) 3/ 52488 57,300 B ~2.2% Y .Y

53885 59,200 i1% Y [4/ 53890 54,600 5.8% Y Y

15/ 55331 58,300 -0.5% Y 5/ 55336 53,000 -9.5% Y Y
5/ 56946 59,300 1.2% Y e/ 56952 51,200  -12.6% Y N
Y7/ 5a460 59,200 Y 17/ 58483 60,600  3.4% Y Y
fos 60176 60,100 Y 59,500 2.3% Y N
o/ 62647 60,500 ] 54 600 -6.8% Y N
{Average 57 544 ) 4 -3.7%

Standard Deviation 3,629 3,370 5.8%

Summary:

of Trucks win

+/~ 15% of the actual GVW +I— 15% of the actual GVW 100%

% of Trucks wiin % of Trucks wiin

IATWS truck dlassification spac. ATWS truck classification spec. 100% 67%
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Table 47. Box truck speed calibration evaluation results for right lane

Appendix A.2 Springfield Speed Measurement Results

of the Springfield site.

Site Location; 1405/1955 [Date:. Wed. 7-17.06
Truck Type : Box )
Right Cane (WIM'T) ) Right Lane (WIM 2}
Measured Actual Measured Actual
Run # 1Speed (mi/h) | Speed (mivh)* _ Run# Speed (mi/h) | Speed (mith)*
1 224 30 i 29 30
L 2 £h) 30 2 ) 30 30
3 B 30 30 3 31 30
4 36 35 4 36 3
5 ~ 34 35 5 34 35
_ 6 34 _ 35 6 B 34 35
B 7 B 39 40 - 7 missed 40
8 38 ) 40 B :] 39 40
9 6/ 40 9 37 40
ot Trucks w/in the of Trucks wiin the
+/- 2 milh Requirement 78% +/- 2 mith Requirement _B8%
* - Box truck driver was instructed to travel at these speeds.
** - Significant Speed Change Warming.
‘Table 48. Box truck speed calibration evaluation results for left lane
of the Springfield site.
[Site Location: 140518558 [Date. Wed. 7-17-06
[Truck Type : Box
Coft Lane (WIM 4} Left Lane 5)
Measured Actual Measured Actual
_Run # _ | Speed (mifh) | Speed (mih)* Run # Speed (mih) ! Speed (mih)*
1 30 B 30 i . 3 30 )
- 2 B 3 ) 30 2 31 30 |
3 o 24 30 B 3 _ 29 30
4 35 3 L _ 35 35
5 _ 34 35 5 ) 3 35
6 38 40 6 39 40
7 _ 39 40 B 7 ___40 40
8 39 _ 40 8 39 40
] 9 37 40 _ 9 38 40
of Trucks w/in the H‘% of Trucks wiin the
+/- 2 mi/h Requirement L 78% +/- 2 mi/h Requirement 100%
* - Box truck driver was instrucied 1o fravel at these speeds.

- Significant Speed Change Waming.
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APPENDIX B
SAMPLE CLASSIFICATION AND SPEED DATA RESULTS FOR
ADDITIONAL TRUCKS

Table 49. Additional truck classification and speed comparison data results for
WIM station 1 of the Springfield site.

' Date: Friday - 8/23/96

[s (2) ]
ATRWS 1)) ATRWS
Visual Observation of Radar WIM Speed Sign
Run Vehicle Observation of Truck Type Speed Speed Ditference Activation
No. | RecordNo. | Truck Type* _ Comect? | (mim) | (mim)*+ ()-@) | (YesNoyss
1 3006 B,2X6T Y 46 45 S N
2 1110 ) B Y 45 C 44 1 1 N
o 2062 B2X6T Y 59 57 2 ) Y
4 2102 B ) Y ) 45 47 11 N
|5 2196 Fo D B 50 50 0 =
6 251 | B Y 51 50 1 Y
N missed _B2X6T missed 54 missed Y
8 2492 ~ B4X 1 Y 50 49 s Y .
9 2516 B2X Y 49 47 2 Y
10 2584 o B2X Y 57 57 0 —
11 missed | B2X ~_missed 56 missed - Y
12 | 2755 B - Y 50 | 49 ) 1 Y
13 2796 BUS, 3X Y 47 45 2 | N
14 2842 B B Y 42 40 i 2 N
15 | 2907 - BIX Y 53 1 53 N
16 3071 - B . Y 58 56 P )
17 327 B ) Y 43 43 0 Y -
18 3419 B Y 52 51 R Y
19 3466 B,3X or 4X Y 53 53 o | Y
20 373 B2X Y 49 . 48 1 Y
21 396 | 22 0B v 51 | 51 ) 0 Y
22 4045 B Y 42 41 1 1 N
E I I T R 52 o |2 | =
24 | missed B2X 7 mégsedﬂ » 50 ‘missed ] ) N
25 4356 | DT ~ Y 64 59 5 Y
26 4469 D Y 45 45 0 Y

- For truck type column B represenﬁ Rox Class 9, five-axle truck; T = Tanker Class 9, five-axte truck; F = Flatbed Class 9, five-axle truck;
D = Double Trailer; and DT = Dump Truck.

- Speeds displayed by ATRWS of 79 mi/h indicates that the system was measuring vehicles heavy. Please note: pickup trucks with heavy
loads will classify as Class 4 or 5.
-« Sign sctivation rccorded after truck clesrs WIM 2. I mih = 1.61 km/h
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Table 49. Additional truck classification and speed comparison data results for

_ Date: Friday - 8/23/96

WIM station 1 of the Springfield site (continued).

Is )
ATRWS )] ATRWS
Visual Observation of Radar WiM Speed Sign

Ruu Vehicle Observation of Truck Type Specd Speed Difference Activation

No. Record No. ~ Truck Type* _ Correct? (mi/h) (mi/h)*¥ (H-@ (Yes/Noy¥#s
27 | 4680 - D B Y 40 40 B 0 ) —

28 4743 F6X Y 43 44 l Y

29 4963 B ) Y . 46 45 1 -]

30 5005 B Y 45 45 0 ¥

31 5081 F Y 41 39 2 ¥

32 5233 B,6X Y 51 50 1 Y

33 5372 B Y 47 46 1 Y

34 5637 B Y 36 35 R N

35 5781 B ¥ 45 44 1 —

36 5814 B B Y 32 32 0 —

37 5871 B ¥ 53 53 ) 0

38 5941 B Y 57 56 i Y

39 5995 B Y 46 4s 1 Yy

40 6285 B |y 64 63 1 Y

41 6333 F Y 57 55 2 y !

42 6636 DT, 3X Y 44 43 1 N

43 6672 B Y 48 47 1 N

44 6927 B Y 47 46 1 — B

45 3010 B Y 44 42 2 —

46 8307 B B8.2X Y 44 43 1 —

47 _ 8391 B S 49 49 0 Y

48 8471 B Y 48 47 i Y

49 3570 B Y 50 47 3 Y

50 ) 36!5 ) B, Y 50 ) 748 ) i % Y

51 8651 B v 51 50 | 1 Y

52 8967 B Y 46 | 47 1 1 -

53 8967 B Y 36 35 1 N

- For truck type column, B represents Box Class 9, five-axle truck; T = Tanker Class 9, five-axle truck; F = Flatbed Class 9, five-axle truck:
D = Double Trailer, and DT = Dump Truck.

- Speeds displayed by ATRWS of 79 mi/h indicaies that the system was measuring vehicles heavy. Please note: five pickup trucks with heavy
loads will classify as Class 4 or 5. i mith = 1.61 km/h
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SAMPLE FIBER-OPTIC SIGN ACTIVATION COMPARISON RESULTS

APPENDIX C

Table 50. Fiber-optic sign activation comparison analysis for lane 1
of the Springfield site.

Date: Tuesday - 10/1/96

= ) Visual Activation —
ATRWS ATRWS Confirmed Vehicle
Vehicle Track Predicted Visual by ATRWS Displayed In
Run Record Type Speed at PC | Sign Activation* | DOT TXT File VEH_RCRD
_No. Time Number | (B/T) (mi/h) (Yes/No) ~ (Yes/No) File
b 13:17:57 1436 B 31 N Y Y
2 13:22:19 | 1870 B 52 Y Y Y
3 13:23:57 | 1994 B 43 N Y B Y
4 13:24:08 2018 B 38 N Y Y
5 13:24:22 | 2053 B 4 N Y Y
6 13:25:20 2121 3 47 Y Y Y
7 13:26:15 2233 B 53 R ¢ Y Y
8 | 13:26:37 | 2280 B 58 Y Y Y
9 13:28:57 | 2454 D 54 Y Y Y
10 13:29:40 | 2533 B 42 Y N Y
11 13:39:22 3399 | B 53 Y Y ¥
12 13:48:18 4181 B 37 N Y Y
13 13:49:04 | 4224 B 50 Y Y Y
14 13:49:22 4258 B 57 Y Y Y
15 13:54:47 4631 B 57 Y Y Y
16 13:56:56 4822 B 45 Y ) Y Y
47| 135757 4926 B 54 Y Y Y
18 13:59:14 5045 | B 46 \ O Y Y
19 14:25:41 5057 | B 54 Y Y Y
20 ] 14:40:35 7583 | B 59 Y Y Y
21 14:41:14 9183 | B 51 Y Y B Y
27 14:41:51 9255 | B 58 N Y 1 Y
23 14:47:50 9323 B 31 - Y Y Y
24 14:49:28 | 9822 B 48 Y Y Y
25 14:49:28 10008 B 49 Y Y Y
26 | 14:53:05 10458 B 52 Y Y \'e

1 mi/h = 1.61 km/h




Table 51. Fiber-optic sign activation comparison analysis for lane 2
of the Springfield site.

Date: Tuesday - 10/1
o Visual Activation |
ATRWS ATRWS Confirmed Vehicle
Vehicle Truck WIM 5 Visual by ATRWS Displayed In
Run Record Type Speed Sign Activation®* | DOT TXT File VEH_RCRD
__No. | Number | (B/T) (mih) __(Yes/No) ___(Yes/No)  File
e 1714 B 34 N , , 1y
2 ] 1892 B 48 1 N Y
3 2203 B 47 Y B B Y
4 2228 N Y Y
5 2266 10: 3 Y ) Y
6 2329 | FB 62 Y Y
7 {1 1340 B 46 B ¢ 1 Y
8 2391 B 49 Y ) Y
9 2405 B 47 N Y
10 2640 Loadboy 48 Y Y
11 2810 B 59 Y - - Y
12 3205 B 50 Y ) ) Y
13 3224 B 50 Y ) Y )
14 3348 B 52 Y B Y
15 3370 B 50 N Y
16 3642 B 49 Y Y
17 3786 B 52 Y B Y
18 3865 D 47 Y Y
19 | missed B missed N B N B
20 3947 B 54 ¥ 1Y
2 4073 B 42 N B Y )
2 4097 B 56 Y - Y
23 4112 T 55 Y Y
24 4178 B 46 Y Y
25 _4203 B} 5§57 Y B Y

1 mi/h = 1.61 kmv/h



Table 51. Fiber-optic sign activation comparison analysis for lane 2
of the Springfield site (continued).

_Date: Tuesday - 1

/1/96

Visual Activation

ATRWS ATRWS Visual Confirmed Vehicle
Vehicle Truck WIM § Sign by ATRWS Displayed In
Run Record Type Speed Activation* DOT_TXT File VEH_RCRD
~No. | Number | (B/MT)  {mi/h) (Yes/Noy (Yes/No) File
26 missed D missed Y
27 missed B _missed N Y
28 4571 B 48 Y Y
29 4621 B 55 Y Y
30 4871 B 47 N B Y
31 4959 B 58 Y Y
32 5003 T 52 N - Y
33 5105 B 51 Y i Y
34 5163 B 46 Y ) Y
35 5373 B 44 N Y
36 5399 B 55 Y Y
37 - 5417 D 53 Y Y
38 5445 T 45 Y Y
39 5525 B 55 Y N . Y
40 5600 B 49 Y Y
41 5662 B 49 ~ Y Y
42 5742 B | 50 N Y
43 5800 4X,B 56 Y Y
44 5975 B 52 Y Y
45 6049 B 55 Y Y
46 6084 FB 55 )\ - Y
47 6231 B 49 Y ) Y
48 6559 B 51 Y Y
49 6640 B 59 Y ) Y
50 6833 B 54 Y Y

3

1 mi/h = 1.61 kin/h




Table 51. Fiber-optic sign activation comparison analysis for lane 2
of the Springfield site (continued).

Date: Tuesday - 10/1//96

Visual Activation

ATRWS ATRWS Confirmed Vehicle
Vehicle Truck WIM 5 Visual by ATRWS Displayed In

Run Record Type Speed Sign Activation®* | DOT_TXT File VEH RCRD
~ No. Number | (B/T) __(mith) (Yes/No) (Yes/No) Fils

51 7084 B 60 Y

52 7244 FB 57 s ) Y

53 7264 T 49 ¥ Y
54 7332 B 55 v v

55 1431 49 Y \

56 1571 DT 55 Y L Y

57 _missed B ‘missed Y B N

58 7778 B 39 Y ¥

59 | 78 | B 54 Y Y

60 7973 B 50 Y R4

61 _missed B missed Y N

62 8328 B 51 Y Y
63 missed B missed Y N

64 missed B _imissed Y N

65 9161 B 47 Y B Y

66 9320 | 4X,B 49 Y ) Y

67 9379 _FB 56 Y Y
68 missed B missed Y N
69 9775 B 54 Y ) Y

n | om | B | @« Y , v

1. 10076 | PR 44 Y —X

74
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Table 52. Speed reduction analysis data results for [ane 1 of the Springfield site,

Sign “On” and “Off.”
A B | C b | E a Hl &t ] J 1 K L | M N | ofPplTal " ®rR T s ] 1T ] U

2 Vehicie| i B Speed ] ! ] i ] .
3 |Ste: [T Numbec Vehicie Speed (mih) Oiffsrenca Speed Error | Sign | Gvw ‘
4 |Date / Time Lane WM 1 {WIM2 [WIM 3 | Cless [WIM 1 [WIM 2 [WIM 3 |WIM2-WIM3 |Predicted | Rollaver [Decel. | Witd1] Wiz Witi3 | Gverheight | Tumed Mm‘ Twimz
| 23|07 7/ 2.00.10.54.5 1 3852 3883 3857 435 438 4039 3141 | 438 67.08€ o] 0 | 17 | 0 |OVER |OFF 37467 32280
236{07/17/0€ 21348 50.5 1 30668] 3087 3972] O 39.15] 39.15] 48] 438 39.15] 55413 0] 0 | 17 ] o |OVER _ |OFF 71825, 62785
237{07A17/96 2:27.38.60.6 1 4308] 4308 4318] 9 | 44.12] 42.88] 3293] @64 33.12] 55413 1.163] 8 | 17 | O |OVER  |OFF | €0078] &5412|
238{07/17/96 2:27:42.08.0 1 4310] 4313] 4317] 0 | 41683] 3077 3542] 435 2328] 82058 1632 0 | 17 | 0 |OVER OFF 5653g] 5g16€3
239|07/17/%8 2:30:11.02.0 q 4353] 4388] 4382] 9 | 4538] 38.04[ 41.01] 497 0] 55413] £16] 0 | 17 | 0 |OVER OFF | 71183 61338
40(07/17/96 2:48:10.30.3 1 T 4p08] 4818] 4818] ¢ 5344] 47.23] 4228] 457 0] 24484] 8727 ¢ 0 0 JUNDER [OFF | 7&783] 10032¢
44|07/17/08 2:47:37.35.3 ] 0] 4845] 4847] ¢ 0] 41.63] T8l 37 4183 73177 0] ¢ | 17 | 0 |BVER OFF 0, 27278
(242|0717/9€ 2:48:00.15.1 1 | 4855] 4856] 4#82] @ | 4181 4163] 36.88] 497 41.63] 55413 0 @ {7 | 0 |[OVER |OFF 56207 85858
[243]07117/08 2:51:13.08.8 1 ] 4T38] 4740] 4745] 9 | 4474] 435 ar.9t 550 3377, #2088 (179 ¢ | 17 | 0 |OVER  |OFF 64900] 53193,
244107/17/98 3:08:16.37.3 1 4983] 4084] 4988 @ | 50.33] 40.08] 41.01 8.08 30.53] 62050] 1328] O | 17 1 G |OVER _ |OFF , 43985 56865
[24E[07A 798 3:00:16.18 1 1 5042] 5044] 8048] @ 43.5] 436 4228 1.24 415 67006 6] ¢ | 17 ] 0 |OVER  |OFF | 40555 48920
248107TH78 3:25:25.232 1 5339 5342] 5354] 9 | 42.28] 42.28] 3231 9.94 4228 82058 of ¢ | 17 | o |OVER |OFF [ 57285 ®1793
(3247|0778 3.28:04.77.7 1 §388] 5388] 5371] 9 | 47.23] 468 3781 [ %4 421] 55413] 0627] 0 | 17 | 0 |OVER | OFF | 53180 €203
(248107717568 3:35:50.86.€ { 6555] 6558| 5558 @ | 44.12] 435) 3515 435 3887 82058] 0588) G | 17 | 0 |OVER  |OFF | 48277 50157
[249]07/17/08 3:38:38.90.0 1 5851] 5853 s5e82] @ 43.5] 435 3668 €84 435 54228 6] 0 [ 17 | o JOvER _OFF 1 77488 g2428
[250]07/17/08 4.21:33.81.8 1 8805 6807| 6611 @ | 47.23) 486 4163 4497 42.1] 67.088] 0627 G | 17 | 0 |OVER _|OFF | 36833 45148
1259|07/17/96 4:27:54 86 & 1 6773] G775 6781] ¢ | 47.85) 45.98] 30.77|  6.21 3025 54226) 1881 0 | 7 | O |OVER _|OFF | 85077, 88337
25207/17/06 4.32.35.82.8 1 6888] 6883] €895 8 | 4598 4538] 30.15] 6.21 40.85] 6205 061] 0 | 17 | 0 |OVER OFF 46394 50860
253{07/17/96 4:57:09.75.7 1 7170 7A74] 7i87] O | 41.83] 41.01] 33.58] 748 3647] 54228] 0552] 0 | 17 | O |OVER OFF 73484] 84262

0717198 4:57:18.78.7 1 TI81] 7188] 7197] © | 4508 44.74] 3504 87 35.05| 54.226] {213 0 | 17 | 0 |OVER |OFF 69652' 82566

OTATI6 4.57:22.28.2 s 7180] 7193 7208] o | 44.74] 44.12] 33.58] 10.58 39.6] 47853 0594 O 0 0 |UNDER |OFF ' 63087| 75334
256]07/17/96 4.57:48.91.9 1 0] 7222 7240] 9 0] 435] 30.15] 435 435 82058 6 0 | 17| 6 |[OVER JOFF | 0] 51801
257|07/16/0€ 10:16:24.08.8 | 1 | 20475] 20476] 29488] &8 | 47.23] 4598! 4288) 3.1t 3833] 73127] (246] 0 | 17 | 0 |OVER _ |OFF | 27511, 31510
258]07/16/9€ 12:00:06.74.7 | 1 | 39807 39811| 39824] 8 | 41.63] 41.63] 39.16] 248 41.63] 61532 o ¢ 4 0 |UNDER _|OFF 18237| 23465
259]07/16/0€ 21:30:41.27.2 | 1 | 30784 30767 30793 8 | 44.12] 435 41.01 249 3897 67096 0586 0 | 17 | O |OVER  |OFF 36833 42007
260]07/17/06 2:38:10.636 | 1 4452] 4453] 4458] 8 | 40.08] 47.85] 41.01 6.84 3825 82058 1208 0 ] 0 |UNDER |OFF | 12262] 14126
261]07/17/96 3:58:02.75.7 1 e113] 6114] e118] 8 | 47.23] 486 38.53 6.08 421] 67088 0827) 0 | 17 | 0 |OVER [OFF ' 32402| 28344]
262{07/16/96 21:56:16.60.6 | 1 | 32343] 32346] 32350] 7 | 4163] 4183[ 3804 5.5 4183 73127 0] 6 | 7 | 0 [OVER  |OFF ' "33802] 24720
263[07/17/00 0:32:48.69.6 1 0] 1227] 1234 7 0] 3045 2872 373 | 3045] 62059 0 @ G 0 [UNDER [OFF | o) 18519|

07/17/98 2:13:07.10.1 1 3947| 3950] 3887 7 32.31] 2231] 29.21 311 3231] 82059 ol 0 [ 17 | o JOVER ~JOFF _ ' 53981 53200
26507/17/96 4:29:36.05.0 1 6802] 8804 6814 7 36.88] 38.68] 25.83 884 | 3868] 55413 0] 6 | 17 | C |OVER OFF . 60642 67481
266]07/17/98 4:50:43.32.3 1 7378] 7379 7388] 7 3853 39.15] 348 435 | 4317 62058 0518 0 | 17 |, O |OVER OFF | 49578, 51070
267, I ] ! R J
268 ‘ | f i R |
269 Average for {76 trucks |Sign “On”" (Class 8- 11) | 48.40 T 7.91]  5082] e0.51 ! I o \ o
270] ] — ! 1 1 A AU R A
274 x [ i ] : ! ] 1 O A I A
272 {Average for 84 trucks |Sign "Off (Class7-8) | 42.83 ) 644 3673 8023 T T i T | ! ) |

[ mi/h=1.61km/h
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Table 53. Speed reduction analysis data results for lane 2 of the Springfield site,
Sign “On” and “Off.”

‘ A E c ] E [ ] ] K L | M N JoJT Pt Q R s T U
F Vehicie 1 Speed I I ]
3 IShe: 855 Number Vehicla|  Spead (mif) | Difference Speed Error | Sign GVW
4 |Oate / Tima ~Lane WA & TWIMS [WIM & | Ciass [WIM 4 |WIN 6 Wil 8 [WIMS-WIMS |Prodicied | Roliover [Decel. | WINA| WIMS| WIME[Overheight | Tumed | Wiki | WIMS
31107176 225:24.513 14| 4215] 4216] § | 466] 4538] 4163] 373 | 3666, 61532 122 0 | © | O [UNDER [OFF | 20820] 23857,
[312({07TA 76 225:48.26 2 4217] 4218] 4223] & | 49.00] 47.85] 3045 T4 3825 61632 1298 C | O | © |UNDER |OFF | 39851) 41701
313j07T176 2:26.34.61. F 4283 4258] 4268] @ | 4598] 45.38] 3701 748 4085 64228] 081 O | 17 | 0 |OVER |OFF | 84001 E3088
314J07ATNG 226:52.06.8 2 | 4272] 4276] 4285] @ 486] 45.08] 30.77] 621 4147 67098 0819 G | 17 | 0 |[OVER  |OFF | 38885 43275
315]07A7/6 226:55.10.1 . 4278]  4280] 4287 @ | 4508] 4474 3977 497 3505 67.098 1.213) 0 | 17 | O |OVER _ |OFF | 38788| 38276
316|07H78 2:28:58.75.7 : 4278] 4282] 4201) 9 | 4474] 435 4183 1.88 33.77] 47853 1178 0 | O | C |UNDER |OFF _| 65578 75576
317071 7/08 2:31:05.34.3 4373[ 4375 4381] @ | 4288 4288 4101 188 4288 55413 o 0 | 17 | @ |OVER |OFF | 70828| 79777
J18{07A7/96 2:32:29.43 4 F 402]  4403] 4408] 0 | 49.00 4785 37.28] (056 3825] 67008 1296 G | 17 | @ [OVER |OFF | 33255/ 38034
318{07A 706 242:35.98. : 45467 4551] 45854 435] 4288 3804] 684 3835 62069, 0677 O | 17 | 0 [OVER |OFF | 57103| 84158
320{0717/96 248:25.34.3 : 4519] 4821 4626 4847 4T28] 3542 11.81 3761] 47853 1278] 0 | © | O |UNDER |OFF | S8431] 70697
321|067 7/98 254:13.37. 2 | 4T72[ 4TTS| 4774 41.01] 4030 3853] 188 3584] 62059 0544] © | 17 | C |OVER  IOFF | 48527 57281
322{07TA7/96 2.57:18.16.1 2 | 4m8]  48i7] 4221 4E38] 44.12] 3888] 748 3441] 61532) 1196 O | O | O JUNDER |OFF | 48144 40900
32307176 3:12:61.98.4 2 | 5093 6096] 8100 40.30] 30.7T] 3853 124 3521] 62.050, 083 © | 17 | O [OVER JOFF | 55004 64425

07H7/R8 8:14:47.17.1 2 | 5127] 6128) 6137 488] 4538 3728 808 3589] 67098] 1.229) O | 17 | O [OVER [OFF | 43738 47308

O717/06 8:26:15.17 1 5326] 6327] B5M4 4226, 4226 38| T4 4225 64228 o[ 0 | 17 | 0 |OVER |OFF | 80534 89349

O7TATRG 3:38:58.11.1 8589] 5592] 5598 30.18] 30.15] sT81] 124 38.18] 54226 0 0 | 17 | 0 |OVER _|OFF | 79888 81702
[327(CTH T8 3:43:53.73.7 §764] 6167] 6783 622| 50.05] 47.85] .11 4144] 61532 1379 0 | 0 | O |UNDER |OFF | 35688 39443
mlamme 3:53:08.08.0 2 | 5g70| 6eT1] 6978 4288 4288] 3853] 435 4288]  61.632 0 0 | 0 | O |UNDER |OFF | 40371 39287
329|0TN7R8 $:58:68.60.6 2 | ewe| 8111 e115] 9 | 47.23| 468] 4101, 650 421] 62050) 0827] 0 | 17 | € |OVER |OFF | 52358 51280
330{G7 705 4:05:37.50. 2 | €243] @244] e248] © | 47.85] 4563 3853] 748 $0.25] 73127, 1.881] 0 | 1T | 0 [OVER IOFF | 31531 28805
334071 7RE 4:08:61.77.7 2 | 6312 €313| 6322| § | 6583 5282 4723 6.8 21.76] 82059 3634] € | O | G |UNDER JOFF | 15818 19280
1332|07/17/08 4:19:17.32. 2 | 6557 e558] 6585 £12] 4385] 06.04] 748 3897] 67095 0688] 0 | 17 | O [OVER |OFF | 43985 47287
333071796 4:19:19.90. 2 | 6550 6561] 6567 4474 4385] s728] &2t 33.77| 65418 1.479] O | 17 | O JOVER  |OFF | 62300 88855

O7TH 76 4:22:50.11.1 2| 8837 6840] 884t 9.09] 47.85] 40.38] 7.48 38.05] 54228 1298] 0 | 17 | 0 [OVER _ OFF | 72688 $2073

G7TI98 4:24:57.04.0 2 | e&7e| 6679 68w 435] 4226] 8] 148 3248] 24.464] 1146 0 | 0 | 0 [UNDER JOFF | 73737, 84317
338{0TATO6 4:28:46.454 2 | erez] 73] 679] 4871 4847) 37Ri] 1058 3889 64226 1312 0 17 | 0 |OVER |OFF | 74871 85922
[337]07HT/8 4:56:05.05.0 : 7088] 7087| 7093 5282 50.95] 45.08] 497 3564, €15632) 2081, 0 | O | G |UNDER JOFF | 29829 34487
338|07/17/98 4:55:50.58. T138]  7141] 7143 4288] 4288] 4538] -249 €288] 85413 0l 0 | 17 | 0 |OVER  |OFF | 59857| 74248
339|G7/17/98 4:57-00.91. 7167 7158 7172 41.01] 3077| 39.15] 062 29.89] 67096 108 G | 17 | O |OVER |OFF | 31488] 38155
340/0TA7IR6 4:57:04.28.2 T162] T164] 7MY 44.12] 41.01] 3358] 746 o] 85413 2648] 0 | 17 | 0 [OVER  [OFF | T1845] 77404
341]07/17/98 4:57:53.58. o] 7243[ T280] ¢ 0] 42.88] 38.04] 6.8 4288 &15%2 0] 0 | ¢ | 0 [UNDER |OFF o] 47481
342[0717/068 4:58:33.48 4 : 7205] 7208 7313 37.61! 37.28] 3046] €84 3271] 47853 0602 6 | O | O /UNDER JOFF | 74764 78938
343|07TATE 4:58:48.42.4 2 | 7388 7392] 7407] @ | 47.23] 486] 4033 a2t 421] €205e 0627] © | (7 | 0 [OVER IOFF | 53442 56274}

L
Average for 161 trucks [ Sign "On” (Class 8 -11] | 50.80 788 49.63
T3 ] | I J
| [ L ‘ } ! i

E71] Average for 148 trucks | Sign "Off (Class §-11) | 44.20 S94[ 3583 w i | I

I mi/h=161kmh
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