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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, DC. 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. 
should be sent to their State highway agency by the division. 

Four of the, Division office copies 

A. Georgatensen, 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 ro110ver;(2) 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. I-495 W/I-95s in Springfield, Virginia. 

2. I-495 W/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 traveling 
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 maintenance manuals, and update the design and 
specifications; 
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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: 

1. 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 andupdated 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.(4) 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. 
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CHAPTER 2. DESCRIPTIdN i3ti Tilti 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.(2) 

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). UMTR.I also has defined the maximum lateral acceleration a truck with a given RT 
can sustain as: 

RT-SM 
%lax = 1.15 

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. 

(1) 

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

(2) 

a%lax = 
v 2,px 
Wg * 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 geometries 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 magnetic 
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 I-495WK95S site 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 
geometries, 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. 
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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. 

1 

(b) Fiber-optic sign activated. 
Figure 3. Two views of ATRWS sign system. 
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Figure 4. ATRWS controller. 

c a . 

Figure 5. Full view of ATRWS. 
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Figure 6. Typical ATRWS detector placements for one-lane ramp. 
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Ngure 7. Typical ATRWS detector placementa for two-lane ramp. 
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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 WI&4 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: 

I TANKER NON-TANI(ER 

1 Weight Range (lb) 1 RT 1 Weight Range (lb) 1 RT 

0 - 10,000 0.65g 0 - 35,000 0.73g 
>10,001 - 20,000 osog >35,001 - 50,000 0.6Og 
>20,001 - 50,000 0.49g >50,001 - 65,000 0.5og 
>5O,OOl - 70,000 0.34g >65,001 - 80,000 0.38g 
>70,001 - 80,000 0.26g >80,00 1 - 100,000 0.36g 

1 lb = 0.454 kg 

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

d = Y2-V2 (3) 
2L, 

where V, and V, are speeds at stations 1 and 2, respectively, and L1 is the distance between 
them, established at 30.5 m (100 ft). 

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

V Vt-2:dfL2 + L,)-Z*a;(L, + L,) (4) 
PC 

where (L + LJ is the distance from the second station to the point of curvature. 
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WIMStatlonl 

I 

Adiva@ Warning Sign 
(t9 L@/Vmax=4.0s) 

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

%3x = (RT - SM)g 
(5) 

1.15 

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

v,, = t/cpzD (6) 

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. 

The likely speed at the PC, calculated previously as V,, is then compared to the V,,. If it 
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,a 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. Figure 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 *I 5 
percent per the American Society for Testing and Materials (ASTM) Standard El 3 18-90@ and 
recommendations made by VDOT. The speed accuracy criteria for all WIM station. 
measurements is f 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 UIH 1 TYPE 9 GVW 69.6 kips LENGTH 72 ft 
18-K ESAI. 1.416 SPEED 44 nph WAX CVU 80.0 kips Tue Hay 10 11:20:59.90 1994 

4.0 35.1 4.2 15.0 
o-*--o------*--------""-o-'--o----------~-~---~-~~~ 

14.6 16.9 13.4 13.8 10.9 

(58811 LANE UIH 2 TYPE 9 GVW 84.6 LENGTH nph HAX kips 68 18-K ESAL 3.138 ft SPEED 
42 GVW 80.0 kips Tue Hay 10 11:21:01.27 1994 

4.0 34.9 4.2 14.9 
*----*---------,,-,.------*----~ .-.----a,* 

20.1 17.6 17.0 17.8 12.0 

(Sa94) LANE UIH 3 TYPE 9 GVU 0.0 18-K ESAL 0.000 GW kips LENGTH 68 ft SPEEO 39 II@ MAX 
80.0 kips Tue May 10 11:21:10.44 1994 

4.3 36.8 4.4 15.6 
o'---o----------------"'-'o'"-o--------~ 

Hit any key to resune 

TABULARFORMAT 

(5877) LAME'UIH I TYPE 9 GUW 69.6 kips CENGTU 72 ft 
18-K ESAL 1.416 SPEED 44 

MIT SEPARATION 
rph MAX GVU 80.0 kips Tue Hay 10 11:20:59.W 1994 

WEIGHT 
<fU 

4LLou~ELE 
1 y$' yg' 

z 
15.0 ;;:f :;:; 

4 16:9 17:o 
s 14.6 17.0 

(5881) imE UIH 2 TYPE 9 
18-K EM. 3.138 SPEED 42 

GVU 84.6 kips LENGTN 68 ft 
mph MAX Mu~~$~+s Tot Hay 10 11:21:01.27 1994 

(g?) 

17:o 
17.0 

IF8 . 

(5896) LAME UIM 3 TYPE 9 
18-K fi WOOSPOO~39 

GVU 0.0 k@s LENGTH 68 ft 
TkLgLvU 80.0 kips Tue by 10 11:21:10.44 1996 

<ft> 

: 15.6 (gQ$) 17:o 

: :z 
S 

Hi.t any kiy to m&e 
17:q 

Figure 9. Sample vehicle record (veh-rcrd) file screen printout in 
graphical and tabutar 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 previously mentioned 
are presented for each site. 

Actual GVW vs Measured GVW . 

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. 

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 tanker 
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 f 15 percent GV\?! specification (first number), the number of valid truck runs 
(second number), followed by the percentage of trucks within the speci.fication. 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. 

I Truck Trailer Type Evaluation ’ 
Lane 1 Lane2 

Period WIM Station WIM Station 
1 I 2 A I 5 

April 1995 1 ND 1 ND I 39% 
July 1996 1 4/9(44) I 9/9( 100) I 
May 1995 I ND I ND- 

19) 
3/7;43) 

6/8(75) 
7/7( 100) 

4/7(57) 2/2( 100) 

14) 9/9( 100) July 1996 1 9/9(100) 1 4/8(50) -1 4/9(4 

I X/Y(XX), where X = # passing specification, Y = # of valid runs, and XX = percent 1 

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 
i 0,1995, 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. 

Truck Trailer Type 

Tanker 

Box 

Evaluation Period 

April 1995 

July 1996 

May 1995 

hel. 
WIM Station 

1 2 

‘5/9(56) O/9(0) 

4/13(3 1) 6/16(38) 

l/5(20) O/7(0) 

Note: ND =Nodata 
X/Y&X), 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 resuits 
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 specificatioti 
at the Beltsville ATRWS site. 

I Tick Trailer Type 

I 
., 1 Tanker 

Lane 1 Lane 2 

Evaluation Period WIM Station WIM Station 

1 2 4 5 

May 1995 O/3(0) O/3(0) O/S(O) O/6(0) 

October 1996 5/6(83) i/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 Calibm 

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 
GVW-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 $-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). 

ed vs. v 

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. 

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 7! 
percent to 100 percent. 

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

I I Lane 1 Lane 2 

Truck Trailer Type Evaluation Period WIM station WlM Station 

Tanker 

Box 

April 1995 

July 1996 

May 1995 

July 1996 

1 2 4 5 

ND ND 9/9( 100) 8/8(100) 

7/9(78) 7/9(78) 5/7(71) * 5/7(71) 

ND ND 7/7( 100) 2/2( 100) 

7/8(88) 7/8(88) 7/9(78) 9/9( 100) 

I Note: ,ND =Nodata 
XIYCGQ. where X = # mssimz soecification. Y = # of valid runs. and XX = oercent I 
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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 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 o,f 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. a_ 

I I I Lane 1 I 

Truck Trailer Type 

Tanker 

Box 

Evaluation Period 

April 1995 

July 1996 

Mav 1995 

1 

9/9( 100) 

12/13(92) 

2/5(40) 

WIM Station 

2 

8/9(89) 

15/16(94) 

8/8(100) 

Note: ND =Nodata 
X/Y(XX), where X = # passing specification, Y = # of valid rum, and XX = percent 

. 
IBeltsville 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. 

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 twck 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 

3/3( 100) 3/3( 100) 8/8( 100) 6/6( 100) 
Tanker 

May 1995 

October 1996 6/6( 100) 14/14(100) 12/12(100) 12/12(100) 

I Note: ND = No data 
XN(XXl where X = # ~assine suecification. Y = # of valid runs. and XX = percent I 
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Speed Calibration Analvsis Summary 

In summary, all three ATRWS system site speed measurements were within the *3.2 km/h (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. 

. . Actual Classification vs. Mewured ClElSSlficatlag 

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. 

Table 7 summarizes the data results by showing the number of times the truck’s measured 
classification was within the 95percent 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. 

Truck Trailer Type 

Tanker 

Box 

Lane 1 Lane 2 

Evaluatio? Period WIM Station WIM Station 

1 2 4 ‘5 

Airi 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 4/7(57) 2/2( 100) 

July 1996 8/8( 100) 7/8(88) 7/9(78) 9/9( 100) 

I 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. 

I Lane 1 

1 Truck Trailer Type 1 Evaluation Period 1 
I I 

WIM Station 

Tanker 

Box 

April 1995 

July 1996 

May 1995 

1 2 

9/9( 100) 9/9( 100) 

9/l 3(69) 12/16(75) 

5/5( 100) 7/7( 100) 

1 Note: ND = No data 

I X/Y(XX), where X = # passing specification, Y = # of valid runs, and XX = percent 

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. Numb,er and percentage of truck runs with measured classifications within 
specification at the BeitsvilIe ATRWS site. 

‘. 

Lane 1 Lane 2 

Truck Trailer Type Evaluation 
Period WIM Station WIM Station’ 

1 2 4 5 

Tanker 
May 1995 3/3(100) 3/3( 100) 8/8(100) 6/6( loo) 

October 1996 5/6(83) 13/14(93) 12/12(100) 12/12(100) 

Note: ND =Nodata 
X/Y(XX), where X’= # passing specification, Y = # of valid runs, and XX = percent 
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Classification Calibration &lvsis Surn~ 

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 classifitiation 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 95percent 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 August 23 & 27, 
1996 50/50(100) 51/51(100) 43/43(100) 48/48(100) 51/51(100) 47/47(100) 

McLean August 22-23, 1996 26/26&O) 27/27(100) 27/27(100) 

. Beltsville November 19 & 
21,1996 ND ‘ND 46/46( 100) 54/54( 100) 45/48(94) 37/37( 100) 

Note: ND =Nodata 
\ 

X/Y(XX), where X = # passing specification, Y = # of valid runs, 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 k3.2 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 O 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 l-percent error. 

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

ATRWS Site 

Springfield 

McLean 

Beltsville 

I 

Speed gun angle (degrees) per WIM station 
1 2 3 4 5 6 

’ 2.7 3.2 2.5 2.7 3.2 2.5 
2.0 1.2 1.0 

2.9 2.9 2.1 1.4 1.4 0.4 

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 f 3.2 km/h (2 m.i/h) specification for at least 90 percent 
of the measurements. Because of the accurate speed findings during the calibration part of the 
eqluation, the speed inaccuracies of the McLean ATRWS are attributed to the tqrgeting 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 activ&ions 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 9%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 acctiately 
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 WJM 
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Table 12. Number of additional measured truck speeds within the specification 
for all three ATRWS sites. 

I I WIM ATRWS Site 
Lane Station Springfield I McLean I Beltsville 

I 1 ! 98(50) I 81(26) . I ND 

I 
1 2 94(5 1) 74(27) ND 

3 95(43) 56(27) 98(46) 

4 90(48) N/A 98(54) 

2 5 73(5 1) N/A 94(48) * 

6 79(47) N/A 92(37) 
r 
1 Average All 1 88(290) I 70( 80) I 96(185) ’ 

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

ND = No Data - Speed data was collected; however, inoperable piezo sensors caused ATRWS to 
misclassify and/or not record trucks in veh rcrd file. Consequently, there was no ATRWS 
data to compare to field data for WlM stat&s 1 and 2. 

Nl A = Not Applicable - one-lane ramp, therefore only three WIM stations. Also, primarily Class 5 
through 6 trucks were used due to the lack of Class 7 and above trucks using this ATRWS 

site. 

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

. . w - It was observed that trucks activated this sign 56 out of 79 
observatioqs. 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 v#Gcle records’that were loo-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. 

. . er-0nw - 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 7 1 (93 percent) of the unconfirmed field observations 
were stored in the veh-rcrd file. 

. . 

. . er- B - 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. 

. . - w - 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 uncontlrrned field observations 
were not stored in the veh-rcrd file. None of these 79 observations are shown in “l 
appendix C . 

. . 

Fib- - This sign activated 53 out of 54 observations. After reviewing s 

the dot txt file, 53 out of 53 fiber-optic sign activations were confirmed. After reviewing 
dot t&files, it was confirmed that 1 out of 1 trucks did not activate sign. A review of the 
vel&le record (veh-rcrd) file confirmed all the dot-txt file truck records were used in this 
analysis. 

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 WJM 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). 

I 

Sign Activation 
ATRWS Site Lane No. Percent Sign In-Activation 

Accuracy Percent Accuracy 

1 
Springfield 

95(20) 100(6) 

2 ND ND 

McLean 1 98(42) 90( 16) 
1 ‘ND 

Beltsville 
ND 

2 1 OO(53) lOO( 1) 
Notes: XX(YY) = XX Percent ofTotal 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 1 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 coinparisons 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 71 

WIM 2 44 ‘09 100 78 

WIM4 89 66’ 100 86+++ 

WIM 5 100 87+* 100 86’** 

* 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 7 1 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). 

I GVW % Accuracy Speed % Accuracy 
WIM # 

First Evaluation 1 Second Evaluation First Evaluation 

I 
1 Second Evaluation 

Period Period Period Period 

WIM 1 0 JO0 44 89 

WIM 2 100 50 44 88 

WIM 4 89 loo 78 89* 

1 WIMS 1 100 I 100 I 78 I loo** 

* 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 accukies were 
both 100 percent. 

Table 16. McLean ATRWS first and second evaluation calibration summary 
comparisons for weight and speed accuracy (tanker and box truck). 

” I 
GVW %Accuracy Speed % Accuracy 

Trailer WIM# First Evaluation Second Evaluation First Evaluation Second Evaluation 
Tfle Period Period Period Period 

WIMl 100 44 100 96 
Tanker 

WIM 2 100 19* 100 91 
WIMl loo 20 100 40 

Box 
WIM2 100 0 100 loo- 

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

I 39 and zero percent. 

Table 17. Beltsville 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 75 83 100 100 

WIM2 100 7 100 100 
WIM 4 100 83 100 100 

WIM S loo 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 thirst 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). 

I 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 

WIM4 100 ND 100 ND 

WIM 5 0 ND 100 ND 

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

Table 19. Springfield ATRWS first and second evaluation 
calibration summary comparisons for classification 

accuracy (tanker truck). 

Claqsification % Accuracy 
WIM # 

First Evaluation Period Second Evaluation Period 

WIMl 100 33 

WlM2 loo 33 

WIM4 100 72+ 

WIM 5 loo 79++ 

+ This percentage is the average of tie 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 
WIM# 

First Evaluation Period Second Evaluation Period 

WIM 1 100 100 

wIM2 100 100 

WIM 4 100 68* 

WIMS 100 84** 
* This percentage is the average of two different calibration days. The 

percent accuracies were 57 and 78 percept. 
** This percentage is the average of two diiferent 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 

WIMl 100 85’ 
Tanker 

WIM2 100 85* 

WIMl 100 100 
Box 

wIM2 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). 
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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 

WrM 2 100 ND 

WIM 4 100 ND 

WIM 5 100 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 % Accwacy Speed % Accuracy 

ATRWS Site First Evaluation Second Evaluation First Evaluation Second Evaluation 
Period Period Period Period 

Springfield 100 100 87 88 

McLean 100+ 100 80* 70 

Beltsville 88 97 78 96 

* Analysis primarily used Class 5 through 6. truck because Class 9 trucks did not use this 
ATRWS site freouentlv. . 

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 chhparison of first and second evaluation 
speed measurement accuracies for additional trucks. 

‘. 

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

WIM # 
Speed % Accuracy 

First Evaluation Period 1 Second Evaluation Period 

WIMl 100 81 

WIM 2 87 74 

WlM3 52 56 

* Analysis used Class 5 through 9 trucks. I 

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

Springtield 

McLean 

Beltsville 

1 100 95 

2 90 ND 

I ND 98 

1 82 ND 

2 48 100 

Table 29. First and second evaluations compa@sons 
for fiber-optic sign non-activation accuracy. 

’ ATRWS Site LaneNo. L 
Sign Non-Activation Percent Accuracy 

First Evaluation Second Evaluation 

1 100 100 
Springfield 

2 86 ND 

McLean 1 ND 90 

1 ND ND 
Beltsville 0 

2 ND 100 

TASK C SYSTEM MAINTENANCE 

This section presents the findings of mainthance 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. 
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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. 

Snringfield ATRWS 

1. 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 @low the bridge overpass and allowed the 
temperature sensors to be much more effective in autocalibrating the system. 

2. 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. 

1. 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. 

2. The type, location, an&placement of power to service the system was not 
designed o.r specified from the design plans, but included later in the as-built 
plans. -. 

3. 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. 

1. Same as McLean #l. 

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. 

dware m 

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. From field observations, it was observed that it is difficult to calibrate the 3.5 m 
(11.5 ft) detection zone. 

2. 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, cellular communication was disconnected and/or no 
connection occurred. This communication problem caused the user (VDOT) and the 
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3. 

evaluators to make numerous visits to the Virginia sites to confirm operation of the 
system and download files. Conversely, the Maryland ATRWS site had considerably 
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. 

4. 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. 

5. 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 fist 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. 

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 orrthe host 
computer) operated as designed. However, the “Reports” section of the software was the only 
area that required additional programming throughout the evaluation. 

Oneratiod Tesfs 

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 twofol& (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 reportJ3) 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 time. 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 I 
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 ATR WS was to prevent truck rollover occurrences. This was to be 
accomplished by identieing trucks traveling at or near their rollover speed or maximum safe 
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 11 Speed Reduction Evaluation, (2) Accident Evaluation 
Analysis, (3) System Costs, and (4) Cost Effectiveness of the Systems. 

TASK I) SPEED IWDUCTI[ON 

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 dottxt file stores a number of truck-specific parameters, only the following 
parmeters 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 I and 2, and 
WIM stations 4 and 5. Also, in some cases the veh-rcrd file was used to confirm dot-txt file 
data. 

Figure ILO. Sample got-tit 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). 

7 de 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 file used for the 
Springiield 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 affect 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 lasti,ng 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 dottxt file appeared to be 
incorrectly matched tp 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) Tom 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 
(W%lU 2 - WLM 3)” (Second I’,valuation). 

Site No/Location 

I, I-495W/I-ws, 
Springfield, VA 

Imlc 
No. 

3. 1495E&95N, 
I~eltsvillc, MCI 

Lane I & 2 Averages 

Average (all 5 lanes) 

Avg Speed 
@WIM 2 

@ni/h)m 

50.8 

50.1 

49.7 

With 
Activation 

A& 
Speed 

Rcductiorn 
WIM 2 to WIM 3 

(C/h 

7.7 

7.8 

14.6 

5.0 

6. I 

5.6 

x.3 

* Average speed at WIM 5 and speed reduction from WIM 5 to 6. 

I dh = I .6 I km/h 

Without 
Activation 

A?: 
SPCCd 

kduction 
WIM2toWIM3 

(mi/h) 

6.4 

5.9 

6.2 

Il.6 

6.5 

% 
Speed 

Rctluctio~ I___ 

15.0 ____ 

13.J 

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 site7 the effectiveness of the systems for speed reduction wCas 
determined. The following two criteria were.used: (I) data consistency, :md (2) whether speed 
reduction was greater with sign activation than without activation. Tables 3 1,32, 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 AI’RWS 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 m‘aximum safe speed (MSS). 
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Table 31. First and second evaluations comparisons for 
truck speed reduction with activation. 

3. I-495E/I-Y5W, 

* WIM5toWIM6 
I mi/h = 1.61 km/h 

‘P’abPe 32. First and second evaluations comparisons for 
truck speed reductioln without activation. 

3. I-495E/L95N, 

‘WIM5toWIM6 
Imi/h = I.61 km/h 

42 



‘Table 33. Percentage of speed reduction from WIiV stations 2 to 3, and 5 to 6 
with sign activation, 

ATKWS Site 

p - Comparisons of speeds not percentages 
** _ ‘These speed reduction percentages represent the average speed reduction for 

all lanes with sign activation. 
No Data 

Lt 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 of the ramp LLS 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 resulted from the “rollover speed” 
criteria. ‘Therefore, the Cnal 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 Vro,, s p eed, and the calculated average 
predicted speed (VP-Ed> at the PC based on deceleration rate. The speed threshold ranges for V,,, 
were identitied foi the Springfield, McLean, and BeltsviPle ATKWS sites, to have large ranges 
between the highest and lowest value. Table 34 presents the speed ranges of Vlo,, when signs 
were activated for the three ATRWS systems. Further analysis showed that the McLean ATRWS 
site had a calculated V,,red greater than V,,,. This result indicated that unlike the other two sites 
(Springfield and Reltsville), the rollover speed algorithm appears to be more critical for sign 
activations. The extent of the V,,, and Vprcci 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 Vprcd data should be conducted before eliminating these 
operational parameters. 
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‘Table 34. Speed ranges for Vro,, when the maximum safe speed is not used as a criteria fot 
sign activation. 

ATKWS Site 
ATKWS Calculated 

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 f?x 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 all 
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 VDOl’ 
and MDSHA, it was determined that most of the accidents that occurred at or near the ATRWS 
sites during the I-year operation and evaluation involved cars or small trucks that sideswiped 
a&or rear-ended Class 9 box trucks. 

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

ATKWS Site 
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A predictive analysis for future percent chance of accident at each site was conducted. l‘he 
Poisson Probability Distribution theory was used to predict the percent probability oI‘zero, oue, 
two, and three rollover accidents at each of the ATRWS sites, based on the previous number o!‘ 
rollover accidents that have occurred at each site for the following periods: (1) 1986- 1989 for. 
SpringCeld and McLean sites, and (2) 1985- 1990 for the Beltsville site. ‘I-able 36 shows the 
percent probability for zero, one, two, and three rollover accidents that could occur at all three 
AI’K WS site if the systems were not installed. Also, the results of this analysis showed that thcrc 
is zero-percent probability of one future rollover accident in 1 year at all three sites, using the fact 
that no rollover accidents occurred during the 3-year operation ofthe systems. 

‘b’ablle 36. Probmbility of zero, one, two, and three rollover accidents occurring 
in I year using the number of past rolllover accidents that 

have occurred. 

ATKWS Site 

Y Poisson Probability Equation used for this analysis is P(r)=e-“(u’/r!) 
where M is average number of rollover accidents a year, and r is the 
number of rollover accidents being predicted. 

++ Percent probability is based on 0.5 rollover accidents per year from 
1986 to 1989. 

**a Percent probability is based on 1.2 rollover accidents per year thorn 
1985 to 1990. 

The analysis of the installation and operational costs and accident-related data is 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. 

Yystem/lnstahtion 

‘l-he installation costs consist of: (1) soAware modification costs, (2) construction costs, and (3) 
system calibration, commissioning, and testing. 

These costs were based on costs that were supplied by the contractors and States for the three 
ATRWS sites. A comparison of the estimated total installation and actual total install.ation costs 



has been summarized for each site in table 37. ‘t‘hese higher installation costs were attributed to 
three items: 

1. 
2. 
3. 

Fiber-optic sign cost. 
Maintenance of traffic costs. 
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 Gost of $23 z 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 fkal 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. 

Cost Item 

Controller Modifications 

Construction Cost 
Site 1: 1-495W/G95S, Springfield, VA 
Site 2: 1495WlRT 123N, McLean, VA 
Site 3: K-49%.&958, Beltsville, MD 

System Calibration, Commissiqning, and Testing 
Cost ($920 per ramp)” 

Total Installation Costs 

i 

i 

Actual Cost* 
(9 

$ 23,100 

$ 254,329 
$ 149,542 
$ 240,845 

s 2,760 

$ 670,516 

Q Costs for Work Zone Traffic Control were approximated for 
actual costs ($25,000 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. ‘I’he 
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. ln summary, the total design and 
installation costs are as follows: 

B Single-lane ramp -- $166,462. 
a Dual-lane ramp ~. $268,507. 

Based un cost data gathered from the two States, the annual operation costs are estimated,at 
about $44,328 and $39,304 per year, with the mzlintenance contract accounting for 96 percent oi‘ 
the total costs for both the Virginia and Marykand 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. 

‘I‘he annual operation and maintenance costs have been used in this study to also determine the 
total present worth of systems. The results of the total present worth analysis for each A’I’RWS 
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 IO years of operation, and (2) provide 
an estimate 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 systems. 

It 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. lt is assumed that the total present worth costs and required 
operational costs shown in table 38 will be lower for fnture systems, because nearly all the 
required modifications in design and programming for the prototype systems will have been 
corrected. 

The operational costs consist oi‘: 

1. Technician Costs (one per State to monitor system). 
‘I d, 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 ATWWS system based on total initial costs 
plus present worth of annual costs for two interest rates. 

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. 
I ‘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. 

I All total present worth costs are rounded to the nearest % 100. 

l’ecllrlician Costs. 

It is concluded that the previous ATKWS host computer technician man-hour estimate of I5 
minutes per day to maintain the system was too low. The two States estimate that at least 30 
minutes a day Care 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. l’t 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 Co& 

These costs consist of: (1) Routine Maintenance and (2) Special Problem/Malfunction 
Maintenance. VDOT, MDSHA and the maintenance contractor, International Road Dynamics 
(IKD) 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 
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Routine Maintenance. ‘l’he purpose of this analysis was to conduct a comparative 
analysis of the actual maintenance costs versus the cost of the tnaintcnance contract to the 
States. l-his 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. ‘1’0 effectively 
evaluate this type of maintenance activity conducted at each of the A’l’RWS 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 rnust be maintained in order for the systems to 
operate as designed. It 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 &dings hem. 

Special Problem/Malfunction Mainten‘ance. The purpose of this analysis was to analyze: 
(I) 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 tirne and cost to 
resolve them. To effectively evaluate this type of maintenance activity conducted at each 
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 Crst evaluation period. Although 
some maintenance request forms were submitted via facsimile transmittal ‘and/or verbalij 
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 effect 
for both the Virginia and M&yland ATRWS sites for 1 ‘/a 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 f&simile transmittal and/or verbally from the 
States to the maintenance contractor. In some instances where component or system 
maltinction continued, both States would submit the appropriate maintenance requests; 
however, maintenance contractor response times were longer than the specified contract 
time on several occasions. In some cases, the slow maintenance response time was not 
the f’ault 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. 



The electrical 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. ‘I’he electrical fuel charge equals $0.08 cent per kilowatt-hour (kW-h) per 
day per 30 days for each site. l’able 39 presents the findings for power consumption and 
electrical costs for each ATRWS site. 

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

mxws Site 

Springfield 

McLean 

Beltsville 

These particular operational costs are minimal ($23 1) $206, and $23 1 per year for the 
Springfield, McLean, and Beitsville sites) compared to other cost items to the system. l’hese 
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 VDOT and the telephone company, the 3-year average actual costs 
gnrere $198 and $7’3 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 Mazyland 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. 
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Summaiy of Operational Costs 

‘l’ables 40 and 4 1 compare the estimated operational and actual operational costs of the two 
Virginia sites and the Maryland site, respectively. In summary, it is concluded that 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 
mainten‘ance costs provided by the maintenance contractor and cellular phone costs (Virginia 
only). 

BENEFIT/COST ANALYSIS 

This subtask evaluated the benefit/cost of the ATKWS 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 system costs with 
respect to the assumed prevention of the theorized number of future rollover occLrrrences 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.“) This value is based on the reported $634,000 per tieeway mile ($394,000 per freeway 
kilometer) cost (considering all the cost elements discussed &ove for 2,221 reported accidents 
over 74.9 km (46.5 mi) of tieeway). 

Another estimate of the cost of a truck accident was found in a study of 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 $l,ZOO,OOO per 
fatality7 $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. 



‘Fable 40. Estimated operational costs vs, actual operational costs 
for two Virginia ATKWS sites. 

2. Maintenance* 

+ I Although this cost is shown as estimated, it is considered the actual cost, based on the actual 
maintenance contract. These costs were not estimated; however, there was a maintenance contract ir 
effect through an independent contractor. It was seen in this evaluation that 40 percent of this cost was 
attributed to Lightning Damage Option. 

NP’ I Not provided by maintenance contractor. 
NPZ Not provided by the States. 

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

2. Maintenance’ 

* _* Although this cost is shown as estimated, it is considered the 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. It was seen in this evaluation that 40 percent of this cost was 
attributed to Lightning Damage Option. 

NP’ _ Not provided by maintenance contractor. 

NP2 . Not provided by the States. 

52 



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

The cost-effectiveness of the automatic truck rollover waxing system is assessed by establishing 
how many accidents would have to be eliminated by the system to make it “pay for itself.” 
‘l’ablc 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 ,OOO,OOO ‘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 
I O-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 economic loss, then the elimination oi 
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 IO years. b’or a two- 
lane accident with $ i 00,000 of economic cost, the elimination of nearly three accidents would 
more thcan pay for the system. 

CIbviously 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 frequency rate would reveal that there could be an average 
of4.25 accidents per ramp for those 7 ramps. Hence, it appears from this Sim~Jlistic, 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 
J4Xi.S. 

Earlier 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. 1 Jsing those 
percent probabilities, it is concluded that there is a higher probability of ftlture rollover accidents 
without the systems being installed than with an installation for each of the ATRWS sites. That 
conclusion surmised that there was a 34.5percent probability of one rollover accident occurring 
in I 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 effective 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. 

All Accident Costs 

Note: 
’ 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 S 15,400 for the two-lane and one-lane site, respectively, tr 
S 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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‘fhc following are recommendations for future installations and evaluations of A’I’KWS 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 
Ilvaluations, and (4) Alternative ATRWS Designs (Simplif‘ied Systems). 

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

2. Pavement analysis should be done using the latest testing procedures for suitable use in 
weigh-in-motion systems as outlined in ASTM E 13 18-90. 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 deteriomtion.) 

3. Pavement sealant should be applied over ail WIM stations biannually to prevent 
pavement deterioration. 

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

5. The ROLLUTIL.EXE modification should be incorporated into the office software. 11 
should allow scrolling up and down, tid it should label Lane 2 vehicles by WXM 4, WIM 
5, and WM 6 for both the screen preview and the Excel output file. It should also 
include CVW and total axle spacing for vehicles, not just individual axle spacings in the 
screen preview, as well as the following screen modifications; 

P Field fbr selecting trucks that only activate the sign. 
0 Field for selecting lane 1 and/or 2 to be included, ‘assuming system is a two-lane 

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

i.e., radius (K), elevation (e), WIM 2 to Win/i 3 distamx. 

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

7. lncorporate hardware/software modiIication that verifies fiber-optic sign activation (e.g.? 
sign design includes an optical-relay switch that sends message to DOT_TXT cand 
VIZI RCRD file that sign was actually activated, independent of current software 
message sent to DOT TX’I’ file). 

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

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

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

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

12. Allow date/time group adjustments through the site’s Main Menu 

13‘ Modifjr the site’s Main Menu to display real-time size of DOT-TXT file. 

14. Allow the DOT--TXT file to record data daily (24-h intervals), like the VEH__RCRD file. 

15, 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 mture modification would speed the search of records, thus allowing 
the data to be evaluated faster and more efficiently. 

16. A’IRWS 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 DOT~_‘IXT file, but is more specific with regards to WIM station number. 

17 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. 

18. Either through the Office Software Reports Menu or modified DOT-TXT/ 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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on rollover-specific parameters would significantly reduce the amount oi‘ time required to 
analyze the data of the system. ‘This report should summarize by the following: 

e Site No./l,ocation/I)ate and ‘l‘ime 
I Classification (All Trucks or Truck Specific Class) 
1 Lane 
e Average Predicted Speed at PC for I,anes 1 and 2 
P Average Speed Reduction for WIM 2 to WIM 3 or -WIM 5 to WIM 6 
e Percent (9’6) Speed Reduction (Average Speed Reduction Compared to Average 

Predicted Speed at PC) 
e With Activation 
0 Without Activation 

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

Table 43. Sampie report format for ATRWS statistical summaries. 

Site No./I,ocationl 
Datell‘ime 

.~ 
I. I-495WlLY5S, 
Springfield, VA/ 

08:00:30 to 13:30:45 

2. I-495WRT IZ3N, 
McLGan, VN 

0#:00:30 to 13:30:45 

3. I-495E/I-Y5N, 
Beltsville, MD/ 

08:00:30 to 13:30:45 

Activation 

WIM 2 to WIM 3J 

Average Speed Keduction 

% 
Speed 

ieduction 

Without 
Activation 

WIM 2 to WIM 3* 

0% 
Speed 

Keductio~ 

* _ Average speed reduction from WIM 5 to WlM 6 for Lane No. 2 of two-lane system. 
I mi/h = I.61 km/h 

19. 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. 

23. 

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

I Jse 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 trafiic 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 ATKWS 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 
DO’l’_ T’XT cand VEH_RCRD tiles 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 user9s manual for instructions on how to 
automatically overwrite system data files. 

SITE-SPECIFIC RECOMMENDATIONS 

The following are recommendations specific to each ATRWS site. 

Site 1: l-495W/I-95s - Sprinpfield, 

1. 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. 

2. 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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l-395 W/R’I‘J 23N - McLean, Virginia - No additional recommendations. Site 2: 

i-L-- C;itc ?: 1405E/I-95N : Beltsville, Maryland 

l. l’iezoclectric 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. 

1. 

2. 

3 . 

4, 

5. 

6. 

7. 

8‘ 

9. 

The proper operation of the DOT_‘I’XT should be conf-‘irmed before any ftlturc 
evaluations are conducted. 

Fiber-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 effects of trucks (other than Class 9 tanker 
or box trucks) whose heights are less than 3.5 m (11 S fi) on the system. Presently all 
three ATRWS systems consider trucks with heights less than 3.5 m (I 1 S it) 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 classified in 
ATRWS system as tanker or box trucks. 

P”uture calibration tests should include individual axle weights in the analysis. 

Calibrate box and tanker trucks using the same speed, 

Accurate tieight measurements by system should be confirmed by determining if WlM 
stations I and 2, and 4 and 5 are within I.5 percent of each other. If weight differences 
are greater than 15 percent, it should be assumed that one of the WIM stations is failing 
or needs to be recalibrated manually. To accomplish this, States must download a current 
VEH-~,RCRD or DOT__TXT files once a month. 

ITor all future calibrations, use only one truck trailer type, (specifically the tanker), 
because of the difficulty in calibrating the system 



AETlCRNATIV’E ATRWS DESIGNS (SIMPLIFIED SYSTEMS) 

This section presents two possible ATKWS alternatives: (1) a simplified system using limited in- 

ground sensors or (2) a system that requires no 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 Class 1 
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 Can 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 of lanes. 

Table 44. Estimated cost for AIlteraative Design #1 compared to current ATRWS system. 

Type of cost 

0 This item includes construction, system calibration, and design costs only. 
** Includes construction, operation, system calibration, and design costs. 
*+* ‘L’he greater estimate is primarily due to an option for lightning damage. 
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‘This alternative system uses upgraded acoustic sensing and signal processing technology. The 
system consist of two main components: (1) a Variable Message Sign (VMS), and (2) a 
SmartSonic”‘M ’ ’ 1 raffic Surveillance Sensor (TSS- 1). This system 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 arc costly. ‘I’ht: 
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 arc some additional characteristics oi 
this system: 

1. Operates from current overhead and roadside structures. 

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 cm (15 in by 15 in by 3 in)-1 and lightweight [less ihan 
3.6 kg (8 lb)]. 

5. Controller Card is Type 170 and NBMA TS2 c<ardfile compatible. 

0. Easy and rapid installations (45 minutes on average per sensor), minimum training fo‘or 
installation, and no maintenance or cleaning. 

The estimated cost for a one-lane system installation would be $33,000, much less than the 
current system and less than alternative design if i o This cost includes the following: 

I. SmartSonicFM sensor with controller card, transition modnle/surge suppressor, 152.4-m 
(500-ft) home rnn cable kit, serial cable, modular cable, cable assembly, pole mounting 
bracket, and bracket support tubes. 

2. Variable Message Sign with monnting bracket. 

3” installation supervision. 

The estimated costs does not include the following items: 

I I Lnstallation labor and equipment (bucket truck, electrician, and technician). 

2. Traffic control. 

3. Conduit. 
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4. Support structure for ‘1X3-I if one is not in place. 

5. Power supply. 

6. ‘I’eleplione. 



Based on the evaluation results, it is concluded that were no rollover accidents at either of the 
ATKWS sites located in Springfield and McLean, VA, and Beltsville, MD, over the ?-year 
operation of the systems. Since there were uo 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 further 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 ATKWS systems 
located in Springfield and McLean, Virginia and Beltsville, Maryland performed as they were 
designed It is concluded that for all three ATKWS sites, the main criteria for an effective system 
“Does the activation of the A’LRWS affect a speed reduction” was answered. ‘I‘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 on their predicted speeds exceeding the tnaximum safe speed for 
the ramp. The results of the speed reduction analysis showed that there was <an overall 29.0 and 
2 1.7 percent speed reduction from WIM 2 to WIM 3 for the first and second evaluation periods 
when th.e fiber-optic sign was activated at all three ATRWS sites. 

Although the hardware Land software of the systems usually operated as designed, there were 
some instances where they operated in less than optimal fashion These instances are 
characterized by deficiencies in height and weight measurements by the systems. These system 
deficiencies could be reduced or even prevented by: (I) placing a percent vohime 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 
office softwart: required modifications throughout the J-year operation of these systems. Program 
modifications included corrections for: (1) adjusting sign activation dumtion times, (2) allowing 
sign activations when WIM station I or 2 for lane 1 5 or station 4 or 5 for bane 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 VI%-_KCRD data Cles. 

Truck speed and classifications measurements by the ATKWS 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 oE (1) the reduced demand for downloading daily files (i.ep veh rcrd .~ 
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and dot -rxt) 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-safe 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 rcrd 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 is 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 horn the ATRWS algorithm, since most trucks activate the signs based-on the 
maximum safe speed. However, it is concluded that these systems (specifisally 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 cument 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 Camount 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 VDQT 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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13~4 on numerous conversations with drivers of tanker and box trucks, such as Ilxxon, Mobil, 
Shell, Giant, and Safeway, it is concluded that they considered these systems benefiicial for 
preventing truck rollover accidents on exit ramps. Furthermore, truck drivers stated that this 
system would especially benefit truck drivers who were not familiar with this geographical area. 
l‘herefore, a survey of local and non-local truck drivers should be conducted to determine the 
subjective reactions of existing and future system installations. 
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APPENDIX A 
SAMPLE CALIBRATION DATA KESULTS FOR WEIGHT AND SPEED 

MEASUREMENTS 

Appendix A. 1 Springfield Weight Measurement Results 

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

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

Height Datedor 
Activation at 

WtMi! 
Y 
Y 

.Y 
v 
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Appendix A.2 SpringfkPd Speed Measurement Kesults 

Table 47. Box truck speed calibration evaluation results for right lane 
of the Springfield site. 

nwer was mstruded to travel at these s~eecls. 
Significant Speed Change Warning 

Table 48. Box truck speed calibration evaluation results for left lane 
of the Springfield site. 

-- - Significant Speed Change Wamlng. 
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APPENDIX B 
SAMPLE CLASSIFICATION AND SPEED DATA RESULTS 8’8~ 

ADDITIONAL TRUCKS 
‘rable 49. Additional truck classification and speed comparison data results for 

WIM station 1 of the Springfield site. 

D$e: w 

Is (2) 
ATRWS (1) ATRWS 

Visual Observation of Radat WIM Speed Sign 

Observation of 

ck; 

D = Double Traila, and DT = Dump Truck. 
99 I Speeds displayed by ATRWS of 79 mi/h indicates that the system was measuring vehicles heavy. Pkxse note: pickup ticks with heavy 

loads will classify as Ch3s.5 4 or 5. 
*1* ~ Sign ativation TccMd6d after $usk clears WIM 2. 1 dh = 1.61 km/b 
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Table 49. Additional truck classification and speed comparison data results for 
W%M station I of the Sprirmgfield site (continued). 

Observtltion of 
Observatioa of 

- For truck type rnlumn, B ~~SSSI~S Box Class 9, five-axle truck; T = Tanker Class 9, five-axle truck, F = FlatM Class 9, five-axle tr 

D = Double Trailn; and DT - Durrnp Truck. 
$6 I Speeds dispiqu! b ATKWS of79 mim indicates that the sysltm WIL~P trteasurir~g vehicles heavy. Please aotc: five pickup trucks with heavy 

ids will classi@ as Cha3 4 or 5. I mih * 1.61 km41 
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SAMPLE FIBER-OPTIC SIGN ACTIVATION COMPARISON RESULTS 

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

Date: ‘I&x!av - IO/l/% 

1 d/h = 1.61 km/h 



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

1 mi/h = 1.61 kdh 
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Table 51. Fiber-optic sign activation comparison analysis for lane 2 
of the Springfield site (continued). 

28 4571 I B 

29 462 I B 

Truck 

D 

B 

FB 

B - 

DOT TXT File 



Tablle 51, Fiber-optic sign activation comparison analysis for lane 2 
uf tlhe Springfield site (continued), 

Date: ‘hesddv - I o/ I //96 
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