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Abstract 

The transportation infrastructure is the lifeline of the nation.  An efficient and safe road network allows 
goods  to  reach  the  markets  quickly,  thus,  stimulating  economic  activity  and  ensuring  trade 
competitiveness.    According  to  the  Highway  Statistics,  in  the  United  States,  over  46,000  miles  of 
interstate  roads,  combined with  a  network  of  almost  4 million miles  of  other  roads, makes  up  the 
nation’s  lifeline.   Each year, nearly  five  trillion dollars worth of goods are  transported via  the nation’s 
road network via commercial trucks.  Unfortunately, commercial truck traffic also contributes greatly to 
the cost of deteriorating highways across  the nation.   The  increased costs of maintenance, combined 
with  the  diminished  highway  funds  available,  have  meant  that  many  roads  are  now  in  or  rapidly 
approaching  a  critical  condition.    Industry experts estimate  that  there  is  currently more  than  a $300 
billion shortfall to repair roads and bridges to an acceptable standard.  For many years, states have been 
looking at developing a system that can be beneficial to the trucking industry, taxpayers, and the states, 
while helping to protect the infrastructure.  It is the Weigh‐In‐Motion (WIM) technology which provides 
benefits to all parties involved.  

Weigh‐in‐motion (WIM) technology has found  increasing application  in the highway and transportation 
areas  for  traffic data collection  for  the purpose of highway capacity analysis, aiding enforcement and, 
most recently, pavement design.   The measurement accuracy of a WIM scale  is critical.   Many studies 
exist  that  address  the  measurement  accuracy  per  se;  however,  the  implications  and  effect  of  the 
accuracy in the context of pavement design have been rarely examined.  

This study will provide a review of documents related to WIM including current technology and those in 
development.    It will also  report on  the  final demonstration project at  the McAlester  site, and make 
recommendations on future growth of WIM for the State of Oklahoma. 



Introduction 

Truck weight enforcement  is an  important component  in preserving and extending  the  life of 

Oklahoma’s  roads  and  bridges.    Weigh‐in‐Motion  (WIM)  technology  is  a  tool  that  can  assist  the 

Oklahoma  Department  of  Transportation  (ODOT)  and  the  Oklahoma  Highway  Patrol  (OHP)  in  their 

efforts  to  reduce damage  to  transportation  infrastructure.   This project  focused on  three  tasks:    (1) a 

pre‐defined demonstration project at ODOT’s McAlester WIM site using advanced vehicle  imaging and 

wireless  communications  technology  to  allow OHP  officers  to more  effectively  intercept  overweight 

violators, (2) a survey of other state DOTs  to determine “best practices” for oversize/overweight vehicle 

enforcement,  (3) a determination of  the best mix of  technology based on Oklahoma’s  transportation 

system  and  the  development  of  a  plan  for  deployment  of  WIM‐based  technology  for 

oversize/overweight vehicle enforcement throughout Oklahoma.   

States conduct traffic monitoring for many reasons,  including (1) highway planning and design; 

and (2) motor vehicle enforcement.  Weigh‐in‐Motion (WIM) is a major tool used to collect traffic data.  

WIM  is  described  as  “the  process  of  measuring  the  dynamic  tire  forces  of  a  moving  vehicle  and 

estimating  the corresponding  tire  loads of  the  static vehicle”  in  the American Society  for Testing and 

Materials  (ASTM) Standard Specification E 1318‐94.   The uses of  traffic and  truck weight data  include 

enforcement,  pavement,  bridge,  and  legislative  and  regulatory  issues.   Motor  vehicle  enforcement 

officers use heavy truck axle load data to plan enforcement activities. 

Truck weight enforcement activities can benefit  from advances  in WIM  technology, as well as 

the combination of WIM with other imaging and communications technology.  With new technology and 

technological  approaches  as  goals,  this  project  accomplishes  three  tasks  that will  contribute  to  the 

missions of ODOT and OHP with regard to oversize/overweight vehicle detection and enforcement. 

A brief timeline with significant events in WIM are as follows: 

• 1983: The first National Weigh‐in‐Motion conference held 



• 1987: Long‐term Testing of Pavement Program initiated in 1987 as part of the Strategic 

Highway Research Program 

• 1990:  The  first  version  of  ASTM  1318  Standard  Specification  for  Highway Weigh‐in‐

Motion (WIM) Systems was published. 

• 1994: Minor revisions were made to ASTM 1318. 

• 1997: The U.S. DOT Federal Highway Administration  (FHWA) published “Best Practices 

Weigh‐in‐Motion Handbook,” written by the Center for Transportation Research and Education 

at Iowa State University. 

• 2002: A second version of the ASTM 1318 Standard Specification for Highway Weigh‐in‐

Motion (WIM) Systems was released. 

 

The original edition of ASTM 1318 was published in 1990 in response to the need for a definition 

of performance standards for various types of WIM systems.   Revisions to the standard were made  in 

1994.   Extensive additional  research and  field experience  identified  the need  for additional  revisions, 

which were released in February, 2002. 

 

The growth of the installed WIM base in a variety of environments has provided insight into the 

needed revisions to ASTM 1318.   The major changes  in ASTM 1318 released  in 2002 and their  impacts 

on WIM vendors and users are summarized in Table 1.  The most significant changes have been driven 

by 

 

• The growth of mainline weight sorting systems, which require that weight enforcement‐

related WIM systems function at higher speeds. 



• Users  experiencing  inconsistent  weight  data  accuracy  stemming  from  temperature 

variations, which has compromised the accuracy of collected vehicle weight data. 

• The  realization  that vehicles are not always  centered over  the weighing platform and 

that weight readings from off‐center vehicles can have significantly lower accuracy. 

• Experience and research  indicating that pavement smoothness and durability  is critical 

to long‐term accuracy of WIM systems as well as safe operations.  

 
 
 



   

Table 1 – Key Changes in ASTM 1318 and Their Impacts on Vendors and Users [6] 



 Literature Review 

 

The intended use of WIM data should determine the approach the state chooses in developing the WIM 

data collection site and the resources required to maintain  the site over  the expected site design  life.  

WIM equipment provides highway planners and designers with traffic volume and classification data by 

time of day and day of week.    In addition, WIM equipment also provides planners and designers with 

equivalent single axle  loadings that heavy vehicles place on pavements.   This task will  investigate how 

other states utilize WIM technology for oversize/ overweight vehicle enforcement. 

Preliminary background research  indicates that other states have successfully combined WIM‐

based  technology with mobile  enforcement  activities  to  reduce  overweight  vehicles  [1‐5].   Montana 

reported  a  22%  decrease  in  the  percentage  of  overweight  vehicles, with  a  reduction  in  the  amount 

overweight  by  nearly  16%  [1].    States  have  various  types  of  WIM  systems  in  place,  for  example, 

California is using bending plates, Missouri is using piezoelectric sensors, and Oregon is using load cells, 

to  name  a  few.    The  focus will  not  be  limited  to  these  states,  but where  successful  practices  and 

procedures from other states are available, they will be investigated. 

 

Technology 

The  PrePass™  systems  have  the  mainline  WIM  capability  that  automatically  pre‐screen 

commercial vehicles traveling at highway speeds up to 80 mph.  By allowing for a static scale to be used 

for only the most likely violators, the systems facilitate overweight vehicle enforcement activities, being 

effective especially in the regions with a high volume of truck traffic.  However, the systems are limited 

to  the  transponder‐equipped  vehicles  and  still  required  trucks without  transponders  to  stop  at  the 

weigh stations for inspection. 



Recent advances in sensor and communication technologies lead to the emergence of advanced 

WIM technologies that have the potential for further improvement of existing weigh station operations.  

New technologies involving WIM systems include Automated Vehicle Identification systems.  Integration 

of AVI with WIM  technology  creates new methods of  screening  commercial vehicles  traveling on  the 

mainline at high speeds  in an unattended mode for their conformity to weights, dimensions and other 

regulations. 

Newer forms of technology also include a photo WIM system and mainline automated clearance 

system. 

 

Automated Vehicle Identification Systems 

Automated vehicle  identification  (AVI)  is  the application of sensor  technologies  to make more 

informed  screening  decisions  at  weigh  stations  for  commercial  vehicles.    It  may  be  described  as 

containing three components, the transducer, a signal processing device, and a data processing device. 

The transducer detects the passage or presence of a vehicle or  its axles.   The signal processing device 

typically  converts  the  transducer  output  into  an  electrical  signal.  The  data  processing  device  usually 

converts the electrical signal to traffic parameters. 

A sensor is a key component of any AVI system.  Depending on the installation location, sensors 

are categorized  into two types,  intrusive and non‐intrusive [9]. Intrusive sensors are those that require 

the  installation  of  the  sensor  directly  onto  or  into  the  road  surface,  including  inductive  loops, 

magnetometers, microloop probes, pneumatic road tubes, piezoelectric cables and other WIM sensors.  

On  the other hand, non‐intrusive  sensors are mounted overhead or on  the  side of  the  roadway. The 

video image processors, microwave radar, active and passive infrared sensors, and ultrasonic sensors fall 

in this category. 



In Table 2, the strengths and weaknesses of the sensors are summarized with respect to 

installation,  parameters measured,  performance  in  inclement weather  and  variable  lighting 

conditions,  and  suitability  for wireless  communication.    The  types  of  data  typically  available 

from  each  sensor  technology  are  listed  in  Table  3,  including  coverage  area,  communication 

bandwidth requirements, and purchase costs.   Several technologies are capable of supporting 

multiple detection zone applications with one or a limited number of units.  These devices may 

be cost effective when larger numbers of detection zones are needed to implement the traffic 

management strategy. 

Inductive loop detectors have been most widely used to monitor traffic flow and control 

signals because of their relatively low cost, maturity, aesthetics, and policy issues.  Some of the 

overhead technologies, such as video image processing and multi‐zone microwave and infrared 

sensors, may replace several inductive loops since the higher cost of the aboveground sensors 

can  offset  the  costs  associated with  installing  and maintaining multiple  inductive  loops.    In 

addition, most overhead sensors have the advantages over intrusive sensors of being compact 

and not roadway invasive, thus making installation and maintenance relatively easy. 

AVI technologies have already been used to a limited extent in some locations, but it is 

expected  that most WIM  systems  will  eventually  be  integrated  with  this  new  technology.  

Properly  implemented,  electronic  screening  using  AVI  results  in  significant  improvement  of 

weigh station operations in a cost effective manner. 



 

Table 2 – Strengths and Weaknesses of Sensor Technologies [8] 

, , • 

, . 
, 

~;.:;: 
7:;':.:-

, 
• 

. ~;.:;:.,;:: " 

• 
• 

, 
• , 

,.,. 
• • 

. " • 

" 

1m ... """,,, ... , 

oocbo)olY . • 

, 

., 
• 

• 

,,~""':. 

.~ 

• 

:.'::; , 
, 

: ;ii~ 
, . .,"'., 

, 
, :.'::; 

· 
, 

"."'.000 
• Do .. ", ....... , . ..... ,,-<, , ... po<! 

,~""'" 

•• 
• "',,~~ ..... , ""l' ..... ,",,-<'" ... _-.,. .. ,""""' .. ;" •• Id., 
, ..... '", ... ... , .. 

"',""",. 

-,,~ . -

:-'--~ .. ~ .. " ... , . '",":' ''; ~ .''''- ,," , 

. ''''' .......... =. 
- ' -......... . 

) , ..... " 
" 



 

Table 3 – Traffic Sensor Output Data, Bandwidth, and Cost [7] 

Site Selection 

Although the actual system characteristics of different WIM systems are different, the 

layout  and  the  considerations  that  should  be  made  are  essentially  the  same.    Generally 

speaking, cost will most  likely be a key concern, but  it  is also  important to carefully study the 

location that is chosen for the WIM system.  The design speed of WIM systems is an important 

issue in designing the geometry of a WIM facility.  In evaluation of the geometric design of the 

location,  horizontal  grade,  roadway  grade,  cross  slope,  and  lane  width  must  be  within 

acceptable  levels.    In cases where a  long design  life for pavements  is established, the reliance 

on the WIM data will most likely be high.  Additional considerations for a good site location are 

availability of access to power and phone, adequate location for the controller cabinet, proper 

drainage facilities and freeway traffic conditions. 



In  the  preliminary  site  evaluation,  steps  need  to  be  taken  to  find  that  there  are  no 

alternative routes to circumvent the system by overweight trucks.   The site chosen should be 

such that it is not a point of high congestion such that more delays may creep into the highway 

traffic.  Table 4 shows some the general checklist site selection criteria. 

 

Table 4 – WIM Site Selection Criteria [8] 

Appendix 1 provides the report for the survey of other states WIM activities and installations. 

Appendix  2  provides  an  encyclopedia  of  documentation  used  during  this  project.    Vendor 

technologies  are  included  for  reference  to  technology  used  for WIM  and  several  papers  providing 

background, design considerations, and lessons learned are also included and reviewed. 



Project Demonstration 

The Oklahoma Highway Patrol  (OHP) has responsibility  for commercial vehicle enforcement  in the 

State of Oklahoma.  In discussions with ODOT Planning and Research Division and OHP Troop S, a need 

exists for a system that can detect overweight vehicles and notify OHP officers  located down road for 

enforcement.   Photos of  the vehicle, driver, and  load as well as weight,  speed, and height  should be 

made  available  remotely.    The  OHP  trooper  could  sit  down  road  near  a  “hot  spot”  to  receive  the 

information, but must not be physically connected. 

The fixed WIM site selected by ODOT for the prototype system is near McAlester, Oklahoma, on US‐

69 ‐ 4.75 miles North of SH‐113 South.  The project included the evaluation of video capture capability, 

integration  into  the  existing WIM  site,  and provision of on‐event  video  via wireless  link  to  a  remote 

trooper.   

A description of  the demonstration  is provided  in Appendix 3  ‐ Truck Weight Enforcement Using 

Advanced  Weigh‐in‐motion  Systems  –  System  Requirements  Document.    A  final  report  for  the 

demonstration is provided in Appendix 4 ‐ Demonstration Final Report. 

In  summary,  the  demonstration  proved  that  fixed  cameras  running  License  Plate  recognition 

software can be  installed  to capture mainline  traffic.   A view of  the vehicle cab and  license plate are 

shown in Figure 1 and 2 for one vehicle and Figure 3 and 4 for another vehicle with lots of sun glare.  The 

Infrared camera technology is very capable of eliminating sun glare to render a usable image.  Nighttime 

images are also possible using the Infrared camera technology as show in Figure 5 and 6. 

Our experience with the camera technology used  is that without a fixed aligned camera, false and 

no‐read images will occur.  See Figure 7, 8, 9, and 10 for results of incorrect alignment of the camera. 



The Weigh‐In‐Motion system  installed at  the demonstration  location uses  the Piezoelectric sensor 

technology.  While this technology works well for counting and classifying vehicle traffic, the accuracy is 

the  least of all technologies  in use.   As a result, vehicles  indicating overweight (in excess of 80,000  lbs) 

on  the sensor had static weights under  the  limit.   Several vehicles were stopped and weighed by  the 

OHP to verify this finding. 



 

Figure 1 – Vehicle Cab Image 

 

Figure 2 – Vehicle License Plate Recognition 



 

Figure 3 – Vehicle Cab Image with sun glare 

 

Figure 4 – Vehicle License Plate Recognition with sun glare 



 

Figure 5 – Vehicle Image at night 

 

Figure 6 – Vehicle License Plate Recognition at night 



 

Figure 7 – Incorrect Camera Alignment Vehicle Image 

 

Figure 8 – Incorrect Camera Alignment License Plate Recognition 



 

Figure 9 – Incorrect Camera Alignment Vehicle Image 

 

Figure 10 – Incorrect Camera Alignment License Plate Recognition
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Project Findings 

Advanced Weigh‐in‐Motion  is a  technology  that can be used  to  reduce wear and  increase 

the life of roads.  While this technology is not capable of performing the task itself, it is capable 

of providing a deterrent  to  truck operators who may  contemplate operating over  the weight 

limit.   Advanced WIM  sites  can be  set up  in  a  cost effective manner  and do not need  to be 

manned 24 hours a day.  By manning these sites at random, truck operators cannot predict their 

safe passage while operating overweight. 

The camera and network  technology  that was demonstrated with  this project proves  that 

unmanned sites also have value.  By capturing images and license plate information, suspected 

violators  can be  inspected  at  any point down  the  road  for  compliance.   Repeated  tagging of 

suspected  vehicles  could  lead  to  a  more  extensive  inspection  of  the  operator  and  their 

operations. 

Sensor  technology  is  still  lacking  in  accuracy  when  thinking  of  unmanned  weight 

enforcement.   Road geometries,  truck dynamics, and weather have  too great of an effect on 

sensor  accuracy.    While  modern  sensors  have  good  accuracy,  their  cost  of  installation, 

maintenance, and need for periodic calibration make them unattractive. 
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Article #1: An Overview of Research on Weigh-in-motion System. 

 

This paper gives an overview about the damage caused by overweight vehicles and talks about 

the  role of WIM  in  solving  that problem. Overweight  trucks  cause huge  structural damage  to 

roads and bridges, what  leads  into permanent transfiguration, and  limits  its  lifespan to 8 years 

instead of the standard 30 years. 

In addition to that structural road damage, There is a great loss in the state’s regulation fees and 

tax income, the harm to the traffic Security. 

Moreover, this paper talks how the German WIM company “PAT” ranked first in the 30 months 

test on the practical use condition of the WIM system, and take lead in that field. 

After  that,  the author  talks about  the current development of different  types of WIM system. 

And concluded, by urging everybody  to  start developing more advanced  systems  to  solve  the 

overweight problem and stop road damage. 
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Article #2: Design and Manufacture of Surface Acoustic Wave Sensors for Real-
Time Weigh-in-Motion 

 

This paper describes the designing of the SAW (Surface Acoustic Wave) strain sensor that can be 

interrogated wirelessly and without a power  supply  for RTWIM  (real‐time WIM). This  kind of 

sensors has various advantages over other  sensors as a wide  temperature  range  for extreme 

climates operation. The sensors send data thru wireless RF  links to the  interrogation Unit that 

sends it to the vehicle tracking unit which has a GSM link with the fleet control unit to monitor 

both weight  and  position  of  the  truck.  The  SAW  sensors  have  the  following  attributes:  Low 

attenuation,  selective  bandwidth,  clearly  defined  sensor  response,  and  consistent  space‐

independent  interrogation. The 1‐port SAW resonator  is used  in this project with the Rayleigh‐

type wave and  in case of multiple sensors FDMA (Frequency Division Multiple Access)  is used. 

The size of the die that has the SAW sensors on it is 6x6 mm. This project resulted in a RTWIM 

SAW strain sensors designed for a multi‐sensor environment. 
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Article #3: Field Evaluation of Weigh-In-Motion Screening on Truck Weigh Station 

Operation 

 

This paper talks about the WIM system being a pre‐process for the static weigh station, in a way 

to  improve  its  capacity by  screening  trucks while  traveling  at high  speeds  and only  requiring 

trucks within a threshold of a maximum permissible weight to be weighed on a more accurate 

static  scales,  thus  reduces  delays.  Accurate WIM  stations  are  a major  requirement  to  get  a 

realistic number of trucks that enter the static scale. 30 percent of the trucks were not weighed 

simply because queues were too long and thus were allowed to bypass the static scales in order 

to  prevent  queue  spillbacks.  in  many  instances  trucks  with  legal  weights  experienced 

unnecessary delays at the weigh station because they were requested to enter the static scales. 

The  Illinois  Department  of  Transportation  considered”  the  addition  of  an  Automatic  Vehicle 

Identification  (AVI)  system  to  the existing WIM  system.  The  study  concluded  that  should  the 

weigh station  integrate AVI and WIM, there would be a reduction of delays and an  increase  in 

productivity”. 
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Article #4: SR-1 Video Capture System: 

 

This paper describes  the VCS  that  can be  implemented  in  a WIM  station  to help high patrol 

apply overweight vehicles enforcement. Two cameras, one color and another Black and White, 

are housed and attached on a pole, next to the road, within 25 feet from the WIM cabinet that 

contains a video controller, video computer, WIM computer and a wireless connection to a hot 

spot  for  Law  Enforcement  Vehicles  to  stop  in,  get  data  and  stop  violator  vehicles. When  a 

vehicle trigger the loop detector the colored camera takes a diagonal picture of the side and top 

of truck, including part of the load, while the B&W camera takes a perpendicular picture of the 

passenger  side.  Depending  on  the  status  of  the  vehicle  (violator/non‐violator),  pictures  are 

saved and sent to the trooper or pictures are overwritten. 

“The  position  of  the  cab  in  the  image  is  variable,  and  in  some  instances will  be missed  or 

partially missed if the vehicle is traveling much slower or much faster than the previous 16 class 

9 vehicles”. 
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Article #5: Europe gets moving on WIM (Magazine Article): 

 

This paper describes how WIM  is used  to detect overweight vehicles  in Arnhem, Netherlands. 

With  the  high  expenses  of  road maintenance  and  having  over‐weight  trucks  being  the main 

reason after that the Dutch government decided to detect these trucks using 16 rows of sensors 

each  consisting  of  four  Kistler  Lineas  piezo  devices.  A  $996000,  16.5 m  length, with  a  total 

maximum weight with cargo of 78 tones vehicle was built for the purpose of testing. The truck 

was  supported  with  measurement  equipments  and  two  of  the  four  lift  able  axles  can  be 

controlled from the tractor cabin. The cabin contains a  laptop which  is wirelessly connected to 

the trailer to save all the data. The truck is designed in a way to put a certain weight on the first 

axle when passing over the sensors. The WIM‐Hand testing project was a success and it’s being 

discussed  among  the  European  Union  countries  to  ensure  the  need  for  developing  new 

enforcement techniques.  
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Article #6 Virtual Weigh-in-Motion (Magazine Article): 

TMEMag, www.tmemag.com, April/May 2003, Page 26 

 

This article discusses the use of WIM sites on highways and secondary or bypass routes to get 

the weights of vehicles and send them to remotely located troopers for enforcement.  Located 

near the sensor is the controller that can save the data 24 hours a day.  The trooper can dial into 

any WIM site using a mobile phone from the laptop in his patrol car and view the vehicle data.  

Through the use of these virtual WIM sites, truckers are  less  likely to use secondary or bypass 

routes saving wear on these surfaces.  This project was done by the INDOT (Indiana Department 

of Transportation) and Mettler‐Toledo and determined to be both cost effective and flexible. 
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Article #7: Detecting Semantic Anomalies in Truck Weigh-in-Motion Traffic Data 
Using Data Mining: 

 

This paper addresses  the subject of monitoring data  from a  truck WIM system as precise and 

accurate  as  possible.  To  do  so  multiple  software  algorithms  process  the  sensors’  data  to 

estimate the vehicle class and filter out unreasonable values. The WIM scale uses 4 single  load 

cell detectors  in a  sealed  frame and 4  loop detectors embedded  in  the pavement  to observe 

passing vehicles. The WIM scale calculates the axle spacing and weights for each vehicle plus it 

displays the time by which this vehicle passed on the scale. All of this information about each car 

is saved in a text file which is imported to a database by the help of a software algorithm. Each 

vehicle  is  given  an  ID  and  personal  vehicles  are  ignored.  The  attributes  calculated  for  each 

vehicle  are:  date  and  time,  vehicle  type,  lane,  speed,  error  code,  length,  ESAL  (Equivalent 

Standard Axle Load), number of axles, and weight. This project provides automated assistance 

to experts in setting up constraints for the behavior of monitoring data detecting any hardware 

or software problems. 
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Article #8: Sources of Error (online source http://mfnl.xjtu.edu.cn): 

 

Weigh  in motion  is described by the ASTM to be: “ the process of measuring the dynamic tire 

forces of  a moving  vehicle  and  estimating  the  corresponding  tire  loads of  the  static  vehicle” 

since  it’s  an  estimation,  errors  occur.  There  are many  sources  of  errors  grouped  into  four 

categories:  

Vehicle Dependent  Environment 
dependent 

System Dependent  Road way dependent 

• Tire 
Characteristics:  

o Mass  
o Temper

ature  
o Air 

Pressur
e  

o Diamete
r  

o Tread 
pattern  

o Width  
o Balance 

quality  
• Suspension 

System  
• Aerodynamic lift  
• Acceleration  

• Temperatur
e gradients  

• Wind  
• Ice  
• Snow  
• Rain  

• Vertical Height:  
o Impulse 

forces  
o Torque  

• No uniformity  
• Spring‐Back delay  
• Compression 

repeatability  

• Pavement Design: 
o Rigidity  
o Smoothn

ess  
• Obstructions  

o Pot holes  
o Debris  
o Ice build‐

up  
• Pavement 

contour  

 

The  dynamic weight  of Vehicles  traveling  down  the  highway  can  very  about  10%.  There  are 

three ways  to  reduce  these errors. First  install  the WIM system  in a slow down area. Second, 

Increase the transducer width in the travel direction. Third, combine the two earlier options. 

On the other hand, errors caused by the WIM system itself was always a concern, many tests 
and research were conducted to reduce that error especially in the following areas: Non‐
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uniform transducer response, Electronic noise, weight determination algorithm(ORLN’s 
patented algorithm) 
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Article #9: Advanced Weigh-in-Motion Sensors: 

 

This paper explains the great advantages of using the WIM sensors to measure the traffic loads 

at high speed. The TxDOT  (Texas Department of Transportation) will use the results to choose 

between different types of sensors according to low cost, easy to install and calibrate, accurate, 

remote accessible, and  low maintenance. The sensors are  installed on the pavement and then 

covered with asphalt pocket tape connected to a transmitter box on the side of the road which 

is wirelessly connected to a main data acquisition and storage unit. They types of sensors to be 

compared and chosen from are: Bending plate, Piezoelectric Sensor, Load cells, and Fiber optics. 

The  fiber optics  sensor has  some  advantages over  the other  sensors where  it  can withstand 

harsh environments and not sensitive to electromagnetic interference. The WIM system should 

be portable and of low cost. 
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Article #10: Mettler Toledo Virtual By-Pass Weigh-In-Motion Specifications: 

 

This paper encounters the deployment of the WIM system which is manufactured according to 

documented quality standards. This project contains both height scale and the WIM scale. The 

WIM  scale  is  consisted of  two platforms  for  the  two wheels of  the axle. These platforms will 

measure  6  ft. wide  and  30  in.  long.  It  is  capable of weighing  50,000‐pound  axle,  and with  a 

minimum overload capacity of 150%.  It will also handle speeds up  to 90 mph. The Virtual by‐

pass controller, which is constructed in an outdoor traffic control cabinet, runs windows 2000 or 

XP as an operating system and supports  interfaces for AVI equipment. The controller specifies 

which pictures should be  logged or transmitted, set overweight thresholds; download pictures 

with superimposed data from the WIM scale and do system/file maintenance. A daily report  is 

generated that also provides a timestamp list of all vehicles indicating their violation and the file 

name of the corresponding picture with overlaid text. Two of the specifications for the camera 

are:  it should be a 2/3” progressive scanning  interline CCD, and have a pixel of 768(H)x484(V). 

This system has a warranty of two years from the date of acceptance. 
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Article #11: ODOT weigh Station Consideration: 

  

ODOT already have weigh stations at 7 locations in Oklahoma with 12 scale platforms 9 of them 

are  currently  operating. With  the  previous  lack  of  budget; ODOT  now  is  trying  to  have  cost 

effective projects  to  renew  the  idea of  capturing overweight  trucks  to  increase public  safety, 

reduce damage to roads and bridges, and provide a homeland security presence. In the next 20 

years commercial vehicle traffic is expected to increase by 70%. A 10% overload will reduce life 

expectancy of roads by nearly 32% over time. An approximation of $8.5 billion for infrastructure 

repairs would be needed  from  the  state of Oklahoma. ODOT has begun  investigations  to  see 

what other states have done and what are the best practices found. $3.5 million  is needed for 

repairing existing facilities found on the 7 locations. Knowing that these stations are operated 40 

hr/week while promising future monitoring would be done 24/7. Also in addition to this system 

an Automated Routing System should be developed for oversize/overweight vehicles; currently 

this is done manually which takes more time. 
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Article #12: Virtual Weigh Station and Remote Monitoring (Presentation): 

 

This presentation, done by the Indiana Department of Revenue, reports the implementation of 
the virtual weigh station and the benefits and advantages it has over the static weigh station. 
The system consists of inductive loops, piezo sensors, and load cell sensors to detect the 
vehicle’s presence, weight, speed, axle spacing and specification. All this data is sent to the WIM 
Equipment Cabinet on the side of the road processed by the controller unit and then sent to the 
900 MHz radio modem that is in the patrol car. The modem can be passed between patrol cars 
for each to log into it via a laptop. The laptops have software installed to monitor all the 
information needed by the officer also with a picture of the overweight vehicle. The SWS (Static 
Weigh Station) costs $15 million each whereas the VWS (Virtual Weigh Station) costs $300 
thousand to be installed. Other than its accuracy and more efficiency over the SWS; the VWS 
helps more efficient deployment of enforcement resources. 
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Article #13: Federal Highway Administration Size and Weight Technologies: 

 

This presentation explains  the use of E‐permitting  in  the WIM  (Weigh‐In‐Motion)  system and 

how  it  can make  communications  happen  faster  and  better. WIM  system  weighs  the  CMV 

(Commercial Motor Vehicle) on a static scale. The l WIM that weighs truck going at speeds up to 

80 mph. The virtual weigh station adds remote view over these trucks. Other states are  in the 

process  of  having  virtual weigh  stations  deployed  like  Virginian  and  Vermont whereas  other 

states  already  have  them  such  as  Indian  and  Kentucky.  The  federal  role  is  to  continue  to 

recommend the use of virtual weigh stations as an effective, efficient and labor friendly tool and 

to monitor  the  studies, usage  and data  analysis of VWS  (Virtual Weigh  Station). E‐permitting 

allows  the  permitting  agency  to wirelessly  transfer  data  to  the  roadside.  There  are  different 

levels of e‐permitting and till today only one state has  level 4 while six are planning to have  it. 

Another technology used in WIM systems is the on‐board vehicle weight sensor which monitors 

air bag pressure and vehicle height to determine the gross weight. 
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Overview 

• Weigh-In-Motion 

• Vittual Weigh Stations 

• E-penllitting 

• On-board Vehicle Weight Sensors 

• Freight Peer to Peer (P2P) Program 
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Weigh-In-Motion 

• Weigh-In Motion (WIM) allows vehicles to be weighed at speeds from 5-80 
mph. 

• WIM is conunonly used for monitoring CMV weights for strategically 
placed enforcement effOlts : and for targeting overweight vehicles for 
weighing on a static scale. 

• Efficiently weighs high numbers of vehicles in an unattended mode. 

• There are over 390 CVO installations in NOIth America. including 
approximately 175 Ramp Systems, 115 Mainline Systems. and 100 
additional WIM/A VI sites used for Pre-Clearance 
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Virtual Weigh Stations 

• Vittual Weigh Stations utilize WIM, remote monitoring 
systems, and vehicle recognition equipment where there is no 
physical weigh station 

• Can include use of vehicle transponders, license plate readers, 
DOT number reading, and/or wireless access to the data and 
images by roadside enforcement personnel. 

• Allows for enforcement on bypass routes and increased 
enforcement with limited personnel. 
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Virtual Weigh Station - State Examples 

• Indiana: 
May, 200 1: Viltual Weigh Station deployed 

• Several cases where significantly ovenveight vehicles were identified 
and impounded 

Jtme, 2002: FHWA Report No. FHWAlIN/JTRP -200 1/09 published 

• Describes concept of using existing equipment to develop a virmal 
weigh station 

• Virginia and Vennont continue to use \Veigh In Motion d<1ta collection sites 
to contribute to enforcement strategy 

• Kentucky 
November. 2001: Deployed a Remote Monitoring System (R.MS) with 
camera technology on evasion routes 
January. 2003: Added Weigh-In-Motion (WIM) to the RMS to create a 
Viltual Weigh Station 



 

162 
 

Virtual Weigh Station - Federal Role? 

• Federal Role - Offic e of Freight Management and Operations 

Monitor State u~age, ~tudie~, and data analy~i~ of v\VS 

Continue to recommend v\VS a ~ an effective, effic ient, and labor friendly tool 
in ~ ize and weight enforcement 

Look for potential collaborative project~ with ~ta te~ 

• Anything else? 

Are there any standard~ that should be com.idered? 

Should there be a coordinated national approach to deployment and can the 
FHWA and FMCSA help on this? 
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E-pel'mitting 

• Elec tronic penllitting (E-penllitting) of oversize and/or 
overweight loads allows for wireless (and paperless) data 
transfer from the penllitting agency to the roadside . 

• Elec tronica lly attained penllits not only improve the efficiency 
and timeliness of the penllitting process, but when used in 
conjunction with rea l-time enforcement efforts and bypass 
systems, also improves timeliness and efficiency of freight 

mobility. 
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4 Levels of E-pel'mitting Capability 

1) On-line penllitting available for drivers 
2) Elec tronic penllit data available to roadside enforcement 

officers 
3) Penllit data downloaded to State CVIEW database for 

verification and tracking purposes 
4) Penllit data sent from State CVIEW to SAFER and/or used 

for real-time screening of CMVs (Ex. Red light/green light 
type systems utilizing DSRC) 
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National E-Permitting Capabilities 

• FH'VA Surveyed the States, of the 32 who replied: 
• 24 have Levell E-pennitting in place. and 5 are in the planning 

process 10 initiate 
• 21 have Level 2 E-pennitting in place. and 3 are in the planning 

process 10 initiate 
• 4 have Level 3 E-pennitting in place. and 3 are in the planning. 

process 10 initiate 
• 1 has Level 4 E-pennining. in place, and 6 are in the planning. 

process 10 initiate 
• Other government roles on E-Permitting? 
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Other Technologies - Oil-board Vehicle Weight Sensors 

• How th('y work: 
EngUl~ alld trammi"ion ECU's n...d to ~"imat~ GV\\,' by mOllilon ng torqu~/~~~d 

curyes on accd= tiollS. 

Monitor a IC bag pr~"llC~ alld \-~hide rid.. height 0.1 ~ach axle to <ktemlln~ th~ gross 
w~ lght and load di.nibmioll oflh~ yehid e 

Load cd ls mounl..d at the axl..,; and fifth wh~d 10 directly mea""e vehid~ weights 

• US(' find Accurfl cy : 
Comm~rcia]]y available sy"etn. have bttn proven lUlder op • ..-. lional conditions to 0.5% 
101% accuracy 

Comm«cia]]y available systems are also im~graled with Ih. truck's OWll in-dash d i'play 
and any off-board comm unIcations <kVIC"'; 

Po,itioll and motion .. nsors may be applied for loads to detect mo\-.ment of cargo 
during operatioll 

• GOH'l'Ilm(,lIt Rol(' Oil T('chllology lik(' this? 
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Freight Peel' to Peel' (P2P) Program 

• The FH\VA' s Freight Peer to Peer Pmgram provides: 

information sharing between public sector freight tnmspOltation 
professionals and 

free sholt-tenll technical assistance on an as-needed basis regarding 
freight planning and operations 

• Contact: 

- Phone: 888·FRT 4 YOU 

Email: FreightPeerExchangeur fhwa.dot. 20\ " 

Online : http://v,ww.opsJhwa.dot. go\"/freightlfpd/p2/index.htm 
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Current Activities - What else is needed? 

• Work with FMCSA to develop a national model for States interested in 
linking E-Pennitting to expanded CVISN 

• Continue to reconunend v\VS as an effective, efficient. and labor friendly 
tool in size and weight enforcement 

• Monitor State usage, studies. and data analysis of v\VS 

• Look for collaboration on VWS 

• Conduct Intemational Scan looking at various size and weight technologies 

• Provide the opporttmity for States to work with other States in setting up 
size and weight enforcement systems tlu"Ough the Freight Peer-to-Peer 
Program 

• What are other expectations for these subjects 011 S& W ? 
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Article #14: ITS America Panel Truck Parking: 

 

This  presentation  emphasizes  the  issue  of  real‐time  information  on  parking  availability  for 

truckers  to  reduce  the  number  severity  of  CMV  crashes  and  enhance  the  efficiency  of  CMV 

operations. With 8% of the fatal crashes come from truckers getting tired and 16% of the total 

crashes  the  implementation of more parking  spots across  the highways comes  in very handy. 

The purpose of  the project  is  to  see how much  real‐time  information  can be helpful  for  the 

truckers  and  how much  it  can  reduce  the  fatal  crashes.  The  project  is  yet  to  be  deployed 

pending for funding. 
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ITS America Panel Session #11: Truck Parking 

• Quon Kwan, FMCSA, Moderator 

• Michael Onder, FHWA, Panel Member 

• Gary Ritter, VNTSC, Panel Member 

• Susan Shaheen, PATH, Panel Member 

• Andy Roliert, SpotScout, Panel Member 
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Why Should You Be Interesled in Truck Parking? 

• The Washington Times, March 9, 2006 
"Fatal Crashes Prompt Concern over Truckers" 
blames lack of truck parking 

• Washington Post, April 16, 2006, 
"Trucks on the Highway: How to Live with Them" 
urges more truck parking 
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Agenda 

• SmartPark: Real-Time Information on Parking Availability for 
Truckers 

• SAFETEA-LU Section 1305 Truck Parking Grants 

• Intelligent Transportation Systems & Truck Parking 

• Truck Parking: The Problem & Possible Solution 

• SpotScout 
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Smart Park: Real-Time Information 
on Parking Availability for Truckers 

Quon Kwan 

Program Manager 

FMCSA 
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Smart Park: Real-Time Information on Parking 
Availability for Truckers 

Outline 
- FMCSA Mission & Goal 

- Background 

- Purpose 

- Steps 



 

176 
 

Smart Park: Real-Time Information on Parking 
Availability for Truckers 

• Mission: 

To reduce the number and severity of CMV crashes and 
enhance the efficiency of CMV operations 

• Goal: 

Reduce the CMV fatality rate to 1.6 per 100 million CMV 
miles traveled by 2008 
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Smart Park: Real-Time Information on Parking 
Availability for Truckers 

Background 
• Fatigue accounts for 8.15% of all fatal truck crashes and 16% of all 

truck crashes 

• Lack of safe. ava ilable parking contr ibutes to truck driver fatigue 

• NTSB in 2000 recommended FMCSA gu ide on truck parking locations 
& ava ilability 

• FHWA in 2002 recommended ITS deployment to provide parking 
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Smart Park: Real-Time Information on Parking 
Availability for Truckers 

Purposes 

1) Demonstrate technology for 
providing information on parking 
availability in real time to truckers 
on the road 

2) To determine if drivers change 
their behavior as a result of the 
information 

3) To design/assess business 
model for self-susta ining 
operation of the technology 
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Smart Park: Real-Time Information on Parking 
Availability for Truckers 

Steps 
- Tasked Volpe with white paper, UITS & Truck Parking" in 

November 2004 

- Issued a Broad Agency Announcement (BAA) for proposals in 
June 2005 

- Replaced BAA with a GovWorks Pre-Solicitation in December 
2005 

- Sent Solicitation to Qualified bidders in January 2006 

- Evaluated proposals in March 2006 

- Award is pending with respect to issues to be resolved with 
FHWA 
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Smart Park: Real-Time Information on Parking 
Availability for Truckers 

Quon Kwan 
guon.kwan@dot.gov 

(202) 385-2389 

Technology Division 

Federal Motor Carrier Safety Administration 
400 Virginia Ave., SW, Suite 600 

Washington, DC 20024 

TTY Access: (800) 877-8339 
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Article #15: Onboard Driver Monitoring and Feedback for Commercial Motor 

Vehicle Safety: 

 

This presentation describes the causes of car crashes, the process they go thru and the ways of 

avoidance used.  Some of  the  crashes  result  from  lack of  attention on  the  road,  fatigue,  and 

speeding. These causes can be monitored, as suggested by California Path Company and even 

give  real‐time  feedback  for  drivers  to  help  them  in  cases  like  speeding,  seatbelt  usage,  and 

drowsiness. With  a  survey  conducted  the  percentage  of  incidents  increases  by  20% with  an 

increase of 2% in at‐risk drivers. Deployment of such a project is yet to come with California Path 

trying to design it. 
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Working Back to Behavioral Failures 
(Example for Lane Departures) 

Effect 
(Crash Scenario) 

Overtaking 
Lane Change 

Or Merge 

Mode 
(Critical Reason) 

Possible 
Behavioral Failure 
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Where Does OBM Feedback Fit into 
the Scheme of Driver Assistance? 

No rmal 
Drl\' t n~ 

[ Initia l threat 

OB:\1 
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Article #16: Kentucky Weigh Station Deployment: 

 

This presentation describes  the Radiation Detection with  Spectroscopy part of  the  Integrated 

Safety and Security Enforcement System. This  is one of  the Kentucky deployment plans done 

with  the  coordination of Kentucky  transportation Cabinet and Kentucky Vehicle Enforcement. 

Each  truck  is  to  pass  the  Radiation  Portal Monitor  that monitors  the  Neutron  and  Gamma 

radiations coming out from the truck. The pips cameras are used to capture the license plate of 

the truck with optical character recognition which will make it easy for database entry or query. 

The radiations are then tested using handheld radiation detectors.  If radiation  is detected and 

it’s not consistent with DOT (Department of Transportation), NORM, or Manifest then a call to 

KYER fusion center is initiated; otherwise the truck is free to go.  
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Chronology of Kentucky 
Deployment 

• 2005 Laurel County Northbound Deployed 
with DOT Funding 

• 2006 Kenton , Boone & Simpson coun~tY~~L'~~:---::l 
deployments planned for J 

funded by DHS & DOT 

• 2006-07 KDHS & DOT pr~~:~ 
2 mobile units and 2 addi i 

• 2006 -07 planning fo r iinsila 
weigh stations. 

• 2006-07 - funding proposed 
surveillance ~:: 
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Progress To Date 

• Working with DNDO in SETCP or 
South East Transportation Corridor 
Pilot , with 8 other Southeastern 
& DC 

• Provided initial training 
at Laurel Co 

• Working with ORNL on 

Data Integration and \.JUI ' ..-. 

I, .. 
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ISSES Capabilities 
Integrated Safety and Security Enforcement System 

-Radiation Detection with 
Spectroscopy 
-Thermal Imaging 
-License Plate Recognition 
-USDOT Image capture 
-Automatic Vehicle Identification 
-Vehicle classification and counter 
-Digital video capture 

Tie-ins to existing systems 
-WIM Weigh in Motion 
-Static Scale 
-Transponder 
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Detection & Interdiction Challenges? 

Weigh 
station 

Traffic 
chokepoints 

Suspicious super exit's, 
bypass rest area's Mobile 
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Suggested Pilot Corridor that Leverages existing Rad/Nuc 
Deployments 
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Deployment 

-
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t(amanon ueteCIIon 
• -
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Kentucky Proposed Safety Driven 
Weigh Station Response Protocol 

DRAFT Portal AJert Truck Flow Chart 
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Invitation 
Ime rated Safe and Secun Enforcement S stem • 
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Article #17: ITSA Annual Meeting Truck Parking Facilities: 

 

This presentation is a quick description of requesting funds for projects concerning long‐term 
parking problems found in the States. The US Department of Transportation is seeking a pilot 
program to address the shortage of long‐term parking for commercial motor vehicles on the 
National Highway System. The project includes implementing more rest zones on highways, also 
opening existing facilities to CMV (Commercial Motor Vehicles) parking. The project is to be 
applied in all states in need after proving its importance and getting the funding for it. 
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Section 1305 SAFETEA-LU 

• Truck Parking Facilities 

-In cooperation with appropriate State, 
regional , and local governments, the 
Secretary shall establish a pilot program 
to address the shortage of long-term 
parking for commerical motor vehicles on 
the National Highway System. 
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Purpose 

• Directs the Secretary to establish a pilot 
program to address the shortage of long
term parking for commercial motor vehicles 
on the National Highway System . 

• FHWA defines "long-term parking" as the 
ability to park for up to 8 consecutive 
hours. 
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Eligible Projects 

• Promoting the availability of parking 
through ITS technologies 

• Construction of safety rest zones 

• Constructing CMV parking adjacent to 
travel plaza and truck stops 

• Opening existing facilities (scales, 
inspection facilities , etc) to CMV parking 
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Eligible Projects (con't) 

• Making capital improvements to seasonal 
facilities for year round use 

• Improving the geometric design of 
interchanges on the NHS to improve 
access 
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Priorities 

• Demonstration of a severe parking 
shortage 

• Consultation with affected State and local 
governments, community groups, private 
providers of CMV parking , and motorist 
and trucking organizations 

• Demonstration of positive effects on safety, 
traffic congestion , air quality 
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Funding 

• $6.25 million for FYs 2006-2009 

• $5.35 million for FY 2006 after recession 

• Federal share of project can be between 
80-100%, depending on project 



 

220 
 

Who is eligible? 

• States, MPO's and local governments 

• All funding requests must come from , and 
be administered by, the State 

• Projects cannot compete with private 
parking facilities 
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Application/Selection Process 

• Federal Register Notice contains proposal 
format/elements 

• FHWA will review proposals based on 
grant application scoring criteria 

• Selections will be made, all applicants will 
be notified in writing 

• Funds distributed 
• Repeat for 2007, 2008, 2009 
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Questions? 
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Article #18: Truck Parking the Problem & Possible Solution: 

 

This  presentation  describes  the  problem  of  fewer  parking  spots  for  trucks  in  the  US  and 

especially  in  California.  This  problem  causes  drivers  to  either  park  illegally which might  be  a 

danger  for motorcycles  in night, or cause accident by  tired drivers. 8% of  fatal  truck collisions 

are  fatigue  related  and  the  shortage  of  parking  spaces  is  increasing  tremendously.  The  ITS 

(Intelligent Transportation System) is trying to implement systems that can inform truck drivers 

with  pre‐trip  and  en‐route  information  they  can  park  safely.  The  use  of  remote  systems  is 

thought of but not  applied  yet which  can be  very helpful providing  the driver with  real‐time 

information.  The  benefits  of  this  project will  be  in  reducing  accident  levels,  reducing  driver 

frustration and turnover, and reducing air pollution. 
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Overview 
• State of National Truck Parking 
• California Perspective 
• Reasons for Illegal Parking 
• Recommended Solutions 
• Lessons Learned from Transit Smart 
Parking 
• Challenges to Smart Truck Parking 
• Advantages to Smart Truck Parking 

l H~1(1 . 
~U 1 J 

'," 1,,,,,,·,,,-, '-, 
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State of National Truck Parking 
• Parking shortages endanger the National 

Highway System. 
- 8% of fatal truck collisions fatigue-related 
- Lack of truck parking major contributor to 

fatigue 
- Illegally parked trucks obscure sight 

distance of motorists . 
• Many State DOTs are experiencing a heavy 

demand for truck parking. 

~~~~::'-__ ~P~.~"~.~nt of States Reporting 

Public Rest Areas 

Private Truck 
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Reasons for I 

facilities 

limits at nearby facilities are 
too short 

Empty spaces available but access 
is blocked 

Convenient access to road 

Drivers less likely to be bothered by 

Difficult to drive in lots 

Percent 
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Smart Truck Parking: 
Recommended Near-Term Solutions 

Improvement Strategies 

Use ITS to expand amount of information available to truckers 

Expand existing rest areas for truck parking by providing more 
truck spaces 

Permit the use of weigh stations for parking 

Establish federal assistance at truck 

th, 

Build new rest areas for autos, trucks, and RVs 

Permit the use of federal-aid funds to maintain public rest 
areas 

Combined Score 
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Article #19: States’ Successful Practices Weigh-in-Motion Handbook: 

 

The States’ Successful Practices Weigh‐in‐Motion Handbook provides an overview of weigh‐in‐

motion (WIM) technology, systems, sites, and states’ “Successful Practices” using WIM systems. 

The states selected for each WIM system discussed in this Handbook are: California for bending 

plate, Missouri for piezoelectric sensors, and Oregon for load cell. Weigh in Motion is major tool 

used to collect data whih is not only used in the Overweight Enforcment process, it plays a very 

important  role  in  traffic  monitoring  in  a  way  to  improve  highway  planning  and  design.  In 

Summary, The uses of traffic and truck weight data include enforcement, pavement, bridge, and 

legislative and regulatory issues. 

 

The American  Society  for  testing  and Materials  (ASTM) has  classified WIM  Stations  into  four 

Types  according  to  their  application,  where  table  3.2  shows  related  performance  and  user 

requirements for each type of system. The cost of monitoring 100 established sites using both 

piezoelectric  sensors and bending plate  scales  is estimated  to be $612000  for which  includes 

pavement rehabilitation and  initial equipment purchases, while The annual cost was estimated 

to be $2,100,500 which  includes pavement  rehabilitation and other  site maintenance,  sensor 

replacement,  electronics  replacement,  calibration  costs,  office  costs,  and  travel  and  perdiem 

costs. The section talks about three types of WIM systems Bending Plate, Piezoelectric Sensors 

and Load Cells.  
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The Dynamic behavior of the vehicle and the accuracy of the estimate of the static weight made 

affect the WIM system performance, which are factors of the geometric design and pavement 

condition  of  the  roadway  and  the  overall  site  location.  Thus many  considerations  should  be 

taken when selecting the WIM site: 
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Geometric Design:  

Horizontal  curvature:  Horizontal  Radius  should  greater  then  1740 meters  (5700  feet)  for  a 

distance of 46 meters (150 feet) before and after.  

Roadway Grade: cannot exceed 2%  for 46 meters before and after while  for Type  IV  it should 

not exceed 1% for 91 meter.  

Gross Slope: cannot exceed 2% for 46 meter while for type IV it cannot exceed 1%.  

Lane Width: 4.3 meters for a distance of 46 meters before and after.  

Pavement  Condition:  Should  be  both  stable  and  smooth,  since  road  roughness  increase will 

increase vehicle bounce what  leads  into variation  in  the vertical  load  imposed by  the moving 

axle and the instantaneous axle load, resulting in an inaccurate WIM system.  

Site location: the site should be located with specific qualities:  

Availability of access to power and phone.  

Adequate location for controller cabinet.  

Adequate Drainage (no flooding and existing of drainage facilities)  

Traffic conditions:  

Stop and go traffic is minimized  

Slow moving traffic is minimized  

Lane changing is minimized  

Passing on two lane roads is minimized  
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fore", 01. """"'l , ..,bJcl< and ffiimltin!! the ~ Or. load> of oh< ... ". ,,,,bi,I<" in tbt 
AO><fXan Soc;";' lor T...:inl ut<I ~'<rW' (Asnl) SIUId&.'<I Sp«ifi«tioo E lllR-94 (1) 
S", .. witb ~.thl \\1M .,..-. ""'" ",It<t«l u';"l mformatioo from tbt l.ons T<rnl 
p",-.men: Pmornw>c< (LIT!,) Proyom Tht ""'e> ",:.c,od for .. "b WD.I 'J~- thscw;..d m 
t1u, f'.mJbook """ Cabfomio lor ~ pi .... ~I,,""'" foo pi<Zotlt<!ric """"" ond Or<goo 
foc ~ «ll, Tht di""",;oo "ill_ bt bmit<d ' 0 ...... thr.. ... te>, w"'" oppIic.bl< stlCC", .. 'ilI 
p"oc""" ODd proc«b... from otb<r "",., will bt in:rOOu.i:«l 

Tht PJ'P"'< wiU bt occornpli<bod by thS<tl'!Wll tbt 1X1Il<ip!... bthind WThI u"g. ut<I 
~ "Tncko of oh< T,.o." fo, in>tallatioo mol op«otioo 01\\'111 ')'''''''' Tht priDcipl<> 
of\\nt ""'!" Of. tI<\..,\op«l from oh< ,,,,,, .. ,lui practic'" of"", .. u';"l tbt ,..noo, WI)'! 
,«hooIog;..., Tht "Tnch of oh< T,od<" hr>.., bo<n ..... ..,\op«l by ... ,. ~ and ,-...don "ht<l 
wor\:",!! ~"h \\'IM 'J"""'" mol ,i, .. , Tbt;' do>.! wllb imporu.nI''P'"'' 01 """'oc;'. quohty 
.. ronne., ,i' .. , m," 1latioo. ODd <.hbro"OIL The Hmdboo" . n=t''' ' 0 th=" 'OC«'J .. "ul 
p"oc~ '"'" .ta" ~,ho-I-. found "'.." ,be )",on '0 "or\: "..,ll 

S"'<'l ... ,.., found ""', oh< iIII<r>:l«l u .. of\\nt do .. Oetrnnm<'l oh< >JlIl<ooch til< ... , • 
.oou!d ,boos< in ..... -."'Pinl! oh< \\1\1 do" ro!lt<!ioo ",. and oh< """"" .. r<qU>I«l 10 I:IWIl!.Dn 

tbt ,," "''« oh< <Xp«t<d ",;,. tl«tgn lif<:' Tht 10no,.lIll g<r><nl pidin,l! priDcljll< ,btdb<l"" 
""'" tI<\-.k"'!'«l by ... ,. ~,""', .... uo= .. 'ulIy n><fl",!! Ibm end US<n' do" ~~ 
Tht gIlI<lin,I! priDc'l'I<! ." oddm..d in gr<""- tlmil m oh< lot.,- >«00'" oftlu, h.utdOOoI; , The 
YO ..... m oh< Handbool.,. Ii''''' m m<ttie unr" wbtn I"",;bl<_ The f,gIII'" mol tab!... '"'" ""'" 
obI. in«! from "",,>oido «lm<'" "<f< no! Ntly.nod ' 0 m<tnc umto 

Tobl. l.l 
<;. •• ,..1 Gaidin; Pri..,ipl .. C~«ldht 

l.I !lo< ........... """"~" .... "'=><J' _ .. ...,. .. _*'"-'_. 
1.' _ ... ....,.., .. _ .. ..,. .. _ ..... "' ............. ".""""'=><J" ..... __ , 
1.1 ".,.,." ............ . __ .. __ . ......... 

1.' ""' ....... ,,"', _""" • ...,..,. 

1.' """'*'" __ __ 
_ ... ""'-
, , 
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l.l ESTABU ,H WSTBI RrQmRBJ[:'\"TS 

SIlt., bo,-. foond lbo, tbt in,.odod .... oftbt \\l~1 do" .oouJJ ""<mIl1l< tbt , _ h 
tbt ",,. c""","" in d.\-.lopins tbt \\1\1 do" ro:l<ction "..:,. <I«Ign hr.," Tho "," sbooId 
.>.ad< on tbt non:b<r of )~"" lbot til< \\'IM " t< " 'ill coll<ct dota, n., "",bhsbM "",. "''':1'' 
bit., mol m'<n<\od .... of tbt dota <hou1l ~ dr<mcm """,,.,nin! tbt ''iP' of <qUipmonl, 
Ioc. "", m<I coorlltioo. ~ftho "t<, in>:.al:'"", ~f <q~. mol .... 1} .... p"forn>t<l "" tbt 
ro~«t«! do" 

1.1 BUDGET f OR TH[ RESOURC[ S :'\"[ C[ SBR\ ' TO ~liI'PORT !.IT[ D[!.IG:'>' 
U f[ .~ ''D .KCURK\' RrQUIRHIl:'>1S 

Tho int<nd<d US< 01 tbt \\Uf do .. .,.,.",,;,... tbt ""'0'''''"' '<quirM to tl11lfltain tbt .. ,. 
"'.." tho '''J''Ct<d '"":t< <I«Ign Iif<_-- f Ol. k"tlj!..- "'..:,. d<sl1" bf," odditlonollinmow and staff 
~ "i lll>< !....dod '" I>WIlIain md "PI>« tbt WI!.! ~t n., r<qUir<d fuw>cw md 
">!l'"""",~ mcr . . .... tho '«tu",.;! occun.cy .... ..,1 !OCr""", Addit>oool onalj-.i, and quahty 
.. =-< i, !....dod 10< hlghof .... ,01, of oroJrOC)' 

An ..rqu.t< quili'}' '''''''UK'< procNb< .oouJJ I>< oo"kv«i m<I trupl<mont«! to """"'" 
lbo, tbt SO'!>"'.;! dota II< ,-,hJ, n., <XI"" oftlus pr~ 1hould I>< haS«! OIl tbt IIl!ft>doo<Ill'" 
of tbt dota and tho r«jWJM OCCUI'OC)' .... ,01 

U EST ABU ,H \HIG H_['\'_\IOnO:'>' [ QmnIlYJ WARR.~ '1\' 

Tho \\'IM oquipmont >lk"Uld hI'I-. • warranty pmod lbot " tp«>fi<d by tho ,ta,. thot 
1houId I>< ",.""",blo in r<gw\> '" tho «fUIPIl"D' md itt int<nd<d "'" Foc <X.Implo, • m-. )"'''' 
Warrulty 00 woip>fOO> nay I>< <ft:uN ",. """bk 

Tho in>!>.!:'""" I"~' ohoold I>< "'''''!to,<d to """r< lbo, tho ,,,,talla:k"ll r<qIlll""""" 
or, _ , Thi,~. tbould I>< "'..,...,. by •• ta,. of5cw and • ,-...oor "IR""'" ti\-., <nSUring 
lbo, both tbt , ,,t< '. md ,..ooor '. r«jWJ"""m •• ", ""'.bin! th< int::allltlOll proc ... 

1.6 CO:'>l)uCT PRrHSnH A:'>'D CORRECTIH ~LIl:'>TIX~"C[ 

A thorough p''''~'''''-' and =«1i,-. maintonanc.I"~p-am <hou1l I>< "",bli.b<d foc tho 
":t< '" I><lp to """" that tbt '''J''Ct«! '",. <10,,1" Iif<" ".ttam<d 

I_I 
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2. TR.U nC MO:'lTORDG 

5:>.t .. <OII<bo1 onffie IDOOI"'""B f", many ''''lOll>, ""'Iudlns (I) hJthw.y plu.r.lnl.-l 
';"':1'1' and (2) """'"" ,..,Ioct. ... f~t WOlgh_m-Motioo. (\\'N) i, • moi« tool ...Nt to 
ro!l«1 tn!"5c do", 

\\1).! ~ prond<. hip-v,,)' plam<n.-l d<"P"f' "lOll _ ,,,rum. and 
d""i5catioo do", b), tim< of do)' and d,), oh·""' . In ..>:!i"",,_ \\TI{ ~ 0.1", "",,'idt> 

pJ.onnm m:l';"':gn<n with "lwnt.nt.mgt. W. ~ (ESAl ) tlu.t h .. ,;, ,-.hicJo.. pia« on 
p"..",."a. M",,,, ,-..met. .mo<c<mtnt o/lie",,,,. bo"j'truck L.J.. lood do", t~ pIut 
... ~ >eti,-,,; .... In '=="y, tho u,.., oftn5c and ""' . .... <ilhi do" mdud< <n!o<c= 
p"""""1. t.id.!', mol ltgiili"'-. and "gullt"'y " ..... 

111< in<<nd<d .... oflnM do", >lk"llld dt:onnmo tho .pproooh tho ,,,to e~ in 

..., .. loping tho \\'IM do" <ollN:tiocI.i" and tho '''''''''''' r«(llirod to main,.in tho "to "'.." tho 
oxp«tM.i,. <1«>1'1 bl._ Tho fdl"";"l -..e""", I"""'" "!pt<i5c """",!fuj pn<t" .... pnnciplo~ 
and 'Trich of tho Tradoo" tlu.t .,.", 10.\ .. u>«I to """.du:Jy moot.., ond u",·,.- . do", >«=0', 
qtUlit;'. and "to cr..gn lili oo,.ct., ... 

, 
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J, IHIGH_L" _lIOTIO'i SYSr nl DI,CliSSIO'i 

Th" wetlOll ~-; !l <Ii"""" thr« 'Jpt> of ,.-.,gIl_in_"",tlOII (l\Td) f}~1<m>: b<ndins pUtt. 
P><Zo<l«oi< """"'- md load con. infol1ll.ltlOll win.,. ~ lor <><h oftb< 'Wn! 
ttd",o/og;.,. l1u. mimno""n c""",, !rom "tb<r til< >Ill'" th.a, u .. tb< 'J"""" or tb< ,-...:Ion 
th.a, """idr tbt ')''''''' I , blo 1.1 <hov;, tb< 'Wn! 'J~- pnn<ipl<'< th.a, sbOOId be """,id<r<d 
w!><n .. l<ct"'l' SJ-"""-

Tobit J.I 
\lUI S~~ttlll J'rilKipl .. Cb«lr;;Ii" 

J.I u .. ..,. ........ ' .............. ,... ........ ,...... ...... ' M . Ion" 

l.' D ......... _"" ,,_ ... , .. _~ , ..... ,,, ,.,, ...... , .. , .. ,.. .... _ ...... -_.", ... 
l.1 ~_"...,. ... r_ " ... " .r "llr ,"*"", "" ............ __ ",_ 
H l _""~ 
H' ,.. """ .. "" 

HJ 

Tht AmtricUl 5«,.",. for r"""l md ~Ut.n." (Asnl) '"Standard Sptcifu>lioo. for 
High"'I)' W<lgll_m_~ (l\nt) S)~t<01' ~-nh U"" it<q"""""''' and r .. , ~k.hod" (ASnt 
o..<ignl1l<"t: [ 1l1&-9-I) d.",f.., WTh! 'J""""" 1)"1" III m . ()( IV ><=fdi.o! to tbtlr 
>wb<.tloo and Ii' .... "J..ttd ptrl"ornwr< and n"" rtqwrtmtn."1 for <><h 1),1" of 'J~- (I). Tht 
SlUIdud h'" """ r«jUirtmen."1 thot .booIJ .,. .".. to ttlruI< th.at tb< \\1~! ')",,<01 tw.1ioo., 
proptrlj. Tht fOOf 'J~-' hr>-. dilf .. tn: ~ ""l'"'- dltll go""""! <IIp.bib:;'" and mtendtd 
>wb<"ion>. Ioblo J.l '"""~ tb< infornatloo for tbt four.,..,... of SJ-""'" Ioblo l J '"""~ 
tImot'oo.>1 ptdoml.mc< ,tqWrtmtnt. for \\1l.! SJ-""'" 

; , 
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TabJd.! 
.\ST\! \lU! S~~ttm U . "iliuti • • 

CL\SSInUTIO" 

TI"P[ I TI"P[ II TI"P[ III TI"P[ IV -- " · m ..... " · m ..... ,. . .., ..... ,. · IO ..... 
(10 · ",..,) (10 · ",..,) (!S . \O..,) (" . >O~ 

~ ... ~-- .~- .~- -. -- ,- -,- --- -h_"''- .. - .. - .,- .,--- , , , , 
"'-'-" , , 
~'" 

, , , , 
.-~ 

, , , 
-~ 

, , , , 
-~ 

, , , , 
"""" , ·otodo ""_ 

, , , , - , , , , 
C_....c_..wo_ , , , , 
, . otodo Clfi. , , 
__ Coo. , , , , 
'-- ... """"'"" '" Tn,., , , , 
I>oto ... """ "'''"'_ 

, , , , 
....,.-..l \. _,. """". ~-..- , , , , 
"-"(""""--) , , 
....., ..... ....,.. ..... l.ood , , 
'_Coo. , , , , 

J.l 
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Tabid..! 
r lLII,tio .. 1 P,r/onn.o .. R<qail'<_." lor \lUI Sp"'" 

n T,,.. [ -" T..,m ,._ .. -, ~)' 

"'" ~) · ",. .. · "." ' ,lOO('JXXl) 100 ('10) .- . ~ · "" ',+:xl (12,000) ><Xl (100) 

• 'ill .- · ''''' 1l,lOO (" JXXl) 1<>0 (l,lOO) 

· ''''' . "" . ~ l1.000 (OOJXXl) 0 00 (',500) 

J.l ESTABU , H W STHI RrQmRBJ[:XIS 

Tht r"" "'I' in c~ • \\,IM 'J""" i, '0 d oor!y d<!ino tbt "'Iuir<mtm. <"f"<t«I 
from tbt <J"'= and tbt Ulff,=", """''''Y ' 0 maw..- and main:.nn tb< <J~l<m. Tht '"" 
';";l" lif." and tbt """,,>C)' 1<-;,,1 ... imponon:~" '0 conw.. ~-btn ",It<tml \\T>{ 
tq~. Ibt "'" oflh< 'J''''''' bu b<ftl ~-n ' 0 <h=dy "1.0,, ' 0 ,be ",,,,,oil p<r.=n« 
00t&mtd IlWll lbo, ')~'= .. obown in tbt 10u.".lIl!! «<:tioo 

J ,1 [ c o:xm OC A.".\LYSIS 

A=ding ' 0 ,." ,." b by Toylor and MY"', . o<h \\'Jl,! <J""'" pr<l'\-.d<o. difurtnt 1<-;,,1 
of 0«.'llf0C)' at dilItrtnI ')"""" and main:<n.tnc< «>'" (2)_ Tablt H !bolo, tbt """"""'" analj~, 
product<! by 1. )1<0:. Tht coot oftbt ')~_ mel,.,.. tbt ['1imI,td !nitw COlt ptf Un< and 
Maintenanc<. Tbt PmOImaDC< oftbt 'J'''''''''' pI'''' " . ptfC •• 11 trrOr OIl g= ,-.hid. ~-.igh 
(GV\\) «tinatlOil at h>tIM''Y ~ tmd<r ideal ASTI.! "It «Jt>dition>. Tbt E.:imat«llnitw 
C"" ptf L.". mcludt. tbt «jWpIl>ttlt .nd ins:il:a""" «,,, •. Tbt E""""t«I A,,,,,ag' CO<! ptf 

Un< i , bo>Od OIl • 11_)" " lif, opan and meJu.:lt.! 0l.IlIl'",""",. Ibt rtport did "'" !p<Ofy tbt 
m''''''' "I< that ""u>Od m tbe <akulaok"",- A<eor<!ins to cm.n~ llWIlI<nIIr< can bt 
",bdi,'iJtd ."" thr .. all,., ( I) JXIl''''' and ronJllllIlUCatlca (2) .trucnni, and (J) WI},f 'J''''''''
Tht JXIl''''' and COOIlllill'.Kat,OII om meJu.:lt.! tbt \\l~llx, .... tf and ~""" JiDt.t. Tht ,trUC!Unl .rt. iocludt. tbt rNdI>~y ",,=>tnt and "aIt rum.. A """" oro",,,' ~·;th tbt ,-.ndor """" 
tbt m.rn:t"""", for tbt 'W1M ')~ __ 

; .; 
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hbltJ.~ 
( "" (omp.riooo of WOf S)" .... , 

~-. £ ' .... , .. '_ 0 ' .... ' ..... '''' • • 

""IS"". (porCO.' . IT« c"" ,.,.l.Ho ~"" P"u" _ cn,· .. ~ .. - (11-, . ...... ,... 
~. , ,,"",,- .. .... .... , ...... 

"'-'-" -i, l!'" 1'-1"" ... '" .. - , 
'" 1''''00 ",000 - -,. -i. }. S% I IS.JOO I '.JOO 

• •• ., 'm . ' 
T.bJ<.. 3.1 and 3.6 .00...- :oil ~I< of. 'F'od'-' a.-.-.lop<d foc UPP to ..-;,=" tho 

ro!t of~ho.mg, in~ "!"""ing, and m. m,. ;","! Will: <qUlFmtIl! (j). Thi, ~I< 
.oo...~ tho <OSI ofmooit"""! 100 "",bbsbM ,,,., """l both p .. "",,:.ctnc -=> and bm:lin! 
pia .. "Ie" . Tho "' .. or, m,1lIll<d on r~~)~ m.>d< ofboth '¥wt~ ... P"~' (ACP) 

and ponlm:l ~< .. «m<nt (PCC) """""'". Tho <pr<1<kh«I .no..~ f<t- ><01< ''P~, 
<1«"""",, "floc"""", "',..",.", , .... bilita~on oohbntl""_ and "" ~"'Y olli« and 
mom-. ""!T. Tho initl.l "'" foc obi, """'fl< i, i61l,1XXl ~'Ioch mch>:l<-J PI'''''''''' 
r<hobihtotion and initW~, pm:ho,.,. Tho =tW ro<' for !hi, <"'"1'1< Sl,100,500 ~'Iocb 
lIIClud<! """""'" « hobiht"''''' ODd otb<r .... moin~, -= "floc<m<lll, ,I«""""" 
"floc."...", oohbwion """', olft« «,,'~ and 'm~l ODd p<rdi= coot • . Tho diffi:tion, foo II>< 

of obi, .... -w...t "" p' .... m Aw<OOix l T.bl< 3.6 i,. sun:m>r)' of "" """"'" ,ho .... n in 
T.bl< 3. l 
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Tabld.S 
Eumpl. of W. i;k.i • . ~lo'",. Co,,, 

ITBI V.>.LUE ITBI VALUI: 

"'-of"'" 
~-.. -- ,. 
~---" .... " 
~--,..,- ..... " "-"'''''' " _ .. ;.c.., ........... _ ACP ~ "-"'-- " _ .. _ ..... _ ACP 

~ -_ ............. - ~ 

p,,_ Jt-..- C"" , ...... "'.-.- IlOOJXXl 

ACe """"""'" m,~ 

pee ............ m,~ 

~' c.'" 
, ...... £ __ 'c.~ Im,1m 

..... 'II" "'" 11' .000 """ ... Soo", """" _, c ,,' 11''= 

..... .... ,,',,"" ;""''"'- 110,000 ....... £1 .. " _ ' ........ _, P'JXXl ...... _, ... 11,500 

~-"""'-"'-
, - -,"" I Il,OOO 

_ _ ..... w-
1,.,000 

c"" .. .... .- . ,m 

~- .. --.. - , -- ~~ 

c~_ ... "" • . Il 

C"" ........... _ 1ll,000 _ ...... _= ~ 

,; 
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T . bl, J.' (Cooli .. ,d) 
[umpl' of W,i;k.i • . ~lot",. Co,,, 

ITElI V.\U;[ nIlI 

, ... --_. £ .. ', tC,,'~ "'_, -"'_ ........ ,.,.""- ,m .... .., P", ... , RoO .. _ ... '" """" """" ... ,- , ... .... ..,_·"' ... llaitt, ...... 

_ of AC."'" __ b".,..., , ... 
_oforr ___ "",..., 

" _ .... olornm<, _ """,_ '" 
c ..... """ olorn=, .... ..- ",000 ..... ., E ... ..-' """' . ... , (.-.- ..... .,c __ U><, 

c_""",~ ... _ • 
-.."., "'"' """ -c ...... cou<'ooo ("'"' """) ",100 '''',000 

c ...... d . ,-.... """'" ",000 "''',000 
1)poo!_~ _ -,_ ..... ...." ....... _ ........... ,.,...... ....... ,- 50" 

~~. OIIi<.c.,." 

""". FIT -"" ....... 0." " T_""_ ...... "" "',000 

"""'"""'''''''''' ,..., ~= '00,000 

, .... FIT ... _ ." 
l>ota<_ ...... FIT 1,",000 ",",000 

Tr" .. ..... '_C.'" T ... IT",~ ... ...... 

I>ollo.~ ... ,..., ,~ 

; ·0 

V.\LU[ 

1'.000 

"".000 

'''0.000 

"'.000 

1' ,'00.000 

''''.000 

"'".000 
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h bltJ.6 
S ...... ,)· of Eumpl. \,",;;~i •. ~lotio. C.,,, 

!aitw CO"!" .h ... le",,, 

""_0 ..... · • 1).00,000 ""-..- ............ 1"',000 

JUoaIE.,_Ccm 1'''"000 .-"",-.-. 1',",000 

T .... I ...... ~ w",_ _ .... "'rl><_ 11' '= 
.--,"""" ...... P'JXXl 

c""""""c .... 11. ''''JXXl -,- 1"',= 

.,."' .. -' "" Doom 1''",= 

T .... ....... C-. "-1M .... 

JJ BDl)l"'"GPLUE 

Il<Doiinl Pltlt \\1).1 .,"""" utiliu pit,., ~"h ""in g",!!" bondod t~ tilt ond<rnd. A, 
• ,." bid. PO"'" "'.." tilt b<t>:!inJ! pltlt. tht ')~_ rt<:<>«b tilt strain ""."",«1 by tbt """'!I'll' 
.mol akulot., tbt d)=~, Tht """" load ;, .,,;""',«1 u""l tilt "".=«1 djlWlllC ~ 
utd calibr.,ion P"'~' Tht ,alib,,,,,,,,, por>rutten >CCOOnt [<Of tit< infl~ foctor>. "",h .. 
,-.!Ix!.,.-d md P"'=-t~ d)"""';"~ hr;.., (J(I """'"""l tht """" W<1ght, Thi, 
..,"""" d",,; 5«1 ., an ASnf TJP' I, 11 !!I oc IV '1"""" ~ on tht m:.ndotd uo< ~ftllt ""X< and tilt """"'" of .,,.!... p~ ill tht w.._ St-.'<f>I,~ ptm:tdt ~ pllt, \\'Th! 
..,,,,,'" 
JJ.I S .. "" 

Il<Doiinl Plo" \\Uf ..,,,,,'" coo,," of tithtr oot or IWO ",0].., Tht ""oIt or poir of 
"!Caito "ploc«l m tbt tr" .. ) Ion< pt>p<ndicttlu I~ tilt dtr""00 of tTI,..,1. \\1><n two ",0]..,.,. 

u'l<d in. w... "",,"!Colt ; , p~ m ...,b wbt<!po:h of tilt tTlff" w.. so lbo, tht I<ft utd nght 
w!>o<h ,m b< wtirltod mdinduilly. Tht poi.- ~f ""oJ... ;, p!oc«l m tilt w.. <i:b<r ..d<--I'l".u\o oc 
""'l..~ by &I .. rntI ... (1 6 kfl) ~ plitt ')""'" ... i:h """ ,,01< p~ in ffib<r tilt I<ft 
<Of rirbt wbo<lpttb .,. u"",lly u'l<d in )o.,.' \"O!u:ut ....., 

Tht,. "'" ",,0 'yp" of btndinJ! pltlt .,~tt"", ptrnW>OfI' and p<>rt>bk Tht ptrnW>OfI' 
..,~I=;' di>cu,>t<l in tilt [d k>win,l! >«Ii",,- inchtdin!. <bog,.", ~f. 1J-pcal ..,""" 1»_ Tht 
p<>rt>bl< .,~ttm;, "'" Iugb-,.-d \\U and tIt<,tfo,. " iilll<ll b< di,e..,>«1 m obi, rtport 

; ; 
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Il<Ddinl PIt" V,Uf .,~t<= COIWSI of ., 1<." .- ",>I< m:I two indu<t"~ loops. Tho 
",.J<. or, p~ in til< _-.1 1m< p<rp<ndi<ulor '" tb< dI:«oon of .. \~I , Tho indu<t"~ loops 
or. ~ "l"'''''''' m:I oo..ll>"""" from tb< .,,.1«. Tho "P''''''''' loop i. u>«I '" <I<1« t 
,-.locI<> m:I aim tb< f}~t<m of on _hml ,-.IIK!., Tho \~bicl< >p«<l w!>xh" ~ '" 
d<tffillin< til< w. spacing, , .. .. ~ by thr .. n><thook: w":~ to mducti", loop, 
w":~ to LY< " ' '"OC, m:I w":~ to "-"l!lpo<l iftb< "-"l!lpod> or, '''l..~, If .. w. _= "u..d to "''''''''''' tb< ,-.bJc!. 'I""'L it" plac<d oo..mlr<o:n ~ftb< \«'gbpod. An 
<XmlI'1< ~f tb< loy"'" ro. • b<ndinl plo" WTh! ')""" i, <ho\olt m FilUf' l.! 

Fip ... J.l 

• 
" '''-,",r· , " ',', ,,'" _ .. c. , 

-~" """'"1--'r-,-,\ \, 
• 

, 
• 

" 

H"'" ""_"" ,. .... , ,.,,-~, 'O~ '-",,", ",",,,,,, 
. ', •• ",'S 

h.mpl< of 
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JJ.l Sir. P ...... ,,,,, 

Proc"""l tmI" .,.. u'lOd to "'" m<I onalj'''' obo mfOImO~OO obtainod by tho ro.d" ... )" 
....,~. A ~l'i<.l \1."ru: f}~t= <Oil ~. "'.." 11,000 !rucb. doy and ro:lo<t at ... " )0 da)~ 
of roIlnm.o.u lOW do", foc. f""" ..". 1ll"'!1.atioo.. n.. 00_":" proc""" can I>< prond<d b), 
.. tho< tho "''' or tho ,-.nd.oc. C.lIf..,' .,-,lw.tod both "I'""",.Dd dot<rrnin<d ohIt obo u ooo._ 
p"",iJod pr~ ..... i, jlI.fonblo "I.on.! ., it i, ""'""'tiblo with tho '''''_jlI'''>dod in_"""" 
romp<lI"-. n.. ,'ftldor_prondod 0Il_":,, proc"'''''' .1i=Da .... tho i,,,,,, of cOOlpO~bihty 1><,,, .. ...., 
tho ...,>On and tho "'''_pr""dod pr"'''''''' 

JJJ Romol< Comm •• iulio. ~Iod ... 

n.. IOOd<m U><d to ron.e, do" '0 monitor tho .,~t= ~ 10 I>< opmobl< "". ,tondJrd 
,,~boo< lin< and c.poblo of at ... " 1)00 bi" P'" =<JDd (bp<). bu: pr<!".ubl), at ... " 9,600 
bp<. n.. """"'" of doto roll<ctod at obo <i" and tho f,«fIl'Il<' of dowlll,,~ >houId I>< 
~ "i><cI ... l<ctinj! tho "I<pboo< lin< m<I """":n. In g"""ol obo oo..nIood proc"."i!l 
I>< qu>ek..- ., tho quah'y of tho .. :":t«l phoD< lin< and IlloDd<m mer .. ,.,. Th< mllOI. 

<OO:lllIDlIC."OIl conI>< doo< uoins "thor "Iqi>oo< w.... or "I!n!or t<cbooloty 

\1."ru: ",flv, . .,.. mclu;).., thl", "P""" ",flv,..,.. pachl"'; 00_":" ""b · .... 
ronm","i<.ti<on, ""!m-... . and in_lk"", soh",_ n.. t;l'i<.l 00-.. " ",I\Wlr< """Fm, tbo 
<igna!, lrom obo \1.1).! ",,01< .-1 __ "" tho CD ... " 5 ... whKh lDdDd. mfOllll.lnoo ""h . , -

1 SilO 1d<rin5c.""" 
1 Tim< and D. ,. ofP' ''' g' 
) r..r.. Kumb..-
4 V<hi< .. s.qu.oc.,,·umb.,-
1 V<hi<1o 5p«<l and Cb,":5c.tioo. 
6 Wtig!>' ohll Axl<, or .>.xI< Group. 
7 Coo. for Innhd M .. """""'t 
g Opck"tl.l! GnphK CooI"gun "", 
9 E'llllnl"" Sing!. Ad. ~ ([SAL) \"111>< 

n.. t;l'i<.l rorm"mir.ti"", ",!Iw ... oIkm~ lor chml'" '0 .,. mo;i< '0 tho on" i" ",!m-... ""'P 
lDdoolllg <ohbn""" foc,= lrom tho m-boo ... romp<lI..-. n.. ')"pic" in_"""" ",ftu'lr< __ .... 
hard co!')" ''''''''' . , ,,·.il ., ASCII ru... Th< "'flv, .... .tI1", ... "1""" to I>< !",..-."od OIl obo 
ro::.ctod .. ,,' , .. locI< r«:Ord fu... n.. t;-picoI ~c':k"'" and ;"_00.... ",fu.-... .Dow tho 
u...- to porfOIDl tho fono,."'I! "",,, 

1 Ro .. tim< ,-.!ocl< , .... "'I! "l<rubl< by lin< 
1 ~!oftho ,),_ clocl 

" 
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11m r '" ~ ~ 
t r"' ... Er§'" ~~ "" ... 

;,... '" f~~ ... 
, ~] ~ " I' -3 ~~ . '" ',. 

~" p, < n d 3' . g ;:>'<' ~ 
iI ,·r=>' r ~ [ii' ~ lr!li! r il;lii~i; .~~ 2.1 i"4' r i ~~ ~n ", ~ ' ~~ 

<"." J " ~"~!~ i ."' ~ " ! 11' -- .1~! r:; ~S '~ ~ i ~ ~ i 'i~ ;;l~ 
• ;; n "P" ~" if '" ; ~~l~,~~ ~ ~~ [l~~S ~l ''" ii il ~ , ;:: dU ,I "I i ~ ... ~'" "" ~l~S"~ g ~ B.-~:t ~ 
j'! , I ~ ->! , ! $ i ~ ,: !'~~ ~t !: ~ ~j d ,if] !fit; ~ ~ ~ ~,I<"~ ~ ~ 111'; • 'f] 1, " ~- 0 ,~! i !..-or ' ~ ~ 
g,r ~(:~ .. , 
- , if ~ 'I ' ' 'j" ~d~i 1 ~~~ ~[ < ~ , if ." g, - f !fr: ~ Ii j!!.~~ 

~""r' !. J' 0 ; ~r ~~i! _p '" !; Jl ,: _I " !$r,j ". ~ Ii 0 ~ <" I .. ~ if-
HI!' d~i U~i HH~ !r 1] ~~-;!.~ . , ! 8-:t ~'a 

HF~ 
~ ~ , . ; s ~ .. 't! .~ I" !f~ , ~ ~ ' ~'~r ~ ~~ !f~ i:" 

~Ft' '[] . ' !<"~ , ~ 5 ' '~ , ,i '!' 5 ~ ~ ~ "" ~ ::- 8 '~ ." , ! " a ~ f ~ S if 1 §.l~ii. ~ , 8~8 ~r '1 ~f < ." ~ ~ :!. ~ if " "~'~1~ ~ It ,,,. 
"'" ':t ~ ~. _ 2 

. " [<1" .~ . " I(it" :!i 0 ~ • • 

H~li 
8 ,~ 11 I,ll !!!,,:;t~ g~ if ~ [ 
!f1il-~ '~1" " .•• -. ~q ~ ~ ~ ~ g ~ , , 
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C:) 
, ..." .... ~I."< 
.. . ~ <:0",<0"" - ,,"_ 10-•. ~"".=----
, """",--. _ ." ''''.'''XH ~." "m • 

.. f., , l"" ~,,~ •• p"~~'n 

-""'''''''-'''' .. ""·o..~'L_ . '" """-""" 
, 
" , 

r,uo, , 
T' , 

. \. 

1. \0 '-'..uJ' \ '';-

• " '/, ::t ::: lX i-" " 
.' , . • I ...... "' ... ". , 

• nr~I',.rr.".-- r o.'" 

8 
T 

.~. 

I'ro«uta!I '""" •• II...:! to "'" ..... ~.,.,:lIt ~ ol:amtd by:bt roaih-.y 
.... ton. n.._proca_ ... boo~Wdby .. 1I!f Ibt.:moxlbo, __ Col""" • 
... -.lumdbodoov:-.oaddo .. , dtba!:bt,_-ptr<_~,,~Io .. kq .. 
n"«lIIlI*'blowrJo:bt_I""'"1ded"'-~_ n,.,,=<ior-pc'lWd ___ 
poot'OS«.hI:mImo :bt , ..... 0( --""':I- _ _ III< ><men:mol:bt ""'-1""'-.-

l _1I 
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J ,4.,j R<mol< Comm •• iulio. ~Iod ... 

Tht n>OO..m u>«I to «IlI«t d ... to monitor tbt "l'''''" ~ to b< opmoblo 00 •• tand.rd 
I<~booo !ill< md cop.tblo of " 10", 1.400 bp>. bu, pr<l ... bly " 10. " 9,600 bp>. Tht orooun' of 
diU! «111«,0<1 "tbt ,n" md tbt ~ of OOv.n100dinj! o!>oold b< Ntl~ "i><cI",l«tin! 
tbt "'~ Iino md n>OO..m. In l""'f1'l tbt download P"""'" will b< quiel ... " tbt quili'}' of 
til< ",:.c,od phon< Iino md mod<m mcr .. "", Tbt """",. comnn:mc,""" <:Ill b< ~ u""I! 
.. :!>or "'~ m.... Of «!lulu '«hnokln'_ 

Will: ",flv,'"" mclud<"! thl", Wp.tf'" ",flv,..", pochg"'; <III_';" ""h · .... 
«>m:l1Illli.<. :k"tl, ",fu.-., • . m:I in_hous< ",h ... _ Tht '}l'",.l 0'1-0'" ",h',," 1Il!Of)lm' ,I>< 
YgnaI, from on. W!l.l ",,010 md l<D<n"'" on. 00..," 5100 whKh IDciud. infonwnoo ""h .,-

IS;" Idftin5c,,,,,,, 
1 Timo md D. ,. ofP' ''' g' 
l r.u..);umb<r 
~ V<hi.<Ios.qu..x."="",, 
1 Vohicl< 5p«<l md Cb,';5c.:ioo. 
6 W<igb' of all AD"! Of Ax!< o.-oup. 
7 Coo. for In",hd, M .. """""", 
g Opti-.-"<l.l! G"'pluc C""f"glln~oo 
9 ESAL ,..ru. 

Tht '}'jli<.l <=1IIIlic.:k"tl'l ",!Iw"", olkm~ to. chml"" '0 b< ""'" to on. 011,';" ",fu.-., • ..:up 
1DCludmJ! cobin""" foc,= from on. m-boo", romput<'l. Tbt 'ypicol in_how< ",!lwlfO ~"'" 
Iwd col')' ''I'''''' .. ,,·.il .. ASCII ru... Tbt ",flv,'.,. all", ... '<pO'" to b< vn<n,od OIl on. 
«I!I<C,od n ,,' ,,,locI< ,«:Ord fll<"!. Tbt '}-picol COIlI1WllIic':k"'" m:I in_oo.... ",fu...,-, .Dow tbt 
"""- '0 porlorm on. fo:lo\olllj! , .. I<" 

1 Rool nm. ,-.!!rio '-;"'lIlj! ",!<rub!< bj' 1m< 
1 Ro..mn!oftll<.)",,,,,-clocl 
l MODi,,", I),"'''' ~ m 1<mI' oh'ong. mnaininj! 
4 s.tup md ini, .. ,. on. l""'f1'ti"" ~f """""'Y rqx>r1. 00 diU! !R'"""ly «I:kctod bj' 

on.,,~,= 

1 V ..... l"".wod "'IX"" 
6 Gon.n,. m:I ',",,' ..,...- "'P"'" indudlllj! tim< 00v.1I, 'J"'"'" ~~ ",,' o-colibratioo. 

m:I iniprop.d), compl<:od =ord, 
7 In",f .. ",kctod "'" dill ru.. or --.,od ''l'"'''' 1:-001 tbt ",. 'l"''''' to on. 01'5c< 

bo" '<IfllI"L-'" 
g Pt:-g. old dill ru... from tbt Sj-'''''''' 

l _ll 



 

269 
 

3,U D ... Outp.t Form., 

Tht '}'pic.l in_bru", oofu.-.,. it '1p>bl< of g....,.~ ",,:putrq>OO' m tb< FHWA', 
TraffIC Mow"'"".! Gwdt Card FmIlItt. Tht in_how< ",fu...",,,ol,,, <1p>bl< of ~tin! .hil}', 
"..«kly, "'''nlhI}', or cOlllinuom =mwy fq>OO' in hourly m<r.rn<nI'! bo~ OIl ,-.hicl< .po«!. 
dmi!k.rion. [ SAL mol "..n!l>t """"""'" on ...... b), ..... or dir<ctiooal 0..;'_ Tht typic.l in
boo .. ",tho'"", conol", vn<n" t<p<>ttt on == . u:o-c.librati"", ":,, hi"",)', coli\><.,ion 
I"" ",), on<! "' ....... -.,g!>, ,-.hi,1n Tht lUto-c.lib,.,i"" fq>OO i, !Ill important "P"" 10' 
p><"",l<co-ic \\T4 'i~t<m> 

3,5 LO.ID C[ LL 

Lood C.ll \\Uf SJ"""" ",iii;:< . 1ingI< Iood "D ~"h ",,'0 "oJ... to doot<c. on ",I< mol 
"..n!l> both tb< nghi ond I<ft "'" of tb< ul< WIlIlI""""'t1}' A •• ,..tllcl< PO'''' 0'''' tb< Iood 
«ll, tb< >:;""'" t«:Or<b tb< ,,-';g!>', "",.tur<d by <lcb .col< ond ""'" them to obtom tb< ul< 
""<lght 

3.5.1 S .. "" 

Tht 'Wicol Lood C<ll ""1~1 ')~"= ,on,,,' of. tinp. Iood «D ~ ..,..,., tb< traffIC 
w.._ Tht tinp. load "U ""' two in_lint .,,,I<-! thlt op<n" mdtptOOtntIj' Off_" ... ""«t= 
"" int<p-..tod m'" tb< " ... .,S<IIlbI;' to .... " Ill)' ,-.""In 01I tb< "..ng!lin! "",fI«_ Th" SJ""'" 
"dm,il<d " on ASnf Two t IT, ill c< IV ')'''''' ~ on tb< .. to cl<-tign 

Tht .}'picol ' )""" ,on,,," oftb< load , on ond .. 1<." """ 1Il<bJcIi,-.1oop md .... L<I< 
....,=, Tht load«ll i'placNl m tb< .m~l w.. ~totb< dir<ctionoftn.-.l Tht 
m<h>cti,-.Ioop" placNl UPS"«1lll of tb< load «ll to"".a ,-.""I<-! mol...., tb< 'J""'" of III 
'l¥0.dlllll ,~""k If . >O<OOd iOOu<",-. loop it US«l " it p~ dm.-,,,,,<:,,,, of tb< load «ll 
to <1<_ L<I< tp..:m!~ ,,-!uch it usN! to ~ tb< .-.""I<~, Tht ul< .... ...- it 
p~ oo...'1l""1Dl of tb< Iood «ll to ~ L.t.. tpl<1Il!i' ODd ,-.hicl< 'J>«d, AD ""-""PI< of 
til< "yoot for. load , on WI)'! 'J~- " ~-n m Figur< lJ 00 til< loIlo\ollll pog<_ 

3.5 .: Sit. P.-o<"''''' 

Proc",,,,,!: tmI" "" u~ to 1M on<! onaIj-'" tb< mfOIml~OO 00t. in<d by tb< roaID.'I)' 

""'IOn, Tht ""-<Ii" proc"'= can bo P'",-.d<d by ,,:b<r II>< ,'It. or tb< ,~, Col".", 
.",""tod both opt>on, on<! <l<t<=II><d tho, tb< ,udor-p''''-.d<d proc"= i, pr<f..-.bl< at k'"tlj! at 

" it "''''I''tibl< \.,th tb< '''''-I''",-,dod in-how< COOJtlIlt<r_ Tht n ndo,-p''''-,dod on_,," 
proc"''''' .limiwt .. tl>< i,,,,,, of """",tib jJi.)' bot"....., tb< """"" mol tb< ,"' .... prm'id<d 
P"~,,,<IJ_ 

l _ll 
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3.5 .3 Romol< Comm •• iulio. ~Iod ... 

Tht IOOdem U><d to «like, d ... '0 moni'or tbt SJ-~'= ~ '0 b< opmoblo "". ,andJrd 
I<~booo (j". mel c. p>bl< of " It." 1,100 bp>.- bu, pr<f ... bly " \0", 9,600 bp>. Tht 0l00Ul1t of 
dlUI ""n.c,od at tbt ,n. mel tbt ~ of OO>.nIoodin,! o!>ooId b< Ntl~ "i><cI",l<ctin! 
til< "'Iqi>on< 1m. mel 1OOdem. In vnmol tbt d"...-n100d P"""" win b< quiel .. ., tbt qw.b.y of 
tbt ",:":,«1 pI>ono 1m. mel IOOdem """"' '''' Tbt """"to comnwmc,""" Ull b< <Ion< u""I! 
.. tbtr "':.phoo< m... Of «!lulu '«hnok>!)'_ 

) _14 
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~. ~In DISCliSSIO;\" 

A"c,,,,,iin! '0 tho An>meUl Soc;.,;· for T ... ",,! and ~u,<ri.ab (ASThl) ,tandard ..,,,,!«I 
Stan<k1rd Sf-ifi"'/iO"!OJ" H'gll~".l · W' ;g/I.'" .. \{OI'O" ml.\/) 5).' "'''' .. ·;,11 [I,.,. R<q.ireot<"" 
tmd T OJI .\/~(ASIM !)..,;gnrtioo I !l!&-9~). \VIM ....", mll"!' I""" ';a. and tll.IlIltain >It 

od<quo" op<n""! <Il''iro!l:ll<n, for tho , ).".", '0 p<rform prop.f1y (I). s...'<fa! I"",on that 
lllfiu<n« tho pclorItWl« ~f, \\T4 "!}~t<m "'" m tho l"'mt:ric d<sil" and P"=-t cooditirn 
~f tho ro" h.-oy.tnd tho ",..rut .. ,.Ioc,,,,,,,. n- 1"",= infIt><OC< tho dj= I><h,,,,,, of tho 
,-.!!xl<.tnd tlltt, m!ill<n« tho ~ of tho .,:imIo. ~ftho u.tic .... " ght mad< by tho 'Wl~1 
"!}'it"" (-1)_ AST)'! StandJrd.. s.ct,,,,, 6 h .. ~""",~ I>< fou.".·«1 ~-bon "..Jwt"'l! ' I""'ribl< 
Ioc,,,,,,, for , WD.! rio._ T,bl< ~.! """'~ tho \\Uf rit< pnncipt.. th.a, obooId I>< """rid««! ",bon 
... lKting' Ioc,,,,,,, fOf , WTh! ')~ __ 

" .. , 
H I 

H' 

H' 

'.H 

" 
" 
.... 1 

.... , 

.... , 

..... 

J.J IID{ Sir. ~ ... "."" 
'"TIt. qualit) <1 ~ WI),! da," i, d~1 "P"" ,it< qualit) <1 fly ,i/o " I.",od. H 

___ Cllltran1_ 

h bl,U 
\yD.1 ~" Pri .. ip .... CkdJ;';, 

\lUI Sit< Prim<ip .... 

50 ... ' ............ .... , .. _ .... _ ...... " .... ", ... ... .m'",' 
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u ~In S[LEcno~ 

Tht ,," ",l«t<d for . \\T4 ')~t.." .oo.dd b< ba..d 00 """'""! tbo r<qUirM "",,, "''':1'' 
hi, " and occur.cy """''''';" to 'uwort til< n,.,-. In ooI<r to .".., u.... ~'" tbo 
_:rio d<>.rgn. PO'=- condlt>on. ond ~ dw~t<rimo. of. poten:i.ol ,," 1houId b< 
ro",i~. s.:.ctmg on od<qn.>" ":t< for til< \\T4Ioc"."" ". '"Of)' important port of ."..,ing 
til< "",bfub<d WTh! .,,"'" r~" 

4.1 G[ O\![TRIC D[SIG~ 

Tht g"""""' d<>.r1" of . roam",), i, on ':lljlOI'..Illt lK,or that p'"''''''' ' 10000000ok"tl for 
u<illj! dyea"'" Iood "". =<m<n.'> to..:imo" ""tIC l<>o<k >=In''Iy. Ihi, r, <In< to tbo rnflu<nc, 
Ionptudmal ond tron,,~ of! .... hr;" "" tb< b<b.r;-.or of. ,..tllclt. 11>< ASThf Stondord •• to 
!)lido!j,.., for tb< bonzOll!2.l =>~:ur., t!>< looptudllw p.d...,,, tb< Cf<,,, (\>",,01) sIop<. and tb< 
"idili of t!>< 1"''''' ro.dway Ian<. n.. guiJ.h"" "'" .., for <ooh .yp. (Typ' I, Iyp' II. Typ' III 
mol Iyp' IV) of\1iTh! .,,"'" in<tollrtion (1)_ T. bl< ~.2 1ho, • .-, til< ASnf Stondord g<oo><trio 
o.-.ign "'l~'> for .a::h 'YP' of ')"""'-

lob). ~.! 

."'SIlI S ... d",,1 ([ BI8_94) Go-om, "io< !mira R'q";.-.m •• " 

C~r'><"ri,ri< Tn" I I )l" II I~l" III I )l" 1\' 

_ cu.·mn , ...... ,,- ,..-. ,,- ...... , " +:>0 ,..-. ,,---- --- _ .. _ ...... ----.- -,.. . ,.. , !% • I,. --- --- _ .. _ ...... ., .. _ ..... 
er..., .... ~ -,.. -,.. , ", -,,. --- --- _ .. _ ...... ---
~.- ,., .. "" ,., .. ,., ,,, ._"" ,., .. ,., --' ..... --- _ .. _ ...... ---

4.1.1 H.ri.to ... 1 C.n -.'un 

Tht rnninnrm alli,ubl< bonrontal "",,-oM< lor t!>< roa<h<ay " od<n:i.<.l for all fOOf 1)-".. 
of\\1).! ." t<01 in.:ol:'""", . Tht "'"""-ay ha,.o ha,.., . bon, OIl!2.l r>diu, of oot !<-u than ) J-lO 
"",." (1,700 £ffi) foo • .ii,tan<. of 46 ",.t<n (110 fNt) b<for. mol aft.,- tbo I\'IM ><IlS(>( Tht 
rodM ;, "",,=«I at tb< <ftlt.run. of til< Ian< m ~-hi<b t!>< __ i, in.:olkd. 
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Tht = .1I",nblt room ... y p>dt i, obo ""'" lor 1),1" l l)'p. 1l and Iyp. ill 
V,Uf 'i~'''''' ' For on... ')~'''''' obo room ... ), p>dt un not ",Cffd "'0 p<1Utlt for • ch,,,,,,,, of 
.u "",.". (150) f«t bt!= and a!\" obo ...,""'_ For . Iyp< IV ')~ __ obo "'~!w.y ~ 'OIl 
oot =«<1 """ p<rc<tlt lor obo 91 _" (300 1001) ch"onc • . No docum<ntotioo w .. foon.! for 
obo m ;n;IDl'm alkM~blt """"'" ofloogitu.:liw.l w ...... m til< roo"''''y owr-bms tb< ~ 

~_] .t>1. Woitht r,..",,/ ... OM Rno<ik'ay GNd. 

"" 
"Tho _j"'OO'" probl ... . ff«,.,; IJy in"ailiotg a WIll ')'''_ 0" ~ r;rod4, }iiI) "",'[hi"! 
in u "",,, of 0 ... [HI,,""', i, tho ~·oitht 'traml"''!'''"' rho If_ ~d. to tho Jm~ a:d. of 
tho l<><>d"; ' .. 11«:;. " Collrnl> 

Tht mninrum alI",nblt ""'. (lIt...!}.1op< ofobo road su6c< i. obo.."., lor th< lim 
thl", 1)-1''' of \\1\\ .).,..", •. For on... ')~_' th< ,,,, .. .Jopo ,=t ",,«<I ""0 p<r<"" for • 
ch,tonc. of 46 _ ... (1~ f«t) btfor. and .ft..- obo .. os(>(. Tht road ."rue< 46 mtttr'l (150 
f«t) bt!"", and ~" • I)'p< N SJ-~t<m ,moot WI''' ' "", • .Jopo m tote." of oot p<r<""_ 
4,1.4 La • • IYidtb 

A guidtlm< for obo wid:h ofth< 1""'«1 road\>'.,' w.. i. tbt .."., for tbt four '),P<' of 
'i~t."" . For 46 mtttr'l (150 fott) btfort and .ft" tbt ...,..,. th< "id'.h ~ to bt bt!u;"", 3 
and (5 n><t<n (10 and I~ ..... ) ~ 00. ",.1. w><!th. For Typ<. III and N obo l.mt 0111" bt 
madtd ~"h • ",~d ,,·bI,. liD<. 100 '" 150 m;ilimottr'l (4 '0 6 inc"") thicl, nmnin! p.",lltl '0 tb< 
w.._ AddJtiOOlll),. ont mtttr (tlJrt< fott) of <It", 'PO<' 0111" bt I""'idotd 00 .><h sidt ~fobo 
V,Uf -= w.. ,,-bto tb< 'i~t=;, n>«l 00 • r=p 

u P.~n:\[[XT CO"l)mOX 

Tht room ... y PO'_ rondit>oo " 1Illj>Of'.mt m tb< r«h>ction 01 ,-.h>o" boone. 
A~ to D<llin, "y.Ioc" boone., r«U!tm! m ,·aru~(." in obo ",,,icoJ Loo.:I ~ by. 
IllO'IID! ",It, mer .. "" wllb rood ~~ "><1mB '" grt"" ,..n.tton. m obo m""'taDtoo, L<It 
Ioado (.I)" 

Tht guidtlm..., lorth in tbt ASnf S~d E 1318_9~ ,to,., thot for • di"""" of ~6 
"""" (150 ..... ) btf"", and _ tht .... "" tbt ro. m ... y =t.<. "oIWIbt maintaiDtd in. 
NUdiIl00 weh tho,. 1'\0 m;!limt...- (6 inch) ~ circul>r plot. J millimt"" (0.1 )5 ""''''') 
thicl UDnOt bt po • ..d btnt.tb. 6 mtt" 00 fOOl) Iooj! .trailhtodg. (1)" Tht ,tmdord oJ", 
... ,., thot • foondalloo 0lU" bt P"",-,dtd and rwtintam<d to o=m:modo,. obo ""<On. Tht 

Ort!on ~t of 1"."'1'0 ..... 1100 ...... profllopoph '" "",."". obo PO'''''''''' rougImt ... , 
.oo,,-n m F;!)lf< U 00 tbt lon.".lIll! PO!'_ 

" 
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C..Jtram' """""lui pn<t>c< ~ that all \\l~1 ')~~ b< in-;:illtd in Patl.m:l ,.",.." 
roncrOl< (PCC) p'Y<m<n! to pro,'id< rMdu-.y 'lIbih,y, durlbility. and 1DloOOtlino" throug!>out tho 
10 to Ily .. r np«t«l <quipmont h!'<. Col" .. " guid..1m<> .... bh<b tho.t tho FCC PO'''''''''' 
1hould b< tho thidn..., ,ho .... n on tho <on,tru<!ion plut, oc 300 .mi!imt"" (on< foot\ .... hiclr;.." 

"p<''''. If tho WTh! <;,,= i, to bt usM 00 , rNdI>~l' tho, i, .. phalt """"'. (AC) PO''"''''''''. 
tho AC ""..",.", mm' b< rq>la<<<l with PCC ""......." foo ,mIIlI= dj"""" o[]) _en (1O 
r..e.) b<for. and J.I """" (11 fNt) ,ft ..- tho '"""'" (6). Tho b> .. . true""" It tho == 
Ioc,,,,,,, follo\o~ tho .".bbsb«l poramot= lor tho., roam ... y . Tho DnI\ lOIll-Imn p,,=>On' 
pmOlm.",. (LIpp) "'~p= SI'"<'['<>I'oo ,. " a mini",,"" PO''"'""''' """Vb "'in.! a fallinj! 
.... "gIl, doII~..- (f\\'D) to." . U",,!! an <wbod load of 4.080 knoy."" (9,000 p<lUI>d», tho 
",,=>On' o.f",,,,,,, must b< b<tw .... 0.301 and 0.417 .mi!imt"" (0.011 and 0.01% _boo) and 
tho ""a of tho d..!l«""" b>sm must b< 17400 squ= millimot..-. (27 "IUlfO me,,",) or p .... 
Tho lhe LIPP Stmdard "'" .. tho, th< P-l'=<n' mu>1 b< o.Slgn«l ,~ 01'.,.1< ... '" , ,,",,, 
=Vb 1 ... ,,10 tbrO<l~ tb< 1"" .... ..., ~ ponoo. wbon tho P-l''''''"''' ""xlln i, 
w.d<n«l by bigll """,turo """"'" or thr.., crodi"on> (7) 

4.31''''· ..... ' ConditWn 
"lftN Il'1M "1"ip""'" i, ItO' i",'.Uod i" p<I\-._n, , .. , U 00" ".N. ~nd ,,,,,,,,til, ... 
""Ii.." .., of"~hc ~·<ith' ~ill "'" t... '''')' O""urnM. " Coltram 
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U SIn lOC.nIO:'-

Tht loc>tion of. \\T4 , ito .oouJd bt bo~ on """" than jm: tbt ....d for tnd .ru& 
do" (8). Tht , it<....d> to bt locmd in m or .. ,,,tb <;>«i!k qua1i_ IIldudin!, 

1 Anilability of occ"", to p"""" and .,..,... 
1 Ad<quat< loc. """ for con:roll<r co",." 
J Ad<quat • .n. .. g< 
4 TraffIC =>:!itlon, 

Tht ... " .bouIJ ha'I-. occ<" to OIl AC p<m-.r <Om<. and "!<phon< unlit..,. Solar P""'-" 
and ~llular ~ UD. '" U>«! ifutih,;.., "" not 1\";!JbI<. Tht p"""" «=C. m<I pboo< """" 
u..d >1 • ":to i, <l<p<od<n: "i'OO tbt amounl of truc1 do" colkctM >1 tbt . it<. For IDO" >en,-. 
":",, Col,,.,,, d<:.=m.d tlu.t ~-.r«l phon< ",,-.e. would '" ""'" =1 <fuctl,-. than «llu!ar 
(w;'-'j.." j ""~. 

U .l .\.s.q .. " i.o<. Ii • • fo, Coati""'" C.bia" 

Tht con:roll<r cob=: ohouId '" loc.'<d '" th.!t it will fun<tion thloupout tbt d<.igD lit. 
of tbt .. " . Tht <.bin<! n...d, to b< III lin "". "" tlu.t: 

1 It ~ill oot bt oubl'CtM '0 runoff ~ "'''). run,« to UUI<bn!! or """ins ,..,"" 
I""" iniga~w or .nm..g< I>cih .... 

1 It can "'" b< hit by. ,-.bX1< 1<1\"'Ii tbt roa<h\'ay, jRf<nbly "'hind • !)WdaiI 
J It .. occ"", ibl< with. d . .. lin< of ":!ht '0 tbt """'" 
4 It <m b< ""~ ,,,thout <ndaeg<rins tbt '«hincim(,j 

It= > om-.. and /""" ar. ~t btc,u,", !<Chine...,. mol"....d '0 .p<Dd lim< " tbt ""'Iron..
ubu><t ~ 'i~t= t<""'l. u libratl""_ and maint""""'. 

U..l .\d<qa,,< Ol'.i .. ,. 

Droinol< ohouId bt od<quot< for tbt con:roll<r co .. "". JUl"'lioo. 00= m:I \\1).! ...,"'" 
Tht "''' .bouIJ ""-"I '" loc.'<d .. an or" """,,,,,«I '" fl<><>dmg. Tht w>1 ... COIl '" dir<ct«! 10 tbt 
road~d< -. ou'S><!< >lop< or an <Xi";"l drunag< I>cibty 

" 
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lolA I r. fli< Co.dirio. , 

V,Uf SJ"""" d>ouId.,. mOIl.,..,. of rr.. orlk fl",,· ... i th !ood "'ght <Ii""".. n.. 
traffIC NOdi" "", !hooId'" ,och th.,. 

1 S"", and l" orlk "Xl',m",j · ..j 

1 S\ooo. """in.! trallk j, mjnj""z«l 
J Lon. clIanp!,l! j , mm jrn,· ..j 

4 Pm",,! 00 two w.. rMd! j, rnimmlz«l 

,. 
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; . SYSIHll'iSTALUTIO:" 

Tht Ammo.., Socioty for I.,:in! md ~t.n.!> (ASTh1) Standard (I I J 1 8.9~) ~ 
th.>t tbo "..,gh.m.mo!IOIl (1\'ThI) ~ b< .,." IIM m<I maintom<d in occocdmc. with tbo 
=~ of tho sJ'''"''' ,..0000 (I). Ib .. =tirn will di",,,, t«:bniquo> and oddi:i.-'"tl> 
tho, "'''"' with ~,/ul1.1iIM Sj'-' ~ ~ tbo .,.toll.ation proc .. , . Tht ""'t .. 
"idi "!UCC",,/ul I\,D,I ')"'''''' " . ., . .. !octod """! Iilforma:i.. ..... from tbo l.oos Iffill P ... ...,..." 
I'otformmeo (LI P!') ~g<>!ll. Tht "'t .... I«tod !Of .. "b \\l~1 'j~_' d:I"",,>Od in t1u. rq>OO 
or, Califomi.>. lor ~ pl.,,". ~I",oon lor p,,,,,,,:.cttx -=>. md o..gon for Iood coIL Tht 
di"""""" will "'" b< limit«! 10 """" ""'t ... , """" ... ful lD"~ md proc~ from ~ ,,,,, 
tr>nq><>rt>tion~" md tbo L TPP pr~p>m l\ill . 1", b< doscriW. Tho <h=~on ",il 
="<f cd;' tbo m ... n.tioo proc~ for tbo Will: ",>l<> and not tbo oddrtiroo! il>:hxm-. loop> 
mduk.,.""" 

Jj In"ailolio" 
~~ j'Propn- iltJMilalion U Q Uy .1 ...... ' i~ ""'.,;"! t/r4 Il'1.V !i)""" ~i11 }1m,""'"" ~iflri" 

' . sp«iJlm""", fIr_giIM, ,It< ,," dru!pl hf.. • C.,I:r"",. 

Tht Dn..~ L TIP Spoci5c,tioo b"' .... ..ru m...u..uoo r<q=""""" " lucb "'" m 
occordaIx. wllb OWl)' ~ftbo ,..ooa, r~:i.. ..... , (I). Tho Duft UIT roqtm''''"'''' or, 

1) In ... u..uon =" b< don< in !ood wo.thor, mot wO!, I,""zm& 01 bot rondr:i.."tl, 
l ) Tht .... ,,')R must bt 11mb ",lib tho rNd =fOe', no """" th.>n """ millin><l<f 

sq>aratlll!! tbo '''I' oftbo .. n= from tbo ,Md sur"->« 
J) Tht oq"'P"'""t """' bt prOl«t«! l:-am " .,"" md t1u" 
4) Tht oquiJm<llt ubinot 0lU" prot«:! tbo ')''''''' .I«:romc. from t<mp<ntur<, ""'t, 

lrumidi'y md m=t md ro<l<nt mf<.mtion 
I) Tht oquipmon: mu" b< prot«tod l:-am lightm"l! md p""'" ""'to" 
6) Tht oquiprn<rlt 1lJll" b< .,.,,11«1 so tho, routln< 1ll.IlIltornnc< em ""'" ",:hour 

<h=ptIOO of dir" collt<""" 

5.1 OBJ£CTI\ LS or "SUCCESSFUL PR.~CTIc[S· I'iSHLL HIO'iS 

Tht in>tallotioo =lion oftbo \\'ill: marruaI" mt.oo.d to IX'll' _on 00 ,«~ '" 
odditionoI "'I" tho, ,to,,", " 'ith "!UCC.dul \\'Thl ')""'''' impl<men! ~ tho ,....:Ioc'. 
~ in.:.t:.tioo 1"'< ..... Foc udt \\l~1 ')~I<m di,,-,,,,>Od m t1u. mamW, >It m ... u..non 
<b.ddi" ~f tbo roquirod "'I"" indudod t~.bow "" in.:.!:''''''' proc~ ... Tht oIl)«1i,~ ~ftbo 
m ... u..uoo pr~' i, '" pr<>\ro.. prop«ly lurw:tiooing \\"l!\1 "''' for til< .",b~<bod';t< dt"gn 
bft. Tho \\'ill: , it< dosign bf. sboo1l b< .",bh<bod by "" "',.. Foc <>=pit, it. ,,,to 
tr>nq><>rt>tion ~t ",,,blim.. on oxptctod ,;t< dt>Jgn lifo of !O 10 11 )~"" lor ~ 
plo" \\'ill: 'i~t."", tbo m". 1lrtioo proc ... <hoo1l b< .... bli'lbtd to pro",," I 10 t~ II j-''' "" 
""'ign lifo. 10 tn""" thi> oIl)«ti,-. ,, __ tbo t"""l in.:.l1otion pr1ll<1fJ...bov,-" m T.blt 1.1 
.oouId bt folb..od 

, , 
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,., 
H I 

H' 

HJ 

H< 

5.H 

H6 

H7 

,.,.. 

........ ,.... ... 

lobi. 5.1 
1.".llabOll PrUtipw. Ck<k1;" 

b,..lbrio. Pri.dpl" 

A\·_......-• .-.. ......... ., """"',_ ' ...... .. -
AS-'.....-........ ........... _""' ...... _ •• _ 
""-<,."."" ... _""""' ............ _, ...... 
All 0Kfi"'Y __ ... "e'" • • """"--"'-_"';00 C_ .... .-.-.. .. "..-_ .............. p:..o ...... ot_ 
1:02"_ ... -... ........ """'..- ..... _ """" .. .. _ ........... -. """"'" 

", -' '" ,,"""" .. "'-""'" 
,""'''''''_ ... .-,--' .... """ .. .. .,. ---,,,,,,",,,,,,,,", 

... ",,. .. ... "' . ., .... ' _ ......... ""_ .. --".".,,"'" ... = . .. ..... 
5,1 \n:IGH_I:"_~!Ono:" S\'STH II:"ST.UU n o:" 

I>unns on. m""llanoo pr~' tbt JnII<1P!" li,t«! III hbl< 5.1 ~ to'" fdkm-.d 
"'gord!<>. oftbt .yp. on1iIM '1""= btinJ! in.:an.d. A '<pf"""''''-' I""" bo:h tbt «flIPIl"'lI 
y...oor and tbt . Illt, n«d 10 .,. """"' dunn.! tbt proc ... to • .,,= tho! l!>til ""l'll'tm<Il."1 .,.., 
m<:. A pr<-<ro>lru<tioo """""l <II """"'l • .oowd bt !>tid to <Ii""", tbt = ",Ilttion plm and 
"",.,. "" oquipmtn. li.t AU oftbt DtC"'''')' tqUijm>tnl, ""''''''')" \\1\\ rompoo<Il1', and ,,0< 

p ..... !hould .,. 011,';,. and 1« I«1.,.!'or< "" procNb< ".""'<d. C1>tdinj! tbt oquipmtn. and 
\\"Jl,! """1""""" " 'ill =-. tim< and "",n,), DO! OIlI)' <Itlrins tbt m""llo"oo pr~' but al", 
thloo~1 "" lift oftbt ,,"_ Tht ,", mll" prondt ~ dral.Iu.gt ""~)' from "" WTh! 
romp<IIl<IlI> Tht)\lDction bo,,,, and roodw. "b_ Ill""'" pb«d , ,,.'), f""" " .,,.. rou.ction 
" .. ~ 

5_1 s.n,.,.. r"" 
"U",tifiUtK ~ 'Md · M'';pPod '" ;0 .... "". P"'" '" ;""olia"'"" ,..iII =~ ~ ... aM 
.., ..... " C, l= 

I _I 
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SJ BDl)[\G PUl[ i"STALUTIO" PROC[S, 

Tht dotaiI<d m.:.al:'""" pr~ ... f<Of tbo btndIn!! pllt .. md kx¥ "" ,,-.n d<.crib<d In 

IlWlWb pr"'>&.<! by tbt ,'ftld<n. 111 .. we'''''' will highlipu "" .. of tbt m>tall>tion~, 
N",iJorod importmt to til< .no= • .'Ul pr><!>« managod by Caltram Tobit 5.! .oo...~ tbo 
b<ndin! pllt< in.:.allati"" ob.dhft to ud m tbo dot'''''':'''' 

SJ.l Prtp.riD; t • • Ro. d 

RMd pr<pan~0II i, tbo lIU:W "'I' In tbo m""!lltioo. pI''',." 10 orn.r to r«!tK< tbt 
.ff« .. of po\=><Ill roug\m<';'. Cal,,.,,, ' .no= • .'Ul pr><!>« r<qlill" tho, tbt Ponland «",.." 

roncr<l< (PCe) PO'''''''''' 46 m<t .... ( 150 kfl) b<!"" md 1l m<t .... (75 kfl) .~ .. tbo ""...
loc.""" b< ground m 1oOCQIdm« ",th tbt prm"'o,,, in s.ction ~l_!, "Gnnding," oftbt Caltrm, 
Sp<c6e.tioo (6). Gnndin.! spt<i5c.~om r<quir< thot tbo <Ii"""" b<tw .... tbo "'~''''''y =fa« 
md tbo bottom ods' of ~ >troightodu "" "" =< than J mi~ (0.01 kfl). A'!'hoI' 
~r". "rq>la<od ",," pce for ~ m;m",urn <Ii.....,. of]} m<t .... (Xl fotl) pnor to and U 
,...,.", (11 kfl) "~<I th< ",~I. loc"ion Tht . 'J'b>lt cone"', i, ground U m<t .... (15 kfl) 
bofer< and .. 'I« tbo ",w po,=>tnt 

Tht pit or .. iliooId "" =dod "" tbo 1""=><Ill "",foe. u.ins tbo ",oIt frame " • guiJt 
In addition to <ttt:in,I! tbo ""'""'" madod 00 tbo "",=>tnt. ""'" >hou1l bo ru: in<idot .. ch ""tImt 
In ~ cb.dtlboord .:ylt to .. '" .. "" .. """- Tht cone"', po'=><Ill mm' bo ,," durin! til< 
<tttting proc ... ~ Aft..- tbt <Itbri, h", ""'" """,,"«I from tbo p>1 .n", US< • \...:trum and m 
C<IIIljl< .. ...- to ftn>.!l tbt cltllllins proc ..... Tht pit mm' b< cltm md dry for tbt 'l"'''i' to ",,,,h 
m.",mm ><Ih<..:oo. 110 tbo 1>1< of "It..- to cltm tbo P" ...,~ win Jtlo)' in<toII.oti",,-

s""""'" "" ~:tacbtd to tbo t~ of tbo ",~It fr.",., to 1<-;-.1 tbt framt mth tbt rood ""foe. 
md to 1ll.Il. """"'l tbo !ramt .. <i<r. Tht f""", "plocod In tbo pit .r<. mol mchor bolto ... 
.:.nod """! tbo !ramt " • ttrnpl ... Tht framt i, tbtn """","«I and tbo "",00.- holt, "" drillt<l to 
tbt ' ppr<lIlfUtt dimtn..:oo ... 

5.3 F""", lnltaUoho" 
"j "iI, "',.0 that/IN 1m ... olipt .. ",,' i= IH<m finakodjiN liN "",rtr·.f of ~""ilOf' /wI, 
pesi"""",, pe'"' tiN ""tii", of tiN ;rn_liUppcrn "" tiN pa>~""'"' s"rfix' to .. ,," ... 
framoilwio ali!,,""""'" til .. pexy p""r " ... Cal'rnl~ 

" 
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lobld.! 
IIndio; !'l", I." .n"i .. U .. lJi!t 

SI'P I. " .n.rio • . 'I.<rio. II ... 
, _T", 

• 
__ . .... ____ w ___ 

, 
P" p . ....... """" 

• ..,--~ ... ""--""-'''''-.... ~-• -aotq""--' • "",.n" "'" -' oocu .... " __ 

, C_""""" .... ""' ... L ............. .... ' .. " .. _ ....... ,.,..-""'_ 
• -"' ... ~-- ...... ,,-""'-.- ..... -
• ""' ......... , .... ... ..,._ ........ -, --""'-- .... -, 10'_" ... ' • ...-; .. , .. " ...... 
• _ ....... .... _,-- ......... _"""""' .......... 
• I=>lIod ... «>dW ...... ...,. .,. ,.,._ .. 

, - ... "",<p ..... .... ,- ...... . ~"""'--' .... .... ~.~ .... 
"''', .. ""~ ""'~ 

• """' .......... -.. '_ ...... ......,. ,- "" ..... __ .. -
• "'" _ ........ .... """ """" .. .... - .... =<0<. , -.'_ .... .no.. ... _ ...... '" "'_mn,_ 
• ..... ""' .... ""'''--
• -. ""' .. _~ .. • """ . .... <eao<l>b ... "'" _ ..... _ . 

, 10"_ " ... Pod, .. , .. " ... 'n_ 
• A' ..... _ .... .... """ _ _ " 010 ..... 

• I=>lIod ... .ooIo""""~" _=<0< •. 
, 
~ ... --.. ,---""'-

• ......... .,,..,-,,...,-...,....-.. .......... _ ... -
, FiaoI T.~ 

• _,.".-. .... ,, _.u .... """' ___ 
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r,.,..n on. ~ oouduit, roc ,.blillj! .m druw.g • . n.. <If ..... g< Nt>duit 1l1Il>1 b< 
km-.r thm on. "blillj! conduit m:I b< slopM. "''''Ml,", of on< p«=t '" ."'Ul< I..,"" "ill now 
.W')' fr"", tbt ",01<,. h ""'Y .h" b< ~=Y. d<pondinl upctl on. 1'ftlOOr in<taIlatioo. n>Otho<l 
to """,U. Nt>duit w!><r< two rr.m.. mo<t m on. f~~y t~ facili",,, drainag. m:I on. ~ of 
kad_in "bl<> """,.1> on. ",01< rr.m... Ifr<quirM by on. 'W1M ,..oom. m""n.pounding rod in 
on. sbooId<r JUl>CtlOII box for COllll«OOll 10 on. ",.1< If"", through on. "bli"l conduit 

T)pcally, mo= "dam>" "'" COII'tructM ",om.:! on. mOOt ofon. ",>I< rr.m.. 10 contuD 

on. <pO")' IZ>d<r tbt rr.ru.-.. n.. <pO")' can b< poor«! m "'" of two '''')~ ' Eithof ploc. tbt framt 
mto tbt pit .w, fu .. m:I tbtn poor tbe <pOX)' "OWl<! tbt framt ..- poor tbt <pO'y into on. p" ""'. 
to. jlI~ I<\~! mol forr< on. framt into tbt 'I""y. In <l1h<r "'" ""'''' all ho.., m tbt 
,,01< mm.. "ith <bot IIpO Thi, i, dOD< t~ 1""= 1 on. <pOX)' fwm <Il!ffiI:l tbt framt ho.., 
w!><n it "pI>=! in 111< po: 

5. 4 Con<fuil ami Drni" 
"h,"" that tit< """'. , 00"" "" c"",,,.,..,od :uch that tit< ,ho.bkr ,oooduit ami dmi" 
or< compl<t<ly .",...,<d Rt <pO')' kit;' "" voidI """F tit< ,,,,I. ;ru,,, ' Ca!"m, 

5.5 u,~li"t 
"JfMrI 'mi"t tit< ,,,,1. from" Rtto lit. pil, ""',. "'N that lhen li "" J. !>ru """"up! 
tit< be"" .. of ,'''' nJpp"'" ami tit< top of tit< J'd'~"'.' ,uifac •. H Cal,,..,,, 

Clom tbt pit " .. mol tbo ",01< mm.. ~f my~' <P«<)' by scrap",!~!f my "",..w 011 
tbt ",.1< rr.m... rim,], tbt cl<:tI:lIll 1'1"'." ,,-lib • ,-..:trum .mlll:or c0OljR''''''. 

5"1.4 f i .. IT." 

o..c. tbo ",01« ". in ploc., tbt;' ....d to b< !.-...d '0 ,bed lor p"'1ibl< dom.110 dunnl 
m""llltlOll. RfiJ,tanc< d .. d. >bou!d b< p«forn>t<l 011 tbt l .. d_m "bl<> 10 ,bed for oi=og< 
mol ""itttiao. n.. r...:.:.oc. "iU mcr. ..... tbo l<nVb of tbt I<od_m c.bl< ""' .. ,.,. Tho 
,..;,t=< " iU tbor.!bro mcr . . .. ., on. ,ood1ia. "binot. d<pmdinl 00 tbe cb.:mc. '" tbo ,.om<' 
A fully im:al!od bondmt plo,. ",01< i, >hov.lI m Fig= l.l on tbo following pog •. n.. poilud 
ootIuw oftbt framt,~ CIll al", b< ..... m thi, pictw<. 

HUM ~u.., 
@.." "Dvrillg tit< irutollanon pro<<li 00." pillClt tit< t-J ~;r<J 
,~ I '".-. I;" l«>d ~Ir<J ..... "'" C"' or ,hort<d. H Cal""" 

" 
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SA PI£ZOEUCTRlC SI::"SOR I:"SI.UUnO:" PROCESS 

Tht dotaikd m""llltloo ~ lor po<,,,,,,:":tnc S<I1S<J«! and J,;,op. "'" w"ll d<.crib<d 
m mamW' proud«! by tbt \..ooon. Th .. "",1>00 will higllhgh: "" .. oftbt """'Illnoo pr~' 
romia.rM importutt '" tbt ~ .. .'Ul pr><!>« I:IWl.>g<d by tbt ~'>OOIl ~I of 
Tnnspcn.ti"" (DOl) Tobit 53 .00...., tbt m," 1lttioo cb.dh" for p .. , ,,,,lt<tnc """"'" 
III ,til:.""" 

lobld..! 
I'it'otlt<,ri< S .... r Ia, .. n";oa CM<klilt 

S O,!, 1.,..ll>tio • .1.,60. h ,m 

, 
'""""T", 

• a...o>O<I ........ k ....... _ .... 

• T ....... , • • ,,""'. _ ... , , 
, T ....... '_ .. _ .. . , ..... __ "'_ ..... _ 

, h _ .... R ... 

• ""_..-od "'''" ..... '''' _;0.0_ "" ..... ,""""" ....... _ ... ~ 
• '->on ......... m.""". """ ...... ..,= ..... 
, .... _ .. ,....,-,_ .... _-"' .... """" ...... _-
• eo..c... .-. ... ~"" ... """ .... _ """ ~ ., ..... ..- """ """" ... _ 

• """ ..... ,-... ~ .. --."'--, , ........ ""_ ..... " ... >101 

• .--..... "I"'-bod ... ........ 

• -port ......... ,---""' .... """._-,-, """' ..... ""' ..... .,. """""" ... """'"'.,.. .. .-.. .....,. " ........ "" ..... 
• __ ...... '_bod ............. __ 

• ""' . ... ..-. =«I. .-'O<! ... """ ............... Oll", ... -= ""-, ......... -~;. ... --=""' .... ""-.-..... -, F""" TN 

• I ....... , • • ,,""'. _ . ,.'" • 
• I ....... , __ .. . , ..... __ '" '*"""" """ .. "' ... __ 
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;; ,4.1 bi,lal I." 
Prior,~ ""allin! tilt ""...- in tilt roo<h.l)' an ini,1aI It"~ of tilt """" >hruIJ bt madt 

l1u. ",ill on=. tho, ,I>< _"" ""''''''ins prop<rl}- '" tho, ,im< ODd ~-" 001 ", .. 1«1 
,,,,IaI!inB I dot!'<cti,~ -= 

;; ,4.2 S .. "', Lo~ ... , .. d ~Io, C.",u.; 

One. tilt """"" locI~OIl' or. dott<nnintd fa- tilt "". <lottO<! olumurum """Pll, .. for tilt 
""""" or. ~ on tilt r •• m.-.)' ocr<>rdin! '0 .. tt " you: plano. F1~ orang< poin'" tI>to 
'P")"«i 00 til< t<mpIo, .. 10 Illllk ",!><r< II>< p""""'" <tit. "ill bt modt foc tilt ""...- ,ion. 
Fip< 1.2 ~, tilt nor.'ICtlll <nIl!l' poml \>tin! 'P"')"«i 0lIl. """,iootd 1<:lljllot" (9). One< 
tilt cuI< 1>0,-""",,, modt tilt ,ioo ....d I. bt d .. Dtd u""!! I " 'if< bru""'. ,-.mum md an oir 

~-
5. i 5/01 COM'~O" 

"II U ''''fIO'1t1"' '" .. ob,.,,.. rho, th4 ,(OI iJ C/"", <Md dry '" .. ".>Y that tit, '1".')' 
orr.," lItdti ..... odh<.Ii..,. " !RD 

H, .... 5.! l'o,itiooi"l aDd P.u.,u., of St.oo, I.mp"'" 

" 
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ty ] "1" H" r<[ ~.tH] It' : 8l ~~g-g-~ ~ !:fJ::q~ - ~ .... 
l~~~t; 

; . ~ [!f"',1i' ~"'Ii' .... ~ .!':1'~Ji:f <: 
ir~I~~I'~1 I~~l trfi~~I!; ~ ~u 

ji!p,''''r 8"a.~ ~[B;(o 1["'0 .. G-]-~ ~3 5, '" -. 4'J ~~, ~,>-~ 6' - .... - -~ - .. ' Ji~'9 3" 
lb~~ !.f ~,~ila.~ ' 0;'" 3 d ~ " " 5 :. ""j'"U .d f,."r,~.!. , ~ "t ~ 
~ ' ~"!,~ g~8~ ~&~~ ~~r; t ~ il~~g ~ ~ 
ri"~ S:]' l ,~~ " 1l:.-!:f § ~~ ~ f'~ ri~ni ~ g-
H~ "'jl!r' 1,,0 ,'1-[ - •. 

I" ;1 l~"1 r·' ,~"1 ~ '" !I~' i 
--2,l~ ,,~;.. , ... a,"! , rt ~~ t~rtrt;!f' &. :t 

~! r g 11'I(r'll 111< rl~1 II . 5 - ~ '" S: 'l' 'I' . , .! 'l " '1 .• • H~ • Ijl 'S! ,.' ~'Fr.tH 
~~~ {!l!:fsi~~~ ~~~~ fg~-~~~r~~ 
~ ~ ". i' 'I [t" ['! !tl'~O~'i ~~i" l /( "\11 ' ~s6'~ OJ 6' -2 "" 9 ,,~ i~~E~i rt ,~ ~~~j i~~d!i~1 ~ ~ 1i 
l ' ~~ ~~;(~ ,~rt~~~ r~rt~ ~~~~l[ll!S "1 ~~~ :t ~rt[-~ ~~' ~ :X: e.i~ ~~ ~ § 
[' t]lHir~ , ~ ~ "t ,.~L _ .. '" ~'ll ~ 6'"" !! s l ., I! "[0' ~p 'U 'qiH .- r 

~"" f~· ~~~ ~~ [~If 3 ~: Jj~ r 
C!i i-i •• [ ... ~ .r, !rtU"'" 
"1 e ~rt~:t ~~ ~ - "" 
~ . 11 if e ~(: ~ i'!. s~ 
< 
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5.5 LO.ID C[ LL I:\SHLUnO:\ PROCESS 

n.. dttailod ""tallation~., for load c<il .,,.1.-; .,.. w,il d<=:ib«! m 1lWlIl.l!, 
pw.idtd by til< ,....don. Thn "",,"" "ill bighlilht .... , 01 tb< m,w:'""" 1""""" con~<d 
lOlpOf'..Illt to til< ~>5li prOCtK< m.tIlOg«! by til< Or'goo DOT T.bl< H <ho\o~ til< 
m.:il:.ti"" <h<dh" lor Iood « il ",01< in.:.lla"""-

5.5 .1 bi.lol T, ,, 

Prioc,~ m""lling til< ",.lot. ..... i""", <b<ck, >lk"ll1l b< pr, fm»<d on tb< «01< mol I<od
m <. bJ.. to <b<<Ok for <. bl< damog.. ,,<i"ok"ll, .00 prop« .,,,<hm<n,, 

5.5 .: P .. p. n.; •• , Ro. d 

Rood pr<pan""" "til< n::t ti.al "'1' in tb< in.:.ll."oo ~. n.. Or'goo DOT " ""'P" 
to lolk>w tb< ASTh! S:mdord ([ 13l 8_9~) foc Pl'=<nt rondi"",,- In or<I<r to ,<du<, tb< ,rr",,, 
ofPl'~t roopn..~ til< Or.goo DOT "'l'll''' that tb< PI'''''''''' l 8 """'" (60 I",) "'fo" 
.00 II m,"" (;/(I f",) . ft", tb< """"" 10'''''00 oboold '" p<>lllld in ocror.iur, ,,·;th Su.t< 
,.,.cr5Cloti"", (11) Ie oddi"oo. tb< PI,~"","l2 """'" (100 1«1) 1><10" tb< 18 """'" 01 
pound PI''''"'''"' >hool.:I '" Icill«l m O«<J(dIne< ~,tb s,," 'p«lflC.""n~ IItb< load «il ",.1<" 
m,,,11«1 in an .",haI, rona'" roa<l>",)'. an IS to 21 """'" (60'~ 70 foot) pon!md «m<D1 
NKf<" w.b " plac<d on til< ro.dway "'for, and .. ~'" tb<"!C0I< lx.ti"". n.. """',," ;, tb<n 
p<>lllld t~ tb< S"" 'P""fl<ation •. P.n """t ~ i, .oo...ll in Fism' lJ 

pOl-, .... , 

1_10 
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' ..... Tool 

Gri.diD; 
hblt5.~ 

!.<loci e .D Suit I. " .n.rio. U .ddi" 

• < ............. .-..... - _ ... _... _ .. ,,-, 
• ... _-"".-. ....... .. .,.,.. 
• """"""" .. ....,-__ ... """,,,,,,=."-""-" 

<~"' _·~""""'"",,,,,_"'on ....... _ ............ _ · ""'''-'''-''''''---· _-.._""' .... "' .... 
, ... _ .... .. ...... ........ rr_ 

• --- -"",..-. ..... .,.,..= · DoooIo_~ ... .... _ ... 'l' ...... ,...,.,._ 

, ... _ ... ..... rr_ 

• J_ ........ " "'..-.""' .. ~_ · -......""""",.~-...... ""-
'-" .... "" ........ "",..-. .......... _-

, ,.-. ....... --_ ........ .. · -""'.-..... ~ .. ,,--... -"""' ...... 
• C"",", ___ """'_ 

"""""~..-- ..... .-~ ..... - .. -.. -.... 
• < ...... "' - ....... ~- ..... ,------""'--· _ .. ""' ...... 
f '-""" .. ""'._ ....... __ ............ _""_ 

• ~""""" __ "1"'00<M. · -,~ ... -""',. .... -.. -"' .... - .... -... ,--
_,~ ... __ ........ "' .... ".Ito_ .. "' .......... ,_. 
-~ ... ,.-...... -"-'''''- " ... ,......'''''''''"'. 

) · 11 
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Tobl. SA (Cootin.d) 
l<Iod e .a Suit I.".n,rio. c..ddi" 

S.'!' 1.,..ILorio. A<.;ooo I .. "" 

• c_ .... rr_w_ 
• a......t ....... "'_ ............ ol..,...,..' __ 
• c"" .. __ ....... , __ 

GrioOoi ........ ' __ ..... _ol .......... 

, ,,_ ... _ .... oc ...... .... 

• ( . ...". ......... --. __ ""","" __ .......... """""'J>a_"~_ 
• --..... _-""'_ .. 1"'-.... _ ..... 

-...""""""' ... -........ --.~"""".-
• ," ....... _ ..... c.o ............... rr-· { . ..."._ .. ""',.,_ ......... "' .. ...-
• _.....-t ................ _, ....... .... 

~ .. """ ... --... - .. ,--= · .. , ............ "'" -_ .. "", ....... """,.,. · -.. ~-.. ""","' ''''''' 
f _ ......... _ .. ""', .. "'~ · -... .. "" """" · _ ... """"' ...... ,"" ........... _ ......... .. ,-"""...-. 
• T" ...... .".,. . ............. .,. 

• {--.. ...... "" ... ',.~DC_ ... _ 
• _ .-.. __ ... -., .. ,"v ....... . oq« ........ __ 

_ " __ ""'''-'_'_~ Doq«_ 

• l>;I<l«l _ _ ... __ 

• l>;I<l«l ... _ ............ 

" ..... T'" 

• • 

l oll 
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Tht O<' goo DOT <OIltr.'" th< 1.VIM ,i,. prq>aratloo m:I <qUIpIl>'Olt .,.talla""" to • 
pI=< ronlr><tor. An Or.P" DOT in<p«tor i, 00 ... " to OIl=< !hot th< .... ,,'. <p«lf,<.non, "" 
_ , (I I). A fully in,talI«Ilood «II ",>I< i, sOOIoll ill Figo= H . Sine. th .. Iood « il " Ioc"od 00 
• ""'I' tho, Ull '" 010«<1 to .uffl<. th< roodw. ubino! i, no! .. prot«tod .. "would '" 00. 
tr.f5c '-

l oll 
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6. SYSTH! C.-l.UBRAnO~ 

C,hln"OIl i. usM '0 ''''''l< thot th< .. tim>tioo ofth< ""he w":gh: produ<<<I by th< 
w":rh-in-mo"oo (\\T>{) 'i~'= il .. do .. ' 0 th< ,'",,,, ""'''gll! .. poolibl<. A 'i~'=" "hint«! 
' 0 orr... th< .f"«t! of .... roDditiom "",b .. PO'''''''''' t=p<ra""... ,""h><!. !p«<l >nd PO'=
NDditlom. n..s. foetor! <an in!I".,.,. th< w":gh: .. ,,,,,.:«1 by th< <J'-- Calibn"OIl ""'i b< 
.J.oo. by ~ th< .. 1imItirn from th< \\1~! ')"'= to th< octw.! ,,,, ;,, ,.-"'tIl, of . n1ll>lb<f of 
dii'!"<f"", ~P'" ~f truch. n.. Am<ric1D ~- (<Of T" ' IIl!! >nd M.t=I!, (ASTM) Stand.ud 
Sp<c,Ilc.""" E 1l!S-9-l ~ rug""-.y \\Uf 'i~'<m> h", th< ASnf ~~0Il'! foo 
th< calibra:k"tl I""Nhn. wh><h m<h>:lo<. th< occ<ptan« ODd lIU:W calibra:k"tl proc ..... (I) 
T,bl< 6.1 <iliolI~ th< 'i~'= "bln"oo pnn<ipt.. thot .oouJd b< COI1<Jd<1«L 

lob!. 6.1 
S)~'.m CI~bn rio. PriIt<ip!" Ck<;:k!;';, 

S)" . ", CI!ibnrio. Pri.d p .... 

" r_ ."' ...... '_._ ..... _ . .. , ."' ... _rt , __ "' .. _.; .. , ........... "' .... 
6.>. 1 . "' ..... , .... -..... -
•. n , ......... .. ""'" '...-...... -,""" 
6.>.1.> ................. "" ... -
6.>.1.1 .......... " ..... , ......... _"""" 
.n ........ --" ,,,_._ .......... "_ .......... ,, " ........... --

- "" '''-- ~ -"".,. 
" A., ..... '''_ .. _ 

6.1 CALlBRAnO:'· PROCEDURE 

A " hbra""" prOC«!w< .oouJd b< .... bbsh«! >nd fo!lo" .. «1 to ""''''. thot th< \\1~! ,) ... .", 
P«!"=I prop<rl)-~ th< ,,,. doIign lit.. Thil I""NllRIIIc!udo., th< occ<plllll« ,<>till!! and 
r«alil: .. ,ioo (r"" 1\lI:m~ P'~'" 

6.1 c.u.rR.\~S SUCCLS,f UI. PR.\ CTICL: c.\l.mR.\nO~ PROCEDURE f OR 
BDl)I~G PU IT \HIGH_l'"_\ !Ono:.' 

CoItran, h .... ",bhsh«! • "hbra""" pr~ for ~ plo" \\1~! ')~t=I ~ 
tb<ir !O_p/IU ) .. on of .~. roll«:ting \\Uf d" .. (1-'). n.. procodur. "dn..dod ;"'o ""0 
port'. occ<plonc. ''''in.! and fin< tuning. n..~ • .....m!" 0._ Iflff m ... u."OIl and 
Illlll' b< <ollljll<tod b<foo. th< ')~''''' II lrrugh: ro_m.. n.. fin< tuning or [ocalibnti"" " 00... 
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tmoo~ tb< doYgn l,f, oftb< ,,". 

6,1.1 ,\<<<p".<< T .. Iio; 

Tht oe«pIUI« t .. to"!! ;, ~ In <hr", .u.S": tb< 'J""'" ""'"1"""'" op<ratoOll <bod, 
tb< ;mtw <>.Iibn""" pr~~ mol tb< ll_hoor con""""", op«rtion ,bod. On« tb< ~ 
t<>ti"l! i, complt:.d 00 tb< .,..-. rt <an'" brought oo-lin< mol da .. , .. .,. colltct«! mol usM 

6,1.1.1 

Tht m., '''l' " to ,m"l< th.a, tb< """1""""" of tb< 1.VIM SJ-':O'" "'" "otkml prop«l}'. 
Tht rooffi ... ), ......,., obooId bt ..ooinJ! .. gnal, '" tb< 011-,," rontroU", mol tb< "".>it< coo:rolJtor 
.oouJd.,. """'~i"l! tOO .. >i"w' m'o _.blt do", ThI,,, <Ion< throogb ob .. "rlti""., tb< 0It· 

>it< <<>IlIr<>II<f "<in!! tb< -~ .. l tI:l><" "' __ copobih .... 01 tb< f}~,= 

If tb< ,<p<>rt«I , .. biclts do _ Ol.ltcb tb< """,,-«I , .. biclts, '" ,I""", oftb< r«:<>rd<d 
data rc.- .p«<l mol ult coun." ""'" inNn';';_. tIo<r, may'" • ~ ~-nb • SJ-~t= 
romp>Il<IlI. iDcon,,,,,,,, ",.ru..g. Ull . I!o'" <>US«! by =gu!u trdII< Nnditloo>, Iftb< 
_a",i""" «>diDV "'" CI">Od b), irnplor tnHie <<mdJti..-"D>. tb< 1)-P'" of "'0< "'>ding> mol tb< 
oo..n-«l tuffl< ooOOitloo> .bould.,. ",ordod in tb< "",,, do"o. .. ," .. <11=,>«\ in 5«tlOIl ). 

6,1.1 .2 hli,ial C. lib,..,io. 

Tht inimj cohbntlOll " pclormod oft« tb< """'I"""'t <btck "NmpIt:.d Cal...", 
-.p«>5<> th.a, tb< \\T>{ ,-...00.- i, """""iblt 10< cohbnt"'l tb< WTh! ')""" md Col,u", i, 
""l""',"blt for roOOtoctinl tb< 0«Ur>C}' p«!"=wtD« " ,'. Colt,..,. wor\;, ~-nb tb< ",od", ~ 

tb< initw <.hbrrtion m:l ~ tb< final "" truck rum for tb< ocrur'C)' pclmnmc. to" , If 
probl= occur ~ tb< f.w to" """. Coltra", ",KIlt" tb< 0C<Iln0<)' pmo"""",. "" "ith It, 

,",'Il " " t ruck 

6.1 1''''<11('.1 CaH!>ruho" 
"II iJ ndn- !""cn'<'al ..". 4ff«In~ 10 '''''''1'' ".M " '<ip,i"f of" larg"''''P1< of 
mndcm ;',",d.., fi~" lit<trnffic H.-"" .. to cali!>rut< . ~1.1i ,}',_, " Coltrm, 

Tht \\nt ,<n<loc 1""'''''' and """' ooIy <IIl< "" t:uck ,~cohbr." tb< ')''''''
nu. diem from tb< ASll.! StaDdard', 1lJlIl0ll\llll ~~0It of! J "" ,'Obiclt., Tht "" 
,<hxlt "a.orni.alIy' fi, .... ult _,,,,,_><mi <qU1pp<d with ... OIl"""""" foc boch tmOom ult 
_ .me. <hr, ,-.bJclt i> tb< pr<domin.uI! oruck 111M 0It tb< California ' , hi~'I)' ' )' __ Tho 
t<>t oruck '. ult l""'P' or • • t"'<alIy "..,~ and tb< ",It <;>Kinp " " .. n .. tb< ",,,,,U Itngth 
or. m,,.sur«l, n..,., ""'."""'''''" .. "..,n " otlo<r mfocma"""or, =ord<d OIl • ,,'od>b«' 
,oo,.-n m Figure 6.! 
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., m _" .. "," "" '"'''''' '" .n' ............................ 
" -""-," 

OL.'SIO"O>',.' .. -, .. " "l[ . 

"".C> . , 'IO. " .,,'" '''T_'' 
.,." , , 1.10. roO"' .,, ~,,;. 

-, ""'''.'"'' - --... "'''0'' ..,." .... "DO"' - - --
H ,., ... """" • , , • .. "" .... ..... 
• • . -.. ,," • • ------- -- --_ ........ .. _--_ .. _-_ ... 
""".u. """" 

..,"'< ." .. ,-............... , . • ... , .. • , ... ........ ," ~--,-- --, - - , 
---

- -

---
--- --- - -

-.. -.-......... .. -.. __ ... __ .. 
,,,., .. ... . " 
......................... _-_ ......... __ . __ ..................... ---_ ... __ .. _ .. t.". , 
".,,,. _. 

" , 

"T' , 
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Th< initl,1 <alil: .. ti"" proc~ tak., I""" " 'I"; m. la" thr .. ut;1i;:< • ,." ,~bid • . Th< 
four "tpo art di"""st<! in m. follo'"lIlg =lion, 

S''P J 

Th< \\'D,I Wtlth!, ",I< ",""m1. mol ",,,,,,U , .. locI< Itngtb ...,;"g. ". roughly odj",:td 
u,""" ~l"col lruch m m. traffIC _= Th" "'P" d.oot .. lor. m. t." tru::k """.';t< 

S''P 1 

Th< ..... , .. Ioclt mak., ..,..".1 run> m .oob ..". .."U!J¥<I wilb \\1 \1 to cbtck m. "''''g~' 
mol oxIt ",""ins bctOB, Th< lIlI:i.oI " -';P.I foe'or _ing. ....d ' 0 .. ott pno:r to SItp J '" that 
m. Nimottd ,.-tigh'" "ithm fn .. ptrc<n! of tbt octuoI Wtlght. Th< ult .pacins bctor .booId .. 
=ttd" Ib" ,,,,,. >in::. tbt ",I< spacing" u'Itd ' 0 , .. !ido,. tbt <ptt<I It.ding<. lite."", \\T>{ 
."lID" .. IIlO)' .. <ptt<I 0tpt00tm. <;>«d >=lnC}' i, an 1"'P"f'2'l' put of tbt calibration 

"~-

Th< ..... tru::l ""IT".., ",,'" tbt \\1),1 -= in .oob """ m;m"'mll 01 thrtt I;"""" 8 
kph (11lIfh) m:r~ ~p<,Il)' bt!v.-...., 7! mol 101 kpb (45 and 61 mph). n., ""g< of!ptt<h 
foc " 'Ilieh run> or< m>dt oboWd IIXIudt tbt ""'g< of!ptt<h " ",'Iocb tru::k, in tbt trallk op<n1< 
dtttrnJmOd I""" tbt trof!ic eboracttri,,;.,., Th< groo' ""tith! ptrc"" =<Il "eolculo, td lor • ..,1> 
'f"'d run. by di,-iding tbt diff .. tDC ... ,.,"", tbtootuol and .. tilwltd ,,<ig~" by tbt """,I 
wtight. Thi, infornlltlOll i, plotttd OIl • ·'(iro .. W<igb' Ptrc<n! &roo- by V<bJcl< Sp«d" p-aph 
foc .oeb trallk Iont. All <MIlIfI< oftlu. _ h ".oo..11 in Figw< 6.1, ,,-hi<1> ", .. ob!ointd .rem 
tbt coofutn« ~, mol " 'n not croy."td I~ ""tric Ullin, Iltbt pl<m art mcon",,..l1 for 
my of tbt..,..m. odditloool rum oboWd .. modt. n., l!"'ph. Oft usM '" rtNrd p"-~I 
<fftrn 00 ,'tbicl< dJn=IC> 

n.... graph> or. ""'lyz«l to odju!I tbt \VIM u.-<ighl foe"", n., Wtlghl 1><lor em .. 
odJll'ltd lor thr .. diff .. "" 'f"'d "pomt.," n., "'gh mol lo\o' >p«<I ''»Oint>--.bould'' ,,,,,h that 
""'" oftht tru::k, OIl tbt rood • .-.y Iall m thll '""8". n., middlt 'f"'d ''polIlI'' i, ~p<,Il)' tht 
mJdpom: bu, may .. ,orst<! or kN.-.. <d I~ pw.-idt lor , .." lil n., wtighl foe,"" for difftrtnl 
'f"'d' "'" odj",ttd u,ing m. '!""'I pH . from m. _b~ 
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+15j, 

tUJ:; .---

• 

GALT 2/15/ 9:1- - OlES 9 - Inne 1 
Graos Error RlIngc Ey Speed Range 

--- ----+-- ....... , ........... ~.-.. -, 
________ .~. i J--.-...... ~ ..... '. 

, 
"I " ... , ........... ..;.. .... """, .,, .. , 

t 
p 

U~ ... --_ ... ,.", _ ... "' .. :-- ... " 
, 

; ; 
. ... <" ••• _ •• _ - - ---, 

, 
+-- _ .. _-_ ... , 

f i, .... 6.1 s ... pIt Gt-o.. \\'ti p t r"n ot [",,, bj- ,". bid. Sp«d Gnp. 

11>< "'" truck o:oak .. t,,·o oddinoo.a! rum " ud <p«<Iaftff th< wright Io<t"" hI'I .. b<m 
od,,,,,«l n.... rum or. U><d t~ a.tmnm. ,f th< \\Td 'i~t= " """,><in!! at OIl ocrur>cj·l<'I .. 1 
that """', Ca!trms · ~ooaI~" for ".."gIlt. ",,10 ,pt<"'l- ,-.!oX!o ~ and ,-.hicl< 
<p«<I. 11>< ,-,ru.., lor th< fim<tiowJ " qUI:. ""'" "'" d>m.-n m l . bi< 6.2. 11>< minal and liwJ 
ttst truck rum eon al", mdic.,. • WTh! .)"""- probl<m ""h .. . d<foe"' .. " rigb pod. If th< 
""Iuu.",."".", »>t ",.. or • "",,10m ;, a.t« tod. Caltran, ....., ," Olm t." truck to a.t<rnWl< 
th< probl<m. " 'bJch c'" bt in th< \\l~1 ' )"''''' or th< p,,,..,,,.,,, condinoo 
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6,1.1 .3 

Tobl. 6.1 
e,I,,· • • , r O1I<1io •• 1 R<q.i ... mt . " 

\·.\RIAIILE 

_w 

... '" ""' ... 
v"",~r.o.p 

v_~ 

.,>",,,,, 

.,>",,,,, 

• ""=("0) 
• J.OO .... (""'l 

Stn. I)·_I .... , .. Ho. , C •• tU.IIOO' Opt" .tioo 

, -
300_("=) 

__ (lI = ) 

J,n a q<.) 

Durin.'! tilt third "'g' of tht occq>".m« ..... tbt WD.! SJ~t<m" moru"'«d [or • 7!_boor 
ptnod, Tht data productd .bin! t1u. pmod i, ,,,,, .... td uYns tht Fint 1.<\~1 !hili Rt\it,.. md 
tht St<:ond 1.<\-.1 !hili Rt\"" dr."",>«l in s.cll"" 7. 0De<" .. dottr=td thlt tbt SJ~t<m 

romp<IIl<IIl. or. " 'orl:m! 00. con""""'" bo". withur tbt r<qtmM """,flCotiom, tilt SJ""'" i, 
occ,!,ttd m:I p~ on-Iint 

Fin< tunuIj! or r«>.!ibn""! "",,, pb<t ~ tbt a..ill' bf, of. \\Uf , it< n.. 
p>r"""""" or< odj",:td .... !rtn proIrl.,." or< id<n~frtd.bins tht Qw.b.y A,,,,",,,, Proctdurt 
dj« u,st<I m s.ct>oo 7 

6.1 /J.:r,. AMI)";, 
"/,;, ;~ ;"'l""'"1It that tit, 00'" ...,1)'" IN /mok'WgoQbI. ofth4 , ;,. <""""'t.ru"". 
th4 ""ffie c!raroct.run'c,. th4 .... cb · OP<'"("'"g chm~c_,n'c' . ami fly IfD{ 5,.,,_', 
;~ltk~ P""ag' P""'"""ilI& '" onkr 10 prop<rly ,,,U"'t< th4 oo'Q ami 'ft ... ",,.." rho 
Ifill ')''' ... " ",Iibrn""", AI '""'~ donI_.,"""", III prusibl. ,..,.id "" . <"<""",la,ed 
dun": O.H;" ':"".,. ,..,h"ll • Coltrul> 
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I, , I ' 
~rr ;;;§G ~ 
~z,,~§ , §~ 
~Jf§~ "§;~ 
!( ~",!§ <>§ i 
!!li i 
~:'!~ i ~ J 
~f~l ! ~ ~ , " 
H i • ; c"t, t,+-H--to! 
(~ li~~ l 

i IM~il 
1 , 
; . 
! I 

$ 

!; ~ 

I; ~ 

! , 

Httmi p mm Hil 
.. 
"' , 

'c ' l'r'l ,[ ' - ~ - 'I '-"1 B, 
tfl~ '~ , I ="l~~~i:, ~!t.l. o ~ 

$ .. ] "~;-ir~", n il '" ". '" ""'l 

;lr~liJl1 IliJ!~lt~ rl!l! ," 
s ~ 

~ ~. 'it, -0 -" ,«, j,f[ 0;: , 
~~~"!lfl,Q B.if f!> "§~I""!f,, -ifl.if ,. '" " ! H'"" ~I" ! ' Ol l . ~;;! , • rl'''~ ~ ~8' ", tJi " t li~ $~~j i~~ ~[:~~la ~~ t ~ .;; ;;;;;l 

.. -"fjic." " if ~. § '~!f~Jj .,. "'.., ~ ~ 
! " '1r~l; f -. ~"~'l I ~!H :::~ 

9 R!!~!!. 't" S$:5i5'IJ"9' ~-~ ~ ~~ 
~~ [ [ ~'!I~ ~~~ ~f§i . ~~~ ti~~l o ~ ' . e: <or" '"'1 ~ql ld" "n" a 5>;; 
~ ;:i ~fl, ~ ii "~"-;;:[idr ~aq8 

, 
~~ .. "' " ~ I"!lf~ ~--Q I ~ ~~~~d ~ . 
- ~ ~- ~ti~~~-::ijl ~g,~ "L~~~1I ~l;t':;g Sl .. 

• "1 - '1"1 ' .11 II"i8 ' "I I ~" r ~""~:t ~ .:t ~" ' g .... 8 'll ~ ~ ~ . 1
0 n"-" ii P ' " LI" ~p ~ h~ l ,~ , " .. u . .. i o ?l a ~P! ;:~[~ ~ if~l ~ir~;(~ ~ ~ d: ~a J~i~~~ ~~ ~ ~~~li~U r~ [~] , 

~ ~~~f:.- ~~~~ q~ ;S [i Q'I1 " rj~r~l~ ]ll~[ ~ i;~ j~iI! ,.. r ... ~ 2,~ . !\ i[i r >; [~ 
s 1\ '~ I<' 
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til< rnot!>od u>«l to , Ucul.ltt til< <ahlntioo rorr«""" foe""'''~"Il m T, bl, 6.4. Thi, betor i, 
«>mpIl!<d .,~ging til< =ti......., ptf~lIgt' for .. ob of til< GVW UOOP'. A, .ho .... n in til< 
~k til< <or:«tioo pt«tnIIg' f« til< GVViI.ngt of W""" tban 31,J5Ok! (70,000 
p<lIllld»" dottrnJm«l by nrultipl;lIll til< pt«"'t d<\i,I1<d f:oo>. til< ~ fAirs, U , mol til< 
odJll>"".JiI f"'tor, 90.0 pt«"'t, t~ 00t:Un 4.Jl po"'''''. Thi, li!)ll< i, .ubt"'tod !rom 1.00 to 
obtain, <0""''''''' f"" tor, 0.957. Tbt odJll>"""'t foe t"" u..d m thi, "l"'-tioo i, found "" , 
M"""""" DOT odju"'"""t I"'tor ",bit ~1t m Tobit 6.5. Thi, IIblt P"'" oditt"""'" bet"" 
o...d 00 til< numb« ~f 'ruch .... .,ght<! ,n .. cb GV1.\, poop 

lobI, 6"~ 
h .. mpl< of R<c.lib ... ,io. i'ro<,d .... 

~v_~ -" -~ ,- - - c""""",, """'" "'_ ..... - ~- • ,- ~-
1 _ (%"" .• 

-~, - - \'_ ... -- - "4 '".) ,,"- -- "- -- -- ,-
~, "'~" ... 

< 11,000 ,~ . <., • " .0 '."" 0.'" 
( " ,100) ( '-150) 

" ,000 _ JO,ooo ,~ . <.1 III " .0 ' .09'< 0.'''' 
(1<,>OO-",JIO) ( ' )00) 

' 10,000 10,<-00 . < .• • " .0 UN 0.'" 
(11,110) (0,100) 

C _ __ c.",..- ,,,_(.0.' ..... otC_ '''''n) 0.'" 

111< ,ahbra~on <00;«""" f",IOr i , nrultiplitd b), til< ""'"'" " .. "gb' bet", to obt:wt • ,,",,' 
.,.,,"" ""'gb, bet",. Tbt...,<Of .. <ight foe..- i , til< 0.", , ahbra""" foe 'or u..d b)" \\1\\ 
,}'''<n. One. til< r«.bbn~OIt "mad<, til< prop"" will bopn,~ dall for til< !>OX! 

rocahl:ntioo ~tduro. Thi ..... ilI con""'" until til< r«.bbn""" opt''''' i, t=>od ofT. Tbt 
program l "'l" • =d of til< jlI"'-ieu> 10 r«.hbn"oo, AD """'Pit of til< r«.bbn~oo ,«ulI> 
,,>h<mll in T.blt 6 .6. 
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lobI. 6.5 
~Ii .. "" .. DOl Adj . "m • • • fa" •• ,", 

"' "., 

lobI. 6.6 
Enmplt of R",.lib ... tio. Rt,,.),, 

~ - -
"' hi._.".'''' ",00.00 

<mH\'_~"' ..... ,,-...«,._ ... 
A" . ... """" ... "'""'" """- ""'---_CO,,) "' .. "",, _M' """"" W_ 

< ''''XXI(l<,1OO) " ',900 (' ,000) ... , 
" ,000 _ '0,000 m ')00 (' ,<00) . .., 
(" . __ 11.150) 

> 7O,OOO(ll,'1O) , '0,900(' .'10) •••• 
C"""",,"'aooc 0.0,' ... _" ...... ',,- " .n 
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1. \lIIGH_I:QIOI10;\" .-I.CCURAC"I.· A,,"I) QUAUTI" ASSUR.-I.:\"C[ RI."L-I. TID TO 
PROBLBIS OCCUR1;\"G Al I Hr \\UI SITr 

Although ,,<igh.m.motioo. (\VIM) O"j~'''''' 'UI pr",-;J. m''''':'''",""",,","1 oh'lluablo data 
1II. "lot" .. !)·.sc..nt maIlIl<f, tb< d.a = t bt cb«l«l for ><=>cy. Th" >CC\lnC}' ,btd ". 
\1.~ u",, ·. 'IIl'bty .. runnc. (QA) pr~p= A QA prop_ 1'>:[, coofidooc. '" tb< nbJity of 
til< WTh! do", m:l ...... tho do", onU;" 10 probiom, ~ " tho \1.1~1 ,,:,.. Tho """""" of 
• QA procNhn " '" btlp \1.1~1 u= ,btd do", fo< >CC\lnC}' m:l jR<i, ion. A QA proc«lur, 
<OOd!xt«l "guWlj· .... iD PO"" "'" probiom," tb< WI).! ",," m:l btlp I:IWIltain tho O"j""= 
throorboo-t tbo ",," doslp lifo. Tho I>O«l for 'IIl'~' .. rurnx, pr""'l"«l tho do>'dopmror of 
",!'h...", pr"",""" tho.t coo1l bt us«! '" ,-.lid.,. do", mdl"'lIIt t~ I"ookru, ocrumIl!! " tb< 
\1.~ .i,.. Tho.. !",oY"'" mcluJ. tho l.oo,I! I<IIIl p,,_ hrfolIll.lOC< (l TP!,) QA ..,!'h.''''. 
tho V,luclo JR .• , .. 1 !n!rnnotion S)~t"" (VIRlS) mol mdmdu.l ,"" • ..,!'h.''''' 

1.1 LO;\"G HR.'I PA\·BJ[",. P[RFOR.'l\.',"C[ PROC[ DURr 

l1u. =tion i, • \:nor do-xript>oo of tb< UPP QA proyom. S",," .!<nC'.HUI "'" _ 
"W>l< ,..." t~ bolp idonnfy pot..,,,,,1 == in 011)' \1.~ dna. " 'bothor '" 001 " " lOtond«! fo< 
,ubmi"ion t~ tbo UPP program. "Ions ., _ d.ltO "'" in. ,«:OI'd formlt tho l TIP QA 
5o!'h.= CUl "ad (7). Tho UPP QA So!'h.'lr< .ut~ma,", tho>< ,bod. throoth • ..,;., of 
Stoti,,,,,.1 AD.ly~' 50th"" (SA$) proY""~ Tho SAS proJ!l">ll1' prodtK< • nurnbtr of output 
"P"" •• Dd gnpb. that '«fill" mt"'l"'"'. tiotl. E,....,twl)', tb< U PP ",fu",. ,1lmlllIfi=. do", 
.., m • ..,;., of ."",,10 p~' tlLIt can bt u'l«l t~ >don:if;' '''''''"",I~" m tho mbmin«l 
mIT" da",. Tho.. 'u.ru.ual <><=ooc ... ·· '" =mod t~ dotffillino ~·botbtr tbo). '" "'twllly 
mr.!id dn. or,..thor II>< ",ult of",:",,,.l tnlf" 1"''''''' or OJ," molfuDcOOIl' 

AU p>ph' pro<Iuc«l by tbt UPP ",!\\I'"" .", an... md dir«t>oIl.,p'Clf" Tho ",!\\I'll< 
cr<."" rnFh' fo< all w... m:l dir«""", for " 'luch dltl "'" ",bmm«l Tho ""tho·", 
.UI<,m&"". Ilj· porl"orm, tb< folk>\\inB amlj-... and ~""" 

! Grm, \".Iuc .. W<>p. AnUj-.i, 
1 7.c"d Vm", ~·Card Vorum. Compori"'" 
J 4. and 7·C"d V.hie" Clm D1>ttibtt!ion Cornpm"'" 
~ Clu".,. 1uW)= 

) .1 HHICH TR.-I.\"[L [\"fORUHIO;\" SYSTnl SOITWARr 

Tho VIRlS ",!\\I'.,. '"lilac ... tho Tmd W<ip. So!\\l'= and U~ tho uandards, format~ 
and _.hod, <p«>fi«l by tho Tr>flk ~torm! GuiJo (1YG). 1 s>9~ «h:k"tl (IS) . VIR!S ;' . 
=o~ "" D'" fO<jlillod. rnotOOd to ,1.1,"'," data to tbt F«l<ral filthw.)" Admlru,m:k"tl 
(FHWA) m. uniform foonat. Tho ",fh>..", n hd" .. , ~ mdl"""'"' "P"'" on 
,-.!txt. Ir."\",! ,hu"..n";.,, by lUI< and by dIr«""" m tb< 1MG f""",' 

; , 
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Tht VIRlS ",~ . .,.., oo-.lop> and 01.I1IlIalD'! 0 J><IIIl""'l' dato. ..... of "" V,Uf ",to. Tht 
",to. "'" nlido,'" by VIRlS bofer< mdu~oo in,o m. VIRlS n,.i"'o",.,f do" ... "" Tht 
nlida~OII pr~' Ull bo odjtr!t«I for <><h """00 ', <i .. chln.ct<ri.:i" mdu= dof""" 
p>r>:»<t<n for uI< 'P""ml' md",i< "..,gIl". En-<n .... ,,'od b), "" "'~= <lOll bo ''''''od to 
.... <rnlID< m. 'Yl'< of <rror md ,,'''''.!>or or not '0 mcluo. ,I>< ""oro in m. w."",~, Tht 
",tho· ... 01", <00'1-" " ,I>< V,Uf "''' '0 m<:ri< ""''', thu, COOlJ'lj"llll wi th "" FHWA Y.<tnc 
Coo,..,-,.oo Plan. 

7-1 C..urRA'iS WCCESSr UL PRACTICE: QU.UJTI· .-\SSliR. ... "CE PROGR.U! 

Willi< m. UPP md VIRlS quality O"!nIl<' ",1\".',," or, .,,-oillbi< to ".., .. upoo 
""""", mdi,-iJu.JJ .,,"" m,), prrnr '0 d<>-.lop tb<ir ""'11 QA prog""" ,bo, bot,." fit. tb<ir 
"""flCoti"",. 11><>< .,,, .. <lOll wor\: <ith<r ~"'!y or ... ith. ,-.ndct- '0 p"00ui:. , QA 
proc"" m:I f<!lC"'. 11>< .m'llllto.g" of •• ",.', ~ QA pr~' li, in m. obility ofm. 

""" '0 ~ ," .p<ei5c '<qull<m<"''', 

Tht QA 1"""'= oo-.!op«I by m. C,lifornia o.p.nm.ot of T,.",p""''''''' (Col,,..,,,) i, 
di"",sod m "" 1lWI\llI! ... '~.fuI pncti«" "'" in p.n to m. !(I-~!u, )-.1l'! ~ th<y 
""'" """l \\T>{ dru (16), ~ _ i<1lf1lIIl!! )-.", m. ,to,. oo-.lop<d and mod. QA 
procNhlr< for nlida""l "''' from til< \\'IM 'J"""" tb<y ho,-. in...u.d. Al:hout;h tOOr 
proc"'= boJr! O<\-.ru ';""lm,;" to m. 1"""'= u!od for m. UPP pro~ it i, dt"il>i:tI)' 
dil'!mnt in I>WIJ' "sp<d'. Th<rrl""" it i,. rood <:<anlfi< of on mdindtw "",.', QA prOC<dur< 
form«! "P""'''1y from "" LI1'P progrom r.bl< J.1 00 m. foU""'illj! pog., .. cb<ckb" of th< 
qw.b,), '''!nil<' J>flIl<'P:" 

7.J lJw-olldgo 
"To P'~p<rly drog>t<JS<, .""P""', aM \'DUdo,. /Ja,o"" .. 0 WI),! S,.,,,,., tito aM!>'" .. ,'" 
llaw Imo-.lodg. of I) fly su. ·, plt)·,;"'1 cllaroct<",h", 2) ""Uk aM 1nI<i: !>.-hm·I."., 
~nJ j ) tiN Il'1).f Sy" ... ·, ,~ltjcl. p'''ag< procoSJilIg. " __ CoI'nm 

Tht CoItru» QA ~. owIi" to ~ pllt< "J"""'" and c"",i", of four p.n. Pm 
I " col!od m. "Koowlodg. ofSit< Chonc .. ",tlC." Rn ..... ', Pm 1 i, c.n.d "R.oI Tim<" Rn ..... · 
Pm J "",1Iod "" Fim w ,,1 Da" k\-..,.'. Pm 4 i, cillod m. SKood w-.l Da", Rn"" 

Tht ,,!WI! Da" V.Iida"oo ~. ,"'lfi, ~ by 'wo "1'""''', '><"H.Iida"OO 
proc"''"'', m. "Kno",!«Ig< ofS", Chon.ct<ri!tic,' R<-\",,' and th< "R"I r"",," R"","', ~'hxb 

""",!<mtrn m. "''' , .. Iida"oo~, Tht "Know!«lg< "(S,,. CIw>c''''''tlC'" Rn ..... · 
l""'f1I"" 0 """ d"tlbo"," bo!od 00 m. phJ-"".! md traffIC CIw>c""'tlC' of "" ,i ... 11>< "~t< 
do",bo,,-- "u..d md t¥ll:.d tbJ:O<lglk"llt "" QA pr~' '0 b<~p <Xfllin my"'''' ...".,,/><> 
tho'''''Yoccur. Tht "R<oI Tim<"Rn,<I>,pmmnu.po! cb<cl of"" ","',~, Four 
flo .... clwt~ il>i:~ ~"D> of th< ""in 1""'" "'<fl.'>, .,. pro'>i<i<d to .id in "" di>ru<~"" 
ofm. QA 1"""" oo-.\op«I and u>«I b), Coltum 



 

304 
 

h bl.U 
Q"~I)- .\"uc .... P, u.' iplt> CM<kli" 

q.'~I)- .\". n ... Prio'iplt> 

" ..., .... ............ , ......... ,,-... .. ,,-' ..... -
" '" . .,-''' . .-., ..... " ....,.,.. ........ ,,, ..... 
H I ..., .......... ...., ...... ..-. ..................... "'." 
HU ""' ......... '. ~~ ,,,."''''',,'''' 
HU ""' ................ """'_ ... 
H I .' ""' ...... ,,1.\1 ....-., ,_~ """" ... 

H' C ..... '.· ..... T ... · ""_ 

H'. I .... _ot_· ..... ""·' ..... .-.n.-,. 
Bn .... _ ... .,.. .... __ . omo . .... ..... 

B-'-' .... _ ... _ ........... ..-""_ .... -. 
H'-' _ ... ""'" my .,......,_..-. 

Bn _ .... _my"""-"- ... --
HJ c ... "" • •• ~ un' D." "" _ __ , "-' 
Hn _ .my .......... """ ... -. 

Hn _myonm< ........ """'''''~ ....... _ . .... " .. _ 

HJ.J _ my .... _ .. . - ... "" ".,...." ""---
H< c ... "" • •• ~ ...... D ... ,"" w. _1_ ..... T .... "-' 

l.J.<.' -my.,..--"""'--

l.J.<.' 
_ c,.., ...... __ 

l.J.<.' _ . my """""",,,,, -,-"'" 
B5 c ... "" . So< ......... D".""_ 
B5.' -"'" , ...... , .., . ..- ....... """"""'''''''"''"'' 
B53 _ ... ,,,,,,,,,..,...-- ... --

; .; 
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Th< Caltr>m Dall VaIid.I1I<'" ~,ron,,:,:, of ""0 1 ... ,,1, of",,.,. Th< Fin, t....,,1 
Dall R ... ""', i, m:m:I<d ' 0 Kl<n:if)' 

1 Th< "",.." of I",,!, or loop proc."ins probi<m> 
1 AIl),""x ""'g!lp>d btbo,,,, C1U""l! "gboo L~" OC 1llI,>t<l Ly., 
) Mi"llll do" from • I""ICUlu Ion«.) m:I tho ""J"<,od elU,., 

Th< F"" t.... .. l DII. R....,.... mcludoo. ""0 " 'I". S1<p I coos>'" of"",...'lIl! tho Fim t.... .. l 
Dall R....,...' _ S""""")· R<p<>rt 1R"'l""! d&il}' clo,1i&.:i.on ond ~ """""'Y doll . Stop 1 
000":,:. of IO'l"1<\OlIll! "" Fin, t...."l Data R....'iffi. _ lOOi,'idual Truck R<pc.rt ~g ",.lind,,,,1 
truck =<trck. Th< """ ••• " m:I go ..... l f"""," of tho "I"'" ~,-idtd by tho y<ndor', 
oppbclt'OIl ",!I","", OJ •• , "'Iuirod by Cal,,.,,,' <pO<>[".non. 

Th< S<cood t...."l Dm R....'iffi." lIlItndod t<> ;",," 1), m:I C<lrTtCt . n)' ..... C1hbntlOll 

"""!tm~ iDclOOing: 

1 \1.1ft1 "'tigh" 
1 Ado Spocm!' (ofuctod b)' >p<M) 
) Vthiclt o, .... U I<nt"" 

Th< S«ond t....,,1 Data R....,.,. com>'" of""'iffi'lll! r<pO<t'~:.d by Cal,,.,,,' \1.1~1 ,)'".", 

mai;'" _'"'" ""Ii=! ',.,"11 r<lo:lOllWpo of CIo" 9 ond CIo" 11 truck> ODd co~ tho 
r<p<rn doll ,.,\h tho kDol\1I truck opmtting cboroctrn:",,, for .. "b 'W1M ..... 

OIl< of "" mOOiSc.non. Colt. ..... ""I'~ m tho FHW A ,~!lIC1t d ,,":!k.noo. >'j'1lrnl 

" tho oddttioo. of",'O ,~biclt elo ... f,c>no .... Thi, clwlgo bfmp "" toral n~ oh-.bi<1t 
d"":Sc.",,m t~ 11 m .... od of "" II clo,1ifk.:iOll"""'gni=! by FHWA Tbt clwlgt"! t~ tho 
,,,!lIC1t clo,1ifk>t,,,,,, ... d=nbod .. rou.,.,.~ 

1 CIo" 9 i, . fi,,,..,.1t ttKt<>l_«mi ttoi!tr 
1 CIo" I ~ i,. lh .... uIt truck ttoi!tf 
) CIo" 15 i, for ,-.hick> nor rnffiins tho uIt <OO!igllutiOll> ODd'or ""'g!ll> ... lor 

elo"ifu.non. I tmrugh 14 ond ,,,1oc101 tlIl<lo,,,ftod cb t~ ')~"m <IIOC 

Th< CaIi~ornio II CIo" Scbtmt "cOO'\'ffiod t~ tho FHW A 1) CIo" Scbtmt ,,-b<n tho 
dI1> "'" ",bminod t~ FHWA. Th< Califomio clowf,w,OII ",btmt for CIo, ... ) ",",rugh 11 0(1)' 
,,11>0"0\11 m T, blo n for ..,pi>h unit< ODd T.blo 7.1 (. ) for mruic unit<. CIo" l. "",,<=;,,101, 
ODd CIo" L P" ><Il!l"- con. no nor indudod in tho " bit =co m.... elo,,.., "'" "'''' r<j..,-Ult t<> tho --, 

Th< Cain ... , QA I"ocodur. di"""..d in tlu, =lion ;, for 'W1M do" m ~ Slith' 
modif,w,oo> m»' ...d to bt tnadt t<> tho QA procoduro ~ 011 tho 1J-pt of ')~_ 
mUl110d m:I "" I<pOrt> t"""tod by .. "h ,_ 
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- \ ..... ".... • - L_' ,., " ., " ., " " ", -, '-<l=. "",-~, , LO-1<.' ,. '" , """''''! "' .. ~ .. , LO-1<.' ,.0-" ,. ,, " , """'wi' A' 
, LO-1<.' ,.0-" • _n ... , . H." , 

""'" wllA' 
, LO-1<.' ,.0-" ,., .. '·H' ,. n ... 

• ~ ,~ " 11.>-<0 , .. .., "00 , 
, ,""'., ... .... , , , .,." •• , 
• ,- , "0-,, ..... 0 " .00 , 
, .- • "0-,, , .. .., J.>·".o "00 , 
• '''-" 

, "0-,, ,,~ "00 , 
• "Lll • "0-,, ..... 0 ,,·".0 "00 , 
• '" • "0-,, ,,~ U _H." " .00 , 
• "HOG. l1l't;> , "0-,, ..... 0 ,,·".0 U _1O "00 , 

" '''.H • "0-,, ..... 0 ,,·".0 0.' ·1> O.l_n. "00 , 

" "" 
, "0-,, " , .l6 61O-lO lU ·" "00 , 

" '''' • ",·".0 ,~ u...,. .. ,." " , .l6 " .00 , 

" ''''.''''''''' , .... ," u __ " ''-''.0 U'" u __ " ,., .. , "00 , 

" "" 
, .... ," .. '-"', ''-''.0 U'" .. '-"', ,., .. , .. '-"', "00 , 

" - • ., .. , I.H' "''''.0 U .. , '.H' ,., .. , l.H' u __ " " .00 , 

" " 
, " ·ll O ..... 0 ,,_no n_11 "00 , 

, ., , " " " " .•. - " " 
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" - _ ..... - •• - \ ...... ".,... - 1_' " ,. ., ,. ., ,. ,. - -, - ,' ... ~, , ,0-" •• "''' ,. , • , '-""A' , ,0-" , .. " o , .J] •• "" , .-wljA, • ,0-" , .. " o ' · H H" •• "" • ~ ,~ " 1.0-,, ' "." "" • , ,""' ., ... .... , , , 1-1. "" • , ,- , , .. ,. "." "" • , '- , , .. ,. "." 1 , ." "" • 
• '''-" 

, , .. ,. )<.,,,, 
"" • 

• "Lll , , .. ,. "." u _n< "" • 
, , • • • , • • 

• "HOG. l1l't;> , , .. It "." 1.9-,, ' 1 , .JO "" • 

" "'.ll , , ... 1.0 "." ,0-,, ' .o~" OOJ_" "" • 

" "" 
, , .. It H _lt ,,,, H _lt "" • 

, • •• • .. • • 

" ,,,,_mum • LO_B ] 1 , . "., U _B' 1 ' · ".1 1 , . "., 1 '·".r "" • 

" ,m • LO_B ] 1 , . "., U _B' 1 ' · ".1 1 , . "., 1 '·".r 1 , . "., "" • 

" - • LO_B ] 1 , . "., U _B' 1 ' · ".1 1 , . "., 1 '·".r 1 , . "., 1 ' · ".1 "" • 
" 

, , • • • , • • 
• ~ , ,. , , , .•. - , 

" 

,., 
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For .. "b \\l~1 ":1<, u..r. i, OIl initi.al ""8< of 1'I'P'l'1I<'" ohlt btgin, "tbt tim< of 
muailltloo. « I<rr<d to .. tbt Koowk<lgt of Sit, Chu..,t<ri,t>c., &.cr:ibtd b), tbt fk>wehut on 
Figor< 7J 11>< pby"".1 md trud: on!'5< ehln<t<ri,t>c. oftbt WI}'! ,," or< obson"«l 0Ild 
=ordod b), tbt CoI:ram ,," "',.,. p"""'.bin! muailltloo. 00-":" " bbn""". md >«<r=< ""IIl!! of tbt \\1).! "JUiFmeIlI. Thn in!ormotirn i, p~ in •.. ..:" datlhlo"," ,~ bt rn<d durinj! 
tbt ,~1id.I!10Il 0Ild mll;-.i, of downlo~ dru '" btlp <..,wn UI)' dru .booml.Ih';" 11>< ~"" 
drubo"," i, upda1<d .. oddiri.",.. in!=tirn i, id<n~fIod. 

7J.l.l 

11>< ","",,'iN!, of Si" C!w-act";";",,, rn<d,~ "" .. :"" . .. ..:" datlhlo"," "hKh i, u>«! 
~ tbt ""brut .... md aWj~i> of d"wnload«! rutl '" btlp <Xplain my dati . bDolIlliliri<-<. 

JJ.l.l 

11>< .uo=. oftbt Cllltrul> QA «<bmq", i, "'''''VY f~ upro. bo .. oHnowk<lg< 
.bout tbt \\~ ..:,,'. dWEt<ri.nc. 11>< ~"".I md trud: on!'5< ew.." . mt>c. _«I durinj! 
tbn ",,"w "",hid. tbt fou""lIll!: 

JJ.lJ 

! 1'1>),,,,,111 "Iw><"mtl<> of. "" 
• P"=><nt rond;rion md profll< 
,~ 

" Tru!ic fiowr<'!trictioos 
d \\" .. 1>«, ioc!OOin! "ind 

1 Truck.-.!'5e ew..,,,,,,,,,,, of> ,j" 
• Empty ,.,. Iood<d tt<Dd, 
b 5<.,.",.. ,~,,,.,, 
" r,,[01Umell! ,!'f<rn 
d UIlKfI" ,-.bici<-1 
< Ta!Jk '¥"'''''! clwE,";,';", 

n..s. e!w-act.,;!IlC, or< ~ in. "",,, druhlo"," 10 bt rn<d dmins tbt do" ,-.!idatlOll 
_hut}'''' proc ..... 11>< ",;,. da"bo"," b<!p> m tbt "" .. ~ or. .. ..:" profi l<" whieb tbt 
"'''''' .. em",. '~<XpWn dati .boon:wIb_. \\"bil< tbtr, "'" 00 pr<_pnn,«I form> lor tbt .. ..:" 
daUlhlo .. :' "<Xl,",,' fll< of""t .. , log ~ md pictur., '" ud tbt "" .. ,..-. 

7J.U 

Thfou~ tbt lilt of. ,j" tbt ~u" druhlo"," !hou1l bt ,,,;,,,"«1, updIt<d, md 
<XpUld<d w~"" ")'1'",01 on!'5< or ~·"".I .. " clwE" n,ru" I>«omo .ppar<nt 
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( BegIn ID "'*' 5"" ) 
<nDwIo<Sge ......., 

PUrpO •• 
~. -Si. O_ =---

Proce •• , 
0 ;011..., • ...,. ...... ..,.. "" II ... ~;w . 
.. " ...... _ _ . ... .... h ...... ~_ 

............. '" ,I, .. ,"""" ~"",, " " "'II 
"",.~ .... '-'" 'II .. , 01 ~".un 

j 
Pro" ..,.,. 2 

~""""' ..... .,...,. .... 
' '''''' a .... .,...,._ •• ..,-"' , .,,'" 

."""" " . .... o ... '.bnsI 
<" .. oderi""'" 

Proe _ _ l 

Con*"",, _ -"I' Of _ 

""'-O".-.g -"""" .... .... ,."'_-'''P _ ft .... -
It>_ ....... _ . 
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JJ.l -R .. 1Iim.-R" ...... 

In addition t~ tbt ""0 !t-> .. l, of .lit. ,..bdati.."'Il. CIlI,,.,,, Ill", ~'" . acb >ltt by IOOdtm 
and pm"""" quick """ obt<k of . och S1"', optf.,ioo.., 1 .. " "' .. ," ptf 1OOIl:h. nu, pr"""'" 
",!"<nM to .. . "Rtlll Tim<" Rt\",,' and" ,ho .... n in Figur< n . nu, "Rtlll Tim<" Rt\",,' i, not 

actu.lly • ,~!i.:l.!.tlOO of dna. but it un gJ'~ an <Of 1;' ioo.wlOO of 'i~t<nl ~I<ru, and i<Itn:i!'y 
1lllU",b/< do" 

JJ.l.l 

Tht I\'IM ')~_ "IDOOI""td in '~<1lI ' ''''''" n. ,,:.mt!r)' to 1"" "~" of tbt ,j,,', 
ptffornw>c< <<mdJ:ion .odic"",,- ., tlu.t tim<. nu, mt:hod j, Ill", u..d to """'" tbt ""'" of 
dna ru.. ><=1Illlttd =< tbt .. " f,i< ~-":ood. 

JJ.!.l s.'!' I 

Tht fu.. "orN" tbt "tt "'" <b<c. td font lor proptf tim<. do". and SlZ<"l; • .... 1 ' ''''''" 
trdlk j, tbtn IDOOltortd lor proptf ""I< spocing. An <.ampl< of tbt dotl do'fla)'td in tbt "Rtal 
I"",," ""","' " ,00-." m Flgur. 7.l . nu, figur. " ....... '" <M<ctly from rot ofCIlI,,.,,,' I\TI{ 

.itt> m<l ili<r<!""' ...... DOt Nm-.ntd t~ mt:rio Tht fi t< ' """ ''U)' P"llj- by.i" dq>tndtnt upoo 
traffIC ,horac"';,,,,,, md tbt =b<r ofim<> 

JJ.!J 

Cb.d tbt do tl Iii<>' t""" and do .. <tamp> and SlZ<"l so to loc.,. tbt do)' and """ tbt •• tt 

JJ.U s.'!' J 

JJ.! .' 

Iftbt ' ''''Ill tim< .. ult ,High" or 'P"""!l' or< lound to b< q~blt. tbt 'i~t<nl 
«>mp<IIl<Il." ( i.<.: loop ":l"'k .... rig!> ~ ":p!ll>, ", ,) "'" <b<cl;td Prooi<m> with tbt 'i~t«n 
«III¥""'l" mo;' Itod to :>::twll ph),,,," "I"u. 

" 
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h 

<' ! > 
'-J 

7.1.2.6 S,., 5 

Iftbo '1""= cOIlljlOO<ll." .,.., "'" ~ ~'. id<nto/y tb< "llllFmtIll probi<m(,j 
md DDti.tt. =«Ii,.., ma~_ 

7.1.2.7 S' <JI 6 

Iftbo ..... >.1 timt -ult v;<igb" or 'P"""!!' or. loon<! I" b< q"""",,,,-blt. obo uhbntloo 
p>r"""""""'" .100 01>«1«1. A !",ooi<m ,,,:h cohb.",,,,, may l .. d to odju""""''' of th< 
<ohbntl"" paamot<r'lll'llllrn tbo .)">!.", "'tho· .... n..,. calil: .. ,;"" poram<"" em b< fOf uI< 
w":!l>r.. L<I< ,po<mv. and ,'<hid. "' .... n I<ettb. 

JJ.l .8 S' <JI J 

JJ.l .9 S' <JI S 

If my I"ooi<m ;, found tbroogbout "'" ·'Ro. l Ti",'" R<-I-....', tbo 'l""'iOOlblt dati .,.., 
><I<mi&<! for ftr.ur< .... !} .... ond "I'Pf'l!'Il>"""" ofu"" 

7-1 0 
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( II ,s: Lfl[ :&11 Tn I~ "" I : ~ :I L!NiT1l 1$ i t 
!-< :!l'I j!lli! rPFI"l ': "I" >'fIF :'.! I ! t~ !o.t~" II 1111,11 H !!~ 

" ............ , 
: I l1 

( I l~, l fIf :"'.1 1'1I'i: II I:¥I. ,s., k ipe wr,TII ' I 1, 
H :\!I. i lli l'a: :ot "Ii' r8 '1"!II 1 " 1'1 I ... :, ' ill Il,ll !I,I~ : )6 .. 'I' IU ........... : .. _ ............ , ............ .. 
; ~ ~, rT1 u s; u 

(I""': IItF : .. ~ 1'd'f; ,'''LT· ~ " I FI£li II 't 
;., ;\1\ j I~ n: ~5 or#' r8 '1'. !II I "1'1 I .... ,\ is Il.11 II , <i ," 

,I ,1 , 1 III 
<r . .." ·····, ····c ... ... , 

';35 ~aS 9 Ii 

x_ ""'..r04' .. _ ..... n.. • ..., ..... /<ft. _ .... ,_.,.,...,. _m"''''''' 
fi,.,.. 7J "R .. I Tim," R<,i." . L .... p!< 

] ·ll 
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J JJ Fi,." u ... 1 Dm R<lit~' _ Somm. t:'· R.port 

Tht ~. foc tbt fim l<\~l Dall R"w,., _ S<=wj' i , ,bown ... fkm~han in 
figur. H , In g<n<ni tbt I\r!! 1<\-.1" in1<D<l«l 10 i<ltn"-'y my f}~I<m <qUipm<nl tl11!!imi:"'",~ 
mJ'~ ""-'" " yp",ol tn50 PI"""'~ m:I.lJ-pcol truck ,¥"""g dW><I"m!>C~ by uamining 
tbt ,~ .oo...ll in Figu= U _ 7.9, l .. doo.d m tbt Ii!"""..., "'-""1''''' of II>< ",!UI" 
OOWDM from .... !yzmg .. <h "'1""', Tht ligu= v.-.,-. obtau><d from Col,,.m m:I " '". oot 
rom-.ntd t~ mt:ri< un"', Tht mfo"fIllOtioo "lIbliIDtd for .""h , ito in tbt "",,,, dna".,.' 
pw.-iJ... f"""""-tlm for obi, """'" 

Coltram' Fim l<-;..,I Da .. Rt-;w,. _ S=W;' i, >=>mpIiIDtd by e~ r.poru thlt 
or. g.".wtd n'inJ! tbt \\1\\ , __ , OWIi<>tion ",h'm. Tht con""" and gtorn.l fOlIllOt of 
tbts< ''l'''''' ..., m O<C<J(d&oct " 'ith tbt Colt,..,.' 'P""'fl<>tion, 

Abou: 1 ~ doj-~ ~f\\nt do .. p<f month p<f , ito "'" downk>~ ,~. oo.t PC b), modtm 
Th"" n"",lIy ~ dall 10 wpport ~ and PI'-.mtIll dot-;igD analj~i" ~, • !pt<w 
" '>:I)'''-';tuI!ion.""" Tht QA I"'octdur. i , p<dormt<l "" .. It", .... "'" doj-~ ~f dna ptr -
JJJ.l 

Tht fon' I"''''''''' i, to """'" in!'ornatlOll "" tbt <h"-~bu:ion oh~hXlt dmifk.""", by 
brur of day m:I tbt dJ,tribtttioo of ~ by ,~h,,1< ela<li!k. :ioo Th" proc'" " IIl!ft>:Itd to 
-I)' 

I Tht txttnt ~floop or loop proc"'inJ! probltm> 
1 Any .<:,,,>< """gbp><! I><bn-i« em"".'! "p.o., L<It->" '" "",>«l L.J,.., 

Tht =ODd proc"" "'0 '''","' daily ,~hXlt oomI1 by hour ~f do)' by 1m< to idotnnfy "'Y lin>< 
pmod, m whi<h tbt WTh! <J-""" i , "'" "'P""'Ilg do,., Tht,p<"""" 01", >dtntm.. tbt ""pe,,,td 
e."... of tbt lock of ""-II Both 1"'''''''''''' or. <loot during tho, doll ""w,., 

JJ.3.2 Pro<." I 

Figure U i, an "'-""I'lt oftbt d,,,,,f,w,OIl ot=l&»' ''l'''''- Spt<i!k routlI, that!bould 
bt • .ammtd OIl obi, "'P"" "" 

I CI. " L A..."",..,lIy hiP. e l"" 1 (motocc;d.) c"",," or. gtotr<!/;' tbt rt-!UIt ~f 
"""""'" I",,' .pt'td,.oo sborttntd ",It !po<mv eoustd by loop .",,"'. 

1 elm 1l An "",-roo. mer .. ,. in CI"" B ,~hX"" "",.1I}"bo,,~. probltm ~f gbw 
rue. bting ",od by tbt """gbp><! 

J ebt" 15. Uncbt,,;fttd ,-.bi<1t """"" gr<"" ohm 0.1 p<f<tnl .", g ...... 1ly <oustd by 
loop trror'l . 

l ·ll 
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~ ~" ,. H'r . " ,. " ,. W~[F ... "" ~ ~, "" ~ " "" - F ' ., 1 II r~ , i ' .,[ ~ ....... <>" i' ~'" ,.. ~:... '<';..=: '" i~~-:r~:... .,'/ , '::'i( '- "if =: '- '~o < • •• ~f ,"r J I. ", 'H i\"" ~d~.a 

~ <. Ii " i I ] ~ . 11 " h~ • ;'Et;:,~;;~r t i" '" ~ ~~ .;j;:';1~5 ~~a,~~~ r ~~ t~~ :" ~~ ~ ~~ '" ~ . ~ ~g.~ . !i' ~:§ ''" is" '-"' " 1- s · ~~ if ~ ~ H~n! H ,~ jHP I ~n fB 
~!!. l Er ,,~ _ ~ '" ~:I:1 ir8 • ~r[ ~d <1 .~ -'W' • '. 'H " Q~ ~ ~ ~~ Er " t i ~ ~ ~f~ i •. 1,· "1 ~ It I.; 'I '!«H~ I ' r ~ tl if ~~~~ ;;: 

~ 

$ [. 11""' . tIj : ,.., g-s ~glf~ 
• ~ d ~ ~{i I] ~~ ~ .~W i q" j'. • 

o "l'-t, F ·tbl ·~~, t .f ~ g~ ~ ~~ 
~ ~f!. S S ~ ~ it ",1 ~ilj~ i u~ j f ~ ei~[it~ 

• <] .Hi ", . ( ~ ~T;' .~ il' ~ ~ !IZ~~ 5 ii !t~ E: ~t ~~l 
H !j WH' jr it ~ ~~ ;.- ~fj. 

8' (: !l"~~ ~'§ 

I' I_ fl '[~ ~ It ,Er ~~~~~a 
s. ~~~"~J ~ ~ . -~ I;" 1~ ~g";t. ,," _ . ! ' ; ~.., -, I~ ~ ::. s: <. . • ~ • • 
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<OOl:!, f<pOI1 i, usM '" ",-.. ! ,,,,,., pmoo.lD ~-h>cb tho \\l~1 .)">!.", "oot r~ <lit. for • 

""-~ 

~ if tho <1>", "'" ""'~ Immlll! w... or from. ,;,v. w.._ 

If tho do"- "" "';'''''! from Ill! an.. " i, probIbly m.. "'. f)~'= wrur. ...,h ... po"...,
"""-y_ II tho mr"in.! ",to "'" !rem. ""ll< 1m< rt cootid .,. "'" ' 0. w.. d=< lor main,enanc< 
Of • loop rni!fuoction 

By ioo<in!., tho 1m< di.:ribu';"", in tho r<p>It, it <:Oil muillj' .,. ~ ifth< t..cl of 
traffIC dm i, >=p!y <kl< ,~trafflC b<lfll<hi!IM '" "" *"" w.., .. ~ '0 • f)~'<m 
fUtur,_ If tho ,-.h>cl< COUll" m tho *"" w... "'" hlgb«!ban oorrnal """ tho dna "'" 
probobly mr"in.! m.. ' 0. 1m< closur. for main,<rWX' or «111""""""- If tho ,-.h>cl< <00>1" m 
tho odj~ w.., or, oot hlgb«, tho ""'<ins ",to .,., p"oo..bly <Dt ", .Ioop maL'im<""" 

7_1l 
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~ .. _ _ ,~~~~~W_" ~· 

•• ~ - .-~. ~ ...-:: 1 \ .. .. , ... • -- -,,,. 
~.-:;'''';. , .. · · • .. -

".-;10 a.. ""i",- , • - , , • • • , , , • • , • • , , • , • • • · · · · , 
- n.. ~, .. "tJ ... n . .. " ~,,,'\ .. ,I "P.""'" .. · · · · , • • • , • • , . • • • · · , · • • , • • • , 
I, "" '"'" ( _ .",,) '"' ilio *' .... ;..., ...... '" .. • , • , • , · • · • · , ""',. _, _ , "" ..,mo,,,,, _ , .. , , .. , · · · ., · · · • .. 
'-"""'~ .. - , 

" 
.. • • • • , • • , • , 

11<,10., ll_k~ .... ;.Ji,... .. · " · • • • • ,. , .. .. • • , 
""" , ....... M '",""' ''~ .... _ . • • , · , • • , .. • • · • ,. .. • ,,' .. , • • • • .. · · · · · · 

ThoClo.oll ~ ;, .. ~c .. -' ; ... ~ .. • ". , • , • • · · · · · • ., 
.... !"'I'r""- ............ _ 'w. .. .. · , · • · , , • • • , -.. • " 

, • · · · · • , • • • · -..... "'" ..... .. .. • - • • , · ,. · • , 
" .. ---

''''' 00 .. ,,~ •. *u1boK1:o 1tI~ ...... .. .. · • • • , • , -• , • -• "'.~ -......... "",Ie. ~ ...... ,.,.,. .. .. .. • • , • , -• • " .. 
..-_IhoJ., __ ' '''~."", .. , , .. , • • , · .. · ., · · .. 
,..-<'" ,'" Joe to _ ;. "-' ...... .. · , , · · · , · , , , · , • • , .. • -• - • • · , · , • · • • -- ... , , .. ~ '. • • , -• , • • -_ .. .. ~. 

~ • , , • , • · • -• • • - -- • , • • " · · • , -• • • · .. • - • • " , · · • · · · · - , · ,. · • , , , • • • .. , , , • · .. -• • • , .. • , • • • • -• -• • · .. .. • • • .~ ,. .. , • , -- · • • • • • • --• · ., · · · --_.- --.. - ,-, ., rr.;- '-' ;;:. · , , " · (' n ...... .. v"", .. ~~.i ..... ... - • • • .. , , • • .. , · , ., ) .-
1>1' II .... ' Do-; - _. .. " .. .. .. ,. , .. .. · ,,", ' '-<! ... -- ,-_. - I· ...... --r-- , ....... 1-'.-
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Tht ~ f<Of tb< Fir" u.,-.l D.to Rr;.,.,. _ [odind ... l Truck R<I"'" i, o!>;mll m 
Figuro J .10_ In g.....-.!, t1u.I"OCMuro " m!ft>:Iod to KI<n:i!)' "')' 'i~t<m oquiFmtIl! = !fwrtiom, 
mJ"inl! ""-to. ' 1)l'io<.1 tul'5c po~<m<. «.1J-pcol truck optn""! O!w-ac""'''IC' b)' flallllIllIl!i tb< 
r<pOf1' ~ll m Figuro J,II .md Ill, !ocludod in tbt lil"'" "'" <""'I'l<-! oftb< ,....." 
00tun<d !:-am anUy""l! .. "b I<pO<t, Tht jn!""",UOIl "",bli.a.d f« ....,b <It< in tb< "",,, 
dnaba",--I""'-,do,. lrundati"" foc t1u, "',",,' 

JJ.U 

Tht ~ dn. "'''''''' OO<>iu<tod "" tbt di.:ribunon ofw<lgb! '1011tl"",.md IIlnlij 
"".""'<m<n" r<pOf1, di'pl>]--.d in Figuro J.! L Th" r<pOf1 <0' .... trud: infOflllrtioo fo, all """ 
Tht oruck =<lId dna .oowd ol", b< ob<d<d on .lan<--b),_1m< ho,,~ ., di",l>]--.d m Figuro J,ll 
Tht , ... "'" ofth<.< r<p>ru "m,<nd<d to Kl<n:ify 

1 An)' cl""ifie.non~, <lIl< to. loop or loop ~sm! molfuDc""" 
1 Abadwri~ 
J An)' <hi,,,",, <>lilnti"" ~I<m 
4 Truc' optntlonpo'_' 

.>.D)' ,~bicl< ~-.tb. ,,~ ul< ",,«diD! JSOO pound. (Cm"" 4_15) i, iDcludo<d m tbt", 
mdinwol ,~I< =<IId~ 

JJ.U 

Tht Fim u.,'<l D.", Rr;",,' _ 1ndi,-idu.J] Trud: R<po'" "<00ljll<t<d b), "'''''ins tb< 
di",;"'tlOIl of ~-"g'" ,-iol>ti"",.md innW """,,,,,,,,,,,,, I<pO<t (Figuro 7.11) .md tb< 
di,tributi-.-'"tl oftrud: do", b)' 1m< '<pM (Figuro 7. 12). 10 goDrn! th<.< '1ruc'-- r'l""" >houId b< 
.:udiod foc. high IIllll:b<f of"", .. ",>5td (CIo" 11) ="- innW m<>rur<ru<Dt <OOn!~ and 
p<f~ 01 "'''''''right ,~!UCl<-! 

D<t<rnJm< if. hlgh nrm:btf ol Cll" 11 row:I. or. ,tCOCdtd 

For ""'" Coliform. \\'D,j "''',:Ill un<ll",f,<d """" "," "e«diD! fOOf p<f~ i, 
>«'!''''''''_ It " l!lljlOI'..Illt '0 no" th.a, tbt """ll",[!<d """" will gtl>tf>li}' incr< ... OIl ,,-...ktnd> 
w!><o 1lWl)' cftb< mar< "1)1''''''' true ... coof""""'l '0 tbt Vobiel< Cll,Il5c. ti"" T.blt in T.blt 
7.1. "'" _ =! md • bi~ ntmlbtf ofr«:r .. tlOO.>I ,-.!uclt. , Hm)" Cll" J) or< 00 tb< 
,~ 
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\\1>on tb< <Ii!!'«=< .,..., . ..., tb< I<ft mol nght ,..lftl " .. g~ .. of OIl L<io .. <ff<i.tO 
1'="". t!>< m',.,~ for th.>t ,..melt i, d .. ,.,flod "m,~1id AD <mInJ.ur< th.>t !.rgt mI)' b< 
<.IUS<d by t!>< folk"..,,,! 

1 A ""'. <lWltm! 1m« or _ dl1\1Il!! in t!>< nnddl< ~ft!>< w,. 
1 Booncing, USUIl/;' by <:llj>I}' tt""" 
J Emp<j' ''lID ttailtn m I><",}' """" ,,-.nd, 
~ AD .. tt<mol}' bad wnghpa:l < .. bbn""" foe..-
1 A oWfim::tKlI'.lll! wnp,pod 

o.t..",;". ,f tb< tn>:Ok tt>flk cb.oact<rimc. from t!>< "",,, <11",1>.0,.' 
txp!aim t!>< IlIgb """'""" of "" .. lid rouot. 

Col,,.,,, 10 .. "",formtd """'~,.., dI1J mat; ..... ,~dot..",;". .. , w!nch WTh! "'''' boun<iD.s 
uo<I <rO<' ,,-.00. c.u>< • high p<f~"'g< of in,..!od "", .. =<men." and,~ w,,"t .",.." tb< two 
factOR'1'!Kt t!>< "" .. he! ""'. =<m<nl>. One •• ! , in tb< "~to dotabo"," "....tul m dotffillinm! 
t!>< em .. fa- t!>< in,..!od "",.=omtn.". Coltr>m 01", r«jWJO'l thIt tb< WThI on_,," ",Iho·.,.. b< 
programmobl< from t!>< hO!! PC to modify t!>< ol!=thm thIt <It:om!m<> ",,-.he! ml,.,\RID<Il." If 
t!>< """'t of lIl",hd mtO,~" i, , till ~ . ft .. I ... i .... ins t!>< ~to ehon.ct<rimo.. • 
<1><<< .oouJd b< rn>do on tho ,,"':gbpod "hbn~on panmer<n m<l if nocO'l"')', t!>< wnp,fOO>_ 

11>0 ~ of "".,wnp,t ,-.1oK1<-! ""Y bt tl'I<d ... ebtc. of 'i~to:n 
"hbution How., .... , tho p<fo""'8o of O,..",-.,g!l" elll "''1' p u tly, dtptndin.! upoo t!>< \\1~1 
>ito. tho t""" ofy"', and t!>< ""'. ttdII< <1",><,."".,., 1ft!>< """ do"'I>.0 .... ~ ""t .""lwo 
t!>< high p«<"''''g' of "''''''''fight ""'k, • cl><d >hoo1l bt Ill.Ido of tb< " 'np,pod <.hbnll00. 
panmerm. AI",. t!>< octuol p«<"'tlg' of "'''''''''''!lot truch if tho truch w"'" "-"gl><d 
"-'tl<ol/;'. mI)' b< 'WroXIIl111<l}' half tho WIM_rq>ortod ",'.,,,,<ightt. Som< ",." ,Il> for thi, u. 
n rorro..~: 

1 Many truck, <=-.1 ''ft)' do,. to t!><ir I>W<1!l1Il:n Itgo! wnght; tho >ligh. .... t m .... 8O 
,ud oft!>< "'"" """!lot by tho WTh! Sj-'''''''' wiil r<-'IU!t m • ,-;;,Iotion oomt 

1 Althoogh. ,,-.~_<>hbn,od \\'D,I ')~_ mI)' prodox. !ood ,,-.rag. po>. """thi' 
pi", or Illiw, thr« ~ oft!>< "'lUll "-"-'g' P'''' "-"ght. • nolollOO =t du< to 
• >lightly hip, rnd.in! "ill bt r«oro.d 
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J 100. i, g""".lIy IlOO>< ,,<ip. tnn>i'ff from on. "'"" L<io to on. drn-. w. for ""'" 
01 on. 1><.,,.,. tru::h~' ifth<>. i, any upbillpad<. ~'hxh rouId '" =<lId«! 
., a ,'i~Ia:ioo. <h>< to 1><,,-;" drn-..,.i<-<. 

~ Th< " '<ir!>t nola""" look."I' " bl<> do oot O«OUIlt foo =tain <X~~ pmlCUlarly 
loron.,~w. 

It " tmp<>rtanI to "''''' tb< "",,! =" and di,triooti"", by cia" >heMll in on. ~-'Ig!l' 
nolati"", and im-.bd ""'"'""""",, "P'" (fipr< 7.!! ~ Do"'!i ", ... ilI pr"nd. addinonai 
mformation a\>out on. " .. d W"'''''''t"" tp«>f"alIy .. ,,<ruaI ,-.riaII"'" m tru::k tn!'5o <h>< t~ 
agnculonl and _...w thiwinl 

A. "" anaIj ..... ~f tll< r<p<rn ",,'<1M tm:I<r til< Ftrit u-.-.! Data R<\-,..,.- . Summary 
R<pon (flgur" U · 79) and . 1ndi,-i<hW T""k R<pon (figur" 7J ! . J!1)"", p<rforn>«l 
_1<), .l<m<n" "'" .,,,<r<d lI:!0 log """" a100g ... i1l any amota~om <I«m<d ~'"')' 
Figur. J!J i, III ~ "r. k>! ..... qnparod dunn! tb< anaIj-.i, 01 tb< dmi!k"ti"" md 
!p«<I tumllW)' .-.p<>ru (Figur. J .6). n..", Io~ sh<.m ""'~ 1hlN I,.,., I""P""'" 

I 11><;' >heM' IOta, dm "'" .nilabl< and ,,!la, dlla hI,-. ""'" ,-.bda:od 
1 11><;'.00..' 1IlI)' <xc<ption> 10 o:!><no". '\'a~d" da" and .00...' 1IlI)' "'aming~ If 

awroprilt<, .. '0 on. u'" of tb< dlla foo !""",.l '" tp«>fio u" 
J 11><;' tnok .-.00, of" .. <!w-a<,<rifli< ..... !llch may '" add«! to on. '" .. databa",." 

1OO<f=, "" ttmd, may '" cbK10d qutckly b), on. '''-;..,. . .,- foo """'i'"""'" ".""" 
in fu:ur< data arnlj--.i, 

\\'b<n data "'" "'l'l'''M, "" k>V may'" """ •• '~" for ~ ,,~oc oot 
.nilabl< da" .r< OUlrabl< for on. rn:m:I<d _. SlII« data from a parncuIar !an< rnay '" 
q""';ow.bl< or mnhd on. log ....... "" """ to quidl), <l<tmllin< ,,!la, da' a cm '" u>Od from 
,!la, I\'IM ..... Sine. a ~ "fon. qu<->"""""" or innhd ==\, rna)'.:ill '" u>«l in "",,,=b 
Cal...", ,.,-"Iy discard! \\Uf dl' a 
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TyplCally, tbt St<:ond u-.-.I Dm Ro-;.,.... ~." m Figur< 7.1 4, "p<rl'orru<d 00 """ 
dIj'" ~~oo ofmdi"du.1 ,..melt ==\, do" I'"""".ltll p" \\'Th! ')"'''''. IT "",h ,...."", 
c"""" cahbn~oo P"""""" cbang .. , aD immodu" follow-up ,....""." 1loOIIl1ill;' ",rlOImOd to 
ymfy tbt r=tI .. of ""h du,,,!,,, 

Tht S«ood u-.-.I D." Ro-;,.,.- ''I''''''. <bo .... " in figtlR" 7.11 _ 7.Ii,.r< g"""'«1 min! 
tbt C.It,m, \\1).1 S)"""'- AmIj'" progrnn. Tht li.gur<> ""'" ~ from Cal""" and w.,-" 
"'''' coo,'<ftM to ",.,"" umto. Thi, ~ "",no<> in tbt C--+ p<o~ lIoguag'. " . ., 
"" .. lop«! .. ~" .."...-.1 ) .. on of 1Illjl<lI:in! ,-.luclo ,«:Ord data into. do"b.a", p<op=. Thi, 
mfornwioo , .... t!><n moIyZ«! to "".,."m, tb< "'II:ioo!.1upo bm.-.." Cb" 9 and a.,. 11 'rucb 
...... , ll " tbt "'''"''''''!hip< .,.",. . ..., 'J"M and "-"gb, b.a..d upoo ob •• rr.tk"ll at tbt \\T4 ,i,,, 
Tht prOP"'" em 01", prm'id< "'''>tICal mformation on California', C"",, 14 ,..mel<-. 

J .1.>.1 

Tht S«ood u-.-.I D." Ro-;'1<\O' "condoc'«l to """"""" if ad/U>1"",,,, "",.....o..! in tblt 
cahbutioo ~ for tbt w.,~, oc tbt Ioopo. Thi, ,...."", may .1.0 <h.d"", or load to 
til< di",.,.= of «fUIPIl"'l' Kliosyncr.';" Of malfuncnoo, DOl ",,1M m tb< Fim u-.-.I Do", 
~~ 

J .1.>.2 Proc, ,, 1 

Tht r<'''''' oftbt <h,tribu:i<on of P"" .... ..:pu by Iano r<p<>rt, .-ll in Figur .. 7.1 1 and 
7.16, .uo..~ tbt analj~t to .,.-.lUl" P"" .... .,t1tt "'''"tionsbJp<. Altbootlt til< \\'11.1 ,..000.'. 
'I'P!icatioo ",tho·"", i. r«j\WM to ~to gro<' .... "pu di,triru:'00 ,~ tbt Cal""", 
progrnn di'!'i>l~ tbt di",;bu!Iom foo ...,11 Ian< in. ""tit ''l'''n and di'l' ''" )~ additiooal ... ti";"a! 

"0 
Tht "",fuln«;, of obi, """'" in .... Iyzin! w!><'.bor Of not. \\'11.1 ')~_ " prop«1y 

cahbwM for "":g!l' ,, ~t ~ ..,...-.1 , ito and truc1 cbar><tmffic foet"". iDc1udinl 

1 Iio\o' ,,-.!l tbt ""I"i' and load<d truc1 ,,-.,~h! groupo.r< di,tril:<.l,M 
1 1'-"'" COO<J>1,ntly tbt 5}, t= "P"'" >«=tto rutlC "''':pu p<odI,""", f"" diff,,"" 

",,,,, of\ .. lucl<-. 
J Tht proportionality of tbt \\T4 .... .,t1tt oroJfoci .. in tbt "",." and hi~ ""'tilt 

rang .. 
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Iftbt oruck trdII< ,lw>ct<mtl<' do Il<I1 <O<plam tbt "yp,,01 do", tbtr<" proInbly • 
probl<m ~"h I cohbratloo poramot..-

J .U'..l 

Th< V;<ight md.,.1< 'P""'!!' by <p«<I rqx>n. Figur' J.J) on.! 7.l&, prm~ , . .,""" do", 
on.! ","'~oo<hipo for .... ri!ht. ~ ul< 'P"ing~ ond ,,,lucl< I<ng:hs for .. ,h w.. 

D<t<rnllrlO iftbt A." 9 """g< ",""or _ L<io 'P""'!!' on.! til< Cia .. 
I I., ..... !' ,,,luck l",ph, "" """"It<_ 

CbKl:m! tbt ~ of ul< >p>CIIlg' on.! ",..ru! ,'<hiel< I<ng:ho PI'" on mdIC,,,,,,, of 
probl<mo with tbt c. hbratloo panm<t'" far 'P""l and i!pKing. Col".", "", "'~ tha, tbt 
CI .. ,9 tr>c'or _.,.1< 'I"'" sboWd .,WI!' 13 _en (0 f",,) md tb< """g.k"!l:h for 
• A." 11 ,,,lucl< d>ould '" 'l¥0>ima:.1y 1.l "","" (~ fool) ~ .. thm tbt .,-..-.!' wb<olbo",_ 

~ iftbt I<!I ond ngb! .,WI!. """ oxJ,o, " 'righ" bal.ur< for a." 
9 ond 11 ,-.!J>ci<> 

\\1>00 tbt rqx>n .oo...~ <IIff.,-."t ,-.ru., for tbt .... .,th!, rqx>n«l b), tbt Id\ 
on.! nth! ~"rghpod, ~f .. ,b w... " i, on indie.tioo ~f I moIfuDcOOOlll! WOlghpod or til< ....d to 
odJll'l tbt cohbrotioo fK:..- foc """ or both of tbt .... ripP>d, Th< """g< I<ft and right ""'" 
ul< ,,·.ish" >hoo1l '" tbt """'_ 

In "",",,")Il! "" <II.:ributlort of "_go ,,-.,gh" by ~ tbt .,wlg< Y"" 
.... rit"'> sboWd '" <ro":",,,t for dilIffenr 'P""l =gn. prm-id<d th<1, i, llarg, 

ntmlb« of ""'fJo. ond.n oruc1, "" .blo to opmo:." I '-crurWl!" <p«<I. An)' "'gnifk"" 
die.",,,, ... in tbt .,-ongo Sf"" ""rgb' through di!imn, .p«<l ang ... " 'ou\d mdic." that tbt 
cohbn,irn poram<'"" m>y Iftd odju_ for ,,,,.in 'P""l =l'"'. A""",,' oftbt ""'" """" 
" " oruck cobbro""" ~""" 00 ,p«<l '''''''' ,,-.,th! rni!l>t '" h<lpful ni IIl>!yrin! tbt 
,p«<l ,~, .... .,gh, rqx>n 
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(main <0)' . l<mm.>c> and commm.>c> 01 "" s.c<Ot>d l<\~1 Om R<\~' 1"'<'"" .,.., . ,u<r<d 
"""'lo! >h<fl. A ""g "-t ". n lUlbk '001 m .. n nl "'J><C". lIIduding: 

1 Mentllyin,'! "" <If<<'' 01 cobb • .""" panm<t<r chm!,", 00 "" \\'D,! do" [<Of """:!ht, 
LY. ",""inp, and ,-<luck ~ 

1 EUlbhlohmg "..,th< ...00. "'.." • Ioog p<riOO ~ft=<. iocludong ",.<OW.! nru~OD~ 
b)' coll<aing ';t<·1<>-';t< Nnlfl'I''''''-' "" ..w,,, can d<termin< .... I>O'.hof "'Y ... soo.J.l 
,-.ri>tiom ... du< to doff .. "",", m tnrl "P"'''''g cbaract<ri,';", (ru<b .. ""nlinl 
b<,,~' p<odox. in th< um=..-) or to th< .!f<ct ~[ t~"\l" on th< "",g!lpod>' 
.<p<>rtlnl ""'gb, 

l D<t<rminmg ,,-b<th<r or not \VIM ".igb.>c> "dri~" 0''''' pmod 01 tim< 
~ Mono"'",,!: >rl)' c~ m uk spocing> or , .. Iorl< l<ngth, ,,-h>cb mol' iOOic.t< 

probl<m' ,,,:h h¥-

11>< ~ in!oonotion i, .o:I<d to "" "';1< datlbo ... " '" that "" infoonotion may b< 
",,,,,'«1 ot . fuOlr< tim< 
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In ""00 to ''''''l< tho, • w .. gb_in_""'tlOIl. (InM) 'Y""'" p<r.OIn" tblooghout tb< 
...u.bh.b<d .,,. cloY!" hr., ' Ill .... ....d to pclorm maint<nanc." .. cb .. t<_ Main~ em 
.. tb<r b< coo;«", .. or pr"....,;.; ... C=.r. .. m>in:<n>ne. r<pUn or r<pla< .. ""y malfuncno=! 
~t or , ,,,,,,-,')' oo.nor..tlOIt. Pm_;,.., main:<n.tnc .... ""'" thot tb<,;,. ~ilI tlmi:tlOil 
prop<rl}' by p<rio<!i<.lIy ;",pt<tm! tb< ')~_.tnd ",.,M',),. Th .. _""" lIilI disc"" botb tj' .... 
ofItWI>!ftW>C< .tnd ~-.d<. eb«kh" of ;,.,,,, to;",pt<t .bin!, p"'-...t;,.., ma~ m..-
U CORRE CTIH ~LU;\'nX\;\'C[ 

C<lrT«tI,.., I>WI>!<tWr< ; , p<>fom><d . ft .. . ~ ;, d<:.ct«l in tb< S)"""'- Prool= 
or. <1<1«1«1 dunn! tb< qw.bty .. rurn>c. (QA) pr~" dI""",.,j m S«tioo 7 ofthi, 
hontl>ooI. . n..s. prool<m' Cut ... c:orT<ct«l in ",,,,,oJ "'I)~ . n.. fir!! ="' .. m<tbod "to 
>dIU" tb< poram<_ for .. I< w":!bt~ ax!< sp><ing~ .00 , .. lucl< m..nU I<ngth. Tho l><Xt 

«III«"'-' m<thod ;, to r<pm or r<plK. foull)' ~ d<:«t<d dunn! "'" QA pr~._ A 
thu-d cc.--,«t".., m<thod ;, to r<pm 1lI}' prob!<m, oo«t«l in tb< ","",,-,), wbicb cooId ""'!' ftom 
Ian< runing b<!"" or _ tb< """" t~ mms;,.., rood",,), d<:<non""" 

Pr.,,-.nm-. tllllIlt<lWl<' "pclOImOd in ut.tt<mp! '" =,-.n! funtt< <qUipm<m and 
,;,. probl<m~ n.. C.h~omi>. o.p.nm.m of T,.",JXIrIlI"""·' (Col"..,.) ,~,1uI practic. 

mclud<> """! "'" cb<dhft in T.bl< 8.1 to pclOIItl "'. in'p«tloo> """ to ""0 On.... )'ur (11) 
Tho Colifomilo Mum..,.,.,. C'b«kh" pr"'';"", an ><kqu.> .. wI)' to p<rform p"'-..in, .. 
main~ 00. \\T>{ 'i~t=. Tho cb«l:h" proI-.d<s. h" of"."" t~ b< msp«t<d.oo ,.,,),c, to 
b< cornpi<t«l Al", tn<!ud<d OIl tb< cb«kbSl ;, • columD lor OO1.,.bout tb< msp«t<d ".", 
All« til< in'J"<""'" 1:IWIl!<Il.JOC< '<pm" "-,,tt ... d<scribing tb< =~ p<rfom><d 00_ .... 
~tb<r ob=,-,tioo~ and ><hOm ~ 
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n.. 1.VTh! """"" "'" msp«tM '0 .,abh.l! op«.now.l rondit>oo n.. _>Or n='><r 
md Iyp. "'" I«ordtd OIl tbt obt<kh .. f= mch>:!in! my 00...,...,,,,,,, "'!>Id:in! tht tq1lljmtlll 

3,1.2 Loop Op ... ri •• 

n..loop o.tt<I<n" tht I\'IM " .. >I. !htn ''''pt<tM to "lIbhsb op<n.llooa1 «>odi""" 
n..loop llUlllbtf, I""" ~pt, md obs<n·.ok"ll' .\>001 tht tq"'~ >I. I«ord<d '" tht <bt<kb" ,-

n.. I\'IM .ltctrom<, and tqUipmen: in !ht rood>Jdt ,.bm<: "'" msp«tM to .. abh.l! 
op«otiooaI <ondiok"(l, Tho. =lion oftht <bt<kh .... ,," with.., t\..ru.ti"" ~ftho "gno! 
pro<"'Yns inpU! from tbt Ioopo, ",oJ... and pitzo .... ""', ODe< tbt "'1"''' ho,~ 0.... <bt<.td 
tho ttmptratur. ><n><J(, <ornpu:«, md tbt <.binot fin >I. ,!>.dtd t~ """'" thlt ,b< tqtUpD>t<lt i, 
ftmclloninB prol'm)" n.. hard diM. lk"W)· dffi~ , <om """,,, UIllIl!mUptlblt P"""" "'1'1'1). 
(UPS). and modtm >I. ,btehd on tho <ornputff, n.. w"'~ if it i, • pm of tbt ,)."."" " 
obt<. «1 '0 til"'" tho,,, i, op«.ok"'llOl n.. .... "'Mo! ",s." tbt <ornput« to tho f""o')' dtfJ.ul" 
If tbt <;'1ItID.lock, ~ 

n.. in""", and <Xttnoo of ill ~ "'" d .. ntd. n.. <irrui, board> >I. ,ltmtd mol 
Ul'J>«1td, n.. interl",. <OIllpOI>tOl" •• :.0' :1<01 <OIll>tcton md W<jU'tDC' of op<nt>oo >I. tt<ttd 
md tbt "",,:roJ ",..",fitd n.. cob_ i, ,ltmtd and tho =~ point 011 tbt 1.VIM <colt ".,td 
lfllK'<>"W)'. 

3,1.; '" .... 1 Im,p<"<oo. of Sit. 

ODe< tho ')~t= ='tnanC< md oltanin!! i, ftlUsbtd. ".".j m'l'«" '" ~ftho ..: .. i, 
modt. n.. fr.",.., "..,th!>od~ il>1l<tlOO Ioopt. and nit ""'IOn >I. ,bt<.«1 for my ,,":blt "tI'" 
~fw'>I md , .. , OIl tbt <01lljlOOtOlt!, n.. roo:!",, )" throorh !ht 1.VIM "". " ''''pt<tM for 
p.,-~t d<:tnorIok"(l, ""'ing. and cr><king n.. punoox.. and dr ..... g. ""tim "'" in'l'«tM 
mol, If n<et<wy oltlltd ~f dotbri, 

n.. Lo" ''''P of tbt ,!>.dh .. " to maintoin tho ""'"l"'tff ",I\wo,.. by Uf~! tbt 
",I\w. ", '0 tho Lo,." ,..,,":00 
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9, SYSInl IROUBLE_SHOOn:..-G 

Tht goa! of ')~''''' troobl<-sboo,"'I! i, ",.m"" that th< W<lgb-Dl_tlloDCiOl1 (\\'N) "ot'ol 
"ill functioo prop<rly ~ th< .. t, ~gD hr. Tht pnncipl< ~w... >hoI.ll in I . bl< 9_1 
.oouId '" foll",,-«I '0 .".., thi, loa! 

f i; . .. u 
I.-.. bl<_Sb..,titt; Pri.,ip .... Ck«kl;" 

' .1 """"".k>p<>I ___ ", 
• . , 0.. ____ ... ... ...-... ,..,..., .. .. _ .. ""'-""-.... __ 

~., 

U LOGICAL IROUBLL-SHOOTI'iG PROCESS 

Tht troobl< .boonel pr~' "'l"" with .. " "k<ooo and con"""'. ''''""gIk''ll' ,'" "<i" 
.... ign hr.." 0... of "" 0WII.sp<ct> <tftlu, proc<"!' "'0 loDowth< ~ JXlIl<iF'" h~ m 
.. ch ""'''011. Tht 1"'<'" ",,100.. wlut, <1<1«""" ..... lj~i" and cor:«",~ oction, 

9,1 REQ{}lRED RESOURCI:.S 

l1Iloop,oo: th< ".,,, <i<Yl" hi," ><i<qu>" fin.tncUl aOOt«bntc.J r= .. .....d 10 '" 

0.,-<11«1 ' 0 "" prop= n..,. "'0''''''' "'" ""Iud<d foc <I1h<r .", •• of "" V,Uf opmtlllll 
proc«lt=t. Quali'y A'=>ll<' ODd ,," =1Ill<n"", or, .... ,,,.."'" finm:W md ,<ehni<.t 
= .. or, '"<f'j""'I""'-UlI_ 

., 
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[",,·.1 btl""""""" ,\)."" .. I~TRlS), U,. ', G1!i/h. Offtc. ofHighwoy infOllllanoo 
MlnIl<rut<lt, Fl!\\'A, U.s. o.p..."".", ofT,-"mpcn. tion. 1991 

16 R. QumI<y, Calt. ...... "P...,I Dtsctl'!"011 _ 'Wl~1 Ih" ~lity A.=mc." Soh"",,! 
["'!fic Dala dC'l";'in'"" Cool""""'. Coontcti<>l1. 1994 

1J R. M' ),l1ud, C. I""". c"liforni •. \£.;nt"'''''''6 Repon. S" ,. ofCali~=wt, Dtpor:m.m 
ofT""''P'''''rioo. AIlS"" 1996 

R·l 
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Cootrac, r;Q. ~ 1 WJl7 

Arti<1o 11 _ C .. ","", l la • • ;.m •• , 

Col.,..m Con:ract ~Unagtr" Ri.<b (~llIlloy, (Il 16)6l-1-1611 

.\,,,,,10 III _ Co., ... " l' .. iod 

l1uocOO!r><t >han 0.(111 011 N",=\>tr 1. 199~. <OI1!in!"" upoo ' wonl by tbt Sa,., and txpir< 
""Oc,,*,,,, Jl, 1996, uru.., txtend«! b), ~1.~ . 

• \rti<1o I" _ CO" Lillliurio. 

A. l "ahrnoont of t"'«on:ract """ll not =-I S,C;;c;-;;;C 
B It "Wldtrnood IDd . gr«<I thot !hi, toal i, on """",to and tho, tbt S" ,. will p.y ooIy 

f<Of ~ ",,'i~ "''''''llj- mI<It,<d .. . utOOnz<d by tbt COO!r><' ~Unagtr or "" ,00 --.\,,,,,10 " _ MOp< of Work 

Scop< ofwor\: >hall 0. m >«<J[""'" ,,,:h iWtf A 

.\,,,,,10 \l _ JU,., 
Routint mom""-'Ir< ., d=ribtd m Rid..- A !hoi! bt r~ S __ ",oo:hly for r;",-=bt-r 
199-< tbru Oc,,*,,,, 199~ and S __ IOOIl:bl;' for N",=\>tr 1991 tbru Octob« 1996, 00< to 
txOffd S for tbt rontrac' t=n 

I) On con "1"" " 'or\: w:horiz<d by tbt 5",.. """n 0. r~" .. '" "ottd in Ridtr B, 
S<t\ri Rm Scbtdult IDd Ptml.Intfl' Pnc. lI,,- Ria." B ".ttocbtd 00.:0 IDd lIl<orpon:.d 
by"'~. 

l ) Ail ",\>c"mr.,,,<d wor\: or othtf coo, 00 mdudtd m Rid., B. """n 0. «in:l:<lntd., ",,,,,,1 

'"" 
J) l oa! coo, f<Of oo-c.n «pUn !hoIl "" =-I S ___ for tbt Con:rocr t trnl 

4) Cootr>ctor <hoi! 0. "'~ for tnmp".t.tioo IDd ,u""" "",. C("" for oo·nil r<pair wor\: 
., tbt ro'" oboo-n m Ria." B 
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RID ER .\ 
SCOPE OF WORK 

Coot"" KQ. ~ 1 Wll7 
_A 

Cootroc..- ",",U p,,,,,iloo lob..- and ma:ffi.al, '0 p<rfonn routln< Ol1lIl'''''''''. and OIl-<aIl ,<pair! 
[<Of forty (;/(I) .. ,,:in! Co1trm, V,Uf f}~t."" <1 .lllrtl'-!hr .. (JJ) 10<<1,00> throog!>oot th< S" t< 

1. COOtr>ctOf >hall ,bod .. .,h V,1~1 ')~_ ",,'<f<d by!hr, COI1!noct Controc..- ",",ll 
",b<duI< main1<n>rl« "~" orof~ t~ r<qwr=<n" of >«tk"tl C mol >hall ad"i", S", .. of 
"",h ocbodul< pri<o< to c~ "">e<. S<nri <hall iDclud<. "'t Il<lI bo limit<d .. tb< 
fo ll"win!: 

a) mwJ IIlSp'ctioo of fr.",., & ,,-.it;~ 
b) mwJ ~ofth<rM<M'.yin tb< "",a 
c) muil m<p<ctrOil of JIlIIC1ion box bd> 
d) In'PKtioo of ba'~' ,d"g' 
. ) rnspN:tioo oflNmiJity ""hwor 00 th< ,_01 umt r<ploc. ~in! a!<'l' if~ 
I) Ul'PK' indueo,", loop md!c<1on and rr.q"..., ... a. ~'"'Y 
V rmpK1 mol coo,I'<""" uro-p<>int' ofw":~ 
h) ol<an"bm<t 
i) prmiloo a"n''''' == r<pert '" th< S" ,. for .",h ~" ,,·;thm 10 working doj-~ 

oft« th< ..".-ie. 10. o..n p<rf0llll<d 

1 Soll".-.,-. Y • .I:lDtrnur< . Controc..- ",",ll pron dt ""fu",. upd.It .. and •• d>llI<. 1 
"'PI"'" '"""''' .. 1nIJ'''' I>«"'",}' to ... "", tho, all ..;,tm! v,T>{ ')~"'''' and th< S" .. ·, 1>0<, 
romput<f """troo> .. ." int<p<1od dru ""lI«troo .)-.!<m. 

II. O.-C. II s. .. i<., oDd R .... i .. 

Upon """'. by tb< S,." thot 0 pm><:ul.Ir f}~t=" ma1fimct>oo.ml, C""troc..- ",",U bo!m 
00-.. " ropair ,,·;thm m-. "orkin! doj-~ ofll<>li5<. """. wl<>, S",. .~." .. ~ ropair 
",h<dul<. Contractor "'"'II OOtlfy ,,, .. ,r im< dosur .. or. ~'-"l' to p.,-form '<pm work 
Upon "",b noti&.ti"" s,'" ",",U ornng< foo S",. lor~ ", .. t up 1m< ,~ and >hall ootif,. 
Cootr>ctor .. '0 och<dubllj! of such ,Ioour<. or .hall wtboriz< controct"" '0 .ubcontract foo 
trlffl< crotrd ",,'ie<>. Cootroc..- ",",U 01", ,-.roall), """-'y "''' <1. m;mon .. of ""<110")'_1"", 
(.'4) boor< in ""'UK< .. to th< ocb<dul< 01 '<pO'" " 'bon 00 lon< ,Io=-<,,~. Con"'oc..
>hall n ,hally OOtlfy Slit •• m>:<irmrm of tw<mJ-'-foor (.'4) boon .. ~<r COOlJll<tioo 01 ,<pair!. 

Tht C<mtn<..- ohol1 prmiloo th< S"" ",th . " n' .... r<port ofth< 'q>U" noad< [<Of . ",h 
V,Uf f}~"m "ithm 'm (10) ".<>rt"'l doj-~ .Il<r til< COOlfI<:k"tl of th< '<pm work 
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, 
; , 
; 

• ; , .. 
n 

" " n 
n 

" " II 

" " " " " ;0 

n 
;; 
;; 
n 
;; 
n 
;0 
u 

" " " 

H IT 
DES!Gl'ATlO:' 

LODI 
REDDJr;G 
A);1ll0 P:E (\1,11) 
WHEELER (SIl) 
1:'<1)10 
l>'IWF.ALL (1).1l) 
SA.'ITA !'ELLA 
V[ NTI.'RA (2) 
FRISKO 
SO:'O~t~ 
VAN NUYS (.l) 
SA.'HIARCOS 
IRYTh'!' (:» 
HAy\\,ARD Ol 
LOLETA 
MOJAVE 
JEFFREY 
EL CE:fTR0 
NAPA 
l>'IV,llERRY 
CAMERON 
;~a 

MT SHASTA 
WOODSIDE OJ 
Bl1U.Th-GAME Ol 
PACHECO 
LOS BA.'<OS 
H S r.-;ORE (2) 
RED{.M;DS 
COACHELLA 
BANTA 
CARBONA 
CASTAIC 
AUBUJU; 

26 Sing!. <J""" "' .. 
g Dual '}~t<m ...... 

DIST_CO_RT_PM 

10- SJ-OOI_43.7 
Ol _SHA-OOl _R14.9 
Ol _SAC-OW_17.2 
06-KER-OOl _RI l .l 
ll _RlV_OI0-R59.l 
07_ LA-OOl ...... 6 
10-MER_OO~_l'O _ 1 

07_LA_I01 _lJi 
06-FRL-099_1l .0 
O-t_SON-OJ7_1.7 
07_ LA-IOl-tl .9 
11 _ SD-078_10.7 
Il _ORA-OOl_l lS 
0-I _AL~_8S0_ 14_1 

01 _HU~I_ IOl ../il _6 

09_KER-OI8.-10U 
II _Th!P_OO8_!1.8 
II _Th!P_OOH O.O 
O-t·l'AP-OI l-l J 
O&-SBD_O-t0-28.9 
11 _ SD-om_IU 
10- SI-OOl _H 
02_515-001_1 H 
O-t- SM_280-1 .6 
0-1_ SM_IOI _ll.\ 
O-t_SCL- ll l-l6.9 
10-MER_Il I _H O 
O&-RlV_OI5 _11.6 
O&-SBD_OlO_3U 
ll _RlV_0l!6-RI5 .9 
10- SI_IOl _9.l 
10- SI_lSO../iA 
07_ LA-OOl _16J 
OJ _PL~_1J.I9_9 .0 

, , , , , , , 
'" o , 
• o 

" • , , , , , , , , , 
• • , , 
• , , , , 
• , 

SERVICES 
CO~!MEKCE 

H91 
1191 
H 9l 
H91 

Rru_ ~ Mom"".",,. <h1lI bt p<rfom><d f"", timto . ., . pp-o.."",ttly ... IlloOIl:h 
lIlt",,"I~ for h,,<d Sitt Ko', I thrrugh.w_ Rou:ino Equipn><nt Mum<rn»e< >han bt perfOImOd 
tm.. timto for tbo r=~ h,,<d "',.., """""""'in!! """ tbo -'s.,.;~ c""""""." do,. 
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Coot"" );0_ 51 Wll7 - , 
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C.-UlfOIt,\U l l-U'\'-[ ;\".-I...'\T[ CO:.,-It\ CT 
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Cootra'" );0. 51 X482 

.\rti<I<II _ C .. ","". lla •• ;.m ••• 

Col'r.,., Con:ract ~Unagtr" R>ob ~', (Il 16)6l-1-5611 

.\r!"'l< m _ C •• , ... " Ptriod 

Tht. COIltr><t >han b<pn 00 lull' I 1995, coot"'!l"" "i"'" <ppro\-.l by tb< S"". m:I "'1''''' OIl 
.hmt 30, 1996, uru." txtendtd b), !>.IWl<"",,"'I.~ 

.\rti<I<I" _ c." Umi .. rio. 

A. T",ol"""""" of <hi, con"',,' WI! no! =-I j"~~,,,. 
B It i, tmd<ntood m:I.v-! !htt thi, ,,,,01,, OIl ,,:imatt m:I ohlt tb< SII1 ..... ilI POl' 

only for _ S<n"" octualIy r.oo.r.d .. wthooztd by tb< C""""" M'''''gtf or 
h>,htro..ip>« 

.\,,,,,1< " _ MOp< . 1 Work 

Scopt ofwor\: >han b< m OCC<J(""'" ,,,:h IWtr A 

.\,,,,,1< \l _ IU,., 
Routint main"""",, ., d=ribtd m Rid<r A !lWl b< ,~ S __ ",on:hly fo, Iuly I, 
1995 :hru .fun< 30, 1996, "'" '0 . " t«l S for tb< coo:,-", 'trnl 

I) On con r<pUJ " 'or\: ou:hori=! by tb< S"". >han bt r<inlbun<d ot "', ... "-'to<! in 
Rid<r B. RiJtr B ".ttKbtd btf.:o m:lIOCoopont«! by r.ltf<OC<. 

l ) All ",bcrott>ct«! wor\: oc othtr <0'" 00 mo!ud<d in iW<r B, >hall bt r<inlbun<d ot 

"tull «»" 
J) Total co," for oo-<olI r<pm> WI! no =t«l S ___ for ,bt coo:,-", t trnl 

4) Contt>c,o,- WI! b< rnmburoM lor ~~OII m:lsu\>si,,,,,,,,, ",'" foo oo-<olI 
r<pair wor\: ot ,bt nI" .bown in Rid<r B 

A. Tht Sa" ~,n r<~ tb< Coott>c,o,- monthly in orr .. ".s pr""""l), .. S,," 
5!Col ~" ptmin upoo r<OOpt ofl,<miztd in,'O""" in tnplicot •. !n,'Oi= 
WI! ,tfu=< !hi, contr", ntmlbtf m:I >hall bt ..wm"t«! to obt Cootrxt MOllll'" 
., obt fonm.lIl!! oddr". 
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RIDER,-\, 

SCOPE OF WORK 

C""tra'" );0_ 51 X482 
_A 

Con:roc:oc shoU p<0\.;0. lob..- and ma:ffi.al, to pmonn roo_ tlWIlt<lWl<' and oo-<all ,<pair! 
foc .:..."" (ll) <Xi'''''l Cal:,..m W.,gII_In_Motioo (1.VIM) .),,,,,,,,.,.,tht (8) Joe",,,,,, 
tbrooghout on. Sta,. 

1 Con:roct..- ohaIl cb<<Ok .. <h V,ni ,,~"m = -.,«1 by thn rolllr><t 
Coo:roc..- shaU ",b<duI< mainterwx. """ ronf=ull to '<q1lir<m<n." of s.ction C 
and .b.all am'; .. Caltram' (""" oct Mam!", of ""h II<b<duI< pnor to comm<n<ing 
s.",,,,, .b.all iDcludoo, but.." b< limlt«l to on. 10nc.."lIl~ 

• T .. t "''P'''''' Io-;-.l:., .igrW Io-;~b, md I<od <. bl<> lor: 
m_rood in""""",,,ok"tl 

V,nill<OO 
p"""ltcln< =" 

b Mnn!.in and d .. n .ltctrooi", in..."fK< md ,,~"m """P"""" 
dun tot.noc and ",t<nor of all cOOlj>OO<llO>; ,."""-., <!<an and m'i"Ct all 
pnnt«l mruit board, 
main"", all . ltctri<al """"""on of op<ntroo ol;",.r.>« """"""","' 
to"~ and "",ry con:rol md ~ of """,.non of int.rnc. coIlljloo<ll!<; 
odJU<t Z<rO pOOlt ofV,ni ",>I< in""fK< <.,4 ,I n<C"'",)' 

< Vi"",lly in'i"Ct <OOdit,oo of: 
fr""", l\"'gbpo<I~ indoctroo loop< md.,.1< """'" 
ro~w.y tbr""gII \\T4 ')~''''' 
pullbo ... odJ..,.", to roodw», 
dr"""g' ootl<t (wb<n dr:utl to .ul< <k>p<) 

d CI<oD"binot 

• Pro\..,.. "-.in,,, t<pOIt to on. S,," lor ...,b \\'IM 0)'''''' ",thm "" (10) 
werling do)~ .il« """. bo • ....." pmorn>«l. 

1 Solh ... " Maint"""". 

Con:ract..- shaU prond< >oft ... .,. updo"" and t«hn>o.l ,,,,,,,,,n ""'''''' .. mI)' b< 
~"'Y '0 "''''''. tlu.t all <Xi.:in! V,ni ,,~t"'" and on. Sta:.' , boot NmjlU!<f 

fimotr""' ..... '''''1''',,«1 d.ltO ""lite""" ')"""" 
II. O--C.B S<n-i<., oDd R<-p.in 
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til"'" """,,, b)' obo S .. " !hi, • pm..-uJ.r ,) ... .",,, malfuDco~ Cootr>c'<x WlI btgm 
""-<Ii" r<pair ... ithm lIy. (5) "cdin! doJ' ohoO:5c.'>Oil unl<s, S .. " .~ >It 

.",.oo.d r<pUJ ocbtdul<. Cootr>c';J( WlI notif,- "it, iflm< ,blR'l "" ~"'Y '0 
porfOIDl r<pm "cd. Upc<I ,uch "" .. r".tiOll. S"" WlIom.ng< lor S"" lore .. 10 ... up 
1m< do,t='! m:I WlIno<,l)' CootrI<lor .. 10 "'bodnlinJ! of "",h , losur .. or <holI . u:bori. ... 
,,,.It,..,:lor '0 ,..bcon:roct lor tra!5c ,oottd =,,«. CootrI<,... ohoU .1>0 ,'<fhaII)' ""ti!')' 
'"'' It • """'= of ",,,,,,),_f,,,,,, (4) hour< in od\=< " to tbt s<boduI< of,,!,,", 
",bon 00 1m< <tosur. ".....d<d. CootracIOf WlI ,..ro.lly 0>C>Ci!')' S .. " • onoxmrum of 
tv."",),_I"", (24) boor, .ft..- romp!<t,OIl 01 "p"" 

11>< Conttl<toc WlI pro''''"' lbo S,,,, ",th. ~n_ r'l"'" of tbt "p"" mod< for <><h 
WN ')~I"" ",ithm "" (10) wool",!! do)~.flff lbo ~oo of lbo r<pUJ ,,"'" 

C. l.o<.ri ... 1 \\ U I <)~" m' conn;! .. d .. , II;, 'Ire.m • • t: 

)8 

" " " " " " " 

" IT 
DESJGl'AIlO:' 

MACDOEl 
ARCO (SB) 
V ACA VILLE (2) 
CHOLAMI 
om 
H .l.llRA 
I>'IWPORT (2) 
WEST SAC (2) 

I Singlt """'" "t<, 
lDuol" ... "" ",,,, 

DIST_CO_RT _PM 

Ol _515-097_34.5 , 
03_SAC-005 _28_9 ; 
IO-SOL-080-30.6 , 
01_5lO-lJ.l6-44.7 , 
Ol _SAC-099_6_9 , 
JO-SOL- lOl_l .2 , 
Il _ORA-001 _n 6 • Ol _YOL-OlI>-O.6 , 

Rru""" Equipmtn' ~~ ohoU bt porformod "'·0 OJ lin>«. It ' WO=" lj- , j, (6) 0l00Il:h 
m,,,,-iI, f<Of tbt .00\-" h,:.d \1."N: ,,~It'''' <X<q>I fa- Si" :'0. 11. foc Si" No 11. rool ... 
maintt!Wl« ohoU bo porformtd "'" (I) """ ... ~" N",-.rn:btr 1s>91 
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APPD"DL'I: 1 
LO~G n~1 P.\ H 1ID j r£RFOR.'U .. "T[ 
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I:XSTRUCTIO:XS fOR COST DoTL\L\TIO:X SPRLu)~H[[T 
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COST Of \\1\[ IQHP\[UI 

8<:",,' or. in""",,,,,,, foo UWl~ tb< ..... adsh<fl 51< \U\[COST _'U.S. ... hi<b «tina, .. tb< «>!I 

of~hasing, in>IlIllinl. op<rat~ ond maintaImns \\'D,I ~ 

Tht 'F'od!hffi ;, ~good for .... om",. A, tb< ,m,p"'" I<->-.l Y"" only .-d to type in tb< 
ntmlbtr of\\1).! ""aJO. tlu.t ~i!l bt ~h>"'" and i»:\K.,e w!>ttbtr tb< \\T>{ 'i~t"l1> "ill bt 
btDoiins pla" or p><zo ublt ba""'. Tht 'F'od!hffi win """ eUculltt <tI1d< """"',... oftb< 
«>!I and "alftn,l! "'llillod to kttp tho>< ')"""" optn""~" til< 1<-;-.[ txpt<tM by LIPP 

Tht <tI1d< ...:ima,... inittally "'l'I'1iod by tb< ,¥,odsho<t "'" ba«d 00. wmbtr of ."tm>od c"", 
mol 1<-;-.1, of tllIint<nanc< mol opeu,tn,I! "'m.y. n.... '''un:ptioo> m»' or ""'Y "" bt ,..h";" 
foc my PI .... "." or 1""-in<",1 hip.~·", . gtocy (SHA). C~!}', )"'" "",-. tb< op!ioo of 
<~ (mol "'" <nCOIlT>god to ebange) tb< ""''''''y oftb< input! usM In tb< c"" ."inatioo. 
proc .. ~ Y",,!hou1l updttt tb< coot mol ~! « ,"""',., Ulfl'!itd '" dt!'aul" wnb tb< 
"".ad""'" to ,.r«e' !p«>ftc Nndi""", ... i :hm yoo, ~HA mol )""" SHA', ~.,. Thi, "iU 
pro'>ia.. =< ,,,,li,,,,, ...:imatt of tb< ">.!'5n! ond ~ n...dtd to "",.U, optn", ond 
"",""-un tb< \\'1),[ «jIlIpIl>tI>t 

ST\RU'i'G THE \lU! RI SOFRCF I SD\[UIO'i PROCESS 

Tht >;>:rtlId"-t " "orM In. ~.icr"",1\ EMell .O f""""t 

To '¥" tb< 'F'odshtfl, """ Ex«L ond '¥" tb< f,l. \\l~ICOST XLS 

Two ...-inoo,,~ '¥" l\itb tb< 'pr<>d.btfl. ID tb< Id\ Iwt<I ",moo...- "'" tb< ba":e doa tnT,' 
"'l"'''''''''''. ID tb< ri!ht blind ,,-...00,,' or. tb< 'otal coot ... """"'" ulru!otod by tb< ""e>dm... 

r SI'iG IHI SPR E\ M HEU 

tb< wmbtr of\\'D,! ":t .. to bt in,tallo<t by type of\\'D,! ')"''''' 

tb< "'=g< """"'" of""" to bt ..... lIM., .. cit .. " 
w!><tbtf • PC ....,j, to bt ~""><d roc tb< ettl",1 ollie< op<ntion 
tb< wmbtr of".... ":t .. tlu., wiU....,j po,..."..,t ,t!t.abiht.tioo. bt["" WTh! in>1illlltion 
(tit,,;, >;>h' oy ~pt ofp"'-.mtn:) 
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Em .. on. ntmlb<r of " "," "bJ. 'J"""'" ,~ 0. m,taIlN m C<II HI 
Em .. on. """'""" ofb<nding pitt" .,..-. to "" in>talk<l m c.n B6 
Em .. on.!l1mlb<f of my """" >:;"""" o.ml cOll~ m C.u B7 

Pi"Z<I cobi< ond ~ plot< \\T4 'i~t<I'" "",,,.,.,.,. on. """" "ldoly ~ 'ochooit>g;... in 
til< U.s., "" tld . uI, ,'om.. or< mclud.o<l m on. 'P"od>hffi lor !hoot S;,-" Uyw m inMjp ' 
'0 »". di:f=' trs""":OiY yw OIUj) POO tbr ';wop:jl" roll "r;i;w,,, m on. Iol<U I«tiQll 
of lbi: <J),rN>hffi (lbi, _non" tS..ctib<d uOO.r on. btodinB ~ Tho BJ"" 
A."""f"om,") N~I" 01", thtt on. p""~ "bl< JII<! ~ pi"" """ "";0111 .. <hoold 0. 
updotod if,w hJ,~ bttt..- """ .. """,,,, ohil or< WI". <;>t<ific '0 ,""f SHA 

• "<It<" "dofmod .... cb ...-of 
~~ 

,,~ 

" 
,," 

Elu..- on. ., .... g,,!l1mlb<f of.."." of\\'IM """"" for 011 ,;,.., m tbi: =, "'''''''''' m 
C"ll Bl 0 (til" nun:b<r con "" 0 de<imoI ~ 

PC p~rrh.,., for ",u ... ) om" Op.,.. Iio D 

Ify".,,- SEA i, pure""""!! \\'IM for on. lin, tmlO, and 'or ,f ,"'" SHA .,.,..,"", hi'\-e on 
<XlrI PC thaI" CJpobi< of wto!ll.lllCoIIy po:ling tbi: \\'D,j ';1 .. JII<! "onnl on. 
oholllood<d dru, tbtn pi..,. on. IIIlll:br'I ofPC, ,~ 0. p.t!c"">Od in «ll HU 

Tho. "ill cw'" on. 'V'"tI"-' '0 il>c1OOe on. """ of rbi, """P'''*) in on. """ CJkula:k"ll 
1'0" thtt ify".,,- SF..'. i, plonninJ! '" pure""" nwoy \\T4 'i~'<=_ mate ohm """ PC i, """,11, 
r<qWJod 10 poll, "ore, proce", and r<port on. rolloclod \VIM do .. , A rough e""""to (",bj<rt 10 
tbi: ttdIic ,."lumes., tbi: \VIM .. "", "",,-on. ';1", "" opmo'«i JII<! """' Ibi: cdl<ctod doll or< 
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If th .. " tho flm \\T>{ muall"""" 10 be purcho>«l from obi, ,'ftlda-, yOOf SHA " illol", pm"'bl)" 
hI'I-. '" purcha", tho "'l""od ollk. proc~';sml ",1\".'= 

If th .. " tho CO". pl>c<. 'I" in coli Bl l. If e..,tral om« ",1\"...,-. "oot ""I""«t plac • 
• "!" in «~ B lJ 

Tht 'pI<_t COil """,id<r two IJ-l"" ofp"-.ru<nt rohoW."tlOIl dforu .• ']>h.>h cone_ 
p"-.ru<n" (ACP) and po,..lm<l «mtIll e""e,,.,, PI""""''' (PCC). (Tho " lUll "'t"""tod rom 
oftboso t:o."""''' "" cootainod m coC. Bl6 and B27, roq>«:ti".ly, W"'" )"" con ehm!, tb<m) 
Tht bo,ic ...... soc""" "'l""" thot yoo.."." tho IIIlIl1btr ~f,..".' WTh! "',., that roquir< .. oh 
IJ-po ofpI<Iunin")' PI'- ,.hobihtllliOil. 

IT"" PI'=-' rohabih" tioo i, roquir«t <fIt..- "0" m both coC. BI~ ODd B16. Otho,wi ... 
<!It .. tho I:Illcl:o<f of ,,, .. thot no«! ACP ,-.,haW."tlOIl in«~ BlS ODd tho Il=btr thot 

no«! PC( ,-.,hobilita""" m coil Bl 6. u-;"'<: tho """ ofu.... "'0 «Il, do<-< DO' hr>-. '" 
<qUOI tho totll numb..- ~h.w \VIM ..... ,) 

Tht 'pI<.dslwfl ootp\ll. (nt!tt band " '000w) ""la:lo (!) tbe M.IlI:lti.ol ""''' I", 'J"'"'" 
purcho .. ODd tn>tillllti"" ODd (.l) tho ."imotod .Du.1 cO<! ODd >tolling ~" for 
ma""-nntlll tho .,"""" purcha>«l. n..,. .. t """",.", .-It m bold "po. Tht,. e"," ",tm>O 
tho,1IOO>< lItIti.ol PI'=- ,-.,hobihtotion i, D«<Iod., tho \\'IM "t., for tho <qIlIpI'><flt to opon" 
«III<ctly. (5« oS,,. !'rop>rati"" ("" .. " for '""" lIlf""",,,,,,, 00 thi, .u~t.) 

8<""" th= coot eokulltloo>.,. odditlooal ",tewt .. of tbt onnuoI bOOU' for PI'

main1<!lon<'< ODd ,-.,h1bih" tioo Iftdtd '" k«p «fIIIPIl><DI" tho \\1~! ":t .. oponting "ithm 
ASn! ODd l TP!' <p«>fie>1iom. n..,. ..:ima,., ,-.,!kct tho foe t thot y""" SHA "ill no«! to 
bOOU' for tho r<p<ir ODd r<plac<m<n: of\\'Th! >:;"'""" bte ..... tho.. ' )"'''''' " i U wI .. tbt 
p"-.c><llt dot.nor.t .. 
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H HPBI iH!; 'jm HP~ ~8-1;"- ~ , l' g," 1" ~ ~ Q~ ""it " ~ , s,H h - ~ fg Ji ~ a{~ §§'[lr '" e,~~" " Ii!: 1l 
~ !f'1i~~~ '" g~ "' i i~"~1 ~~ ~r~h"'l ~~"'~~ il"'Jt ~ '" 

- i:' ~l~r~ ~:I:a • ~[[~ ~!~1~ if !l _~~ c:: ~ ~ ' :>- [~ iI'" l';!- ~~Jt 0 ' " ~ ~i~'" ilEi'i ~ e,1 ~ ~l!~t! jiJ;~ ". ~.' " ' 'j "! ~ - ;: 1i'" Ii 

~~ d, 't' j1'" , ~f r,"fj [; ~;'I~ ]'!f' ,.r, !l" 
-~ ~Jt~ It (i'~~ 'I ' lW 111; ~~ r~t!~ i~,n: '" ~s ~ lif~ 

0, l."· I'" ~'d Hr~ ,~ " " [.[~! I'. 
". ~.jl~l 11!ft ~ii~ P!t g.i!" ~!t ~ (<1 i~ "~F i ~;. "6 ;'<;1J;~Qt if!'~ 

Ii" ~~8~~~ ~:fif 1'" h.! ! [j6o::B ;L :i [,,< 8;"-
~Jt ~~~ · ',,",. lri ' ;6'<1:1 1 9'=fl, a--if~ " .. . 

~ ifo-'ltlti ' .", i~' i'!" ~ "i. ' ~"; hi : s ~ OJ 

~ r~~ r~~ ~~ [i; ']"r §~~~ f ('")i<'-",~ . ,,;:::: iif. ~[Jt~ 
" . . " 
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~ "" ' ~ 

~ ,:::: 
'"'.'~:~ ' " 

~ '" 

n«d ",hlbihtotioo 

Silt P«p,,"ri.a c.", 

A. oot<d ,lxr;-., ocrur ... opmotioo of. I\'IM <'j~_ ~ tho,,, b< placod m '1roIl~ 
P"=-t tho, ;, in good NtilitlOll. Coo"'l""'''Y, PI'''''''''' ",bobilit",,1II " o~.., IlK"",), 
b<!"", """'" "'" m"oIl<d. Tht """ 01 ,,", r<babihta~(J(l.ff"" "ill ''''}' eoos><I<nbl}-!rom .. ,. 
to "". d<pondin! 00 til< ~l'" , .. ,ling po\=>tIll and ,to condl:k"tl 

In l"""">l u.. 200 1<1 XlO r...t of ""=><Ill in=<dittdy """oun;ling th< LY. """",.bouId b< m .,:< .. ,ll<n: ooOOitlOll (no <n<'mt,.., ",iN. ruttmgl (5« on. LTPP ~PS T,,1'5< 0. .. C.n.ctloo 
Pro""",) for l TIP', '~P"-.m<nt 'j><ClflC."OO> for Will: ,j"".) To ochi<'l-. thi, 
"">dud ml)' '«jIlIJ' mytlun! from~! tbt .ur...c. of an <Xl""'! PCC PO'''''''''' to 
ooo:pl<t<ly ~!din,I! it Coo"'l""'''Y, cO>!, UII,-ory COIlSldonbly {""" .. ,. to <itt. 

Il« ..... of til< coot of P"''ftl><tjt r<h.abihto"OI1. in !>WI)' CO"" \\1).! <qUipmom ;, only p!acod UI 
til< rood .. pm of an ~tbmo.". plmnM road coo''''''"00 proJ«1 . In t1u".-.y. th< 1"'''''''''' 
",lu.bihtotioo <!,!""" pul fo< from • di!fu<nt funding """"t and "OOI COI1<Jd<r<d part oftbt 
<"" of tb< \\1).! .,~"m 

Each SHA obooId <lot<=ino tb< _ coot ofp"=-t r<h>bili"~011 It tbt prop<>«<! ,," "ith th< 
bo!p of j" Olm P"-~ till""";"! """""- Thi, "'Imu.. thtt th< "'l"""""! ""!I",, b!<m' th< 
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propootd I\'IM 'J"""" loc.noo.. tho ,ooruok"tl of tho rn""'! p.,.'''''''t, and tho p.,.,,,,,,,t 
"'l""<ru<n" foo tho \1.Uf f}~t<m .it<, n., «>'!t n rn. ~,1d<d by tho «>g1D<ffiIl! =tim sbooId 
th<o b< <nt<r<d m tho owropn>" o<ll (B16 or B17). <X!R'>M .. a ,"" p<r w... 

\1.00, mnI11pl<.i'" "'l"'" p,"""""t ,<habib"t""'. ,00 .AouId M.al the« rom m:I !bon <lmd< 
tho .um by tho " "IlI!l1mlb<f of w... to b< " babilito:.d Thi, ~-; II oomput, tho .. ...-.!" «><t ptf 
Ian< to b< "'''rN m'o tho '1""odsh<fl 

H.nh,-". Sp"m Com 

Tho """ of m""lIod WThI 'J"""" (<xcIudin! p"-"""'" r.o...bib"""") "iIl.l", ''''1' !rOO! SHA 
to SHA and !:-om orolr><t '0 con=' " a ,..wt of di~ in ,~"". tho .u, of di!fu<nt 
"'I"'I"""'t oro.n. ond tho <p«W ronditioo, SHA, plK< 00 spt<i5c ,-.nOOn 

Tho ..nm.,,,, mch>:lod 111 « ll, B33 m:I B3~ "'" >w<<rum>"'~ oo',,1op<d from " Iopbon< 
rom.."" >!,,,,,, with nri"", SHA ptf"""",1 m,-oh-.d " 'ith th< L ITP proJ!f:ml. n.... ",tew" . 

m»' DO' "'I""""t " ,ll .... ""''' !hot my """ SHA ""'l' <IrOOll,,,-, MoJO ""'-='" 'J''''''' "~"~" 
Ull b< obwn<d !rOlll OOp,OOring SF.A, tho, ba, ,, =t!y pureha..d «jUIJlIll<Il! 

Tho ..nm.,,,, in o<~, Bll throop, Bl l lOthlr the <0<1 of "'sto!lw Oll """Un tbt rom of 
m""llin! 1"""..-. <=lIlI'.non., and orb..- , it< _.,,,,;.,,, Tho "'" r<doctioo betor (<<ll BJ 7) 
"d<":gno<! to """"'" for tbt bet thot. 1llU!1I_w.. ."" ""'lUll'" <d)' "'" 1''''''''-1I00I0<. """ 
rom:nunic.non. Iin<. and """ .., of,,,,,, .. "k<:roo;." , In .&d:irion. ........ , ~ of ",.1< 
111 ,bo or .. , of tta5c con"ol. «jIlipmont ..... ond oW ,oru;t:ucti"" ","tod i""" Thi, ",,' 
r«h>ctioo factor i, appliod '" tbt ,"" of 011 .&d:i""""I ....... ., .. ,h "''' 

St","' failg!" B.It, Co", Ptr 5 tA'''' .ad StA,on r " I n • 

...... ....,"'" £til for • ,..,;."y of""""", mc~ poor in>toIIotion. P'" '''''''''' 1iIilur<. _>or 
fatigu<. ond frnIt)' .... ...- d...ign ond """,:,,,,11011, s.""", t<nd to fatl mer< qmckly und<r b<.,y 
~ ond poor ",,-irccJmtnt.1 =>:!it'''''', l1u. wlm< = 00-.1 1>« ..... of mc", • ..d fotigu< 
ond I>«ru .. p"~" ttnd '" d<tmo.-." """" 'l""kly und<r tOO.. """ ronditioo, 

Tho "d<!'>u1t" -= whrr, "" .. Ol, ba~ OIl • ..,;., of OOH''-'''''''''''' ",:h SHA stalI'im-O/,-.,d 
"ith " d'l\c do", ,oIk<tioo for L 11'P, n.... figur<> indoo. 0IIlm<k of...".,,- r..;ru,., md ""l' 
"''''''''''''''''t< .... wlm< "'. or. """" thot ",.,-.,!hlIy plac«l'n good ""'=>till. (AI", """ 
tho, tbt liIil= rat< .. not lin<or and 'UI bt ~od to mer ...... ...,"'" a!", n., n" gi,-"" m 
t1u. 'I""'><khtfl i, in,<ndod '" ",!ltd ron<Ii!i"", ""0 or Ill"" J"or, from mstlIllotioo to P'-' tho 
SHA a 1«1 for """ipo:.d funding".,.m.) 
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If ... SHA hi, ~ ,,·;th ,!,,<;5c ''''''''', mar. sp«ifi< f.Uiur< nt .. <hooId b< ~tu:.d 
foc tbo dtfoult "",,- Seniwly, tbo ,<!'~ «)<t, foc...,,,,,, ~"od in tbo 'IRod.bffi sbooId 
b< ",-.mdd<n "~..,, pos,,;,1< ~"h '""" spt<;5c ,~ru... 

11>< IIIlIllb<r of ~ ~<k<I p<T ... " .. """'" tbo fdk)l"'"~ ... ,,'" cooligm;onom For tbo p .. zo 
<abl< m,"'1lttioo. two 11-100< cobl<> .", u 'i<d ~ ",nh "'" 6-foo< "fIW' loop for ,-.luclo 
I'f<""OC< d<t«tion. Foc b<OOing plo" , ;t<>, "'0 6-foot ~ pi'" seoo "" pbc<d .. dt b), 
,idt (<Ill< lor ...,b ,,-1>0<1 p>thl, ",th 6-foot loop< \>orb up- and dm\-n,tt<o:n ~ftb< seal< 

Iftbo SHA plan> 00 I""hllin~ a \\1\\ ')~'<m "ith a <hff .. "" _>Or cOIlfigur.noo. tb< nlllli>« 
of...,~ p<T 1m< <hoold b< cbang<d ><rordingIj- (1'0" that tb< "'" ~findocti,-.I""P''' '" 
low m COOJtl>I"1soo '0 tb< ot!><r WTh! ,,~":n rompon<nI'! tha, tb<y a" oot a=od roc 
"I"""'lj- m tb< 'pr<>dlbffi_l 

An SHA u""'!Iy hi. '0 1>0,-. "1<,,, """ !arg. «ntt.t! PC to roll<et, ",0", P"'''~ ond r<p<>r1 tbo 
\\1).! d", coIl<ct<d m tbo lirld. lfyOOf SHA ;, ~ t~ ,to ' '''Iin!! \\'IM 001<"" it ""'y D'" 
ho'I .. to odJ ... oddItiroo! Cl'ti_ Th" <aD. b< O<COOIl,od b in tbo 'F'od.bffi b), ..,~ '()" m 
«ll B! l If a 00< oc =< PC. "" r<q=od. tb< 'W''¥'''' nun:b<r sbooId b< ..,,,,,od in «ll 
Bl l 

11>< "'" ~ftb<s< pc, sbooId b< ..".,-.d Bll !.o ""'" co"", th" CPU <hooId b< tb< fa" .. , 
P..,:ium-ho'i<d InK ...... 'Hilabl<. "ith a I U __ bit p<T =-d """""" a m ;mM rrn of I GB ~fhud 
di'" ':''''-!" and ""'" kind of di'" bock_~ d<\;« (, .g., """" .. bI< 01',,<01 """g', tap< boc1_ 
~) 

!.o odditioo. to tbo bo';" hard",,,. r<quir<m<n:. tbo Cl'ti " i ll n...d tb< «n!r.t! P"'''''''l! ",!h\-.", 

.uwb<d by tbo \\T4 'i~t= ,-.ndor. lf yOOf SHA mody ""'" rbi, ",I\wo" ond" ' ''''Plj
pm:hllin! additiow.l \\1 \\ " .... , <Il!ff a ":)" m «ll BIl . Thi, ''''''''-.. tbo COlt of tb< ""th ... , . 
from tbo 'V' .. d,h<fl ukula:k""'_ If <"'Ira! ""hm ;, ~ <Il!ff a "I" m «ll BIl, and ..,"" 
tb< actual "",t of tb< '10th ... " m ",ll BJ6_ 

Op .... !t;U C'9", 

Op<rat"'l cOSI, ". dj,i Jotd ,,!to 100[ <" ' !"""': utilitit-<. cobbn""". main:""""",, mol 05« 
p<oc''''''l 

U:i!r';" primarily mclud< p""'" ond ,,~,n(IJ" ""'>_ n.... rom "" "".,-.d .. 

an ng< monIbI)' """ p<T 51" m «ll, B66 and B67. NOI. that if .ow p""'''- ;' u>ed oU "''', 
th<1. may b< no ~- p""'" "",- in<,ud, m<1ud< tb< cost of tb< ""w """b m tbo lEltw 
')~'<m cOSI (C.ll, Bll. Bl4. Of Bll) 
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kmol of ~'U'<>-c,hbntlOll" c'P'bihty, .... , "cd .... ith t!>< ttlffic ""-Ill ".,rut!«! '" LTPP b" >l>:Mll 
tho, t!><.. .)."."" <10 "", ""'I)' " 'cd: r<liobly. Thor.!""'. your ~HA obouId contimilly """"t",, 
t!>< pmmnmc. of ", ""1\\ «jUfpIl><Ht ODd p<riodic.lly portonn """I'1t ... colil: .. ti"" ....... 

Tht "doiliuIt" in t!>< qnl<kbo<l ,,""t t!>< colibnti"" of .. eb ",.l< "ill bt ~tly ..,:.d 
l1l<I cOllfumod fou: ""'"' p<r y • .". Approxl!l1.l" c" ,II.r< gi''''' for two <Ii!!' ..... colibn",-"" 
m<:bod>. Tht!ir!t "..<lgh, truck, from t!>< tta5c ,'mm" both. , Ill"" ",.l< l1l<I t!>< Will: ",,]. 
m que'!tioo. 111" i, on "",n.ot m<:hod lor colibnnn~ \\nt "lin "'" it " ooIy """"""'illy 
r.. ":b:. " 'boo I "'-tIC ,,>.I< i , 1"",«1 up- or OOv,ll""'''''' "f t!>< \\'ill: ,,,I<. 
Tht >«:rod Colibn~OII 'W'oocb I"r ~'bxb I «>'!t .-;t= " i, ;"0100«1 "a.. 00 t!>< .... "f ""0 
Ioad<d ""t truck, (ofkoo .... n v,.ight). n,.,. tru<k, mal< rnultlp/< 1'''''' "''Of t!>< ",.l< ""ins 
c.hbn" d Thi, m<:hod" oot" <ff«ti\" ... colibu",,!! {rom t!>< traffIC .,:<= .... t "" n>er< 
<COII<EICilly f","bI< "..boo I "'-1>< ",>.I< ,, "'" "",,«I ..... t!>< \\1).1 ",>.I< bttrls colibnt«l 

A IUl1btf of ot!>« colil",ti"" ~.r< ,,]'" "",.it ... SP..'., ",l<cting """ of~ 
1<cbniq"".oou!d u,", t!>< c"'g"ry "ot!>« ,«~" l1l<I prmido<. "'" p<r w.. for tbo, 
t«bmqu< in «II Bll 

\\1l<o colibn""" C()," II< oddo<d md.'or cliongod. it i, ,,]'" impcn"'" to ch.tng< t!>< , iliff",!! 
r<q1llI<m<n" h.:«l m Co"""" C. CoIil",ti"" t<n;l, '" bt ,"ffm'.".,\"<. r~ of tb< 
t«bniqu< ",1<c!«l.lthough IlOO>< t«~ "'" IDOl< lobor .,.....,i, .. tIw> "tb<n. 

All« ",",'Ik "hbn""" t«bniq"" Iio, ...... ",I<c!«l mab 'UI< to <fII<r I "I." "2," or ''j'' m «II 
BSI to mdIC". tb< 1J'Pf'¥lI'" ,«hmqut. "]" ""'1m ohIt yoor SHA will US< tb< t" lf" ,tt<"", 
l1l<I If) rn,""l Uotic ",,]. "2" mdi< . ... , tb< "" of ""o ,." truch l1l<I")" iOOic ..... tb< "'" of 
If) .1""",,", .. m<'.hodok>lY 

Finilly, mlb 111)' ~"')' clionl<' to tb< wmbtr "r colibrotirn dfon. P'" )"or (<<II Bn ) 
\\1l<o I ",01< i, r"" in<taIkd mulnplt "hbn""" <lIon • • I< r<quir«l to <IlSUf< tIiot" oporat .. 
ICCUTI"',,' ohrougbout tb< )"" . " chlI<r<nt d ima"" coodrti"", em ch.tng< """"" md P"""'""t 
~ ,,, L'" loodinV-

Ron_ nwDImmc< i, roqnir«l for both tb< ,i", md tb< «jUfpIl><Ht" t!><..... Tht ..... 
maint<!Wl« "''' """""", .r< 10",«1 in «II, B70 (fundm&I md C70 (." ff). n,.,..uima .... <10 
001 meludo< ma)", PO'_ r<pair, "..bxh i, ""w«! by t!>< ."imIt., for 1''''''''"''' "Iiobihllltioo 
Thty do meloo. <l<ctnc,,] r<pair, r<pm ,,, t!>< \\'ill: 'i~t«n <l<cttoni<~ md.. ,..n.ty of miDOr ,," 
main-. ,,"', 

Tht lo" oporat",!! <..,.".. i> for 05c. ~'""l Although OWl)' ollk< .. "', 1iI'I .. ...... 
",,,,,,,.t«l by ,..oo.n, t!>< ,-oturn. ofmformotiOCl ~<n<n:.d by Will';"" " and t!>< n...d to 
mom..- t!>< colibr";"" and oporatinj! Nt>ditioo "ft!><.. .;.,,,,, to "''''''' t!><ir "hobl< op<n~oo 
r<qllir< """" fmly Ulb>tllDti.al 05« ",II ren.. AD..nm." ,,{ "'" stoll' tin>< "P"'" m «II C6J 
Tht >pf<od.bffi " sum.. OJ FIT f"" t!>< '''')' fin' WI)'! ')~_ p=1ios«l ODd in< .. Il«l. C<II 
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To pI<'\_ >«:id<ntal clwlg<"'~ fOfIlllll .. and d<foul, ,-om.., i"dud<<I m thi, '¥~ tho 
majority <If «il. i<I tho '¥'~ h.o.,-. ......, l.xl«l. If your SHA o.t~ tho, it nn" to 
mak. major ,,,,,ions to tho '!'Iood"-t ( .. owo'l«l'~ ,imply c~ tho inpu: ,~). you 
nn'" 'lmpro:.ct" tl>< SJ".od"-t_ T~ "" \hi, ~,:hin E:<<<t yoo "",~ to .,,"" • p"""-Ofd 

Quo-;:ioo. ,\>001 thi, 'jRlIdslwfl con '" dir«,«1 to Mm H.u.."" ... (106) 543_6261, by fU at 
(.'06) 68 5_0767, Of by <-mail ., tt>cnwi1i;" .w.!hinpoo.«Iu 
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C63 orotaIn> tl>t marpnoI stall' tim< "'IuirM for .. cb oddi:.onal \VIM <It,i«, l>N:.u,", ""'" 
«n:nI 0!'5c< "'''', cd;' ....d to bt pmom><d """, ili<r. i, """'" «<IIl<lm)' of ",.1< m tl>t 
"p,u,;"" of muI"ple \VIM dt\~ 

9th., Po,..';al ~'!l 

ITy"'" SF.A i, JU>t g<""'lIDlO ""1M 'l-stem dcplo;mcn:. IIOO>C odditiooaI """"_tel><" co>!, ... ilI 
bt """"cd t<> equip your ~HA' , maint<!Wl<'< t«blUei.om, The ,_, roquir«I ''OI)' from 
t«bDolo!y t<> t«bDolo!y but Ull ;"dtl<lt ooci~ m:I ,"OIt m<t<n (to """;,,,,. "'goal 
pcr.~) and """ .. Ii=! ,I«"","c dugno>tlC took The..nm.t. m tl>t ..... ad"-t.,,,,,,,,, 
th.>t • y.h>cl< fOf tl>t m""" oa",,. ""blUe..., i, olr..dy .. ..;able through o:bcr ~HA ~ 

-\n •• ,1 Po,..m, . , B,hobjljtario. C.", 

110< La" root mdudcd in tl>t '1".odohc<! i, an =iI co~ for P"=>CIll ",lu.bi~1IIi<n A, 
p.,-~t . g .. it <It"",on"", A, tl>t p.,-~t dotmo,""", v.nt """" pm"""""" 
dctcrion", and ,.""" h!'< ' ''J''<IUl<j' dec", .... , In onmy c."", """" !i"lur. "c • ..-I no! b), 
tl>t lailur< oftl>t """"" " ",if but by tl>t faihR ofth< PO'''''''''' around tl>t _=, which <IUS<I 

tl>t """'" 10 quit op<rI~"l! corT<ctly Of ""uI" m ><Il>(J( <lI=g< th.!t "oo\d 001 o-.hcfwi .. Iu.,~ oc_ 
110<,,10,.. tl>t P"-'''''''' tho, """ in, WD.\ .)-stem ""'''''' Illli" bt ,.bobW"tcd pcIiodic.lIy 
v.1><D tl>t P"~ "I<p>ir<d Of replaced, tl>t WThI ... """ ohooot ""I)~ ho\-. t<> bt replaced 
Tho, 'q>Oir'r.plac.",."t ~ 10 "" bu:Is<tod. In nwt)' SHA .. ~ or< ''I'loc<d " pan of 
' ou".,. po'''''''''' ""omtcrnr." 0'"'''''' (i.." "nrlo)~). Thc root of"",- """"" m:I m,,,,lll,,oo " 
limply mdudtd 1Il tl>t root oftl>t "",,' Po''''''''''' How.,..", .... ben tb .. """"- tl>t do .. collc<tioo. 
tIme"oo ill oflm m'mup!cd from tl>t tel>< tl>t .... "" fail, 10 " hell tl>t p"-.:ucnt " r«''''''1ru<tcd 
(Of ",boo;~",ed, Tho, t""" pmod can "" .,.,-.ru )~.,-, 

R<gor& .. , ofw""d", tl>t 1",'",,",,1 =<IIl'ttuctioo P'l~ for tl>t ""'''"' reploccmcn: oc tl>t WIM 
'i~tem replac.",."t pI)-~ for th< PO'=>CIll =<IIl.nuction. it " omportm, th.!t tl>t SHA 
. d",,"wlcdg' tl>t ,~I< of PO'=- =00""""00 in tl>t lir._ey,,1< =t ~fth< WTh! '1"""'
Coo>t«llft1ll)- tho, <pr<odohc<! iDc~ u.... coo. (c.n BS9 h,:, tl>t " .... g< PI'=-t 
",hobih" :k"f1 00'5' P'" w.. for tl>t WD.\ "te. m:I «~ BilO hm tl>t 1"""""8< of so'" "'Iuirin! 
P"=-t ",hobih" tioo .. eh y''')' 110< "R....ru" we"oo of tl>t "".ad"-t b,,, tbcm "!",,tely 
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I . IucroducTi .. u 

l.l B><qroud 

F""g~' .,.."'1'0 .. ..,;""1, parnruJ.uly by """h p!oj.' • crucw rd. on "'pow.! and .. now.! 
«ooorny. Truck. >CCOOll' for thr .... fwrth, of th< yom. .00 .w<>-third, of th< ,,><i!h' of 
!r.i1,h' IllO"\-.d within th< Uni.od Sill .... (BTS, .>0(1). 11>< .bib.y.o .fli<><ntly handl, 
"",,1 traffic """"n>.! '" th< o,'<fa!l «ooolll1C ",':l,ty o f th< "11100. 

F ... 1od by do=nd lor.ill 'yp" of good> nWnIy du< to • populo.ti......, and «OIlOmio 
"", .... th. tru<k traffic ba, b<ftl ropiJly il>cr<' ''''l in mO>t urban and nnI fO.d .... .,~ 
thr",,!!""'" th< Unit«! SIlI".~ TnnsportatlOil "",;.;:r. "1"'''' th< pOll'UlglW.tJlItud.< of 
tlu, ",""';00. Sill<, 1970. """k 1:11,..,1 in th< U01.<d Sill ....... "".=<d in , ..,bid._mil" 
of tt,,~1 (VMl), ba, """, • ..d by 116~" wh<r", ",-.nil ,..,luck 1:11,..,1 (to:.! \r.>,fI) ba. 
UIC", • ..d by 13)"1. (BTS.lOOI). F",,,,.,,, of futul. mlgh' Ilol\, indic ... thtt tlu. 
po .... th "rod "ill NIl' ;""". 11>< ,-orum. of 00""";" fr<irh! i, prol"'t«! .o iDa"" by 
gr,. """"" I91'S md l Ol O, ,,-~, th< , orum. of "'ftnltionai fr<igh' " p<OJ«t«! .o 
UIC""'" by 10)"1. .bing th< ...",. pmod (fh"\\'A. l (l(lI) TIll, impli" od<iI""""l 
, orum. of"""k, 00 th< road..-.y <)''''''' on th< .. !lOll 

!ncr .. ,;,,! truck ttalli< P""'"' mmy cbalknl" f<lo th< .gmci.. tho. c""'truet, "1'<'''' 
md = th< ttll"'portl' ion ..,-..,"'- n..,. includ< 

Trof5c ronS_on. "'I""idly ,,00, I<n,';.;'" "",h " Ioadin! and unIoodi.ng and 
q""""l! "I',ll "",,1 traflk 00:0 pubtic road..-·,,~ 
S ... ..",· hum\>, "J"CWIy ,,-h<r. 1><,,)' tru<1, "'" mixNl ,,,th llg!lt-<luty , ..,bicJ.., 

D<t<fi<,r"iOtl or in!r"tru<tur< ... incr"<ins n~ of 1><",), ,..,h,,!<-. ,-.doc., th< 
u'l<ful h~, of po,-.m<nt; 

o.pW!lOll of th< ,,,,-ironm<nt r<-1Ultin! from incr .. ~ """,;oo~ portirulorly of 
""liutUl" urb " nittog,n <>Xi .... (on o~""" pr<rur""') md portirul", "'"" " 
.. "",io.Nl .... ith di",,1 """k 'ngin« 
lmpodim<n" ' 0 <NIl<IfIlio ..... ..,1""""" •. "i'«'.tlIy m ""' .. ,,-h<r. publ;" ow=tion 
ba, on"" '" true. in:.,,,,,.., .,.,..,1"1'''''''' urb .. ""'. t=ninab and in:mnodal 
yord,; 

r.o..,., in productl\ity du< .o NIlg"non. " 'bich COIl dol»' crino>.! 1bipm<n..". mer"", 
<""~ .00 oJf«t nwrufllctuJln,l! ocb«iul<s or >hlppins do~ 

Tr''''portltioo 'g""''' or. il>cr<' ''''Illy f>e«l "ith th< dil<=l1l of _g '" 
~" tru<k ttaffi, ' 0 ""'.llll """"'''''0 growth and .,.,-.lopm<nl. ,,-hi!, 
,"miroinns th< ""g, ti,.., impo<" of incr'''ins truck traffic_ 11>< jn:nuy mi,,,,,,, of 
«>mm<fCW ,..,hl,1o op=.n"", by pubho 'g""i<> i, th<,... ... and <f5ci<n' """"""". of 
l"oo~ Effin,ne),,, .. ""od "..b<n th<r,,, minion.., in • ..m<nC, by th< 'g"""', 001)' to 
th< dolI" """""l"o ,m" .. tb< sar.ry of th< ~I\" lins publx. 

For tb< mo,"""'" of good, '0 functi-.-...., properly . • .., of <Iou guido~.oo ",!)l!.~"", 
1bould bt ron,;'''''''I)' <nJ'<>«Nl. R<gulan",,, co, .... t.rv numb« of par''''''''' tba. '" 
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mr~w~ [t'H~ wm~IW ~H!HmHH !~P 
~~~Urir~~ E. ~~.§~ -~ ~~~~;~ ~f ~[ig-;~§5JlU,:-:r~ H[! 
t!hmn :Vm iUHrHHl UmH~HU~ '~~{ ~ [~'" a"" ~ ~ ~. Ii .~ . ~~ · fr~. ~!i ~rlf~ ' g ~ ~ 
~''1~~;~ i~.t ~gQ~ ~ ~i ,h"~~~ Qwi:' 1~ 8 i ~'i~i~r~;] l~" 
%~im~h ~,~" rrH'~h '.',.h'H,! ,d 
~~~iil;?~ j~~:~ s~~'f~n · ~1l ~~J~~f~Jc~H~~ ~I s"r ~g"ill~ ,,~ .,.;~ 8"118pf~~ ~s"l'd~ ~ ~, ~~~ ~ 1 

" i' "I;'~ p"jr~!h!i!;1~ '!p~!!!~l'$ 'i, 
; !i~i !J ~ ili~i ii;l~iil ~~i ~I ~ ill~}fr~i t~ lj~ 
m!,~itf '~il' !ijH-H!! ~.r"~h~i!,f ~l~ 
~~~~hif i~f: j~ - ~!~l~t~~~ 8~~j~l~~~~~~~ ~ ,~f 
'~~,:r~l!,-~!t ~I '" ~ ~~li1!ifl ~~ rl" s [~~til&"' - ~~~ 
p~1\~jtl ~ lf~ ~[~~~[~l!~[ $~t~~r~ui~~ ~l~ 
'llf2,~Jf~ ~!:.8"~ ~ "~ ~~f ~:(~ ~!:' _ 6'~~Q sil ~fl.~ ~ .. 

r~[1 ; 18~ liiit l~i!~i8·~t! ;.I~I.;tl!I~,f ~Ii ,,'i' .. ', ['"' p],,,!!, "i<!lf --I' .~ ~ ~'§.~hg" ,:(d. ~s- d ~~~_ ~$-;: jf~"g;; . g. . ~~L;.. ~2,,,, ' 
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n.... n<w rompli!ll<' t«hmlogJ'" com< in tho f=n of !<Chm!ol'<' u'I<d '0 jl<,,,,<1< 
fully """""'N w"gb '''tion>, ,<f<n<d to .. ',;""01 ~'<i!:" "olio",' Virtual w"gII 
">Iic", m>j' bo ~ It ""'''.9< loc.,ioo" both "" tho I>Wlllin< of fom'.,~ m:l1t 
",l«t«l b)1"" foot", to ..".N • .more.",..,t .t"'C;" '0 plan tho optinoal Ul< of thrir 
~. Virtual " .. ,gil ""tiom would uo< <xi"",!! \\"ru: <)""_ ID. rombinltioo ",th 
Automat>< V.bid. ld<ntific.!lOIl (AVl) !<Chmlogi .. '" thIt cm morutor m:I 
='" \",Io~OIl> lD on unot:<Ddtd 1>WlIl<T . By IUtoll1ltic.t!1y d<!«ting .n<mpt' of 
",-= .. ,gIIt ,-, bid • . , to b)"." wtigll ""tiOll~ d<p!o),Ill<n' of ml"'.] w"gII ... 1Ion> will 
Iu d to ""P'0\..d <n!or~o: m:I mer< .fli, .. nt o:ihzo!lOll of .mor,"""'t~ .. 
By mllO\1Ilj! O\'«"'<lgb! \'<hie! ... from our r .. m.-.,~, tlu. """ .)"""- u1t=o,dy will 
h<~p public 'vnc;"" >Cbi<-;-. tho goal, of pM«tln,i! mf",truerur. m:I <nlw>cmg .. f.ty 
m:I oir quobt)' ,,-M . mi";mi..,nB tho o.!l)~ It " .. ,gb ... !lOIl> for =ptcOOll> 

C.t!i~""". o.p.rtm<n, ofTr.mpor"-tioo (C.t!or",,) f<c<ntly iru",,'«! • I"'0",:om :oemnglt 
tho do-; .. !opm<nl of • \1IIUlI1 "'<1gb and <OOljlli!ll<' '}"''''' (VWCS) for ""'Of 
romm<Iciol , .. Iud. moru:orlllg m:I 'mglll <n!~_ Foc tho """,,,,,fu! do-;-.k'1'm<nt 
of tho VWCS, "i, fIrn ~""j' to <n!wx. koowkdg. ba .. lmt .. "",iotN ",th tho 
mtual In).! 'y"""-'. Th" u n bo ><bi"..d by rroluo'ing tl>< rnrrtnt """ of tl>< 1"'><0« 
thot oould >Id <n!or«""'" 'vnci .. m tl>< .. 1«000 of 'W'optU" op.uting _.hod, m:I 
t«hmlogJ"- A, III irutiol "'P of tho 1"0",_ Color"" ho. "omtd up ",th tl>< In>!itu'' 
of Tr''''portoti"" S:u;n..., tho Uoi\..rul)' ofColIforn.:. It II'n"" to docurn<n, • ')1l:h<si, 
for """.,.ful IIIIfI""", .. ooo of tho \1nuo! wtigll m:I cO"'PI"",. <)~_, 

1.1 S)"tk. ,;, Obj«rin .. d Sfop. 

Tht OOJ«ti,-, of thi, 'J"tho,,, " to <l.ocunmlt = t . ffo"" m:I !<Chmlog;. . .. "",i>tN 
with tht OU'Omo'N mooitmns m:I <n!orr<rntnl of ~ \'thi<!.... m:I to jlI""nt 
tho <UntO: "". of tl>< pra<t>o. in <l<o!ing "ith "'-="'g~' , .. Iud • .moretmttlt ulmg 
.<lan,N WD,! '«boologi ... To >«<IID.pblh thi, tool. tho <j-n:bt-Y, iJtn,i5 .. : 

Hi,,=al bo<k",ound m:I rurrttlt ,,,,, of commtr<ioI , .. Iud. <n!or«m<n' jlI'Ictie<>, 

E"""g",!! n.".. !<Cbno!0l'<' m:I Il>tI!>od> OWlicoblt to up",odt =""'!! commtr<Ul 
, .. Iud. ,,·tight .m~t Il>tI!>od> 

B.o"" COIloCtpl of tho \irruaI w"gb and romp!imct f}~ttm COIlSldtrtd by tho ColtrUl', 

Key ronoo.nOOll> wbtn IIIIfltmtn'ing tbt VlrCS, and 

Str'''gJ'' for ~ .. .'Ul imp\tmtnati"" of tl>< VWCS 

Tht 1Ilf00000000oo jlI<=l'N in thi, '}'lltho,,, ,,-.. ba>Od 00 btOfItUrt ""''tJ' .. lot«! to 
W"gIIl .more.:utnt pr><u,:t, m:I !<Cboo!og;.... Tht li", .. tur. w .. ",U«tN from • 
nun:btr of «<=<:", mcl~ ..,OdtmK -,,,,,,,,.1>, gO\'trumtnt r~ m:I OIllmt 
ma"",al,. n.... art citN" rt."<rtI>C .. m tl>< rtporI 

IJ Oq:. niz,ti .. of Rtpol1 

Thi, <jlltho . ..:, i, "'lUll=! to 1",,.,,<1< btl"", und<rnanding of \irtuol WI)'! 'J"""" It 
bog"" by "''''''lIllIu''ooc.t! bocI:groond of \'tluel. " .. ,gbt ",fOITtmtnt u,ing \\1~! 
t«bnologJ"- rontinut> with. dlscm,;"" of tho ba", conctpl m:I btntfit. of \irruaI 

, 
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PI~' " 'H F~' >iii, <p , l~p~ ~l ~"~ t~ ~p ~fll-~ ~~-~~ ~Rl~ ~,L~'Il-
II- I' i • . _-Ir 1:1'. !:i! ","r l 
~i!~ ~ tl f~; t(ltf~ ~i h"Ri 'Hit 
~ "~~l~ ~~ l~& ~1h ,Jlit~~;: ~plr ~ ~:d 
iil . ~ ~~ ~~1 ~[.~~ H~s:~ ~ ~[ 3[11 
a~ . s ~~ ~&.~ ~~ . ~ ~!i~~r ~I~ ~ ~.:(a.$ t,. ~ff l~ ~~~ ~ir~ ~~t~ ~ t .,; Ht~ 
•• ~ -. -I, . - - '1 . It h -n' l , -~ ~_ ~s~s ~ a. ~ .~.t~ - ~b ,! t! Hf 31" [~~ "~Ll ~ •. ~ &.~~ " .. ~ ~ ~ if Q~_ ~ .[r,E;~ .. ~.sl 
~~).~~' q §. J 8 l if:: i. 'II~ d J 1f~" 

'" ~ 2, " , if~~ w;: ~,~, ' " &. ~3~~ 1 itl; ~ ~, ell if" !i'il"!!.~ ~ f~~ ~ ~8 n·l 
82.. ~ ' ~ §~l ~i11a. ~l ~ t; ~ fl, ~~ta. 

3' = " " ~ .. ~ ~g: - ~ ,H. ~!~ r; t~~ li ~ ~:rl ~l~ ~;1i~ 
~p. ~ 81 , ~[ "I::-Il t-il~" Qh ~~~~ 
2..[" ~ 8~ ~::!t[ ~[~l ~d l.li;'i~ 
~~ 1 ~- "'~ ~!l'" .. e.~ 08 ·it 
i]fl,,, i~ ~~ ~i~J (fj~: ~ , ~~ a.[QE; 
IB~~ , ~ t~ r· r l'l ~i~ Si1~ 2,.- ~ - $ ..." • ~a,Jl5 ~ ~g: ,<~[ [ji.L ,.!lair ~8~S 
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2. R,,·i. ,,· of Comm ... ci . 1 \ .• hid . Optr.fioD' and I: Dfor,emtDI 

By tbt Ammcm SO""ty of T~ m:I M",.,,.I. (AS"IM) . · \IIfigb.in.Monon (~"Thl)' 
,,<I<flnNl .. tbt proo .... of ",,=tins • m,,,,in! ,..,luclt ·. gro .. woit!tt m:I tbt porn:"" of 
tbot ".."ght tbot i, <.mM by ,,,,b wbo<l ""I,. or L<it J9OOl'. or com<""'~011 of_. by 
"". "".",.", m:I moly ... of d)'lWIlIC ,..,luclt !m forr< (ASnt. 199-'). Coo"'l""'~y 
ASTM <I<!;" .. . \1.1~! '}.".", "' ... , of """''' m:I <UJ¥I"in! in_o:" "luch 
"" ...... , tbt ~ of. """"'l! ,..,luclt m:I tbt .. lIt«l dyw.mic !m fOff< '" sp<Clfiod 
Joe.non, ~,~ r~ to tI:l>t; "":w1<, tl" Iood" <p«<l W. 'p. <log, ,..,luck du, 
occocdin! to oil. >rranj!<m<nt, m:I o:b<r poram<'''' COO<'''''''l! tbt ,~luck; m:I 
P'''''''''''~ di<pla)~, m:I ,.".... tlu. mfornl.ltion 

A, . w<lgb .mo.,,,,,, •• ,, tool" \1.1M <)",,<ID. cou1l bt d<pl"yod on tbt ''''"l''~ ' ,,·. irh 
"";00 '" "" tbt nwnlin<. ill oi!b<r "'''', has«! "" . I'f""'I "oight thr.,.oold. tbt \1.111 
'}.,,"" 1j-l'''.tliy oon, mi,,",! tmcb pnor to "'t..mg • Wfirh "";00 .,tbtr on tbt 
moinlm< tm~l",!! '" lurhw")' 'P«<!' oc on 0ll'_1>!llp"! '" r«lucod,.-d. \1."b", truc1 
,-orum... .. , I",,', st.nc <c.!... pron<l< ru!'5ci"" <>pO<"y '0 "'Olgb ""'" tru<1, po"in! 
thr""llb tbt foci~ty . How"...-, m,"), "..,igh st.Uon, '''J'<fl<D'' lugb ,..,Iumt of truc1 
"offic tbo, tbty do "'" ho,.., tbt c>pO<ity '0 "oig!l.n truc10 Ultic.tli),. In _ "' ..... 
tru<k, thlt tbt \1.1~! ld<n~f ........ u tbt .tli",,~bk "oight linoI" "'" du-<ctod to tbt 
,..,;< ",01 .. , "lult 011 ctbe- tmcb "'" olIov;od '0 b),I'''' tbt ""'gb ' ''tion Sucb. 
byp,'" <)'",," ho, tbt PO""ti.al to .igni~"mt!y ""1"0\.., til< ,5c;'",y of c~n=rn:uI 
,..,luclt <n!",~n: .!<nCi .. thot op<n." woirh ""''''''~ .. w"ll .. tbt tru<kin! 
«IIllj>Ul><> thot <l<Jn-., tbt good>. h ... In tbt .,..,n: OfWfirh ... ~"" d =<, """gb, dtt. 
«J<tld still bt <oik<,od "'''1InIIOU<1j' b), tbt \1.1~! unit if" i, d<pl0l'~ on tbt 1ll.IlIl!in< 

\1.1>«> 00<l<idmnJ! tbt <1<-;..,1""""", of .<laneod \1.Uf ,)."",,~ " " !mpOItUlt !~ 

"""",!and bi<tolXoI hockyoond btbind tbt <I<,~k'1'lll<Ilt of .. i"in! \1.1~! 'i~"'''' 
Thi, _,,"" pr",' <I< •• bri"f 0\..,...,.,,' of tbt ,,'~hlnon of \1.111 'J"""'" fOf birhw,y "'" 
lIlduJ.in! ,;pnfi<"'" ch&nl" mod< in at'" ,-.,mon of tbt """"II)' 1tUldard fOf \1.1~! 
'i~t"'" - AS1M IlIS-02: Standud Sp«lficotioo Ioc Hirhw")' W,igh-in_~I"" (WThI) 
S)"'",,~ m:I ", impl."""", fOf W!M ,-...d.-'"n md """ •. Thi, i, fdlo,,~ by ,,,i ... 'lIl! 
tbt c"m"t .,,,. of <=<mol ,..,luclt ",f(J(~ pnc"c., In ColifOllU • . Emn-l"'l 
t«hnolop ... m:I ""'. _.hod, Ioc " 'oirht .mo.,,,,,,.,,, .,-., 01", indudod m thi, ...,""" 

1.! Hi"o,iul lI. d ,,' ..... d .ad h ol.,m. of WThI S),,,,,,, 

n.. Ii", f=nol ,!'!on to <1<-;-.1"" • WThI <)" ' ''''' 'JlP<",od in I"",""" " "" • ..,..,..,..,t 
of WTh! <qWp"""t Nt>doctod 1Il 19}1 by tbt US B"",,,,, of ?ubi., Rood> (aPR) m 
<OOp<f.non wlth tbt Virg ... Stat< o.p.rtru<nt of !hgln.-.)~ m:I tbt Willim>., 
Coo.:ruction C""'P"'Y (y.<tw Tol.oo, 1002). n.. • ..,.,m-t in,-oh-.d tbt 
ron"""non of. pit m:I ,ab fOl tbt 1M<! «il. m:I .l<ctricol «(Ilipm<n: '0 t<" \1.111 
<qWP""'" 00 tbt H,IlS), G. Shirlt;' M""",,01 Highw")' n.. • ..,..,.".,nt .. u tbt 
mt«=lioo ,,,th U.S. I lod '0 tbt coo<hwon tbo, • !ood p"',iblh1j-' <Xl," Ioc l:lIJ'<"''"'! 
OCCUf.cy 10 tbt point tbo, ".."ghin! tru<b in ""''''''' " i ll pr,rn<l< dati thlt " " """"''''' 
...... "rh"'!! 'rucb ""'''alIy 

, 
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O'.hof "gnificant ",'..,,, ,..",,«1 10 \\Td .,-olunon or ... foll",,",-

19600 Tho Californi> o.p.nm.n: of Ir.",po .. "';"" bt<:om<s ><n,~1y im-~h~ "itb 
" .. ,gb-_m_ me""" """lITh 
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198): lons-"'m r"""l of P"=<Ill PrOJ!fOCl "';".,«1 in 1987 .. p>rt of tho 

S"'''gic Hi~'>Y R ..... ,h Prop:om 
199G: Tho lim ,,,,,i..-"tl of ASTM !Jlg S:mdud Sp«ifie>llOO foc Highw')' W<itb

in_Motion (\\lM) Sy""'" ", .. publish.<! 
1 99~: ~hoor rom;"". " . ...., moo. to ASnf un 
1996 Tho mt "",inlin< <l«o-omc ""'g~' and cr<d<nti.al ,n""",,! <;,,= ,. .. 

in,u.llod m California 
1997: Tho FS. DOT F«I<nI Hi~"'l' Adnwu,rnnOll (Fh"1.1.'A) publIsh.<! "s." 

h oeo,,, W".oh_",.Motioo Hondbook:' "Tin,n by tb< Con"" for 
TrUl<p<>rt>noo ll: ... llITh and [ doc.""" .. w...~ S"''' Uw,"'"'ty . 

• 1001: A ~ ' ..... 00 of tho ASnl 1118 S1mdard Sp«>lk'~00 for Hirhw')' 
W.,gh_in_Motion (\\111) SY""'" w" "'l .. ..d 

11>< oripn.>l Nitioo of ASTh! 1318 ...... I"'b:i.b<d in 1990 in '''P'''''' to tho 1>«<1 [or. 
o.linitioo of p<rl<lIIlUOC< UUIdard, for \'lllO<I' ~l'<'" of \VIM <}~_,. Rn'i,i..-"", to tb< 
mndard , ..... noado m 1994. Ext..,." .. odJin"",,1 ,.......,,<b and 5<ld "'1'.,,.0',. od<ntofiod 
til< 1>«<1 for additiow.! ,.., .. i,ion~ ,,-bich w"'" ,,1<. >0<1 in Fobnw)" 2001 

Sp«>lk.non, [or "..Olth ,lIti"", and ttdlk d". roll«oon .. "" ." ''r'picill;' "n~<!I by 
Sm. o.p.nm.no ofT "",,,,,,,,->tiro Eng~ 0., 'i ~OO~ \1." <ilh-lD-~Iotion In,tallo_. 
p<rlo~. and >ec<!"mc< .... en.";'" "'" mdudod in "'"'" 'P"'lIic.:i-.-"tl, ASTh! 
Iln h .. ollo",od ..... hilh"~y <!IS"'""" .~ rof.,..,.,.., por.OIIIlaOC< and in,tall.lOioo 
proc"' .. ilio, "'" now f=iIi.,- 10 ~. ,~"" and ron.-""o.. S<m!o "' •• 
'P"',Ik. no", call rot '>'STh! Iln wetion" whilo o!llon ioc<>rpont< porIion, of ASTh! 
illS in.o tOOr >;>t<ific";oo~ ASH! Illg ho. ol", P'",iiM" «>m:ll-.-"tl porformonc. 
UIDdard from whxb oqrnpmrnt ,-00., and "",ttoct= CUI "",,1, holpml '" IR'-.nt , 
prdihn_ of difIor<nt <';"'''''' "'!'Phod to dif'!<mlt ""' .. 

Tho gr",,1h of tho in".uod \\T>{ bo", in • '"OllOI}' of <!I''ironmon.'! ho, pro'''dod in~lht 
m.o tho ~ ,...."",.,. '0 ASTI.! Iln. Tho ""'Jor chlnl'" In ASTM Illg ,,1 •• oM In 

lOOl and !boir impact. 00 WD.! ,-.ndon and u,.", or. ~ lD hb~.!' Tho """t 
.il"'ficUlt chms" ho,~ \....., dffi-.n b), 

Tho gr",,1h of m.nn!ino w"g~' _inS ""'.,,,., ~-hxh roqur. that "<ilht 
<!Iforcomont_rolltod WI.\{ ,,~t<'''' Iimotioo '" Ingbor~, 

U .... <>pm""",,!! lDCOII..:"."t """lht "' .. ",cmOC}' "=nIll from t=p<n'"'" 
""".oon" ~-hxh ho, romprorni..d tho 0CClII'00<)' of coll<ctod ,-.hxl.,,-.,gh! dru 

Tho , .. lImi"" ohlt ,-.hx!.. "'" not "t..'''l~ «nt<r«! "'.." tho "...,gIues pllt~""'" and 
iliot """g~' ",odinV !:-om o/f-«<>:", ,-.!lie!.. CUlIu.,-. "gniliClllltl)' ro-...'" occurOC}'_ 

Expori<n<. and " ",,,,h mdJc"inl ilio, p.,-~t """""","" and ""robil"l" " 
rnncol '" Ionl-'<fIlj 0CCIlf0C}' of\\Th! ",."."" '" ~-.ll ........ opor";",,~ 
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1.1 C • .,ut Comm.rd al \' ,ki<1< b fo ,.«m.at Puc';« i. C.tifo,a;' 

n .l G",.,'.I R"I"i, ... ",,,, f<K c~ .. ",,,,-;.I J '.~id. ap..ro';o., i. Colif",.i. 

"C~llll ,',hxl." i. dtlintd in Cahfomi>. V.bid, Coo. Stcti<Otl 260 .. , mol"" 

""lucl< of • type u'l<d or m.nntnnod for tht ttonspcn.~"" of """"'" (or bir< 
romp«l"~oo. or profit or 0t1ip>t<l u'l<d, oc mOID"nord primarily for tht tra"'po,tI(i<Otl 
of prop<ny, A1Iy \'lInpool or P"""'!!"- , .. bicJ<. "-wchOl,, Il<I1 u'l<d for tht tra"'po,tI(i-.-"tl 
of p..-""'" for bir • . """""""tion, or profit or. "'" lIKluOt<! in tht Otfimtion of 
rommtrcia) ,,,,luc",,, 

To optr ... <oru"'tIT;'1 ,,,,luci<. on Cabf""":', tht foU""ing.>ocumtn" mm' be umed 
and >heMll to .ruorc""""t p,,,,,,nntl " 'ben r<qU<,t<d. 

Dm"",. Ii« ... documtn" and ony rellled «ri5",,,,. 
Rtt"""""" documtn.-. (ub cord~ ptrmit<. <tc,) 
Proof ofm,ur""". 
Sp«11l1 ptrmI" lor o,~ and "''''''''''ght load>. Ifr<q1lir«L 
Huardouo ""'tmob .mW"'l! 1"P'f'. II '<quired. 
F""ltnpmmt. 
Hom-'] 01",,-;« l«<>rd, (log bool) 
Bi!l-'ln"~l<<"l <t<. sh<m-mg ro," ",l! and ongin of .p>rulnrrllll"0''''''', if .-.qwred 
Prool 01 ~ tL' P')-=t If ,woc.blt. 

COIllDltIT1Il1 ,~It optr'''''''' om" romply ... itb """J' of tht .pplic.bl< ltqUll'tmtn" 
b"ed m AJ¥Ddilr A 

n.! " 1<0 or"" ""1''' ",tillr Srorio.,· 

By Cabforni> S",,,, 10,,', "'Y rommtfcia) , .. bi,"" """""I! on.:! optrat"'s in Calilornio 
mmt "OP for ""P'<""" of tb<ir .u., .... ",gh' and trni,,,on, " <orum.",1lI , .. bicl< 
",forc<mOnt flKilitl<> ~·btn "tn' or. di'plaj--.d rtqllinn!! tht "OP' Com:ntrcia) ,,,,hxl. 
",forc<mOnt facibn", Ol. commooly <.n.d "'<1gb """"'" or truc1 "oIt-. n.... 
facibn<> .", optra,ed by tht C.h~orm, High",, )' Pottol (CHI'). "'" by CoIttUl' 

Cab~""". V.bicl< Coo. Stctioo 1813 0<l1lm<0 "bo ""'" "OP " ,,-';gh ... non, ond 
"''P''tiOll ' ",00'"'' foll",,~ 

Coo. 1SB: "£,~ d",,,,, of. co ..... "'ial ... ;,i'l. ,.,,11 "or aM ,"1>ft<il tit< ,~ltid. 
'" "" in'p«n'"" ofllrlli". ~,<ithl, <'l'''pm4Prl" OM ,,,,,,.,,.,,,,,joo, ofllY ,~hicl. al 
any loco"'"" ,,'Mn! ...... I>m oflho c,,1if""'ia Higlr~a; ' 1'0",,1 an condlKn.t lOs'" 
aM i1t5p«Iio>r.J of co",m. reial wlticl., aM "'/t4tr 'ifn.! an display", ""l"in.t IIro 
"or E'~ dm~ " '00 fail> OF ",jUs., '" 'lOp ....t ,"!>mil lho ,~hic/. '" 0" i"'p«rioo 
,.'"." 'ifn.! an diJp/a;-.d "'loin.! r'" 'lOp" ",illy of a mi,.u.-,,.,,.," 

Highw.y P"'<m<IlI hI< dtptOO, "i'OO tht ""'ight and fr<qu<ncy of tht ".50 unit<!, To 
i!lu,tt"" tht dif!'<r"",,, btt"' .... <al'! and truck,,' rood t .. , .pon«>rtd by tht Amtllc", 
A,,,,,,,~,,,, of Sm. Hrgh,," )' OI!iCl.I~ <"!lIbli.btd tho, " td ...... P""g' of 

• 
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'W'0XlmI101y 9,600 can ,~ oquaI til< P"-~' <l..=ogo " u...! b), """ lOla! &0,000 
poond truck (CHP, l'OOl) 

Ra...! 00 • IWI ",-.no.-.,gh' ,-.h>clo fino ",!>oduIo ..wy":" " i , .. ,im.>:..i tho, 
",-=-.,gh' ,-.bido olooo ""roo", til< " lto bighw'l' '1"""'" !"'=<H' ='.".n,,. and 
",habilttllioo coot. b), S 17,000,000 onnuaIly If ""~"'-o w"g~ .. ... ,'" no' conttoll«l 
by til< wnlh !tlIi..-""" tIl< .. Ii!)l"" ,,-ou!d .,. ",bsan""lIy S',,'or Tho impocti..-"tl 
!"'op"" through "nrh ,"~"'" 'UI 01", .igmf"Ul'ly ;oc, .... til< .... « ' ioo and 
'W',bontioo. of til< imp>i>od and fotlguN COIl%ll<f,iaI ,..,11>,10 opo".'oc, NIl'"'lU<n'1y 
<nh.tncinl COIllmOf'W ,..,11>,10 .. foty 

Foc th<.. 'OO" '''', til< ".."gh! of co",mm;'1 ,-.!u,t.. " ,trictly ro,,,,,"~od by F"bbc 
'l<nCl" lobS. I """""'"'" rua..mrum allo,,-.blo ,..,bi,t. """gb, "'gul.ltod UI 
Calif""". (CoIifOOli.o V<hicl, Coo. S<ction, 31550_31558) 

Tahlo 1, \I .. imam ,-\Uo..-.blo Comm'r<i,1 \',bi,k W,i~' ill C. lif .... ;. 

Urn' 

Ra...! OIl primary funct>o<l .tofSnl n«<k. .u.. loc.~oo. and pl>)'",01 ron5gunthOn, fi,.., 
d ""fi"ti"", hat-, ...... "" bhtbrd to d<!in< til< "'<ling focw"" fo, ,~n=rn:uI 
,..,lu,k <nfor~ ("""gb ."noo.): Cia .. "A" Clm "B, Cia" --C'", and rniru_ .. ", 
(CHP, 2001), eu".ntl), thm If< 38 fl<lbt)' I""";",,, throu~ til< "''' ",:I> """'" 
loc,noo, han,,!! ' focwty in OI<l> dir«noo of ",,-.1. I'l><f< If< , Mal of 53 bciliti .. : I 
Cia .. 'A", 17 Cla .. ' B", 1 ~ Cl", 'CO', and 20 Clo." "D ' Addinonall)'. th<r< or. 18 
n,m ... " " A map and b" of til< "'<ling COIllmOfCial ,..,11>,10 <nf""~t focilin" in 
Calif""". or. pr ...... >r<l m App<ndi«. B and C, "'I"'0,..,1y 

A. Cia .. "A" and "B" F IeW_ 

Cia .. "A" fl<ilitirt or. ]owod " .o-.trgi.< p"m" of "'tty mto til< "''' ,,-bi!< Cia .. "B" 
focihn" If< loc"od alOlll Ill.ljOI birh"~Y foot .. _ Tho", fl<lhti" ha,-. >nd<p<t>d<nt CHP 
rommmd ld<n::t.y, and lk"fIll>lIy "1""" l~_"""" I'" dIj', 7--da)~ I'" w«l _ Cia .. " A" 
and --B" f:t<lhti" IllI)' '" u...! by othor "''' 01 local 'l"""" " " oil" Wmtly US«! by 
\>cromng "''' f<pr<"l<tl" "'-.., ""h " til< Air ~'" Board. Board of Equalizltioo 
D<portm<nt of ~or Voh>cl", Cal,fOOli.o D<portm<"' of Food and Agncultur<, and 
rourt dm: Tho,<for< .Jmmittt";,.., off"o "",,0 <hould .,. incbi.:l<d In til< focwty 

• 
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designod to """(),,,mo("", a1b«l ' !<I><)" n", 011 , p.,,,,,,,,,,nt of /r<q""'" 1»,,, 
A<C<IIIl:l1Odon"", and ~ .oowd .!", t.. "",1u<Itd for <ho m.:illltioo of <ho ",.igh 
_"m. 
(10" "K and "B" &.oihti .. ~y h.a,~ W<lgh.Dl_IOOIIOO and ""le ",u.s for <ho 
W<l~ oll-tillo .... and <0''« .,..,,, for <ho ""¥"""" o~ , .. luck «jIllpID<Ill n.. 
«ll~ ""f«""" ll .. .oou!d t.. N",nucl«i "itb two or 01"'" b»~ (It Ita" """ 
designod ".,thou! imp<ctioo p"')' n.. Iltllllb<r of b»~ il dot<=ll><d by th< ",-.rIg' 
.... ly truck o-....<;c and proj«t«! Ioog_tmll n«<\, for th< Iuc.noo. n.. fllC ibtl' .oouJd 
h.al"< an "!"" """'g< OI<. I", !,!aItnn!! !Nd~ I ~ .,U, and II',. '0 p'''''''' <ho 
turnmg oftru<h for ,,,,<ighin~ . n..,. &.ow"., If< <l«>gnod 11><1 "e«Ilor. prunuy 
[OCU, "" ili< lll<p«tion of n ""l, «tWJllll<ll' and kOO, ~~ all boor. of "P"'."OIL 

A." "A" and "B" F"",h ti<-< :or. mtondN to t.. op<ratlOOl! 24_boon p« diy, 1 <Io)~ p« 
w..o:. Ol!'.affin~ «D<fally me""'" ! !;..",..,..,t, 2 .... ~'ant~ 10 to 11 050= !I'>-Xl 
C<>n>m<rual V<hiel< In<p<<noll Spo<LII,,"_ U clffi< •. and 1 1llUIl.~ ",ort..- and'"" 
1 Janitor. 

(. ) eLm -A" FlI<uty - Cal",,,,, (b) A." "B" FICi!ity _ Cottonwood 

Fi; ..... I. Pkn ... , of Cia" ".-1." . Dd "B" r.d~o.. 

B (10,,"C and "D" F ",wries 

o.,,''C' facihti<-< ar, Iuc.'«l" .,ra .. pc poin" 00 '"-'lor Iurhw"l" f(J" .... whi!, (10" 
"D" fa<,hti .. or. locll«l II ,n."!,, PO"'" on mojo< .00 ""onda»" lugh,,',}, rout .. 
Op<miooa! boon of 11>«< faci~n ... ." "">«I on such facton .. th< I\'<fitg< doily tru<' 
nallie. p<ol tru<k .-.!'fi, boon, and ",,=>&I ~ llOTIll.aIly "P"',,«I "" '0 l 4-oo"n p« 
<10) __ } ... 7 dI)~ p«..-..o: 
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0.,,"'C" l.run;.. <hoold b,o,-. UI1;" ",al., o..i!Jl<d fOf \..,hld ..... ..:~ " ... f<ll tho 
m'p«tioo of \,.hld. <quipm<n<, op<Il storag< for 1.~1lli.zmt INd~ I pm",!! "''', m<l 
" .. to pmn>' tho I\ImUlj! 01 truck, lor I<'1'''.oJlln~ , Cl". ''0" fKibn ... ho WI\.., ""'< 
"''"'' o.,<ign<d lor tho w<>g!lln.! of ,..,hlclH, "" rn.oy ho\'. I lin:.n«l op<Il "'" lor tho 
m,p«tioo of ,..,b:l. <qUIP"""'- A«:ommodonon. and funding.oowd. b< mchldod lor 
tho in,alloti,. of tho moinlu>t b'ip,"" ')~_ for fKib1;'" prnionl"t«l in tht, ~g:-am. 

Clo .. "C' and "D" focib ... "" o.';!JI<d ond U&ff«l for I primof)' focUl 00 tho 
"''l'''''ioo of \-.hli:1< <quipm<nt and INd~ Tho f",ibt;... DOl «JWppt<l ""th . <o\'tr«! 
m,ptdiOll .... md'or und<r_ouck bgh'ing .boold diffi:t pnma»' foc", 00 \..,hld. 
lmptdiOli dttnng <Uj-Iight boon, Durinl p<riod, of darkDt-.. or ""1<"",,, "" .. th<J thl, 
foc-u, woold _ .. ..nt;' b< r«lirt<t«l toward =<, ,,-..ght. IIl<l Ioodm.! .,.Ior<:<mt!l! ... 
w.ll .. t""-aId Nndocting C<lIlln>tfcial V.hlot. Sokt;' ~ u\,.l lI in<p«tio", of 
dm'<[ qua!iIic.~"", md "'1>"0. nmo/< <qUlpm<nt_ 

Clo" "C" and "D" focil,_ "" g....ruJy op<mioo.al!<s,!h.m 14_00!n p<f do)', ~ or 7 
<Uj~ po< w«k_ n.... fll<lhti .. If. DOl --"ODd_alono'- ,~=nd facibn<'l, ODd thti<!'"", 
II< "'" "'ff«l by m.mIg<rial or "lJl<fl'''''Y po<"""",l Tho foe il,_ Ir< oornialIy 
"'ff«l .... ith 1 to 6 offic,"_ In odditlOll. C1:." '"('" oo~:}' ,."'fl'tn.! =ialIy ""Iud<-; I t~ J 
Nmmmial \..,Iocl. ",<p«noo !pt<iali". and o, ~ <1m, , Cl . .. "'C" and "D" fac ilin .. 
10<>1«1 III c1~, .. P"=t}' '" Cb." "A" or '1l" b,o,m;., hoc""", • porn"" of thot 
rommmd """""'., R<momm~ facib_ ..-. und<r tho thl-.ct command cf tho r<<p<<n\.., 
Dim"", Spt<ial Son,,,,,, Ccmmmd« and. .. _ "'''''''' .. ,,-b<r • • =yon: Iw no' 
t..... <p«mcal/}' ",i!Jl<d to tho facility, or. "lJl<fl1«d by tho Di\-i~"(l c<=ltf<ll! 
..,-,.on: 

Tho foUow",! fi!)R p""''''' p'ctUI<' 01 th< Clm '-c" and "D" fll<il iu,,_ 

(I) nm 'C' Fociht}' - fJB An«l"!' (1)) a." ''0" Focility - K«n< 

Fi;m,-. ~ . Pid ..... of Ct.", "CO .. d - D" F . citi.;., 

" 
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MinH" .. .,.. dt"gn<d., >Ok loeanon> fo< po"abk "".10 opontl""'_ ~!mi _"" ... " 
""".pcolly Ioc"",- on hiy.w'l~ .nlh .. • bo\-....,,.,.l • • "lum< of =,01 .,.hid. 
noffic '0 ocr .... n bi.1o. which O1.ly u'" byl"'" rou. .... '0 a,-ood 000Jm<rC,0I facilll, .. 
Thor< "" 00 .bo\-...~ b ethn", " UWlI_.n... Mini_';,., !hooId b< dt.i,m<d to 
accommodate portobl. "01,,, and.oould indudt on or .. dtY,m<d leo- ,,,,d msp«t>on, 
Tho ,;,.,. may b< rmdomly ruM by <iu..- plotforno ""ok p<f"""",J "" Mob,k ~ 
Eclore.",.." 0!'5c.,,~ 

Opomirool ~, for mini_. i" ... oormalIy ''''''port'''- '0 tho .. ,,_ T"ff" " 
dor«,«1 ""0 tb< " " by traffic connoJ "gn' and 'WI"I""" roodway nwtong', Mini_ 
" " Joe.""", a,,, un;J,." tb< rommmd of tho Ixlily .ommandtr or Di",;oo Sp<C"l 
S.me<> Co~ who Iw "'P"""ory =pons;bW,y lor tb< o/5c"", u,;"g tho ,,,. 
Pit "ok. or. mdOOtd .... ithm tho dt!'minOll of tho t<ml ''mini_,,''" "'"" ~. '" ""'Ply 
<00';00«1 to b< III urI...- ,w,;"" of tho mlIlI_""_ 
MinH" .. .,.. not ... If<<l foc il", .. , P..-.o"",l II l\"~ .. n«dt<I opora"orW oqwpm<nt 
." n .mpon"'- '0 tb< ,," dunn! boon of oponnoo. ~!ini_"'", a,,, !_ralIy <¥",,,,- by 
Mobil< Roa.d En!ore<""'" o!'5con, rip. J illu,tra'" a pictur. of a 1lliIU_"" loco"" " 
Southbound \i9:-<orth of Rl<go ~ 

fi,OJ~ J. Pi, ... , .. of l lim_Sit. Lo","'- SIll 99 :\'0" . of RH,o Ro. d 

" 
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1,1A w'i;. Stuio. B!l'''' P'"Knlll: 'p,..p,,,' ''' 

For tb< I""JX'''' of <!ilwlcin! tb< op<ntlOl1l! o!Iici<n<j' o[,,-.,gb """en, for <ommtm.l 
y"luc\< .... right <n!orc.",...", Caliform. do-I .. k~ • ""<lgb ... non bj1'l" <J'''" n <.liod 
'Pr"Po,,"" in 1m . Tho ,High run"" by,,;'" SJ"' '' ;' an l utomattd ')~_ allOW",! 
000,)' ,..,h>cl.., tho, or. "g1,,<r<d ., tb< I"" l""" to Itgilly byp . .. opt<> "" igb ftl!ioo~ 

Th< byp ... SJ~t= t«fUll" <am<n to ""tain 'f«w trul~ US«I for 
rommumc.noo 1><,..-..., comput .... In oM " ... gIl """"'" md tb< ,..,Ioclo.. If.tll 
=t~!oJ .... <ight, , iz<, ..t<l}' .• "_.r< -. tb< dnn, ,..,,.,,'" .p .... sipW that 
0Ik> .... , tho y"lud. t~ bJ'P"" tb< 'Hi.o:h "'lion. Ot!""w,,., tb< c!ri,w rt<m, ,,, rN .ign.a! 
whieb '''Iuir .. th< ,..,h,,1< '" lO th"'''gb tb< ".,gII ... ~""- All bH\}' , .. Iud .. that or. 
"'" rog;"..,,«l UI Pr,P .. , ' M .,.., r«jllllM t" 1"" IhIoogb ~-."gh ""non> <luI Of" optlL n.. 
fj'"'''' ba, b<ftl "' op<nMn In Califorma =c. 1994. Cmr.ntly. 1h«. or, J6 .... <l!h 
.an"", ocro<. C.liform. d<ployinl'. tho p"p,,,'" t«hnoloty (Cal".",_ .'OO~). Th< 
Ioc,non map of tb< Calli"""", Pr.h"n< "' .. and tho hi! mdt>dinl tho Joe.non md 
"""" of all b),p'''' , it" "' pr«<nttd 1Il A~ D and E, =p«n,~Iy_ 

Tho foU""1Il!! graph>< dagram w,,~ til< 0\..,..,.,.. 01 tb< p,-"p,,,'" 'l~- tho, <XJl1. im 
\>a":c ""<,,,un! p"''''''' of tb< ",,.m 

o 
o 

>I ..... " .. I>< .. AV' ......... .. 
" "1M , ... ... ~, o#"'" " ... ,,~ .. " •.• 

...... ~ ""~'H '" W ~ ,h"",, 

.. ro(.' tll4 O"d<d~, 

o 

" 

_\<,,,,,, V 'j u u,,, .. _ 
"",c ... j " ...... " . , • ., to ,",,',-

''-''- ' ~'·I .... "", .• , .• '","", 
.... " "·rre-.. .. " ... "" 

"RIa "'. ;,..--d • . .-.,,"o 
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1..1 [ ... .-p., It<kaolo~ .. 
11>< Pr.P .. ,"" .,~t=, "'".., th< mainhnt \\1~! <'p • .blli,y tho, outomollcolly p".-ocr..., 
rommtfciol ,..,hi<J.. _..,ling It "'~m..y spt'td, up '0 80 Illfh. By ill""",!! foc ".IlC 
",01. ,,, bt u'l<d for ooIy tbt most l,bl)' ,~lo""" tbt <}~,."" fo<,li"" ",-"ru· .. ght 
,..,"'cI, .mo""".", ><",i-. 00n! <!'!«m .. "P'<lolIy lD tbt "'p"" .... ith "'gh ,,,,,,,",, 
of truck tr.l'5c. How"..", tbt .,.,,"'" or. liOlit<d '0 tbt tran<p<>nd<r ~wpp<d ,..,"'cln 
!Ii!! rtqUirM for truck, ,.,thou! t:;m<p<>nd<r to ,,"!'., tbt ,,-.igll '''tion\ for m"""Ilon 

R«<nt ad\~ m """" and COIllllllllUCotiOO t«hnok>p., Iu d to tbt =yn« of 
."a"cN WD,! '«hnologi.. tho, ho,.., th< potrntiol for furtbtr ""l""'''''''''' of ="ing 
.... "gIl "'tion "I""-tio..,. 1\.,. ,«hnok>p" ",r"hin! \\'Th! ')">1=' ""lOOt AutomotN 
V.hi<l. hltnli~I<"ion 'Y"""'. In"gnotion of A VI " , th \\'IM '«hnology crt>1" """ 
mt:hod, of "'1ftnlll,I! COrnmtrCW ,,,,"'ct.. tr"''''~ 00 tbt mainhnt " hiP> ~ in on 
unott<ndtd mOOt foc thotir ron!<OfIllity '0 "tight<. din>tn~on, and otbe- ",gulahO'I< 
" ...... .,- form, of t«bnolon' 01", ""lOOt • ,bolo \\'Th! 'y,-, nooinlint wt"""-'N 
d.""". <)""-= and """ \\"ru: ,,,It """,Ioptd by Omm w .. ght CorponohOIl hOlm •• 
th< Sot. Lood WN 

J.J.l .I .,o .. .,<I/ 1''''j{l~ IIk.tif""';"" $"", .. , 
Automat«! ,..,hi<l< ,dtn~fi"ti"" (A VI) I< tbt oppbcotion of , .. "or '«hnolog;" I" nook. 
mort in!=ntd ><,_ dt<"''''I<'' ,,·tigll "'""" fa! """""'cw ,..,hicJ... It ""'Y bt 
Ot\cribtd •• conamin! om-.. «>mpontnIt. tbt tr>n~ . . .. goo! proc,,""I! om", and 
• do" p"~,in! "",,,. 11>< tr"""""" dtt« .. "" PI"'l' or p"""",. of. ,,,,hiclt or 
," ults. 11>< ":gnol p<OC"';"! 00'" ~l'lC.ny ",,,,..rn tbt tr .. ~ 001j>.l1lD'O "" 
.it<!ri<ol ~l"'1 11>< dotl p<OC"'ins om" w;uolly ",,,,-.n. "" ,ltcorxol "goo! to 
traffic poramt!<f. 

A ....,"" i,. kty c00'l",I>.," of my A VI f}~t<Ill." ~ 00 "" m,tollohOIlloc.hOil 
....,>On or. w'p"ztd lD'" two Iyp" , in",,":,.., and DOll_in""",,,, (Mimbolo and Klein 

)000). Innu",-. """'" or, tboot thot ""l=' "" in!lolll1ioo of tbt """'" dirKIly ooto 
'" lD'" tbt ,ood =foe<. includinJ! inducti, .. I"""" IIl.lp>t1omtt= ""c",loop p"ob<. 
pntUDl-lllC ,ood "' .... pltzotltcoic "b!.. and 0""" \\111 .. """" On tbt otbe- hand 
"'''tl · lIllru~'''' ~ or, 1llOOll,0([ ",,,,,!>tad or OIl tbt ~Jt of tht 'OIm.·I)'. 11>< ,idto 
lDl.ll' p"~""'- ",;crow., .. r>dar, o<n,,,, and po''':'''' IIlf=«l ., ,,,or., and ultra"""c 
....,>On foll on!hi. c"'gOf)'. 

In T.blt >. tbt "'<ngoh, and w,"""".' oftbt .. nsor! "'" =ztd with '''J'«' to 
m,tollohOO, par""" "" ""."",«1. p<r.<OfIllODC. lD ""It""", ",,:lit, and ,-.nobl. 
bgh""l! condi1>OIl~ and "" .. bi!ity foc ,,,,,It-<, cOIllmUlU<<lion 11>< t;P" of dotl 
t;l',,0I1), . n iloblt !:-om , "'h....,"" t« hnoloty or< b"o([ in lobi, (includinl """"'g' 
or". «>nImIl>ll<"''''' hand-..,d:h r<qWI""""' ... and "",chi .. rom. St\'..-.l '«hnolog;" 
or, c'P'blt of "'PI""'lD!! mubp~' dtt«Ilon ZOO< -Wix.""", ,,·;th on< 01 • limltN 
nun:btr ofUnl"- Tbtst 00'''' m.), bt coot tlItcti,.., wbtn largtr """,bon of <It:ochOO 
zon<> or, ".,O([od to ilupltm...: tbt tr.l'5c m.tIlOg<m<n: "''''n' 

lndoctin loop dtttct= ",",.., bt<o 100<1 wldtly U>Od ,,, """";'or tr0.!'5c!lo\O' and con"ol 
';pWo bt<ou .. of tbti:t ",lom .. l), I",,' ""'. Ill.lturUy . ..-.tbtti<~ and I"'ix)' ,,"""- Scm< 
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of tho ",.."ho><l 1«hnolog;"" ""h " ,,<1<0 Ull..lS' P'''''~,ing and rnuln_z",", mI'ro, ... ,.., 
and onfrartd .... """ may r<pl>« """"ol indoc1i,.., loop< <in« tho high« co.t of tho 
,"","'ground ...,"'" can o~ tho ""," " ""'''ted "ith in,:olling and m' im"ni"g 
rnulnpl< indu.i:li,.., loop<. In addition. """t o',..,ho><l """'" h>'\-, tho ><Ia,,"'S'. "''''' 
mtru,,,.., .. ,,"'" of b<iJll: """'P''' and not ro><lw.y lIla." "" thu, 1ll.Il"'l! m".u.hOO 

and ~ ",I""..,ly ",,' 
A VI t«hoolog;., h>'\-. m ody b«n usM to • limittd ,,1<1ll in ""'" I,,""ion>, but it " 
<Xp«tod thot ""'" 'WIM .,~t<D1' will ... ...,tu.>l!y '" ""'p,t«! "ith th" n....- t«hook>rr 
Prop..-I;' ""I'!<m<""<l ,l«!rome =«ning mmg A VI r<rul .. in "twfio.n: 1IllF"'''''''''t 
ofw<lgh ""'00 op<ration> in. omt dffioti,.., '""""'" 

lobI< l. SI ... "k, .. d I",. ka .. ,.. .fS .... r T«koolo;;.., 

: 1:= 
, , -,-

• " "" ..... ""'JK' .. ", ,,, .. ot 

:!::-, .. to, .... _,,,,, 
.,""--.....".,-"' .. --=- ."' ..... 
, 
, , 

' :::=~ 
, , 

, 

':,::; 
~ 
, 

, :;;.:;:;:'~ 
, - ........... ..,~ .. """"~ .. ... 

:;;:;: -~ . """""-.,--,-,--... 
., 

~ , 
, ~ 

,~ 
....... _...,. ..... ,-
",~",..,. .. , ........... fiold of 

,--"', .. .... "'. 
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hblt l. S' .. o"k, .. d \\"t ......... of S ..... T«koolo;;'" (Coarill.o«l) 

: ~.::: 

" :..:~~"~" ~. 
I = '.:Si:;'-, -.~ • 
I"; 

: "-:;-
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lobI< -I. T coif .. 5<., •• O.'p.' D.". 8'Dd~idtb. aDd CO"!! 

M~ipl<~ . 
T«hoology . IUlOf~ ,-, ''"' 

0.:«000 roo (Eachm 1m s: ". 
lnducti,.., Loop , , x' , x, l<m'~IOO to\&C 

, , x' , 
, , 

1~cr" ....... .., radJr , ," , X-l ," ," ,-- , , x, , ," ," 
l:1L .. """, , , , 

A",mtio array , , , , x' 
, , , , , 
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!J! P~"'. Ill_II Sp'''''' 
Dramat>c 1Illjlf"'=><nt m ,iJN ...,"" ttdlnoloty and """"""in! c'P'bihty 1.1Id> ,~ tho 
..... -.I~ of pbo'" WUI <}">1""-'. ill bot, tho n", ~f"d<o t«hnolog}' in cOO1bm.>""" 
W!th WUI" . """"I" thot h",""""., ""tt.",. ""'" tho mid-19g(1', md • ..,.oo.d 
ro",id<nbly '" r«<nt , -."'_ Th< future pottn:i.al of th" t« hnoloty """",,:,-. 

A,~" lD Fi!"'. 5, . pbot~ \\Td im-~h-.. th< mtfginJ! of ,wo rn""'g ,«hnolog;'" 
Will: .00 photo tnfore='- Th< prinoa»- I\mi:,ioo of pbo'o WTh! 5)-">1<m> i, to d<t«t 
,-.lucJ.. !hot or. of int ... . " to tho w<lgb' .of",,,,,,,,,, or plamlln! .g""Y. and '0 o>J>'Uf< 
ut ""'l' of tho« ,-.bic]"'. !'boto WTh! OP«"" lit • =ill", f, sWoo to ,boto radlr or 
rM bght c......-. 5)-">1""'. !'boto WUI 5)-">1""-' Cut b< in".utd in 0lIlIllin< Of """". 

Ioc,non> in <I:htr • p<rnW>tnt or p",ublt OWIx.tlOO to moni,or c~n=tf<'II! tt>flic at • 

p.ni.cuUr location m tho rood ... ,won . \\1~1 ...,"'" "" mtd '0 """"!I" ,..,Iocl. w":gh" 
md dimtn>Joo> and • c"""'. i, u..d '0 o>J>'Uf< utd "Olt • pbot~p,pbic """l' of tho 
,..,lucJ.. of lIl!ff .. , If digital imog .. "" n>Od, tho tmll" Cut b< tIlllt>OdU,t1y 
="td . l«trOtllcolly '0 • c",traI d'!k. f", rnl """ depl"y""'" of ",forc"",nt 
~~, 

. "'--" ,-

s..,.,,, ~_" 01 ,1000 

f i;_ ... ; . n . On,.,i.,,· of PIIo'o W .. ,b-D_~lorio. '~~"m 

Pbot~ Will: CUI b< u..d t~ , ulID<'lt pmnmtnl w<lgb "':k"tl op<nhOn, by pro,;Jinl 
lmJ.l" for momlin< WI)'! pr<-ocrtftllll!! 5)-~t<n1~ morut=nj! ,-.Iocl. cOlllfbmc< 10 \\1~1 
"""" trallk ",gw.l. and nllk ~" and for """,'orinl ".ilh ",""" ..,-.""n ,out", 
!'bot~ \\Td moy 01", b< depl")"'" m """JUII<:""" with ",,,,,,It md ""'0:' "":rIlt 
",forc"",nt " • pr<-""''"'''''l! 5)-"''''. or .. UI :tUtomJ.ttd ,II1I<I oIon< morut"""l 
<}~"m on ''''''''' root... Om ro!l«t«l by pboto WThI OUI 1"""'" """gM tnforc"",nt 
'l<nCi" ~,:h. ,;mol ,,,,,,,d from wmoh to "'g'g< m di"""""", wnh p>rti<ttlar corritf. 
d<ttcttd .. chrowc ""b t"". Of '0 ' '''l'' prrnnM CIIn"- "It, ... Photo \\1~1 ""'Y 01", 
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• 

,i' ~Ujg{S njgt U~~H~~l"'[ g~"I~it ;:: 
~ ~~ 1f~·~s-~S;iB ,:l ~~il~"~:::ti 'Il-[~ . ~~ '
o "'~H~8,"" 'P ' I~:, i,- sP < " ~:P~il~ ~.[~IOEl ~-~ .~~Bii"._~ ~~~!:.·:S g, 
§ "~g,'i~~ (:~~~g §~n~~!!.~·~ ::;~Qd~'" ~ 
~ }~~~u }~!~~ ~J~i1l '~aqJ;!i~H~ ~ 
if .. ~ .. E _ !!.O ~~'" ~& _ :'i ! ; i~I~[~ ~i~~: ~ "~i[~[~~~.[ !.}~fg,~~ ~ 
.a ~~ l ~5 ~~,],,[ ~~~~~rt!fEl"rt [~~~rtl'! ' 
~ ii~ :.-r.s ~ "',s: "~] ~ ~] ;;h'~~l- tr:: 8 UsE; !!. ~ - _s;:; " ", ~~~> ~~ .. ~.,.~,. """0 g ~ 

i i~li~l ilitit~fjg~!:!itJI~~!l 'f , r.o~"~I '$~" iih['<,', 2!1'1'" , 0'," il~" 1'i. ~. if !I!f~ ~ _ , '" -~ ~" 3 -~ ~ , ~,~~[", If"'l' si!!~Er ,!;,g~. g - ~ 
J H!flrt8~ 8rt'i.;~ sg~g,~~]:!f ctlj"a,q 
'"' ~~ 'sJ· ~~!i,~~~ ~'~l~~~s~;f~"'~n• ",.'r'I,)· o <,~ ,,",, [ • . ,1<.", 

$ ! ~., ,,,t< g . "go ' ~ ;; ",,-I 
~ o? r - rt!! [~~~ ~~~9~ ~ii3S' =~~i!!' I' 
~ ':;Ii~h li ~§ !i ~~~~""~[~ U· ~~ ! 

~ i':. ~ _ . 2, 2,2..$~ ~ ~ -~ :t~, s-•• [~d td. Ii '" !gl, ;l.~m 
"~~~ a.:t [ ~ ~~ . oE,e.~"" ~ ~~ ~::;~~ - g 
~~L,,!: ~~='s. rt,H~!r8'rt~d uh"i~ 

I ' ! i" ~"'~ . s~! , ... ~ 
t _ ~ ~ 
5.~ ~ 
tgJj 
"h go..., 0 
". ~ ~ !i 
B.];~ ~ ' 
'll n Q 0 
" S ~ ~ 
'~h 
~~ ~'5 
Eh!i? 
w~] Er 
• "l ~itlf'· 
ifq~ 

!! 1 i , . ! 
. 'i i 

"I ~! !ili 
3 ~ - . ~ m. -. 

~"''ll~:( 

if~~g~ 
i"" ga r~ . -, 
H~ 
t[~, 

~ ~- II 
~!~~ 
", ! i 
~ Q ~ ~ 
~"~ ~ 
~ ~Ii'lt 

Iq) 
R~ ~ ~ 
~~q ", , ~ ~ ~ ~ 
,~, , 
[ l~ 
- ~ 1 ' H ~ '" 
~~ eJ 
'!h g " 
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~" I :-,·c-; -·-·· ··" -•... -.. .. ~ .. 
..: 

• ... • • •• 

· .... ,-:.' "" . 

(b) Sat 0«1,,,,,, and R<pon to tho T"". 

I ·» ' ~"·· , .. . , .. 
-",. ---. -• •• • ~ ...... 

(oj V.rilk.""" and Tnr. B),I'''' 

50m«: int<n1luow.! RMd Dyn&,,",,~ l~g 

..-..... .. . 
:~,: .... ". 

F~.,.. 6. T rock B)1'''' Coo"P' i.lloi. liD. s.:,....i. ; WThI S}" . m, 

U_~ Q.,n; Jr"-t~' C"'P"wi". Sol' I ,,<14 Sp''''' 

" ..... ' fom! of \\111 ",01<, kIlO",,, .. tho Sat. Load \VIM. "" .,.." do\..,1op<d by tbt Omni 
W<i!ht Corporan",,- TIlt Sal. load. Sy"='" dyn'mlc 0<11< wtOOl.ltM truck ",.irh 
">lion do-;-.Iop<d und<r AST)'! gui<lol;"'" ., • Typo ill and IV IH'\! <}""= Tht 
'}~t.", b", .... ..".1 bon<fito of .. ,in! "f'U.] "''' in in".t!'Il00 by """«(Ilirin! "'''c,'', • 
.at>. [or tho \\Uf _""' , pr,rndin! W<lg!llnJ! and d.mlli"~00 ",!'tv;m m "'" .1.".,0:. 
and p'",';ding • main'<I1JOCo-fr« ru~<d .l<m<nt ,,'lIhoo.t IMd OtlU1lll "''''''''- Tho 
'}~t.", has ...., = ,all<d 00 tho Smart Rood in BlochOO,-!. Virpnia. and .. in! 
morutor«i b), tho Yirg"';" I",b Tram""",' ion Imtitu .. (K>tz and !Ulloa, 2001)_ 
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3. Tho C"ncopt " f \"i("tual Woi~h a ud C"mplj.nc~ Sys toms 

11>< .,..ilabih,y ohd .. ·~ WUI t«hoolog;.. ., ronJllDCDOil ... ith imp"oud _>Or and 
rommumc.Uon '«hmloy<> hod I .. d '0 tho ..., .. lopmtn: of '1mW (um,t<n<Iod) w"th 
mtictl~ Virtual \1.1~1 'l"""''' p"0\>dt <n!",,~' 'g<nC;'" .nth. "",,·.fftcD, .. ' 001 ' 0 
moru'"" ODd .more< 'ru.ok wntbt. 00 b)1"" or >«:Onduy ",,, .. , " " .. II ... ""'lor 
hltlm·O)'t. ODd ".".. "I'P""'JnI- for .. ..:Iy o«ornmodating "", .. >Od truck ,,,ffio 
y~"""" " luI< "twlicontly r~ tho <0'" of apanding tho phl~icol " 'nth ... ti.....", 

Thi, >teDon pR"ftl" tho bo", """<pi of m tuol " .. ith and """I'1i.mc< "I)""rnl' 
ron":<I<rod on Colifomr. K<y <"j~_ <01lljlOO<Ol" and tholr functi.....", or, d<scribod 
Exp«tod po""tiol _ Ii" of tho ,Utu..l "nth ODd <oOlfhaoc< 'l"""'" "'" dr."m..d 
0I""l! wllb .",.,mcol ... ><Itnc. c.", <tudi.., of othor "'t<, dir«tod toword 
O<COI>lIDOdot",!! ..... -~ \1.nl: ttd lnoloyo,' .,-., 01", inch>:l<d lD thn wctioo 

J.l B."" Coo«pr of \'i" ... l W.i;b .. d Complin« S)"", m, 

~ OIl tho uoffic c!w-act,mDC"I ODd ",forctmOnt 00j«"'''' in g"""al,. ''''''1)' 
of .... "gb, <n!or~ ,,,.t<!i.., 'UI .. NIl":"",d and \1.nl: .,~t=, '"&f'j' ... idotly in 
functi..'nolity and I<,~l of complruty, W"th, .m~, opt><>n, to .. opplic.N. for 
diff"",' .-...'ll, NDdition, and onforctmOn' ~..,lo includot 

Porubl< Scot... 

Virtual Wnth s"""", u=s \1.'IM 

h~«I F"'ility W"th S"tio", "ith S,,"" Scalt. 

Fix«! F"'ility W"th S"tion, ... ith lU!lljl \1.nl: 

Fix«! F"'ility W"th S"tion, ... ith Y.nnlin< \1.' IM 

Traditiroolly, S«ro;luy rood> ODd byp'-" ",ut .. hi,.., ...." randomly O1om,or«I b)' 
mobrl< onforctmtn/ o~, Giy", til< tim< ron'=g pr~, .. of " 'nthn>!! ttuck .... ith 
pen. bl< ",,0100, thtr, ". r>t«I ,~ 1""'''''''''' " lu,b <ru<k, 1hould .. wngbtd ."' icolly in 
"""" to nw<inI>", • mobilt ",for~n: om,,,,' , . ff« ' i, ....... ~ To od.:!rt->, til< r>t«I for 
klw C<I1t rontin""", monitoring of loo.'.,- ''(Jhm>t~. rood> or 1»1"" """"'- • 
-~muol " 'nth " . ti",," cm" us<d 

Dt-..:gn«I,~!>t1p prO\>dt . ff« ,i,.., truc1 wntbt .oforctmftlt on =<>Ddar)' ODd b)1"" 
rood, .. "..,11 .. hrth"" l~, tho ,-.mol " 'nth ,IIt>on " • ".".. mt:hod for "' ...... <itht 
,..,hr,1< ,ofor"'''''''t tho, ;""!'"'' \1.'IM t<dmology ~,:h othor t<dmol~y<> lDCludmg 
AVI, ,; doto __ , and wif,]"', """"",,"<otion It op<r"" in UI Wllntt>dot<i """" 
w"th, and ,lo,,,:~.., , .. bicl<,~ and rmin, """go. of ".igbt "ol"on along .... ith tbtu 
"...,th, datI. tell< ODd da" informallOIl 

A wnth-In-""'DOil .,~ttnl " rns,olIod "'''''' tho w,., of. bJ-P''' ,ood, A, ,..,lucb cr<,,, tilt \1.'IM ",alt, • pho'" 0\""'" .... inoog. of tbt ,..,bicl< lDC~ ~ plo" of tho 
,..,hr,k .,-., ,optur«I if tho ,..,luck "O\"""'''th,_ lmag" m<I w"g~' do" .r< """od for 
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mn<>t< r<ln<\..J.. or In""'"'y <rUl=tt«l , ... . w;"I"" «>mnlUnlCOUOO .... "..od to • 
laptop oomp.rt« in • n<.roy pa<r~j ou. Amth<r opI>OO ;, """,1<.. or iul<l!mo 
tran=i"' 00 to • "..":g11 ,unon loc. l«! n<lrbj- the b)1>' " 'M<l Of '" • ,..,tralIud !rIm, 
rontrol co"'''''. Tho w<lgb ,u non or traf5< , ,,,,trol «nt« c .... <hen di<p>1<h "" 
",fOJ<=>tnt o!Iic", to in" ""!,, <M " oa ,"'! , .. loci" (5« FI.')R 1-<. )) . 

.'\., W>v.ll in Fi."ll' 5_ (b), the ,irtuoI ,.."'fIt ""1>00 em b< 01", OWb«l to compl<m<n: 
<XI""'! 5,..d \\Th\ ,,''''_ !t CUI .utomanc..rJy pu-w..:tb ,,,bio'" and trul5mit. pOOt~ 
lID.l!' wi th the ,..,hlcl<s' "..fish" ..,d/..- ~, to ID <&iorc<m<nt o!'fic." 
"""11"'._ of tho 1.1.1M or to. <=Ir>.l facility_ 1100«1"" ,..bioI. id = nOll. ,..,hlel .. 
_t«I 01 b<m~ o,· •• " .. ..:!ht can be "th<r "opp«i and """'!hod ttilll,I! """.b1< ",aI., or 
un b< dirKl<d 10 th< IIOlJffi 5x«l facility """ gb ""noo ",tb ".ne ",aI., for molt 
0«."Ua1. "",g!>inl. " hilt allowin! ,,~I., 1Il «I<lljlhmc< '" coo1IIru< OIl th<>r w.y. Tho 
uo< of m tulll ,,""gb """"'" "ould "gni!IC:wtiy lIIlp""'" "'~ b)'p." <}""""''' III 
the I'r<P.,,·~ I'f~po:n by aIIo"-ing ....... <ruck, " i thou, ""m<pOll<l<r. 10 bJ-pau tho lix«I 
".."'tII "at,,,,, Iflhol' >I1i'l}-<n!or~ 1<qUI""""''' 

;ei -
~High Sp •• " <1_~~':"',¥ .... _ t.. ._, ;~,_,,:~:: ___ ---~> -

-- - , 

W I M s.-.,. ... 

w OI gnt on Vl doo 
ImO (l'l (o.optop) 

WIM Termi" ,,1 & P rinter - ~·'·.!'!_~.~L~ 

(b) Yinual W .. gb StonOll 00 h"d W .. gb StoU"" 

Som.".: Mottl<r Tol<OO. lOOl 

f il." 5. T)1.inl Coafipl'otio. of n .... 1 W.i;b~._~loriOll S)~ .... , 

" 
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~ t~ ",>.liz< un.>ttendod "..Olgb, .of"",.,.,.", of ",~":ght """h • ,-.rtw.l ""tit 
">lien ."""," of. "" of "'"''1''''''''''' tho, musI p«form togot!>er [Of tho 'J"""" to "oIl 
,uc,,.,rlUIl}'_ Tho .. mclOOt IH)'! S<!l""'- "ON =!' p:roe"",,!! <';"'"-= """It" 
rommumc.noo and pattbl< rommumc.noo <10-;",." and \\lM "b>n<t. o.p.ndin! "" 
tbt 'Wh"~"",, odJniow.! ,,!,noo> CUI .,. .d.:I<d, "",b .. OIl intm>« to • ,totlC "' ... m,,,,,l' ":1''' and ",-.,-b..:th, ... ""'.,..., ~''}">1<m «>mp<>I><Il, .. nd tbrn functi..-"", of 
• ,imW \\Uf sJ''''''' or ... foil",,", n..,. If< &=ib<d m dmil ., ...,;, cbapter 

A I\'IM <}"St"" !'uDell"''' ,~ I'"""d. p:r<lI!llllW)' dynamic ...."g~, "'odinp ,.-hiob can .,. 
u'l<d to pro-cl<lf and ou:omalXilly "'" ,,,,hK~ A<eocding 10 .m~, 00j«:"'~ 
\\Uf f}~"'''' CUI nl)' ,,-.d<ly ill funcnoo. lny and It,..,l of <"'"flu;,}, 11>< ""'" 
""l""'"'" c"'"i"""'" of WIM .,~t<'''''' . I\'IM >c'" tho, '""'. ""'" tbo groo. ,'<hi<I. 
w<ith, of. ,..,!oci, .. "..,n " tb< port;"" of thi, "..<ltht tlut;, <lm od by .. <h wh«! 
.. ><rubly . .,.1< and .,.i, groop 00 tho ,~Ioc! • . ~..".lljl'<'" of WTh! ",>1<, art =<ntly 
.,-ailab!t, ioch>:!ing ""ll. I~ «ll ",11<>. b<DdmJ! plo,. "" .... , m:I P'"",,:«onc. quartz 
and lib..: optic otru<IH (por->blt and J><IIIl"""1j . Tho ""ton<., of \VIM ,)"',m,.,.., 
b"od in T.bl< 1 along ,,-,:h tho rorr~ dot>. .. ch prmi ..... Otbtf coOljlOO<tl" m 
\\Uf ,}'''In' indudt >nduco,~ loop '."'''r< to dot«, ' JlP<N"bins \..,hlcJ..~ <l<ctrooi" 
' 0 ~ tb< ugoal~ , cOllljlUt<r for do", pr~,;,,! and '-g.. and, rompu:<f 
di'pay =-- At ".."gb. ""ti",,~ tb< u11lm11< goal of tb< \\111 .,~1<:n i, to <!thane< 
W<lgh1 <n!<OK<""'" op'wi..-"", b), ""'him!! low 10 hllh sp«d dyn=io u'g!lln! to 
rompl<m<nt ""IX " '<i!hm! 

J_U rid", 1".1' Pr"""';"1 $)""'" 

Via.o imIg. pr~.m! 'i~1."lt typICally «I'",i" of "'" or mCf< c.",.,-,~ , 
""Cf'¥~tor_b.a..d comput..- fer digitIZing and pro<""ms tb< imIg<ry. and ",,!hur. 
fer int<1Jll<llng tb< imIg .. and ",,,,-.nin! tb<m tn'O .-..5c now d.!,,_ A, ,,,bid.,!~ 
ocr"", tb< \\1~! "' .... tb< '}~"m' au''''''''''ally C'l'rur •• pbot~ "'WI'"'" 1lW.1' of tb< 
,..,hl,J.. of int ..... and <Xtra<1 mfmnonoo fOf COIllm<fClal ,-.bi<J.. op..-oti"" ... If tb< 
,..,hl,J.. " ",..,,,,..,ight, tb< "'Wlw..' imlg. of tb< ,..,Iu,J.. "itb """g~' and sp«d d.!tI " 
tie«<! for r«»<>t. ,..,,,,,..1. (If ",,,,,,,1)' o-on=:t«l n . , W;,-,,:.-. ronn<cnoo'~, laptop 
rompu"'" In , "'orb)' po",ol OJ" (oocq>!U1I ,'i<I<o """g. pr""""smg roo ,-.bi<I. 
><l<n~f""i",, "pr.....:.d ., F,gur' 6 ----- -, . 

-
-T .. 

fil_'" 6, ( _<p, .. 1 "id ... 1m. ;. P,' .. ,,,,,;., for ,".kid. Id •• rific.tio. 

" 
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0 
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s..."."lt>.oJ.o._!OOO 

ri;.'~ 7. [ )I"<fl"oai. s.: ..... U.1 liUoI DSRC T I"< b.oJov· 

.lU Qr~..,- ("""'p<>~<n" 

\\in{ "\>mot,, also . '<)' part of ,Utual ,High ""tion. "'hich iDcludt-< rood"do d ... 
ocqut~""" .It<troruO"l thot ron .. '" tbt ",al. r .. d.m~, to ,'thi<). mimllltion 

0p1>0n.>1Iy, c<h<f ''''"¥''''''I'' Cut bt oddoNl, .. d ooin! mnInpl< tnducn, .. loop> fot 
, .. ht,1< trKk~ "'" or mort wo< ",al<>. dir«tionol "91'. o,'tr_btlgb,o.'t<tors. and 
."",«",i< ".hid. "ltIl~fi<.ti"" <qIIlpmtfl" 

O\-.r_bt'ght Dtt«too-: Un """Ii!", btlgh" of ".hicl" tnt<rin! tbt =k Wtlg!>o 
mtioo. Tht Ot:«non of o" .. _btlgb' "thiclt. <h.aII , ... p!'<. 'Ion.! .ruh tbt in
motion ""'gb, "" .. urtm<fl! 

Sttti< Sealt: !, 1"0\';0.. fully u""t,ndtd operation of both tbt \\i1~! and <tI!io "!Cal • 
• lIowin! for mort <!"flei"" ptNOODt! ... 

=00 ... 1 "", .. g. ';l"~ Tht 'J""'" rndilj-' ,dtn~fi" "'="'" imago 01 tbt _k 
I'f""din& JIll""""""" on tbt L'tl. "ti!ht~ ",0" wtlgb", cl..,~ spttd. <10". 'im<. and 
any " .. ,ght "lO!.tiOO~ 

jJ hp«,td Bt • • fn, of Hrt •• l W.ilb .ad Compli.o ... Sl~ttm' 

C~td to tho .. of .... :i.e ",-":!hing.nd ~'_,¥<d \\in{ = talltd .. " 6"td ,,·.igh 
""'''''- tht u .. 01 ,Utual \\in{ '}"St"", fo< OloDIlit OlUlj! and .nforc.r".", of ,emmtf"") 
.. <htelt> It ... ""1' of "".."tog" for both tn!~, "gtnc1" and _kin! 
«>mp2lI>t' Tht txpo<t«I htntfu, 01 ,Utual \\lM "l""tIl" ""lOOt !"tl-...tioo of 
",-..-IMding. dt<, .... of o.!o)~ ., " .. ,gb. ,to"""~ tnh=.mtfI' of .. Itty and "" quality, 
...... n .. "'" ''''inp. 

" 
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3Jl Pr" .. n60. ojo.ww.4i. t 

In ttodlnooal v ... irh ,1>Uoo open"oo> b>,.,j 00 ""i.< ",aI"" all <ruck, or, r<qUirM to 
"'1' at tho ,,-.irh ' ''It,o,,, for """,I ilI<p«rioo m:I'or .... ,,~ A, bus..,. """" m:I'or 
dunn!! p<1I< """ p.rux!>, il i, oornW for !ru<k, to fill tho ,"~oo> ""h thlt tho)' nlll!! 
<1"" t<mponrily un~1 "" """'" dimmidL n., t=pc<>ry el=lr. of "" '''~oo> .. 
l>««'"')' t<> I""...,t u .Jlk b>ckupo ooto "" lug!>way and 10 .,"Oid "" .. f, ty hazlld, of 
h.nns >tnmOOil. , .. bic~ adj lC<tlt to , .. bid., ",,'d"'l! . t bigh <p«<!> \\".., "" 
"";0'" . r< <1OS«l scm< tmcb or • • bl. to bYl" " "" w<'g!llng pr~' """ tbourh th<y 
may .. "''''''-''g!>~ cru.ms mmy I"ob~<m' .. d.t<d to ",~';rht ,..mei<-< dJ,e",,.,j .. ~ 
By >mpl<m<nllng ,'imW \\'IM <)~_', all tmcb can ...... "gbod III an """n=><d 
llWll><f, Thu'DO o,' .. " .. rirbi tru<k, "'" .lkm-.d 10 bYl" " , l<odJng '0. d<c",,, in tb< 
nun:l><r of """"'''rbi tru<h T.bl< 6 pr"''''''' """incal ,,'id<oc< that <!>:M', • 
';l"'fi'lIl1 d<cr .... m o'''''''right ,;ola""" to"" at birh .more"""'t i<-<-.I" """!W<d to 
tho, of Iov; .mor,"""'t 1<\-.10 A d<cr .... In tho nun:b<r of ",,,,,,' .. g!>, tmcb 
>mm<dJat<1y Illdi<.,..,. r«biction ill Illfra"m<tur< <ia:w.g< m:I d<tmoratioo .ttribut«l '0 
",,,,,,-.,ght truck •. 

hbl< 6. I"pact< of Eofor« .. , . , L,nl u o","".-;p, n ola, ... Rat< 

V",I.uoo Rat< r,'.) ,", 
At fhgb Enf~t u-.-.! At u...' Enf",,"""'t u-.-.I 

VII]!ima U,S_l .O 11-27 

~m)'1md .. " 
~- " ;0 

llIi """,!in .. ;0 

,~ 11.9 " - " B 

~Ioot:ml .. ,. 
Som-c<: Kttbo" and Klaslunskv -JJ.! D«, .. ,;nt 1HI1I' . t Writ . 5',.60.' 

In traditiooal .... rirh "'''on '1'0flti",,~ .nll ttuck. ",:I> I' gal " 'righ" flp<ri<neo 
~'"')' <l<1I]-~.t tho " 'riP. ... noo~ !, bl ,"'" d.ocum<n."«I that 00 "'''''. go, .. ,h 
truck fll"'l""'" • <1<11]-' of apprOXl""at<1y S """"'''' foc ", .. g!>, romplim« <I>«h 
(B<n<kob.t" ai " 1999), n.. <It!». >DC" ......... ith tho tn.5e . t tho ...... p. "''''''', 
ranglll,l! tom S.l t<> !H6 minut .. Sucb Iooj! <It!»~ r"""!mg from tho in<fli, .. nt 

" 
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If 1 ~~ ii ~UIH ~ I[H ~~~i ~if}~"l ~ ,~~fi~ll H ~1 
~t- - ,:I~ ,~ - I; ' ~ = ~ ' ;~ I<- lr~" I!. ~ ~]$iig ~ ~5 
g,~ 1i-~~ 0 8~r ~ i :- j "0!";5 ~ 1!E!r]~,5~ ~ ~~~ ~ I(':; ~ ~o ~S~'"~ Il s ~ ~ ·s ~ ~~ ~ ' .~ - "'~ . -" ~ , ,,, 
~~ ~-:;.;o R.,,~ ~~ ~~; g,~g,~ 1fi~" :"r~ ,~ '{j.~ - ~s, r~~ ~~ :~ a·;1 d,$, , [w 1,i L ' f!"! ;~i,~LI~ i~ 
r~ ~ I(~ ~ I!. !~~~h ~ Jl 'g;- r~~ ~r~ ~~~ ~-t §lll ~~i~~~ ~ i 

Q It -~ ~ '~ =~ '" ~ ~_w.,.~ - _ ~ "§. ~ ' ~~ ,3:< !! ,:I 5~ g oo ' ~ ,} '-"8 .. ,, 1'<.::\'0, ~-ii '~$ ::-~ 

'; .hH pta; < Ihi ~iHpil'h f!!~~~i ~f i~ :"0'" , - ~",,, :.. ~,, ~ 'll "" , '{j.e~ ~ ~"-~::ill' l<-
. [ "''''fo~ ~[~-' E ~ If~~~ I Q~~ ' ~ ~~)j:g ~~[-~" ~t "'--- • ;'~' ~ 'm!',l'-I"!'" ~--<,~, 

~ ~! iEl~~ 'iG:= ~I(~ ,~ !~ j [ ,[~ t~irl~H[ ~rs ~~;J ~ 11( 
~ ! i.'r' !;l.~~ ~~., i~""'~'t':~1p'~" 'I i~ I ~ 5 ~ f>' ,,~ ~!f"6' '~t ,- So - Jl~~ ~ 
~~ lt~~ '~~~'f[1 ~ti~ h~~;g, ]t"il I Erj,,[::\. ~ 
~~ ~ !t-~ ~~",~~~ ~"'6'~ ~~~ ·· L 8!;- ' d."'~ "~i~':( g, 
~~ ~":£-W~ "L:g.~ $;~l ~J~]-'~f~~~l ]~[~Q~.!i I( 

""~ ~ ~Jf~ it ,~E:!:~ 1 s~ :::: '" ,"~ !f~Ir>!r ~ [;::\. ""''{j.l~1( 1(6'e.~f 1r[1(8 ~ I!.~l~ !l:i;: !f;[S,,'S-~ .,. 

I i ~ltH mh Hit :fiU i~l i tH[mt t I h.r '0'' -.' h· ~.~ > n' I'~> i! ~ ~ ~~~tr 'a~ih n~ ;.;~ ~~~Ld. ~ ~~~Ls§.~ §. 
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.",."",.,. and Ill.IXIIlllZ< fu<l '!'!lCi<ne}" by lmI>1ing tho nun:l>oT of >d!ing """h It " ', igh 
=00< 

J,l~ S.,;ol I oxJNI.'''''· .Ifon.,. 

V,Uf ",.'1001' bolp on!",,~n: 'g<nCio-! .. >il}' rnooitor and koop .... right> Ill>l<f c"",,ol 
m , """ ,ffoen,.., 'ny. With ,..r.uaI WTh! .)"om~ on!=.",.", ovncin 'UI "'V' 
nob tor. ",th I ..... on!=oment P"'oonn<l l,odms to tho <!th.tncod op<flti..-....w ,n"'m",), 
and .. f<l)'. mh'''''''tur< 1"'''''''''''''. and k<, =,~ ..... , and 10>. "'by of truck'<. All 
tho .. .,..,.fi" moan ''''"!' '0 tho tupoy« througb bot,." rood'. ,boaI''' good~ ond 
mort ,!Ii,,.., on!or<=<nl "!""lti",,~ 

JJ,S CoIl«I",n 0II '.IM.b!. 0. .. 

Virtual V,1~1 ,,"'om, 1"",,; ... ",hubk dotl for futuro ""''P''rtlti"" planning and 
main1Onmc< ",,;-ati ... Tho v,'n{ ,,~tom, ro!l<ct tufftc dt" con"""""lIy ........ "'hi!. 
tho .... righ ""hO." or. dOS«! 1nf0000000uon on 1"11 time,. tro!'!lC ''01"""" ~1" of 
, .. h"k> and l\"'g~' of ,'<h>oln all"", tr''''p,,'''tioo plann<n to imp'''''' <xi""'! 
,,~tom, and "'''l'' b<tt ... futuro \}"'om,. In odJiti..-....,. tho <Uti colloet<d tom tho \\111 
,,~"m con bo u!<d for "h<duling truc.k "<ight ",f<>IT"""'t r<" 'Ilf~ and d<t. il,. ootb 
l"'l"phi<olly and t<rnporolly (i .• . , by tim< of <uy) 

Foc """",I<, tho =, \\'Thl.,·"om, lIIStI!kd., k,y I",";"", 111 Cali~<=u Iug""l)~ 
1"'",,<1< 14,hom tr.fflC lIlformotion. Tho primary inf""",,~on roll<ctod from tho V,1~1 
,,~"'''' indu.:ln uk ,,·.igh" ond po,,, ".ight. ",i< ~ , .. luck cl,,":5couon and 
,.-d Tho in!or=~00 ytb<r<d i , """tw fOl tho I"'-=t ",.n... lughw')' 
morut"""'!! and <>PO<>'Y ... 'Udi<> .• CC1d<nt u" ,Ucul.ltion,. and moly":, of truck ""''P'''' 
1"'"'''' .... 

" 
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3,j C." S".d; .. 

Thi, =t;otl jlI"""''' ",. >I\ldi ... of P~ octi,'iti ... of otb<r ,,,,,, dirKt<d t"",,',,,d 
occomn>o<!ot"'l! am'me«! WTh! t« hnolog;"" Tbt .. ".ampl<> ".."" .. :.ct<d t~ iD<bcm 
tb< "p<> of ",,,,;n,, OOng und<rtol", ,.,th di!'f<,<nt t« hnolop" '" • ,an!" of 
l"'p1Iph>o .,..,,, ocro." tb< UnltM S" ", 

J_4.1 n .n.I<r', W';I~ Sr. li"" B,PI''' lHt«ti •• Sp .... 

In Floridio," ... ;th m>rl)' , ,,,,, in tb< United S" ",-~ ".hrel<> or" '<qUir«I to 
mffi I'g>.l ,~" lor "-,,,ght and .iz<. A, tb< VimW \\"<igb. Sunon (VWS) 
«rn«pt " prop.ll""'l throogboot tb< UnltM SII'",- flondio D<po:tm<nt of 
T,amp",""ion (fOOl) pUn"~ n'ihu thr. ""-t<g}' foo =...mng ",-.ru-",gh! truch and 
tb< .uce",,,-. 'FF"Mn"oo and ""tion ;,=nc. for tho« "ollten b 'O major 
oc'm"", <I<><n-. 1p<CI>.l .tt<ntioo 

Fim. FOOT ba , «un«! "I' ... ; th tb< = t..- for Am'&l>CM Tnm;x",.non S1"""" 
Sinruiltion (CA TSS) " tb< Urn' ...... ')' of C<n:r>.l fl.,,"fldio '0 d<ploy an "outdoor" lab to 
",->.Iua" .. 1«1«1 '«boologi ... for. ,muo! w<irh "-'tion (FOOT, .>00-1). Th<r. " an 
.bw>dionc. of,~ mark""'g «<boo!ogi ... and <Io-..c .. '0 son-. tb< ....d, fulliUM by 
"'tw.l w<igh "-'tion,. How",..", tb<,, ;, . d<fi<1ODCY of "'p!OYnlO", . :udi .. tha, could 
.,d,"" 'g='"' in tb< ",Ioc,ion of ' !'Fop<l'" jlI<l\"" t«boolo!'"'_ Thi, lib " ,U .. " .. 
" • umquo focillt), lD tb< Illtion. ... -.lw.tinJ! hardwm and ""tho·"" .more""'""t 
t«hnolop .... V""""" "'" .,,;ted 10 ",omi, tb<ir bard\o,''''' and ",tho'If< '}"'""" foo on 
unbl.>Od ... -a/w.non of "P"', nooal Chu",,,,,,tiCl - ""t I:om an rn.:looc lib bu, rotb<r 
from an "mirotJmt<ll that mi=, tb< 0Y0ct op..-atioool cbaroct.,,<nCl wllm tb<.. 
'}~trn" "ill h< .><plo"ed. Tbt ,,-.-ahlltioo =nit> will h< lharod ,,'ith """'p<>rUtioo and 
""'lIITh 'g""''''. U" "",,,eh p<ojO<t ha, ,",,0 .d.:linooal obJ«1n"", '""""'y, tb< 
..... -.,i'1"""" of. mm • ..-on for ,muo! " .. ,gb ,m;"", and tb< .><pIoY"'""t of. 1'1«>
b>>Od pubhc dio"b> .. '0 ""'-. ". " 1..-"",, for "'ailabi" '«boologi .... ,~ and 
",->.I1lI1ioo "sul" 
So<on<l FOOT ;, """i<m<nt"'l! • " '"irh ""non bYl" " dot«non '}~tml d...ignod to 
doot«1 l"",;bl, O\-.ru""gb, , .. hrcl<> .... hrcb rut bd"", tb< " '<igh ltItioo and ' .... n' .. tb< 
hrrhway .I:<fword, A1:hough In).! scm-. "'" ''ff)' acrur". for dotffilllIllllJ! tb< 
comm<feia! , .. hrck , "-,,,ght ""'" lII'., in<h>:!inj! Flondir only >.Iio...- e;"non> 1o h< 
writ,." bo>Od 00 ... tie ",,010 ""'''''mi,',',. Tho "<igb. ... tioo <)"-_ work, [_ " long 
"tb< e<=><fCU/ , .. hreJ<-. """'" throogb tb< " .. ,gb. ... tion. H""· ... ..", tb<,-., i,. hlrh 
p<oo.b,li.y in ,ooht)' thrr1 if , rornm..-cl>.l , .. hrci" ;, d<lih<"'dy nmmIlg ",-.ru"'g~ .. tb< 
dr!,..,- 0lI)' d.N:ido,~ "k< , ,oo" tho. ,,-old, tb< " .. igh '''ItIO&l. Il«, u,," ofpnnwy and 
~' ,Md~ tb<" "urually " i . ... OIl< alt<fU"'-" rou" around "''ff)' " '<igh ... :ion 
In '"'JXIIl'" to thr, "iii!}', FOOT miti.ot<d. pilo1 p<0J«1 to ....... 1"" • "",gb. ,m",,"tl 
\»1"" dot«ooo 'l~-

Tho [1m inuillatioo ... ill ... ... '" tb< !'unto Gordio """gb ... tioo Ioc"ed 00. 1_71 m 
Chari"", County. Thi, 'l"--" "'SltnM to ocrOft! all <=<fCl>.l , .. hrci ... u,inl tb< 
<XI' and rntronc. romp'! h<!= and .. ~..- tb< " '<lgb. ltItioo and 10 ",,"g= tbom .. 
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.. w 'pot<ntw ,'i<>]otor" oc '1>00_,';'10,,,,,." law .ruorc<mrnt ~l "ill fOClU 
tb<ir .n<nhOll ,,,ward po,..,tw no!.JOB ohIt "pp">n to \';;'10" Florida' , w.'g~' or 
dim<n~otl~" or int..,~ooall}' , ,-old tb< ,,'ei!h ">Iiro 

11>< ,.. .. gb "oti..-"I1 byp'" dot«ooo f}~''''' ""il .,. . utomotod. dt:.nnimn,o; ccn=rn:ul 
,""lucl. "'fight, u""l! WUI tKhnok>n If tho COIllm<fCW ,.. bid, " ,bown '" .. 
",-=-.,gh!, obi, will !Iin« optical chuoct<f ''''''tID'''''' (OCR) c.",.,-.. thot ~,ll ,«<lId 
be..,,,, pitt< numo.n and c. ptua • dip'" """l" of tb< ,.. hid • . Tho <)"'_ will th<n 
mtrgo tho.< thr .. 1'1«,' of ""-Ill and ..m an imag<. ". wir<~ .... communicoti..-"tl, I" an 
..,for<<mOnt offim ·. 1"",01 cor lap',,!, and to tb< "''''1''''''' 10<,,«1 " tho Punto GorW. 
WOlgb ".~""- Tho imlg. "ill """..:" or. diptal photo of tb< off_~ cC=><IT .. l 
,""Iud. ~ wnh \VIM ""-to and th< be ..... plat< 1IIl!llb<r. Thi, <;,,= "ill also 
hI'I-. • random COIl'l"""'" ,,-weh "ill bt .., by 1m' <n!",,~ p<n<>m><l to r>ndomIy 
nag. «>mn>OfCW ,.. bid. for firll<r f t\';'W ,,'til tbout;h "''''''' of tb< ou.." , ';010,", 
<ntm.. i, _ . ue ..... plo" numbtn of COOIll><fciol ,,,bicJ.. ":ip''''''!! tb< Punta GocW. 
"'"'gil ""boo ~,ll bt "mod in. dotobo", foc futur< u .. 

0..:. th< .,~t<m ;, do-;-.Iop<d ond broolht oo_Im., tbt <)~_-. da .. bo .. wi!! .,. 
lIl"l WN lIl'" Florida '. ("=><fCW V.mel< in!'orm.>tioo Exchull' Vlmoo,.. (CVII\\) 
f}~t.", Florid>.·, CVIEW will ~,ido Honda' , cortm><r<W ,..,luclo ",~.,ory .g<nCi .. 
.... ith • ,inp. do",b.,. thlt cOO!>ln> .n lIlf""",tioo n>Od in tbt ",gnla_ of commtITU! 
,..,Iu,J.. optTIt"'!! in Florida. By uulizin! txl'''''!! in5;>,1IUctIR to tbt p"'''' ",t<nt 
I""';bl<. tbt 'i~t.",,,. ''ft)' OO'!t..,ff«tl\' . mt:hOO of :tUlID<'l""i! tbt =0: FOOT 
.... .,ght tnfor«rutnt '~ Th, will gr<. tly _ . tbt , ffom of findin! and dtillml 
.... ith ...... f. or illtl. l rommtfCW optTIton 

J_4_! K,. .... c/:f'. h .. _ .\f~"it",i~r SJ"'" ."~ I -;,,,, .1 W"'I~ S .. ti"" 

To pro,;dt . ffeen,.., r<»duOt tnf",.",."t, Ktmuckl' ho, im-..to<l on s"'te-of_tbt_1t1 
... forctmOnt .'''iro" pr(rndin! • luth 10,..,1 of tnf=<mtnt "" tbt "' .. ,. ... !Jl><nl "ht", 
tbtl' "'" 10"'«1. H""· .. "". """,h of Ktntuck;, ', ttu<k tro!lic " 00 root .. "'" moru,(ff([ 
by f",td .... .,th ,mi",,~ h .., on Ok"tlltortd root .. , rou".' for Ott""" u. o~.., " ,.,Lobl< to 
oyp'" tbt .... .,gb ""n",,- 1Iob,Io ,nfore.",..,t btl, ""'" u>Od to IUgmont lixtd "..,igb. 
".,;OO~ "" Ktntuck;' V.1oc1o Enf~ btl, COOCtrn, .boo: ;" . ff« ri, ...... , bee.",. 
ttu<k ... ~, ... bm tbt "'0,,,10 ... forctmtflt i, .., up, and !bu, tbt;' cm ,,-old rt 
F~'ff. limlttd ""flinl """""" tbt numb« ofroot .. thtt con bt ""-"tlltortd 

In '''I''''''''~ thn prob!= Ktn"",ky .,.....,:optd I ,mw.] ,,·tirh ."'""" th.a, corubin<> 
tbt Rtmot< ~I="""'! S)~t.", (R1IS) ,,;th ..... .,rh-lD-""-""on '}"'= (Cn.",... . .'OOJ) 
To . utOIllJ.U,,,[1y cbtck COlllm<rcw ,..,luclo,' crtdtnu,,[,. tnn md .. ftty """& tbt 
Rtmo" ~I=torin! S)~_ ,,~, lim dt\..,1optd and dtpk .. ;-td "" US_ll on K<ntOCl 
Coonl)" Kentuckl' Tht 'y"""- """ rood,idt photo <qWpnlOfl" in,ta!1td for tbt RMS 
th.at coptur. imIg .. of PI'';''! ttu<h md trommil tOO.. imIg .. 10 tbt "lnl.ll' Rt\",,' 
SmiOl:1" ., tbt KtntOCl COOnll' ".."gb. "'tiro. From till, imIl' .• nfor~ ~l 
un ,<ad tbt USDOT numbe-. " Itt< tbt """""'" in:o Ktn"",ky" oo..n~II"" 'l"'= and 
""tonan<owl;' cbtck tbt """"" CamOf', rogi"'-"ioo. '"" .",ru~ and ... '<t).!ffOfd 
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L.,.,., ",.lITho<. in K<ntuck)" Tr.mpor .. ltioo C,"' .. i ..... tifi«I tb< po, ... tioI of 
rombimnl tb< RMS ",th . WU! <)"'_ to m.t<. ,irnW " .. igb. "lti..-"<l, Tho ,'irtuaI 
W<lgb. ,,"ioo oomi", of OIl Ull.Ig. <'P"'" <)"'':ll pr",'i:l«l by eompu,..- RKopn'ioo 
S)"""", (CRS) u;d • WUI .,~t= of Quor-' 1';0'0 pr",'iJ«! by int<f11luow.! RMd 
Dj='" (IRD), AU <)~_ <ollljlOO«l" " ... in>toll<d on ~ 1001, pro,idinl 
tb< ..",. functiow.hty " tl>< fu<d "<igh .,,~"'" 11 I"w..- «><I by oot " <iuinnl 
rontin""", " .lflll!. I>OC ron'>nllOWly mooit=n,o;, Tho '}"'= ol", p,,,,,,d<-J oon rt 
",forc..,..nt tInu nul"'l "mer, difficult [or nolltor, to m lid .more..".", 

Bo«d 00 tb< dotl coll<ct<d from 48 boor .m"".",."t ., 1""" .'OOJ, • P"1imiIwy 
,,-olllllion of tl>< fj"""" ,ff«n,,,,,,,,, ~'<d thot only J4% of Mol ~9J fj~t<m 
" OIl"'''''''' tnU.,<d by truck, ,,~, ,,,dob~, for USOOT numb<>, 111" low <fli"'= 
w" r<1Ult<d from "'n>< ddici"",~ of tb< <)-,,= ""1tl<bnJ! blurry inagn nun:l><r1 too 
=all to "ad. poor <ontr"t b<t\O'..." numb<>. and b.dground. locl1i"" and tumnl of 
lIll.ll' <>p!Ur<, and ligb.tmg md ohodou-.ng. Although <om< <boIl"'g" ",U ,<main to b< 
"'h"«l tb< '}~_ ""n! oot to b< ''ff)' """ ,!'f«ti..-._ Tho pot<nlW ,..ru. of ,'irtuaI 
W<lgb. ""tion n, "..mat«! [or frocti"" oftb< «,,, of. Ii~ " .. ,gb. " .ti"" to b< \IOOK 
to \ 1 JOK ",nU! \J _~ ""Uioo, TIu, impl><> that _o,ina,.ly .j(I ,'irtuaI ,,-.irh .,,~"'" 
oootld b< m,tolkd "tb< """'" «,<t for. ,,",,' fi:<<d " '<igb. ,Iotioo, It <OIl 01", 'V'"d 
",forc..,..nt <o,...-ag. '" mmy rou. .... ,,'!><r< 5,<d ""'OIl may DO' b< r..,.bl. 
3_4.1 .I/".".n.', Sf_iRS Pr"f"" 

Tho ~Iont..,. D<poren<nt of Tr""l""'.noo. (M DD oo .. 1op<d I IO_y'" \VIM plm on 
1997, ond imtitt<d • nnuol " " igb. 1tI1i"" P'0]«t to 00":"" ''S",. Truck Actl\ity 
R<porting SY"'" (STARS)," Tho proj«t ",:»«I " imp-o,ing tb< <flk1= u;d 
.ff«n,..,...;, of truck W<lght .nfore.",..,t ",n,n- p<rlorm«! by tb< ~"'tor Com .. 
S<r.." .. OdCS) Dim.oo of 1IDT, on<! p£"''iJins MDT "'c,,, 1o ."..-",-.<1 truck_rdlt<d 
do .. [or u" on p'''=- d<"gtr and Plonninl oppliw"",,_ 

STARS ron":", of OIl om)" of \VIM u;d AVI """'" d<ploy«l ",roo, tl>< ~Iootan.o 
Illrhwoy ,)"',m thot _ do" to cw;tomi;:<d ",!Iw", prog:1llll~ indudin,! 'y"""'- of 26 
p,,,,,,bo«d \VIM r"""d<r~ portob!< \VIM proplm It 6-t "' ..... comp:r.b<n", .. 
ubbranon progrnn u;d • ",!h.-or, proWom d<aIing ~,~ tb< <oll«to<l do,,_ At .""h 
STARS I"". ti",,_ VlUI hu-du-or, in",lI<d dir,ctl)" in tb< tr"~lin!! t..... of tb< ro,"woy 
"",,,,,,,,,,,,-.Iy u;d .u'""",ticolly coIl«" mfOTIllltioo 00. tb< ""'gh' and ron5gunrnon of 
tb< ,-.hi<1<. " " .. ling on tha, roIID ... )" TIu, dotl ,uoo.qu.ntly pr~s<d to <han<t<riu 
<=m<fCW ,-.hid, "!'<f1IIlO'" It tl>< <It< by , .. hK!< d .. "IiCl~oo on<! " .. ight 
in!ormonoo of thi, ')'1" " ... ....:i.tl to .... ..,,01 1IDT ",n,'iti«, from , .. Ill,\< w .. gb.t 
",forc"",nt to rooID ... )" do<..: l" on<! trOll """,.ti"" plonning 

0... of umqll< r.""", of tb< STARS i, tb< <op. bihty of .u'""",ticolly id<ntifyinl 
",,,,,,, .. ,gb.t inc1d<n" on<! di<pl1chml <n!or~1 p<r""",,,1 to m<!J,'iJual ",,,,,,, .. ,ght 
me;';"'" III ,,01 tim<_ To ...... nly """" lx.non~ 1IDT d<\'<lOp<d. ",!h.-or, program 
ull<d "y ... = t of Enfor~ Acti"'y R<porting S)",= (~IEARS)" thot 
pr""'''''' tb< STARS dotl <p«>/kolly 1o ob<nn Inf""""tion 00 ro=>«<w ,-.hid, and 
",,,,,,, .. ,gb.t , .. hi<l, oct;",)" 
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A pili! !"'OJ<ct to ... -o/w,. tb< dffi1;"-<f'''' of Montma', STARS h .. .oo,.ll thot • 
';l"'ficUlt r«hxtioo , .... ....., UI tbt p<r< •• 11 of "'-=-'Ig~' ,..,hlcJ<.. in til< tra!lic ,",am 
(St<p!><n,_ ., .1, 1003). S,." " ,do. throughout tho m.",;,.., "",,,cd of Iug""l)~ 
ron rod by STARS, on. perc"" of "" .. " .. <iv.t ,--lud .. on tho ... 50 _:om dropp«! by 
12 p<r<<n1 . 11>< ", .... g. amoun' of """""Olght 00 <o<h ,~I. w ... 1>0 drcr .. ..d by 16 
p<fc<nt Tht ",..,,"'1 ,<due""" m po\-.mtIll .nribut.blt t o tb< ST ARS P"~"':ml """,,,do 
"'.." tho y'''' ~-• • 00 tho oro..- of Ill.lpn:udo of 6 mi!hoo [SAl_mil« of t",..,!. Tht """ 
"" ing, .. = >1«1 ",th t1u, <hong. in p",-.men: d.=og. ,,~, t>tim.>:M to .,. 
'!¥OXomlt.1y S iOO,OCIJ p<r ) .... 

J_4_~ Inoli.no'. P~"'. I ,,, •• 1 " ·";r~ Sr.Ii"", 

Virtual ",-",gb. ".,i..-"" prO)"" "';".,0<1 by IndIana o.p.r:m.n: of Tronspcrutloo (Th1X)1) 
md Purdt>. U!Il'I" ""Y m .'000 w .. ongmilly ,""",~"" b), tb< no«! to hI'I-. Ilk"'" 
dynamic pr~" for ,>!Cbing bobitual o,,,"w. i!ht 'mob that bj.P''' porl-<>f_try 
5,od >colt 00..... (l>.·;"bol~ ... L .'OOJ). Orig""''''''' Stra"v< Hirh"~Y R....orch 
Proj«t and lOll! Irnn P"=>eIll p.rrormonc. Proj«t "'n \\1M 'i~t<m' ....... in>1"uod 
., 4l 'W1M .it .. to colk<t coo""""", ,~I. dot. "'.,. u'l<d [Of ,..,.,>reb. hirhw')' 
o.":gn and planning_ Indiano S1'" P~bc. (lSp) "-JUltO<! .. rnotbod for min! tbt \\l~1 
f}~"'''' for dyn=>o " .. ig!>t <nforc<mtnt . II"", 

l''''''l! rn,""l! \\lM «jIlipm<n:. a lap',,!, coo:put«, and ""',!.!, <ornmumcotioo 
t«hnolo!)" .. rly «III<'!" of tbt n • ...w "'<lg!> ""011 <I<-; .. :op«! in Indi .... ,. .. tho, !SP 
rommmw ,~<I< <nforc."""t "'0, ,,10 umt. """""" "",Io,oIy to \\'IM .. binot. to ... 
",.I_tim< truck ""'gb, dotl. Th< 1.VIM ",odin! io n>Od to """'" , .. lucio, to 0. pull«l 
"'.." and "'<1gb«! with cmifi«l por'-<bl< ,,01.,. For tbt ,inud "'<1gb .,,~"" '0 t\m<tioo, 
radio ..,ill!"""''' ".'" m>tal.l«l 1Il 1 \\l~1 !i, ... 1_6\ 1Il M,trilhu:. and 1'S-14 in Fort 
W»'D<. In<ban>., and ISP h .. 4 ~o uni" to u'" <bul! <nf""""""t t fforto. 

MOl. r«"'~y" roll.oor.ti, .. tHon 0. .... ..., Th"DOT. ISP, Y.<ttltf Td.do m<I Pm-di>< 
h .. "" .. lop«! ""..".,«1 ,inu.tl "'fig!> ."~"" ",th =l' c'!'turins <opobility. Th< photo 
,mw.] "fig!> otati"" w .. inual.l«l and i, t<>,«1 "" SR_I 1Il .",,,b .. ,, lndIaD.l - 11.,., rood 
with lug!> trucl '"01"""" O't"' .... 1_74 and I_n}_ Th< ob)<cti, .. of tbt SJ-~t= i. to 
""-.I"!,, ,mw.] 'W1M SJ-""" thlt CUI ,,,,,,,,d pic"'" of ",~·.irht trucllt WTh! .. ,. 
md trUl";,,t tbt im.>gt to • polK< CfUI= oo...-...tr«.",_ Th< Pho'o \\'Thl f}~1<1ll 
""-.Iop«! in Indi"", i , " tbt ."Iy st.l' of ",,-.Iopmt'" and thu, obould only 0. ,w,,'«! 
.. ",or\: in p"0p"'- \\'btn """l WTh! dotl for <nforNrutnt. tn!orc."""t p<n<IIW<l 
.;....:,-. =< """"'l' th.tn tradltlOllally rtquirM for p<rf"""-""" 1OOIlI'''''''!. To c"'". 
mort r<liablo onIin< ,tport, OIl ,-arion, !it .. fa- ISP tnfOlU:l>tOlt "b<du]'"-/! I""J'OO<' 
Pm-di>< "conduct,"-/! ~_",.t!. anol;-.i, of dot.ba", frOIll.tllIndi .... \\Uf ...... 

3_4_, Ji ..... ) )J;';l" SI.';'" Pr"",,'f~r III, GOt C~rrid~1 

A ,mw.] " .. i,1I,h otati"" p"0J<Ct dt-.ign<d for tbt G.ry-Chi<.go-~blv.-.uk", (GCM) 
rorrid.oc, <Ill< of tbt bu ..... t <=<mol , .. Iud. «Jmdor. In tbt UOltod Sa,." p"",-.d<. , 
!ood uomplt thlt ob,o,.~ 00,.' mulnpl< 'l'Il<'" <_ti, .. ly plan and dtploy ITS 
t«hnolop" for <=><few ,-.hiel. "P""~"'" md <nforc=tnt 

" 



 

406 
 

11>< (;Cd ("",dor ;, 00< ~f fOOf nntlh_'g'''''Y ITS coalition, form.<! " • ,....,u1t of tho 
lntmnodal S_ Tronspcrutloo.oo EIIi",,,,,,), Act of 1991. O!'lkWly ,tart«! in 199) 
til< GC~I CoIridoc" rompri..d of all of tho moJO' """'pOOal'OII .g..."., in tho 16 
roun'y or .. <"""""tins Guy, lndim.a throolh CIuc,!o. IlImoi, to Y.ill ... """,. Wn""",in 
11>< GeM Corridor ",,1Ild<o tbt thr .. ,:.It. ~" of ""n<po.tlti"" 16 c""""" 
md m="'" loco! ,!.ne;". " ".il .. tb< F«I<nI Highwoy Admmi.:r>li"" Tho 
00]«0'''' of tho (;Cd Comclor Prop:om" I" =~-. tbt .fll, .. ""Y and . !Itch' ...... ' of 
tbt Comoor. """'l"'fl>""" inft"nucrur. through tbt plamllnl. <IoIoIgu. d<ploy"><n' . m<I 
.nlllllion ofl"<linl od.!' ITS 'Wbc.tion._ A, P'" of on. GeM Comdor I"'~"'_' 
,"lftW.l " .. ,gb ' ""1011 pilot ~J«:t " .. r«<ntly lRIIllI"" by • rolLl.out. o!'!on, of tho 
GeM C~'f 'g"''''' (GeM Corri<loJ. l'O(I.I) 

11>< ,1nu.>1 ,,-';!h ">Ii"" pilot proj«:t in,-o"", tbt dqJkoj"Ilmlt of m'w.! "'<lgb ... non, 
(V1.\'S) ., tm.. ';'''. "'" .. eh m 'ill;""",';'" llli»o" and Indim.a. Tht OOj«ti,-, of th>. 
!"'0J<Ct " to lIllr<X!u.i:. tb< n", of W!'>,I _"" and communic.:ioo t«hnoloy<') to tho 
GeM comdor '!<n<:i<-! m an.!fort '" <neooral' gr. .. ." cOOIfbmc< "itb "",,1 , .. i!ht 
r.-;tnotlon Irn~ . n.. poojKt coil. roc tbo d<\..,lopm<tll of. ,..,t:;tI "p.utin! <)~_ thot 
woo1l mom ... and NIlttol multipl< .it .. ocro., tho thl .. st"". ~. tho «n,,,,l 
di'p"ch rompu.-"', tho VWS f}"''''' .100 indu.:l .. hlgb-'P""I 1.VIM 0<11 .. , dip'>.! elmtra 
rommunK.non 'y,t=<, polico-,."hlcI. <otlljlU" " m:I msp«:""" ';t ... 11>< <0Il'l""" III 
tbt ",forctmtn: ,-.,IucJ.. wi!! , tublt rn!OINQ1ttlt offi~ '" "'''''''' lory numb.", of 
truck, OIl multipl. roo' " III ordtr to ""!!It "'" tbt SfO" o!'f<nd<r. woo will tb<n "" 
puUtd on . m:I u'gbtd 0I""l! tbt road"d< ming con,-." " iow.! por'",b lt ".,i.< scoo 
Dip'>.! e.",.,-., ... ill r«:ord imag ... of l>.."'tl-~li.mt ,-.,IucJ.. tbt mo."."t tbty .", 
=.....d for , ... i!ht to b<lp tbt rn!""'=<nt ollk<" iJtntify tbtm .. ,-.",01 mil<> 
&>....,,"'''''''- Th. ollol\~ rn!~t officio!> to scr .... larg" IruIIlb<n 01 ,-.,hle],.., with • 
~ ~tooth<!lo\o' oltruck t:'aJlk. 

~ OIl tbt pl.actmtn: of tbt 1.1.nt ",~'''n'' my roam.·')~ in tbt <=><lor oooId "" 
morutortd by ,'irtual ".,i..-"tl "more..".",t ~l. Sine. tbt th,-.,. .. .,., bo,-., linoI,td 
pmnmtnt " ', i!ht tnforNrutnt fa,~in ... ",thm tbt GC~I <oni""", tlu, miti.lti,-.,,, """ 
.,. <oot_"!!'«,,,-., ",lu~OIl th>t em "" dt\-.,Ioptd in. ",. """bly slk"ft oimt 

3.4. ' Bi_S.ti"".ll·i,,,,.1 If''';t~ SUJti""'f~r C,..,._M4n- .Ifobihll' 

1Up" gr<>I'1h in trod< m:I ==>.! ""'. tra!lk ",r<,,, tbt W • .!ung:oo S"' .... Bnti<h 
Corum"'" bordtr bo. ot.--.intd bordtr ""'''''!! fa,~jn., m:I tn!OINrutnt 'l""";". A,. 
"",,"t. commtrnal ,-.,hle],.., "'" o~", d<laytd" tbt boro. •. m:I Ions qut\l<'l of !ruob 
wnting to Of"" in ,jtbt< di,-«tioo "". """""",,.ight I: bo, ~ "",,u,td that \.4(l 

""ilion in bu,;""', I"'odoctimy " [00, ."",uily duo ,~ tbt badtr cro.,ing dtla)~ (SAlC , 
)00) . To .n." .,,, ""'" probl.,."., tbt publx a>d pol, .... uol,holJ<n in W' ''''''Won 
Sm. m:I Briti.b Cobm:b ...... bli.btd tbt 1"""",,,,,,,,,1 ~~ty m:I Tradt C .... ..", 
(rdTC) ~p in 1997. 11>< NrC" . roalition 01 01-": 6Q U.s. m:I Cmodi." 
bum..., m:I gO'l-.rnmtn1 tn~ti .. woo.. mi,,,on i, to idtntify m:I ""' ..... "''I''O'I~'' 
to """ .. MO.. Ilk*ility 

" 
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11>< IMIC h .. supp<>r'<d tht oo ... ~t ~f ° .... work lor o"inoJltting and =h.tnging 
mfOf1ll.llion """ ..... Bno.J> COIumbIl and Wo<hingt"" Sill" "",tor y"luck .ruo"""",t 
of<nCi .. ,~,tlIbk bi_ .... tiow.! w",gb_.in_motioo onformttioo ",chulg., rrnnM to .. "iii_ 
,\an"",,1 r,,"'ai W,,!,h Ston ... " With thi, CVIS);_bo"'" ,,>t= both northbound and 
~ mocb "!"f'''''!! on tht ThITC "ill '" OloDIli,orod lot- .. f, and kl.1 
romplW>co, oII""inl . ligibl< urn"" '0 bYi>'" NTC oomdor ..-"'gb "";0'" 00 both 
.i .... oftht oc.-,;." 

Ra"'" OIl ,1>u,,;ool w<'g~ ""tion u"l" W,1lI prm'iJod by tht 1.1.'$ooT and tht !CBC, ond 
foctl!«l on fi, .. " .. igb " . tion, oI""l tht IMIC corridor, • boodi'_ro!! 0l1I!;-.i, w .. 
<OO<Iuct«! t~ quanuly tht pot",uol _fi" and c"''' """">lod with th< WUI W,1I 
""""l ')""'" to ThITC """bold<n (SAlC, .'OOJ). 11>< 0l1I!;"" .!>:M'«I tho, tm~l 
11m< ="'!!' for motor o.m.", .,,,,,;'t«l ",th ""l"'''''l! " .. ,gb .,,~"'" or, <""",,«I t~ '" """ffIl \21 .6 and S6U ""ilion "'.." tht ""'t 10 )~"'. 11>< romdor ""l"" 11m< 
",inl' ocrnr "dri,"O(,\ ,.mcJ.,'ohJpm<nt .,.. ",1ftnOd imtiolly " • • l«ttOlUC ""''''' or 
thi""ll~ ph)-.iool in>p«nOll. thtn or< ckl1«l from furtbor in>p«n"", 0I""1! th< oorrid..-"f 
Thi, mfOTIWtion" thtn p>,>«l " loctroci<oIly to ""'" w"'th'in,poctioo .>t ... oIoos tho 
rorrid.oc, "'bJ<Ct '0 ,..rific."OIl 'u WUI and A VI tt"'~ t«hoolog;... 

Addinornlly, """""'" ' ''lng> and .n.t;- _fi" ,,·<to 01", <otimo"'<l for tht 
",forc<mOn' og...".,. nu, would '" ap«tod WICO "'''''''". <If",,,,,,", ,~ tht 'g""'o, 
would '" ",01=<1 thioogb tht . li:llint:k"tl of "drubl. w<lgb_in," of ..... "< and 1<101" 
truck, oIonl tht UfTC romdoJ, all""",!! odditiroo! ~ .. to '" locu>«l 00 """_ 
tton~~UIJ¥d trucb, and .-;p«i.olIy com ... COIlSld<rod 1llgh m k" Bo>«l OIl this 
tht m"'y _fi" o"",i.ttod wnh thi, "!"f"i<onal NOCq>I or. O>timltod to '" """' . ..., 
SlU and SlO.9 million "~rtf tht!><XI 10 ) ..... 

0\..,,011, tht ",."w w<igb ,lIti"" d<plo)'''''''t ., tht oc.-,;." <rOO';"l focihn., >hoI.·od 
.il"'fic"'tly P""'"'" _!""""""",,, ''''llllJ! from a :l to 8.l :1. ot>l tht boodi" of 
=pk» __ nt of tht ,irtuaI w<igb !lIti"" "P'.-.:.onoI <OIK<p! 1Il • bi·n.>tionol oc.-,;." 
"'pon 'Ull< /:em owr=tdy sn to S10! ""lhon. " IIlO\inl from low to higb ITS 
"....no.. 11>< .. , imltod p»i>acl pe;oo' for tht " '<igb ",non ITS d<plo)'n""" oro 2 
)"..-. 100 tht 1",,- and m«llUm ITS !C<n>ri"" ond 1 yu, for tht higb ITS ..,.".no. A, thi, 
tochnoloD " <IlfI<ntly JU>' "''''!! d<p1"l-.<llt ~'iU '" int"""",!! to <.amm< bow this 
<OIK<p! " o<ruolIy d<p1"l-M In tht fiol<l and if tht ",,,,,St, <otimo,od In this <'\'Ilu.ttion 
" '>d)' CUI '" YOlidJ.tod 

11>< ThITC public_pn'"'' ~ p"" ...... '" in,,,,,,,,hOIloI mod<lloo "",,1opm<n: of 
fr<igbt oc.-"" ITS.ICVO proj«" o<ro., ",",natiow.!~. 11>< ThITC IIlOdol in,..,l,.., 
,uc,:<,!fuI int ... cti~", " 'ith lod<rol " ' '', and loco! go,-.rnm<n." from two coonm", to 
fund and d<ploy O1.lJor oc.-,;." ITS ",luuon> for c"""",,m.1 ,,,luck "!"foti"", and 
",forc<mOnt o<ti"".. 11>< ThITC structur<, /unc"""" pr~"" and ",oI_world 
d<p1o)'''''''t of "",.~ WU{ t«hook>p<> c'" "'" .... UI """" oc point of di"", .. ion 
to othtr b,_non"""l " • ..,ho1';'" =:i", in ""'00 r<gi"'" ~,:h "'guiSe"'t froigbt 
a",,~ IItICb .. tht Umtod Sill"" - 1\"i<UI bord<r 
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4,1 Pkr"".1 R"l_it-.m.m" for IIUI h<ili~' Louriom 

Althoo~ tl>< .ctuoI ,,~t"" o!w-o<ttri",,, of d1fftfftlt 111M ,,'Ot"'" "" difftfftl!. tl>< 
Ioyout ond tl>< """,i:ltnnon, tho, sboold b< mod< "" """tully tl>< ..",., Grntnlly 
'P<1l",& """ .... ill ""'" liltly b<. kty «>n«rn. but"" 01", ll>IP""ant to cll.fulIy ,tudy 
tl>< Ioc.tioo that " ooo..n [Of tl>< \I'IM 'J"""'- Ibt d..Jgn q>t'td 01 \I'IM SJ-""'" " on 
""l""'"'" ""'" lD dt.igninl tl>< l"'1llt!ric of. WThI locil,'Y, In "..Juoti"" of tl>< 
~, "'''gn ol tl>< Ioc.,ioo, OOnzoo,,1 pod<. roam.'I)' podt, on,,, Wpt, 1m< " ,d:h 
=" b< .... ithin acetptoblt l<,~k In co,., ,,00, • Ionl dotYgn lift lor J>l""",n" " 
",.bhmtd, tl>< "hanc. 00 tl>< \I'IM do" "ill ""'" hktly b< bi~ (M<CoIl ond 
Vodruh. 1997). Additionol "",<i<ltr.tion, [Of. good "''' Iocllioo "" ,,-.i!obi!ity of 
ace ... , '0 POW" ond pboot. odtqu.>"loc'lloo lor tl>< <entroll<'l coh ... , prop« "''''''l' 
focihn" ond ~I)' tra!'!1C <OO.d!tioo, 

In tl>< p«:iminuy , itt .nl"'tion. "'I" !....d to b< ...... to lind thot tbtr< "" 00 
01""",,,,-. re"" ... to <trClllm_ tl>< <)"'-_ by "'·" .... .,gb' 1ru<h 11>< >l" coo_ .bouId 
b< "",h thot " " no< • !",lIlt of hilh coog...:i"" """It tho, """" "'!I)~ !nI)' <fN!l lIlt~ tl>< 
highway o-...'lk T.bl< g ,00,.', ""'" tl>< _01 ch<ckb<l "'" .. itctioo cri"rio 

lobI< 8. WThI Sitt S<lt<rio. Crittri. 

Cnt"'. 
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O'.hof ""og<tk"ll' <>it";" thot nn'" b< _ [Of loc'lm~ • ",,~I. WOlgh ,lItioo, md,.,. 

''-Oldin~ ",,,,,,,,,,,,,,tal impKt, I>IlIIim>zin~ ",-o>dmc. oft!>< ,,-.igh ".""", ''-Oldin~ t!>< 
""'" to ,.-.,gl> all truch '''tically >nd miDlonzi"~ t!>< " .mll! roqtm ........ ., ~ 

11>< 11""« of po\-.mont .he" Ot<omt> • critical pon of": t< loc.~OIl '" " pr~ 
,""",bl< \>oonc< <""""I! impKt furN> thu, brinl"'~ . I>oot \..".""", ., t!>< imtultm.oo, 
""I. ""'.~, 11>< ASTM ho, ';";l"'tM guid<l..., in t!>< ASTh! .:.mdud E I) IS_ 
9-l for l"'1llOIri< dt"gIl rc. di!'f<r,nt ti'P" of "~Igh In """'OIl .... "'" >nd no""" of 
P"-~' run". '" ~ll m T.bk 9 (ASU!. 199~) , 

T .blt 9, Asnl S, •• dord Goom<tric 0.,;,. R"l",;'-. m .. " 

Aoothof IIllI"""'Il' ,,,,,,idtutiOll of t!>< "', .. i, . ",i1.biIity of a.o=, t~ 1""""', t<lophooo 
or <>thO< <=1IlIDc.~OIl uuli'; .. , n.... u:ilit.., "'" dtptOOont on t!>< ""'g' of "I""'~"'" 
>nd IlOOWIt of .lit. coil«tM It tho WOlgh ""'OIl, p""-.,, =« " .. ....naI >nd any 
""",co lib AC or 'lOW 1""""- con b< u..d, Co=.non con b< don< ulin,! t<lophooo 
or collular ",,,ks,, though "".ks, comnrunio':k"Cl' 1II\'()l\-. mo" " ,,,,, 11>< <00'" of 
rontroll..- <lib .... (CC) dtpoOO, OIl t!>< ';";gIl hf, of t!>< " t< , 11>< CC om " b< pro:.ctod 
from .I<:uon" hh IUIlOff from bt",~' rain~ imgotiOll >nd dr>lll.lgo f~, It .oowd b< 
placod ""I> thot , -.hid .. I<mll~ t!>< roo<l\ ... )' do no: Iu, " >nd pro«<:! t!>< """>Ill 
I«hmcion, from dUll"'- Car, mtt" b< tok", '" '" to 1""1""1;' ploc. t!>< oc ,.,th good 
,;ght di~ 1>0'" t!>< 'Iftl'lOn to di:nir.>.J> "")' J>O<"bl< ""ON lit ulib.-..uOlL Tumc 
NDdi""", "" a1", critKaI [Of \\lM " . 11011 dtplo),,,,,,,,, 11>< , ito <hoold "''''"'''' • """"th 
now of tnffic, Trallk roOOJ:k"tl, hh "OP >nd l" tro..'lk. <loll' IDO\in~ Ion< <hanging 
.oo.dJ b< miDlo","" 

U Slnd.rd Sp",ific. ri ... of S)~ttm Compo ... " 

11>< W 'CS '!}""'''' p""!,,,..d r«jlliro on ., .. ",.non of A VI >nd \l;lM ttdmologi ... '" 
thot t!>< ""'g~t >nd ..r.t;' cb<<Ok of «ImDl<fcial ".lud .. on.! drinn Ull bt don< in ",. 1 
lImO OIl lugh, ... ), = w... """" Il<ITIll.I! tnffic <po«l W .. gl>_in-M01ioo ')'''''''' 
gon<rall)' bo\-. four = ,kmon", ro.Jo..~)' compon<nl. \-.h>clo «ImjlOOOOlt, da" '" 
comnruniCllUon, uni, 0Ild WOlg~' .n!orcom<nt co"to,- n.. fO~W"Y ~ mdU<los 
dttoctor. to cbtd [Of ,-.ru.olo 1"""'" .. ,,-.Il •• for , -.h>ck ,poo<l. \1;111 ",alt. >nd "" 
",-.,,_b<ight dttoctOL n.. rooJo..~)' '}"''''' a1", c"""", of . con:rol ", .. :nbly, dir<Cno""l 

" 
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,;"w.. md ,..rublt ""'''g' .. g ... Finally. tor til< ,r.dong, I >m<.1 of indocti"." loop<, 
"'" "J"Ir""'" '0 til< \\Uf O<1«tor md """ d<mll'''''''''' or. pl>e«l 11>< rompu:« 
romp<>r><n' coo,,," of I d<.k''1' c OIlljlU",r, I di",loy, md. Jn8!"f 

U.l "nI Se.)., 

A, ,00,.']1 m T. blt 1, \\'IM 'l"'''''''' or. numl;' clo,,,[>«1 lD '0 four di!'f .. ",. t;P'" 
occocdinl to th<lr oppbc";;Otl md Oruil •• bout th<ir " .sp«n,.., funcn""" ~ 
md n,.,- r<quir<".., ... 11>< Clo,,;~,,,,,ioo m.nnly d<p<nd> on til< 'P""l of til< ,..,wclt> 
t;p< of 'l'P1i<."",,_ n='><r of]"""" So"" of til< """ins \\Uf ",0]", u..d in ,,0] wc.-ld 
pro<oc ... ioclud< b<nding plo""- pi. """l«tri< """"', md load «il, 

n .... di"l PlouSJw" 
Il<ndrns pi ... WIM 'i~""'" ill,.., plo .... ~,:h ..run gou!", . It. d>«l 10 tb<m n..,. 
_ >On "" p~ P"J"'>di<>tlor '0 til< dir<c""" of,m..,1 md .... !>rn. ,..,IIKI. """-... "'-." 
tIl<", til< "",;" goug" "oding'! or. u>«l '0 cO]culo", til< dynomic load (McColl ond 
Vodrazh, 1997). 11>< 'i""".-d, . ,,""..:,.., co]ibra. ion .o Nil".'" til< dj-:n.t:ID< 1M<! 
"""ur<m<n." to til< r<qUir«ll<tuol !Ut;" !Md •. 11>< ~ plo ... , OJ'''''''' COlI ",th« 
b< portoblt or pmn.m<n1 . 11>< p<>rt>bl< 'i~""'" "" " .. !'u) [or hilh-"""'" \\1~! 
'WI;".""". md Ill.lyb< 'Olfloyod at • odja""" WTh! ,mi"", in" .. d of mainlu>< \\1~! 
ltIIioo~ ~ 00 til< in.<nd<d ""!", I b<nd:inl plot" 'i~"'" COlI b< clo,":~>«I .. 
ASTM Typ<-l II ill, 01 lV. 11>< 'i""'" ron":,,,,, It." 00< "' ... ODd nm lDducn,~ 
loop<. An lDducn,~ loop plocod " til< "1""""'" do""", til< in=nin! ,'<hid ... and ..00, 
• ":gno! to til< \\'11.1 """". 11>< ",I" spocinl " 0<1mnir><d by ,'<hiel< """'" " 
0<1<=m<d by thr« ",,:bods: ".igh)W .o lDduc",.., loop, ,,·.i~ 10 L<l< "mor, and 
.... "'~ to \ .. i~ If .... ",,;~, Or< II'U,,<d 11>< oo·, i" proc"=" u'l«l to 
moll'''' til< do .. """""""llolDl til< WThI 'l"'''''-

Pi.:;Hk<r<i< SJ"'" 
11>< p;."",,:.otrio """'" " til< Dam< sp«i~", "'" Pi<zo<kcttoru< ."""" '0 ."l:ll.I" 
til< " . tic load, . n.. ""'IOn 0<1«. til< chang ... lD ,..,Itog' c",'1«1 by til< p".1""" ox""'" 
by I """in! ,~hicl<, and cokulo'" til< d:r1l.JllOlC 1M<! (McColl md Vodrcl., 1997) 
Similor to til< b<ndin! plo'" 'i~""" til< cohbntl"" Il><tbo<b ODd dj-m:nic 1M<! 
"""'" .. "' .... " or. u'l«l to " ,imo", th< """ load>. n.. Pi.," WThI 'i""'" c"""" of 
"'" or ","--'ff ,,,,,, , ,, P~ on til< ttl!!" 1m< .... hich IllIIy or IllIIy no! b< "TIj¥d in OIl 
<pOXJ-'_frll<d nmal chor.n<L " ruolly m><I< ~f oIumiIrum. n.. wbolt 'i~"'" t;;>ioolly 
ron":", of"", ""!or and" 1< ... rndu.I:n,.., loop. n.. .... ," plocod ~ to til< 
traffic I ..... In CO" ~f mor. than or>< indocti,.., loop, OIl "1""""'" rndu.I:",.., loop i, u'l«l 
' 0 d<t<c, til< ,!¥ooch of lIIColllllll ,..,bic~ ond th< <kmll'''''= 1""1" '0 ",,=in< th< 
"""'" of th< ,..,IIKI ... A!OUl. thr, m!""""tlOD. COlI b< ona/;~«I from I ":t< proc"'= ... itb 
opm!tlIll ",!Iwor. ODd can b< .. ,-.d in • IlWln<f "" tho. til< lllIolIllJ.uon cm b< 
downl~~ on .. '" '" through . con't.ut" 

r ..,dC<lISJ"'" 
11>< 1M<! "n \\1~! 'l~- c"""'" of. load " n " i tb ",0] .. pl.o<M 1<,,'" til< tt. flk 
Ian< (McColl and Vodrcl., 1997). n.. ",0]" or • ....d 10 d<t<c, OIl oil. , .. igh boch til< 
n!~' ODd I<!I .. <Ito " th< """ 1lm<. n.. = of tb< ngh. ODd I.ft .. <Ito "",",,,nil""" Or< 

" 
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u'l<d to d<t<rnlin< tho w"'g~' of tho ,-"luck Tht ,",,0 1l1-w.. "u., "1""'" indoptnd<ntly 
~ 00 tho ""'l" of tho <)~-. " CUI b< d""fiod .. ASnf T)'p. I, It m or IV 
In oddinoo. to tho k»d ",Ii ., 1<. " 00< ",m'ettr" loop and 00< oil. _"" .,.., f,nod '0 
t1u, fj"" ,m. Tht in<Iucti,-" I""P' u=lly pb«<l up>tr<:om ... US«! to d<t", tho mcollillll 
,-"luck Somonm.... dow"",.:om mduc",~ loop i, placod to d<tm>W>< tho L<l< "",<in.! 
to m .. ,,,,,, til< ,-"hi<I.~. Tho .. 1< , .. ,,'" " placod 00-..".".= dt:.nnino, tho .. I. 
'P"''''I! and tho ,~loci1j' of tho ,~lucl • . Again. tho dotl " >nIIy=l from tho " .. 
P<"""' ''"' and ",!Iw>r. and ,,,-.<I in. f""",,' .,-,ilabl< for dOlmlooQ 

Figur' 8 jlI."m" , 1j;>ic" ""'l" ofWD,! " ... ond o:b<r <O~ in".t!.uon 

t 
r ' 
~--

50=0, ~t ....... oM Kloin, 1000 

Fi", ... 8. \\l~1 Sui. I.",ll.rioo s.: •• ",.u 
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Om _""",j"" and oomruuniCl~OIl ""'·"'D n n "", unit< in t1u, ""'p.t<d 'i~1<m j , 
of """"" ~,;t}' md CUI .,. ",Iu<\-.d by th< >wlx.n"" of tho foll""",!! nn"", 
t« hmlop .... 

\rirNl .< \\"iRlm L~" 
\\" ... 1 .. , LAN «<!>no",,!:)', whxb j , n>Od " ,doly in ITS 'Whc"i",,~ i, u'l<d fOf ",!ou,~1y 
.bon di~. 11>< fr<qU<OC)' of H 5G& 1><1""11' 10 tho IS~ (Indu>tri.al. M<dicll .00 
5< .. ",. ) band. " lIllrodoc<d foo n", und.or tho "><I_bo<" IIlOdo of tho IEEUOl .l1 b 
1"'01oco1 and 'P' .. d sp«trum. Wir<d lA'< !«bno!~rY """!! E_ >r,bit«rur. " 
yn<r.ny u«<i focI",,!! <h,1m<'< doll trn>.=i""", m tb .. <)"'"-= ""h .. multl_D~IV. 
Iran=i,,,,,,,,, mulh_\\llCC, ""'""""ion" and bm,-...., 'WllCC and esc Th. 
t« bnoloty " 01", ..,01""",ti,-. ",hiI. tb< 00_';" rondinoo> ll< "'" ="b]. for wir.lt" 
LAN . WAN t« bnoloD j, u'l<d \>mo-"", tb< <}">1"" and 0Il)' oth<r ",int< coIlll""""" 
""h .. !SP and truck «IIlll""Y', ,."cr, ilI""" «fl''''- A =on hyp"''''' 1"010<01" 
odopt<d with " :u>:Urd m:ml<! br""..." ., th< m:.r.>«. 

D«Ikattd ~~OI1 R .. ;. Comm.ai< .. io. (DSRC) 
DSRC '«hmlorr ">Ill!! mfru«l '" nacro,u,-" j, odopt<d Ioc do .. tt>nsmi,,,,,,, l>m<_ 
tbt MSS and tho OBU. It " "'l..~.ru, tho WI>< t«hnok>n u..d for tb< I l<ctromc 
Toll CoU«nOll (I."IC) proj«t .boo1l bt u>«l in thR f}~t= 

U.l V. bkl< Id •• , ifi<.,io. T « b •• lop.. 

Loop dtt«t.r> 
Traditional I""" dot«,,,,, .,.., .bl< t~ ~'ido fIlndamon:al traffic "",>mOt'" """h .. 
y~rum., <><""i""Ci'. and ,p«<! b), -rIllinInB ,f mdtoctm« d,onS"" "'" "gnoocont 
"""'tit to ondK ... . y"luek P"""I! "'..", tho ioq>, Tht ""'Pllt .. gn.U" usw.!ly binuy 
"",h " <it!otor Q for OO<I-p""""" or 1 for ~ In oddinoo. ctb<r in!orma""" 
lIlduJ.ing .mnl '""". dura""" w.., and ~ fa- jndJ,idIW ,..bioI"" CUI .. ",11«1od 

H cI<o Im'I ' P,o<n,iol 
It "", ""'" ropcnod thlt """ of "do<> inooS' -=!! tK~ i , . bk to produ<" 
mdr,'idIW , .. lI>d. mformoti"", Tht propos«! 'i~t"'" u,.., ",..mood comora, th>o: 
wtomot">1!y t.k<. P"""" ~f "'''''}' P',,u,g , .. hiel. and p"~' tho l=!" to . "roc' 
u ,.fu,] onfonnoti-.-"tl iDc!u.:!ing , .. lI>c\o l<nl'h- ~,d:h. and cd"" Tht oxtr>ctod onforma""" 
from both """,. am md do",mn.om <1<"'<""" ,tltiom <Ill "" c"""IItO<!. and tbon ,-.,_ 
ld<n~f)' ,-.mct.. 

A. ,om .. i< ",,!li," icl,.'if .... 'i"" (.\ ' 1) 
A VI tKhnok>p .. .,.. h",od 00 b~ plot.,don~IkI1i"" and tho u,", of~ "'g' 
Rood infr.!ttUc""" c'P'bS. of , .. ding ",_, .. lueS. "P identi5., indindua! ,-.hiel. 
lIlfOl1ll.lnotl indudinS unrq"" m ,.-d, and loc. """. and transmit! tho in!""",,,,,,, to 
tho c ... traI <orupu"'_ A RfID o-lll!pOlld<r "'PI""", tho tradi,onai P'P'f-parl::in,'! po=i' 
Wore""""" ,,«)nductod b), scanning tho RfID 
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U l,",i[ll_;"_\looo. S~~ttlll Co,,, 

11>< <l«lgo and .. 1«000 of \VIM <}~,."" .,,, 0.«<1 00 tho """,iOO.~"", "",b • • im:i.al 
<>pital <00, ocrnroey, hf< 'F"" p<rmI' ~~ and noaint <ll.lOC< rom. E""h of tho 
thl .. pri",.,y WD,j <;",,:u, h .. dill'",.." """", hf, 'P"'~ and OCCIlfOC;". For " ' '''PI< 
Bu<hm.ln ond Pran (1998) cornpuod tho thr« t;p<> of !«bnol~p<> "itb "'sp<rt to 
occur'C}'. hf< <;>an and ro'!t .. ,~ m Tob]. II. Tht "udy <oncludo<! thot tho 
p"o.l<ctrio ""'.,,,. or< tho In" >=If''''' of t!>< ohr« ,,,,boolog;'" ·ll~' ond al", 
o!'!<r tho 1"",-. " fljl<ctod lif, 'l"" " 4 ) ...... In g<n<rol th< .tooy condudod Ihll .. tho 
><CUr.cy of tho .,~t<m """""'" tho «m incr ..... , 1>0 .......... , tho "'Ot.,,, al", h", • 
Iong.,- ~od lif, """. 11>< mo<' OCCU"". S}'I<'" mo/;'Ud ,,~, tho Wlgi. bad uD 
'}~t<m ",nh 6 p<f~ OCCIlfocy" • 95 pm.." confi:lon« It>~l and off"", til< long .. '" hf< 
""",. Ho ........... "" .,.talb "011 """ of th< =gl< load ""ll ,},um" hip..- thm thtt or 
b<ndmg pit" <}.,,= ~-hiI. " h .. mucb 1" .... ..- moin........, .. «)>I thm btOOing plo" 

\\1!d <}">1<m rom 1nI)' b< <XpI.,..d in 1m", of tho hf, <yel< «m coo,,<ting of minil 
<>pita! """ (in_rood ""1M «fIll,menl, j""all";"" t.bor ond """triob, >nina! calibU:k"ll 
md traflk Ntltrol), m:llit. eyd .. m.nnt<nllK< «>'" (labor and matmil,. o.!'5c «)nord 
md <)""= =.libr.~oo)_ l.bl< 10 coo:.nn, budgrury ..,;".1 "P;"; coo, for 
""",,!<ettie. b<Dding pllt<. and load «llt«hnok>gi .. .,~ typIC>'! road tr0!3c. and 
"...rth<r rondinon,. n,..,. ",,:, =y ""Y from manul'acru= to ru.mufocrur<r and ",th 
_>Or IIlOdoI RMd":Jo c.binrn. I\'IM .loctrooic~ 1'''" .. ..- and con:muni"""" 
<="""" ." "" Il<I1 ;"dudod .. tho .. .", eo""""...., ' 0 all tho ,ochnolog;"" 

I ,hlo 10_ Bd,,"n' lDitial C. pi .. ! C.", of \lUI S","m, 

c".: c~"""","", 1'I., .. I«orx Bmding PlI" Load c.n 

A=><}' (91~' ooofidtn«) ± II ~'. ± IO~'. ± 6~' 

Expoc,od Lf. ~ ),'1r! 6 ),'1r! 12 )'"''' 

lD_rood <qUlJlf'lO'l' ~M ill.000 SJJ.OOO 

il",>.!lI1i<Otl loboc and "",,,ri.a]. HXlO ~M SIO,XlO 

lraf5c rontrol Sl,(XXl (l ell)') Sl,OOO(2do)~) s.t.OOO(~oh)~) 

loti! C>fltl! ",,, S9.000 SlI ,OOO ~~ 

s.., ... !Irl=m -' p,.tt , , "" -,s.. ..... 01 • , '"' 
Tho lift <)'010 "";"' OIWlC< "",:, ''''}' em. '0 diffuonc .. in t:"affic ,-otum.. md ""'. 
"..Olght" ",,,:bo<, onginal in.:alloti"" procNlur ... roadbod <Ctlditi-.-....,. "",;t< qUlbty 
ron""l. <te_ T,bk II I'f<"<'l" \\,IM S)~t<m hfo eyelo fIl.IlIl'<nIIK'< md _ ""', 
''-''-'god "'.." NonIt Amme", Imtillo""", n..y .. """, tho, annual rrurino 
moint<1llOC< ( • . g .. ,oad mspt<OOll and crock filling) " pt.-formod on tho roadbod 
=rounding tho \\1~1 'l"=- 1'I., .. k<tric son=" Of •• "urnod ' 0 r<quir. roplocing 
. n r)' J ,-."" bondinj! plot. rtfurel.ru.ng .,...,' I )'.u~ md 1inp. load coli roplocing 
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.n r)" I ,"= Ii!'. "yd. mam'......,.., ""''' may aI", YO'Y ",th llWl1l!><tunr UI<I ""= - , 

C<»t COIlljlOO<Ht p,.z .. l<ctric ~Pl.r" l M<lC.ll 

Io _"",d~ U ,OOO ",~ 11.000 

lo,taI:.."" I ..... oM ""to,;.':], U ,OOO SI,I OO .~ 

1 roff.,,"""ol 11,100(1 ...,.) SI,IOO ( I <by) PIO (II1 <by) 

loul~. =t 19,100 Sll,OOO 11)10 

s.." . Sor,.., .. aI., 1'>9) 

11>< \\111 SJ-~t= hf. <yd . "",,, may bt ",""",zod "''''' tbt lif. "yd • . !l.osod 00 tbt 
lIlInal inuall>tioo and ht. "yd. m.un:<n>n<. coo" ,bown in lobI" • UI<I .. and • 
di""""" ,," of HI',; "''''' • 20 ," "- WTh! <)"'-"= hf. <)~It. tbt ,,"".!' mnuaI ""'t for 
.. "h \\Uf ~hmloty <)"-"= i, """"tod .. 

p,.z .. k<tn" 

~Pl.r" 

SinV' load C.ll: 

H 09lptT)"'" 

~_6J6 ptT )'<'" 

il.98IptT)'<'" 

n..,." 5gur" .00,.- tho, tbt mcr<m<ntal cOSl for impr",-.d \\'IM SJ-~"m """""Y 
dur.b,li'y, ond .. b.bi!ity " =all ~-bftl corup>rod '0 tbt onnual oporatin,l! budg" of • 
"'-fight «if<>r,,"""'t &.ow'y_ COSI' 0'''' o:b<r bfo <yd. int"'..!. Ill.IJ' bt """I"'tod .. ,..... 
H IIUI S)~"m Im,un. riom 

11>< \\Td ')~"m h .. to bt m,taIIod ond mointoinod hasod 00 tbt r~"m oftbt 
y<n<lor. All of tbt ""' ... "". <qUipm<nl. "",mal" \\111 rompoornt~ ond .. " plan> 
.oowd bt 00-,," UI<I ">tod btfor. tbt ;roc.dul< " start«l Tho in>tal!.llOO pr~ ... 
.;.p.oo. 00 tbt ')'1" of ",aI. usod for ".-.tgh m motion l .bl< II """i d<> guidtw... 
"'gg":od by ~"""'."''' ~t of l ramport.tion for .,.tal!.~oo of th< \\lM 
')~,,"'-
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Hm;l "'",b<d map 
~~ 

o All !mo •. ~,. mterw<",,!! 
rMd •. r<l<fftK'< I"'" mmK><f 

o v:id:h of ....... ruodi.w~ 
.oowa.,,~ I<>d l<ng-.h • ....d<d 

o Po" ..... , ~Ik ...... 
o C.b .... loc";"" (door I'ocing 

","ftb pr.!'=«I) 
o Dratnog • . <!I,d ... 
o Pm",!! """ 

RMdu-.y Iu"",)' 
o Ag.of po,"""'" 
o Plu=d ",hob 
o T)'p. of",,-.mftlt 
o Smoorm...~crOlm 

U IIUI S)~"m C. Ub .. otio. 

S' ..-ch loyout 
loc.,ioo 

o Ro><h.-.y""" 
o R<I<rm« I"'" 
o R,llti,.., poYn"" to ... """ 

m,.,,=noo 
o R,llti,.., poYn"" to ... """ cit)' 
o D1rtcn"", from ""tral o/f". 

Cilibranon ""'. rrott 

\\Uf <y'"'''' c>.libratiro i, u..d to , n"", that tbt , stimahOn of tbt ""tIC "oi!ht 
P"~ b), tbt ""1M ,}">1""" " cJ.o.. to tbt ."tic ,,·":!ht .. p"'';bl<. A <)"'_" 
ulibratod to off...- tbt ,f!K" of ,," <ondin"", "",h .. ",,-=t r.mp..-"""', ,..mel. 
~ .00 PO''''''''' cooditi",,~ Cahbn~oo of v: .. gh_In-Motion (\\"N) .,,,""" " <>ill 
• mop COO<01U. l"'l'r"P" ulibranoo It.d, botcbtd t'>Il:Wtiro of ,,,,,,dtd ",I. loodo 
""ullin! in in",ff"''''t flup C>lculatiOll~ PO''''''''' t1udM" dt"'g" thot .... too thm 
md bmc. P"""""'" PO''''''''' bi.""" 
Cahbw i..-"<l of \\111 .. n"", i, "P"<".JJy rmpcnant ilKau,", 0\.." ",.".u "''''' in ,..mel. 
"""!ht mo,,,,,,,,,,,",,,, <. u>Od by poorly cahbratod ""'IOn ,.....,)t in "gnificant tIT"" m 
"'CllItod PO''''''''' danag< "..btn _ ",I< """!h" "'" u>Od ., PO'=tnt dtYp! 
..wy.., 

AST1I proctdur .. r=<nd an tight_"'!' P"~' to <ahbr", WThI .,''''01' (ASnt 
199") Fir.:. >.II WThI '}~_ ...-:inV >hould b< odjuSlo<l to tbt ,-.odor'. 
rO<:OOJmtnd.lnoo, oc "' . .... t t'>Il:Wtt of 1""1'"" "'''''!! b.a..d 00 P""';""" ~ 
SoNn<l , ..,biol<> thot go tllrougb tbt .,,,= lor alibranon I""l""" = t be foreod into 
tho ".nc ,,>.I., It tbt <it< or . ... orb)' I'ocility to obtnn ""tIC ,,·. i!ht dotl. With . "Jor 
!)l'l or <>thtr ""m~ ~ do" d>oo1l be tol", to mt."", tbt .pt'td tho, tbt truck """"'" 
thr""l!b tbt \\Uf .... """ Third, nr. Ioodo and ",I. <;»ein! shooId be rt<:Ordtd It tbt 
...no ",.1 ... Fourth, tbt dif'!<r,,,, • .oowd b< c>lcula:.d ilK", ... tbt \\Uf <)-""01 
",,,,,.tt and tbt ",!,«"". ",lut for tbt >pt«b, u-bt<IIMd~ ",I< Iood,. LYt group !Md. 
I'''''' ,..mel. w"g~". and ",I< 'P"''''I! mt.",,<m<n.". The <!Iff" "" ... should b< 
txpr.,..d in 1"""''' and • Il>tIUl n lut .oo.dd be obtaInod for ...,h "" 01 "",.=<mftl" 
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Fi!\h. obo ulibra""" foe,,,,, oboold.,. .",<r<d mt<> obo \\Uf 'i't<m Sixth. it.oowd.,. 
.>.t<=U><d wb<thft oc no! tb< calibn' od <)~_ CUI .,. ~od ' 0 p<rfonn ., obo 
l>««'"')' ' ol«onc .... s.,~ if. Iarl' 1lUIllb<f of d1rr.r.oc., f(jf tb< wa <><='l .00 
00.. oot m<fl tb< ",1. "", •• k>~h ~'ll in tb< .0.5111 nh,... for obo sp«ifiod sJ' ''o<n 
tb< .,,,= "ill ""'" lihly "'" porform '0. b<n<!'icu1 k>~l . Ei!hth, pr«i":"" .oo bi .. 
mfOf1ll.lnotl <hou1l "" "",od althoulh " thi, tI!n<. no procodur. h"' .,...., o.,~k~ '0 
.>.t<=u>< "hIo, .!'f«:, tlu. wa h .. on \\'IM .,~,= p<r!'=mo • . M?o.lXH and 
C.U TRAl'S bo,-. colibranon pr~ ':ilhtly di!'f<r.." from til< ASTM gui<l<lin<s 
(McCall .00 Vodr:ozll. , 1997) 

4, 7 .'I.« .... ,~- 01 \\'01 Spf<1II 

A=>C}' m t<rnl' of "-.igh_in_moti"" ,run '" tb< "<>«fl<>' """"", • «IWl~'y 
"". turod or <Stima:.d by • WThI <)"= .00.., ~ "!'<f.,,,,. \'01"" (ASnf. 1997) 
I, " """""ant '" <1«;0. tb< _"'"')' """""y.....dod W"'" <I«1din! obo 'YP< of\\l~1 
' 0 pm<ho ... 11>< AS1').! PI-" occun<y linoJ" roc .. ell 'I P< of\\1.\1 'J""" at • .and.ud 
' 0"" .. " AdditiowJly, ""'" ho,~ b«D 1lWl), .~ studi .. ' 0 tlKM' tb< 1,,-.1 of 
><rur.cy of tb< ,-.noo. WTh! .,. ,,=~ 

11>< ASHI ... a b:i..,..' /unctlooal '<qUir<m<n" foc WThI <)"<IIl O<rurooy. T.bl. II 
I'f""'l" ,.,.,. fwxnooal p<r!'orrnmc< ~" of \\'Il1 .,~,=, .. do[mod by 
ASTM (ASnl, 199~)_ A, <ib<m'll ., til< a b1<, Typ .. I, Il .00 ill 'ol«~ "'" P"'" in 
" rm, of p."""tog' of tb< oripnalln<m'll nh,., whil. tb< ,ol«onc. " P''''' lor Typ< IV 
m ""'" of "" nun:b<f 01 pound> on . or und<r til< "'tuaI "'-"!h' 

hilI< Il . . \ SD I P . .. lo ..... , ,,,. R'q.it-.m •• " 10r\\'01 Sp" "" 

s..,oo, ASTM. 1m 

Guio.:m.. !"'''' by tb< AS1').! 00 no! only !O in'o .>.toil """'ruins occur"Y!)ll<l<w... 
for ""tlnJ! 'i"=~ bu: a100 "OOSld<r pr~ for "" "!" IlDC' ""tlnJ! of ... w 'J""'" 
Som< "" .. "",h at CalifonJlO m lobI< 14 m>j' ICljlOO< mort """ '<qUir<mrn" (McCall 
md Vodruh, 1997) 
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Fu.-" ,~ S~"o...u.;,.. 

"..,,01. W.,oh< 
bV·.w. d '; I~. 

;-~ d '; 6~. 
Gro;,W:;;;' • 5'; 5~ • 

.w. Spoo ... + 150 ... (6;"b) JOO .... ( ll;..b) 

"..",10 Loq-Jo + JOO """ (11 ""'"-) .I6<J .... (!I;..b) 

V..",10 s,...o + L6km'h(l='h) J.l k.". (2 ":10) 
s..,,,,, Moun""" \-00. .. ,,", m, 

Foc '''''in!. Typo I oc Typ. ]] .,,,= " .. rt<:OOJmtDdtd thot "'-0 \..,hKJ<.. Ioadtd wllb a 
l>OCI ->hi~1nJ! Iood pi", 11 additioo.ol ,~.., thlt ... .. 1«,«1 tom tbt traffic _om bt 
uuliud_ n.. "'-0 ""t \~hKI", noak. multiplt 1"'''' 0\'<1" tbt WD,! .... "'" ot • minimum 
~_ a !>,.,,,mum ~ and UI m'trmt<\U" ~_ Th. ill",,~ for tbt .,-.tuonoo of 
V,Uf ""<:>1> on . tbt full rong. of~, and 011"", loc ru.oI:lnJ! '''''' tho, rt!'trone. 
,-.ru., of tu._1ood mt • • ",,.,,,,m proctdur., ~I\"' '-.ru., thlt CUI bt rtprodoc«l_ n.. otho< 
,..,Iu,1t> ..., usM ,~ sub]t<t tbt ')""" to \...;00, ,..,hKlt dmu JU" •• " "oold bt u..d 
III tbt ~"..,l ",.= 
Foc a Typ. III >'j"--= tbt 'J"= mu" bt .b!. t~ 0."<1 a v.-ti!ht 1imI, oc k»d_limIt 
nobuoo .. "..,U .. con",ol ~d!i, control dt\i~ ,~du-<ct ",-.no.."g!>t ,-.bicI<. ,~ a mno 
,,01. and ,~ ill"" o:btr \'<hie!... to proc~_ T._" Ioadin~ 011"", ,..,uhli,y and 0<rur0<)" 

to bt moly=!_ All \..,hKI", u..d loc,." Ioadinl ""'" bt ,,-tiv>«! "''''illy at _,fi«l 
"oJ.. at tbt I"".non III ".-biob tbt ><c<ptall<. ""t i, p«!=-L Fe.- a Typ. N .,-,,= 
tbt >«<I't""'. t .. t dt" rnllII<S ~-bt:btr or »>t tbt >'j"tID.I"'~ ,tru!I< ron","'" ~,:h 
tbt tdtrm« it'I-.h .00...11 """,..,_ Th, >houId bt ",,!«Imml ,.." ,..,hKlto ot a ,un, 
~ and "i' to 10 mph ( 16 kmlbj n.. on.-ill rnttbod for m.,.",",,! >CC\lf0<)' i, t!ruo 
",,,.,,nilly tbt ...... _ 

" 
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U Ihi p. Stori .. Op<n,;oa, 

To comid<r 

'--o.la)~ for l'ld 1ruch 
H.bitwl olf<nd<r \><ong ''''!lb, 
ACC1d<ntdolo)~ 

Similar to my tran'!""'.uon facility a v .. ,i!h ,"It,OIl h .. ,b.u"",,;,:r, ""h .. <"'"'lty 
and doloy thot .oo,.- 00\0' ,!'fi,,..,, ob< ... nOll opmI"". l""l ,,,,hi<l, <fU<U'" CIOll <>u ,. 
<x~"'" doloy to ob< facility and " ,;",., '" ob< odJ<>inInB hi!hw,y that "'" " '<i!h !I">on 
"mooitoring. Addinoo.olly ..... !><r< trC'5c mW ""'" and <xit a rom-.y. OCCld<nt "', .. 
01", iDcr .... . V;,i!h.lD-~L>tion h .. "'" I"''''n''''] to iDcr ........ .,!h '''~00 ''P''lIy and 
thu, un r<doc< qutllt !ftll'b and <J-"= 11m< 

UM.io ..... " 

In '"'''''' to "''''''' thot ..... <i!h-IlH""UOil (WI'>,I) ')">1= pmor,,,, throog!>out ob< 
..... bh.btd OJ" d<til" hf,. "'''' n...d '0 pt<!orm nWnt<naoc<" <o<h " ... Comcn,.., 
malllttll.JOC< " p<rl<>rn>t<l .fi<r • probl= " "",«ttd in th< <J-"=- P,,'.-mu,.., 
mainttnmc< " p<rf<>rn>t<l in :on "'<IllP' to m""",-...' futur, tqUipm<"' :and "',. 
p"ool=, 

4.10 1.10' ... ';0. Col",» • • Di, ,,IIli .. tio ... d Sb.rio., 

In . VV,CS <J-"'= thm or, n"o<u "'ti,;'" ="h-td and . P"OP« <J--":= mm' bt m 
pa,t<! to thot , If«n,.., «>-_auon and mforn1l1ion <li,,,,,,,,,,,,,,,,,,, to tak, ploc, 

• Van"", ag_l<> .,..oh-..:l: 
• Tr:wtpor-<li""al_'" 

o l ' .S. Ftd<rol HJ!""" )~ Adnom;ttt"i"" 
o l'.S. Ftd<rol R1l!rNd Ad:mru,rnuOil 
o U.s. Ftd<rol T",,,,it Admim,tr'~00 

• lntp<C<ion ag""'" 
• Muni<1J>'bn., 
• I'on !"'-.rnmtnt orgonizatlOll, 
• Otht, go,'mIllltIl: ,",!UllZ.ltion> 
• !'nn,. t«::oc 
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5. Cou( lusioDS 

Fin&!ly " pm ~f thi, ,.....,,,eb prol<" v .. , oo.~k~ • ~""'P' Sll>lIl!. noo IOOd.I for 
tb< 1_710 romdor wlocb " tb< main ~<corrid.'"f to tb< Loos Il< .. b and !.oo .~,b 
Port, COllljlk • . Th. IOOd.I CUI 0. u...! to ..amm. tb< """5 .. of loc. ""!! • W ·CS " 
"'Ill< PO"" ., thi, romda-. 

" 
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ABSTRA Cf 

Weigh in motion (\VIM) is employed throughout the 
world as an effective heavy vehicle pre-sorter a t 
weight enforcement fac ilities.. Weigh in motion 
sirnirlcantly increases the capacity of weigh stations 
and u often employed a t weigh sUlliolis lIlal I.:alll iut 

accommodate the heavy truck lra fflC volumes. 

The three most common technologies employed (Of 

weigh in motion are piezoelcclric sensors, bending 
strain scales, and single load cell scales. This 
research investigates the e ffect WIM system accuracy 
has on the sorting efficiency of heavy vehicles at 
weight enforcement facili ties, and compares the life 
cyckoosts of the different weigh in motion 
aechnologies. 

1. INTRODUCTION 

Weigh in motion is commonly employed at weigh t 
enforcement facili li c,~ where truCk: traffic volumes 
exceed the static weighing capacity of the weigh 

• SlatiOfl . As a weightenforcemenl lool , weigh in 
, motion has lr3ditionally been inslalled in the 

approach ramp to a weigh sta tion to pre-sort trucks 
approaching a weigh station according to weight 
compliance. More recent.ly, weigh in motion has 
been ins talled in the mainl ine appro)!; imately 1 
kilometer upstream of a weigh s ta tion. Mainline 
WIt.! sorters are employed when land requirementS 
for a ramp soner is r.Ot ava ilable o r when truck 
traffic \olumes are too hi&h to .c;afe ly call in all 
trucks for ramp sorting . Mainline WIM sorters 
employ roadside variable message signs to call in 
only those tmcks s"Sr~.c l of exceeding Ih t: max imum 
allowable weight li mit<;:. 

Trucks identified by the weigh in motion as being 
over the maximum allowable weightS are d irected to 
the static scale for compliance weighing and possible 
c itation. Trucks within legal weighl limitS are 
directed to bypass the static scale. As a result, by 
emyloying weigh in motion, I~ unnc.cc$.5M)' sta tic 
weighing of trucks known to be within legal weight 
compliance is \'irtually eliminated. This greatly 
improves the efficiency and effectiveness of weight 
enforcement facili ties and minimizes delays imposed 
on the Irock.ing industry. 

The degree to which ullnecessary static weighing of 
legal trucks is e liminated is direct.ly dependent on 
the accuracy and rehabil ity of the weigh in motion 
system. Because ea::h WIM technology: 
piezoelecuic sensors, bending suain scales, and 
single load cell SCB les. offers a range in accuracy, 
rel iability and cost. this research investiga tes 
applicabil ity of each WIM system for weight 
enforcement purposes. 

2. WIM SYST EM ACCU RACY 

Weigh in motion system accuracy is dependent on 
twO primary factors: 

I . Vehicle dynamo; 
2. Variance inherent to the WIM system. 

Veh icle dynamics are a fu nction of: road surface 
roughness; vehicle suspension type; vchick dynamic 
balancc; vehicle weight, vehicle speed, driver 
maneuvering, etc. The inherent variance of the 
weigh in motion sySlem is a function of Ihe specific 
technology employed within the W IM system. 
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Measurement error of a weigh in motion system may 
be c:o.:prcsscd as a function of lhe vehicle's true s13lic 
weight: 

(I) 

If a weigh in motion system is installed in a !iOund 
road struCiure and is subjected to normal traffie 
conditions. WlM system errors arc normally 
disuibuted. The standard deviation (0) of the WIM 
system errors is the measure used to indicate the 
reliability (accuracy) of the system. TIle standard 
deviation may be expressed in malhcmatical terms 

." 

(2) 

where XI represents each WIM measurement error, 
N is the total number of WIM measurements and j.1. 

is the arithmetic mean of the WIM measurement 
errors. The lower the standard deviatioo of the WlM 
measurement errors the morc accurate the WlM 
sySfem. Table I summarizes typical WrM system 
accuracies in tenns of one standard deviation (11) of 
system errors with respect to axle group weights and 
gross vehicle weights for a sound installation 
subjected 10 normal traffJC conditions. 

Table 1 
'I'J'Pical WIM System Accuracies at 111 

WlMSyslem Axle Group GVW WIM 
Type WIM Accuracy 

Accuracy 
Piezoelectric 12r. 10% 
Bending Strain 6% 5% 
Sin)!:le Load Cell 2% 1.5% 

As summarized in Table 1, it is common for weigh 
in motion systems 10 be slightly less accurate when 
weighing individual axle groups tllan gross vehicle 
weights. 

Based on the WIM system accuracies summarized in 
Table I, Figure I graphically illustrates the WlM 
system error distributions for each \VIM technology 
with res~( to gross vehicle weight. 
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I.S%Sigm .. 
Si!Ll:lp! <l3.<I UU WIM 

10% signu. 
Piewdectrlc WIM 

-30 _25 _20 -15 ·]0 -5 O .. S +10 +IS +20 .. 25 .. 30 

Dc.iation of WI M Errors (%) 

Figure 1 WIM SJstem Vari;;,nce for GVW 

The area under the error di::;tribution curve 
represents the probability of a sorting decision 
occurring. Because WlM syS\em errors are assumed 
to be normally distributed. the area under the 
distribution curve can be determined using 
nonnalized deviates of the error function as follows: 

x~~. ,=-
cr 

(3) 

where z is the nonnalized deviate, x is the WIM 
system sorting decision lhreshold, j.1. is the 
arithmetic mean oflhe WlM errors (calibration) and 
11 is the standard deviation (accuracy) of the WIM 
system. 

3. EFFECT OF WIM CALIBRATION ON 
REA VY VEHlCLE SORTING 

When employed as a weight enforcement heavy 
vchicle pre-sorting system, weigh in motion 
calibration has a profound effect on lhe sorting of 
heavy vehicles. The calibration of a weigh in motion 
sy::;tem is detennined by the-arithmelk mean of WIM 
system measurement errors. If the arithmetic mean 
of WIM measurement errors is zero (J.t.= 0). lhe 
WIM system is considered 10 be perfectly calibrated. 
If the calibration ora \VIM system is biased to weigh 
either light or heavy, lhe sorting decisions made by 
lhe WIM system are correspondingly significantly 
biased. 

Figure 2 illustrates the effect a 5% calibration bias to 
weigh lruckslight has on tile sorting decision made 
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by a bending s tra in scale W IM system for a Iruck 
Ihal is at the legal weighl l imit. 

'" Tht S,}stem Callbr:ilioo Shlft 

50% Prob2bIllty of 
1hd _1AglIi w~ght Umit 

Repor1lre IoStallc Sc::lll~ 

K'VrlMBtas 

lli% ProbabIlity of 

1hock -lAP Wd~'" lJonit 
Repor1lIlf: IoStaUc Saole 

05% WlMllIas 

-25 ·20 ·I~ .IO .~ 0 +~ +10 +1~ ... 20 +25 

Deviation ofWIMFrrors (%) 

Figure 2 Effect ofWJl\..1 System Calibration Shift 

k. can be seen in Figure 2, if the WIM system is 
perfectly calibrated (i.e. mean of WlM errors ~ 0). 
thtte is a fifty percent probability that a truck at the 
legal weight limit will be called in for static 
weighing. If the bending strain WIM system is 
biased to weigh 5% light (Le. mean of WTh1 errors 
J1,F -5%), the probability of a truck at the kgal 
weight limit being called in for static weighing is 
reduced from 50% to approximately 16%. Similarly. 
if a piezoelectric and single load cell scale WIM 
system are biased to weigh 5% light, the probability 
of a truck at the legal weight limit being called in for 
static weighing is reduced from 50% to 
approximately 31% and 0.04% respectively. As a 
result, it can be concluded that weigh in motion 
system calibration is critical to optimize heavy truck 
sorting efficiency. 

4. EFFECT OF WIM SYSTEM ACCURACY 
ON SORTlJ'.'G THRESHOLD 

As was presented in Figure 1, although a WIM 
system may be perfectly calibrated, (i.e. mean of 
WIM measurement errors ~= 0). lhe SOIling 
decision made by a WIM system is significantly 
effected by the inherent variance of the WIM system. 
Weigh in motion system accuracy is extremely 
critical for tlle sorling of trucks that are at ()[" near 
the legal weight limits. To illUslTate. Figure 3 
presents the effect WIM system accuracy of each 
WlM technology has on the sorting decision of a 
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truck that is 2.5% over the legal weight li mit. All 
three WIM systems arc perfectly ca librated. 

Probability u Ttu..k 
~bylS" 

""'" '--' By~Static&ale 

£ 5% SirOe load Cell 

." 

'" 31 % Bending Str-aq 

"'" 

·30 -25 -:;0 · 15 -10 -s 0 +5 +10 +15 +20 -+2S-+30 

% Deviation rrom Lega1 ~bxiJrum Weight 

Figure 3 Erred ofWIl\f System Accuracy on 
Sorting Decision 

As is presented in Figure 3, assuming the throe WIM 
systems are perfectly calibrated (i.e. J.1.= 0). a truck: 
that is 2.5% over the legal gross vehicle weight has a 
40%, 31 % and 5% probability of bypassing the static 
scale by a piezoelectric , bending wain scale and 
single load cell scale WlM system respectively. 

Table 2 summarizes the probabilities of each WIM 
technology permitting a truck at various increments 
over the legal gross vehicle weight limit of bypassing 
the static scale. 

Table 2 
Probabili ty of Static Sca le Bypass based on 

Gross Vehicle We.i£..ht and WIM ~tem Type 
% Over Piezo- : Bending Single Load 

Ltgal Gross Electric Strain SCale Cell Scale 
Vehicle WIM WIM WIM 
Weight -",-10%) (0 - 5%) 0=1.5%) 

0.0% 50.0% 50.0% 50.0% 
2.5% 40.1% 30.8% 5.0% 
5.0% 30.9% 15.9% 0.0% 
7.5% 22.7% 6.7% 0.0% 
10.0% 15.9% 2.3% 0.0% 
12.5% 10.7% 

. 
0.6% 0.0% 

15.0% 6.7% 0.1% 0.0% 

III addition to gross vehicle weighl compliance, 
weight enforcement is focused on protecting and 
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preserving bridges lhroughoutthe load in fras!f\lcture 
[lClwork. To accomplish th is. the combination of 
minimum allowable axle :':pacillgs amJ maximum 
aHowable axle group weighL<; known as the "bridge 
fonnuLa" must be enforced. Table 3 summarizes the 
probability of each WIM technology permitting a 
truCk at various increments over the legal axle 
weigh t limit of bypassing the static scale. 

T ab le 3 
Probability of Sutic Scale Bypass based on 

Vellic~ Axle W eil'ht<; and WIM S stem Type 

lit Over Piezo- Btnding Single 

Legal Gross Electric Strain Load Cell 

Vehicle WJM WJM WJM 
Weit!ht 10'= 12%' fa 6%' 0'-2.0%) 

0.0% 50.0% 50.0% 50.0% 
2,$% 42.0% 34.0% 11.0% 

5.0% 34.0% 20.0% 0.6% 
7.5% 26.0% 11.0% 0.0% 
10.0% 20.0% 5.0% 0.0% 
U.5% 15.0% 1.6% 0.0% 
15.0% 11.0% 0.6% 0.0% 

Asean be socn in Tables 2 and 3. as WIM: system 
accuracy improves, the sorling efficiency of the WlM 
system significantly increases. This lends to the 

conclusion that for weight enforcemenlappJications. 
weigh in motion sySlem accurncy is extremely 
critical to optimizing the efficiency of a weight 
enforcement facility and to minimizing unnc.cessary 
delays of the trucking industry at enforcement 
facilities. 

5. WIM SYSTEM COST COMPARISON 

Each weigh in motion lOChnology has a unique life 
cycle cost profile. The life cycle cost of weigh in 
ruotion may be examined with respect to initial 
capital cost (in-road WIM equipmeru, installation 
labor and materials and traffic centrel) and life cycle 
maintenance costs (labor and materials, traffic 
control, and !»'xtelll fe·calibration). 

Table 4 summarizes budgetary ini tial capilal costs 
for each WIM technology. These costs are based on 
only in.road WJM: sensors/scales for typical road, 
traffic and weather conditiolls. AIl other ancillary 
equipment such as roadside cabiners, WIM . 
electronics, power hook-up, etc. are not conSIdered 

part of this cost analysiS as tllCSC equipment arc 
common to all WIM lechnoiogies. 

;:;07 

Table 4 
Initial WII\·I System Canita I Costs 

Capital Cost Piezo- Bending Single 

Component Electric Strain Load Cell 
WIM WJM WJM 

In·Road $4.500 $13.000 $34,000 

Eouinment 
Installation $3,500 $6.500 $10.500 

Lab. & MaL 
Traffic ~11~ $2.~) Is:t:) C()ntrol 12 davs 
Total $9,000 $21.soo $48.000 

Caoital Cost 

It i:.: intuitive that the life cycle maintenance costs are 
extremely variable due to diffefent conditions of 
traffic, weather, original installation procedures, on· 
sile quality control, etc. For purposes of this 
analysis, the ongoing maintenance and repair costs 
of each WIM system are based on tile avecage of 
W1M inst.allations throughout North America. In 
addition, the maintenance costs used in this analysis 
assumed an.nual routine mai ntenance is perfonned 
on the road structure surrounding the WIM system 
(i.e. road inspection, crnck filling, etc.). 

Table 5 summarizes and presents WIM system life 
cycle maintenance and repair costs used. in the 

analysis. 

T a ble 5 
WIM System Life C"cle Costs 

Life Cycle Piezo- Bending Smgle 
Cost Electric Strain Load Cell 

Component WJM WJM WIM 
(' (5 (5 Years) 

Yearsl y,.,,) 

In-Road $4.000 $6,000 $1,000 
F.nuinment 

Labor & $4.000 $5.500 $500 
Materials 

Traffic $1,500 ~11~ $750 
C()nlrol 11 dav) 11/2 da,) 

TotalLCC $9.500 S13,OOO $2.250 

In this analysis, piC7.oclectric WIM senS()fS are 
assumed to require replacing every 3 years. Bending 
stroolin WIM scales a(e a<;sllmed to require full 
refurbishing every five years. Single load cell WIM 
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scales arc assumed 10 require load ce ll replacement 
every five years. 
Given the ini tial inS-la llat ion and life cycle costs 
presented above and assuming a discount late of 
10% over a 20 year life cycle of the \VIM system, the 
WIM system life cycle cost proliles may be 
amortized O\'er the life cycle of the inslallation in 
tenns of an average annual cost for each WIM 
system: 

Piezoelectric W IM = S3,092 per year 
Bending Suain WlM = S4 ,636 per year 
Single Load Cell WJM = S5 ,982 per year 

As can be seen by the average annual life cycle COS IS 

of each weigh in motion technology , the incremental 
cost for improved weigh in motion system accuracy, 
durabi lity and reliability is negligible when 
compared to the annual operating budget of a weight 
enforcement facility. A more complete economic 
analysis o f WIM technologies must consider the 
costs of: I) reduced delays for the lruclting industry. 
2) improved erflciency of weight enforcement 
pecsonal, 3) down time of WIM syslem for 
unscheduled repairs. etc. Experience has shown that 
the reduction in maintenance and down time 
associated wi th more durable and accuralC WIM 
technology more than o ffsets the inaemental costs of 
more durable and accurate WIM systems. 

6. SUMMARY AND CONCLUSIONS 

Weigh In Motion (WlM) technology is employed as 
an extremely effective heavy vehicle pre-sorter for 
weight enforcement facili ties. Three primary 
teChnologies employed for weigh in motion include: 
piezoelectriC sensors, bending l:i traln scales , and 
single load cell scales. This research investigated 
the impac t we igh ing accuracy has on the sorting 
efficiency of heavy trucks a t a weight enforcement 
facility and examined thc life cycle cos IS a.'!socia tcd 
wi th each weigh in motion technology. 

'The specific conclusions of th is research are: 

I. Weigh in motion system calibration is critical to 
optim ize heavy truCk. so rting effic iency. 

2. Weigh in motion system accuracy is cri tical 10 
optimize the efficicncy of a weight enforcement 
f3Cility and to minimize unnecessary 'de l3.Ys of 
the trucking industry at enforcement facil ities. 

3. TIle incremenlal cost of installing a weigh in 
mOlion system ..... ith higher accuracy, durability 

508 

and rc lia hil ity is negligi ble ..... hen compared [0 

the annual oper3.ting budge t of a weight 
enforcemelll fac ili[y. 

Accura te heavy vehicle pre-sorti ng at weight 
enforcemen t fac il ities significantly reduces delays 
imposed on lCUcks that are within legal wcighl limit.'! 
and maximizes the probability of identifying and 
c iting trucks that a re over the maximum allowable 
..... eightl imits. Weigh in motion s ignificantly 
improves the effectiveness of weight enforcemelll 
and is a cost effective means for facilitating optimal, 
fai r and equ itable heavy vehicle weight enforcement. 
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Weigh-in-motion (WM) Systems 
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Weigh‐in‐Motion (WIM) Systems 

Weigh-in-motion (WIM) devices are designed to capture and record truck axle 
weights and gross vehicle weights as they drive over a sensor. Unlike older static 
weigh stations, current WIM systems do not require the subject trucks to stop 
making them much more efficient. Gross vehicle and axle weight monitoring is useful 
in an array of applications including: 

• Pavement design, monitoring, and research  

• Bridge design, monitoring, and research  

• Size and weight enforcement  

• Legislation and regulation  

• Administration and planning  

 

Figure 1: Weight-In-Motion Graphical Output Example 

This example shows 2002 data from the WIM station on Interstate 5 north or 
Seattle, WA near 185th street.  The data show gross vehicle weight for 5 axle semi 
tractor-trailer vehicles (FHWA Class 9 vehicles).  The two frequency peaks near 
36,000 lbs and 80,000 lbs correspond to empty full trucks respectively. 
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Strengths of WIM 

1. Processing Rate.  Trucks can be weighed as they as they travel at highway 
speeds, resulting in a significantly greater number of counted vehicles in a 
short period of time compared to static weight stations.  

2. Safety.  The minimization of static weighing will significantly decrease 
vehicle accumulation at highway lanes leading to weight stations.  

3. Continuous data processing.  WIM can be performed continuously rather 
than static weighing, which uses traffic streams samples.  This can 
eliminate any inherent data bias in static weighing.  

4. Increased coverage and lower cost.  More sites may be monitored with 
WIM at the same cost.  

5. Minimized scale avoidance.  WIM can monitor truck traffic without alerting 
truck drivers.  This results in more truthful data as overweight trucks are 
less likely to avoid weighing stations.  

6. Dynamic loading data.  Unlike static weight stations, WIM can record 
dynamic axle load information, which can be significantly greater than 
static load information.  

  

Shortcomings of WIM 

1. Less accurate.  WIM systems are less accurate than static scales. 
According to the National Bureau of Standards, wheel load scales are 
required to have an accuracy of ±1% when tested for certification and 
must be maintained thereafter at ±2%.  The best accuracy obtained with 
the most expensive commonly used WIM devices is 6% of actual vehicle 
weights for 95% of measured trucks.  

2. Reduced information.  Truck information that is easily collected at static 
weight stations such as fuel type, state of registry, year model, loaded or 
unloaded status, origin, and destination cannot be obtained with typical 
WIM systems.  

3. Susceptibility to damage from electromagnetic transients.  WIM systems 
are sensitive to electromagnetic disturbances caused mostly by lightning 
strikes in the vicinity of the equipment.  
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Contemporary WIM Technology 

The most widely accepted and utilized WIM devices in North America are: 

• Piezoelectric Sensor.  The most common WIM device.  The sensor is 
embedded in the pavement and produces a charge that is equivalent to 
the deformation induced by the tire loads on the pavement’s surface.  It is 
common to install two inductive loops and two piezoelectric sensors in 
each monitored lane.  A properly installed and calibrated Piezoelectric WIM 
system can provide gross vehicle weights that are within 15% of the 
actual vehicle weight for 95% of the measured trucks.  

• Bending Plate.  The bending scale consists of two steel platforms that are 
0.6 x 2 m (2 ft. x 6 ft.), adjacently placed to cover a 3.65 m (12 ft.) lane.  
The plates are instrumented with strain gages, which measures tire load 
induced plate strains. The measured strains are then analyzed to 
determine the tire load.  A properly installed and calibrated bending plate 
WIM system can provide gross vehicle weights that are within 10% of the 
actual vehicle weight for 95% of the measured trucks.  

• Single Load Cell.  This device consists of two 3 x 3 m (6 ft. x 6 ft.) 
platforms placed adjacently to cover the 3.65 m (12 ft.) monitored lane.  
A single hydraulic load cell is installed at the center of each platform to 
measure the tire load induced forces that are then transformed into tire 
loads.  A properly installed and calibrated single load cell WIM system can 
provide gross vehicle weights that are within 6% of the actual vehicle 
weight for 95% of the measured trucks.  
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Map of the State of Oklahoma – 2006 Traffic Monitoring Stations 
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Massload – Loadcell / Computer Interface 
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Massload – Permanent Weigh In Motion
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Massload – Portable Weigh In Motion 
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Outline 

• CVISN Deployment Program Update 
- Overview 
- Core CVISN 
- Expanded CVISN 
- Listening Sessions 

• Ad Hoc Team Status 
- Driver Information Sharing 
- Roadside Identification 
- Heavy Vehicle Use Tax 
- COMPASS Coordination 

• CVISN Relationships 
• CVISN Program Next Steps 
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SAFETEA-LU Provisions - CVISN Deployment 
Program 

• Provides FMCSA $25 million in FY's 2006-09 

• Complete the deployment of Core CVISN capabilities 
nationwide 

• Define, develop, and implement Expanded CVISN capabilities 

• Eligible States are currently completing CVISN grant 
applications 
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CVISN Program 

• Focus of Core CVISN 
- Complete core deployment nationwide 

- Address key issues 

• Focus of Expanded CVISN 
- Federal investment: Driver Information Sharing 

- Other expanded program areas 
• Engage relevant stakeholders 

• Leverage synergies and opportunities 

• Initial thoughts for Technology Applications at the Roadside 
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Status of States - Core CVISN Deployment 

Completed Core Deployment 
(14 States) 

CVISN Core Deployment III 
5 (28 States) 
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Recent Core CVISN Deployment Activities 

• Continued coordination and communications 
- Monthly conference calls 

- CVISN and PRISM 

- Interaction with COMPASS and CSA 2010 

- Relationships with other FMCSA projects and grant programs 

• Proactive support for Core CVISN Planning and Design States 

• Address key Core CVISN issues 
- Standardized information sharing 

- Data quality 

- Interoperability 

- Sharing credentials data 
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Recent Expanded CVISN Activities 

• Expanded CVISN stakeholder conference calls 

• Federal investment focused on Driver Information Sharing 
capabilities 

• Identified ad hoc teams to continue work from Expanded 
CVISN Working Groups 

• Continued internal coordination and planning 
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CVISN Listening Sessions 

• During the February 2006 stakeholder telecons, we asked the 
states about 

- Issues and barriers related to deploying CVISN 
- Opportunities for enhancing national interoperability in the areas 

of safety, security and/or efficient operations 

• Responses fall into these categories: 
- Data availability 
- Data quality - data processing - business rules 
- Institutional 
- Sustained deployment 
- Roles - relationships - processes 

• Stay tuned for further discussion on issues 
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CVISN Stakeholder 
Community 

Lessons 
Learned 

Security 
Flags 
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Driver Information Sharing W 
• Charter: lay the groundwork for improved sharing of 

information about drivers of commercial vehicles among 
authorized users 

• Champion: Tim Adams, AAMVA 

• Representatives: States, AAMVA, CVSA, Industry, others 

• Recent accomplishments 

• Key concepts 

• Next steps 
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Roadside Identification W 
• Charter: address the need for standards and improved 

technology to help identify entities on the road 

• Co-champions: Joe Foster, MD & Joe Crabtree, KY 

• Representatives: States, AAMVA, CVSA, Industry, others 

• Recent accomplishments 

• Planned activities 
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Heavy Vehicle Use Tax W 
• Charter: work with the Internal Revenue Service to clarify 

requirements, establish workable design, and prototype 
solutions for both electronic filing of Form 2290 and on-line 
verification of HVUT payment at time of registration 

• Champion: Tim Adams, AAMVA 

• Representatives: States, AAMVA, Industry, others 

• Recent accomplishments 

• Planned activities 
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COMPASS Coordination * 
• Charter: represent CVISN stakeholders' interests to the 

COMPASS team through ongoing coordination and 
communication 

• Champion: Don Baker, NY 

• Representatives: States, AAMVA, CVSA, Industry, others 

• Recent accomplishments 

• Planned activities 
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Security Flags iiI 
• Charter: develop the concepts for leveraging ITS/CVa 

resources to address security issues by providing "security 
flags" to roadside enforcement 

• Held discussions with Transportation Security Administration, 
CVFM, and CVSA 

• Held initial conference call with ad hoc team on May 4 

• Planned activities 
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CVISN Relationships: 
Collaboration and Coordination 

COMPASS 
CSA 2010 
Data Quality! 

IMA 
PRISM 
ENS 
Enterprise 
Architecture 

Border 
Enforcement 

COLIS 
Improvement 

Wireless 
Inspection 

etc ... 

Other FMCSA 
Initiatives! 

Grant Programs! 
Projects 

..... ---- ..... Primary 
Stakeholders 

~\) Il 
I 

.. 
I 
I 
I 
I 
I 
I 
I 

: ~I~~ ~~@@I ...... ~ ..... ..,.. 
ill \) ~ 
Federal 

Agencies 
..... ------ ..... Organ izations 

FHWA, TSA, CBP, 
IRS, DOJ, etc. 

States 
Motor carrier 
industry 

Drivers 
etc ... 

AAMVA 
CVSA 
CVFM 
ITS America 
Corridor coalition 
AASHTO 
Service bureaus 
Industry groups 
etc ... 
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CVISN Program Next Steps 

• Support States in CVISN deployment activities 

• Continue to collaborate and coordinate with other activities and 
organizations 

• Explore start of a new initiative - Smart Roadside Applications 
for Commercial Vehicle Operations 

• Develop action plans to address issues raised in listening 
sessions 
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Appendix 2 -Survey of “Best Practices” for Oversize/Overweight Vehicle Enforcement 
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Thr, .)-~"m " int<nd<d ... «IIl<<pI dtmon,.-..,,,,, R=orch on imlgo Clptur • • nd lie.".. plo" 
=Ognlok"tl " iil I>< p<rf<>rn><d Addit>olll!Iy, ,,,,,arch in'~ d)llImic ,,·.igb , .. ,,'" t«bno!ogy 
m:I 0'''' ""'!hI d<t«tlOII .."..,. t«limlolY wiil I>< p<rf<>rn><d 

11>< """'" of thi, ')"''''' i, to _ .. " th< .bib'y I" NrI<lo" o, ... -.... ..:!ht m:I ",-.r_I>o'ght 
,..,hxJ.. "itb!mll'" CIjllllJN m:I I>< _bit to •• ,,""'" th<m,~ on "",bltd <ollljlU'" """,,"Iy 
Ioc. t«! ~" "'Outl of t" mc no,., Additlooally, i, i, to dtmoo,ttot< th< . bilny of 1Il1Ig< 

<op!Ur< <10""" t~ =ogruz< oc ... '" pla" """""'" m:I p<>t<ntillly rm o.p.n"'o.lt ~f 
Tnru;pon.""" rJ)01) tag ~ 01 """'ins ,,,hxn 

Dtfiaitio., 

An ""bltd c<>mpll!<I " • cOOJtllltor ,,,th th< -I'I""!'ri'" ou:horizanon 10 cotJn<Ct '0 tho 
II« 'l"" m:I oc=, th< ,,·.igh "'tlOil ,,-.., pogo 

A III!<' ,,,bic l< ,,. ,-.hxlo tbot .. c~ tho ..,f",c"",nt ~5c<f ",""'tN thr • .oold lor 
w..:th< '" th< pr_ ""'!ht Iinort> lor th< 'W1M OJ" Ioc,,,,,,, 

, 
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Tht pr~' of "''''''''''Ii tbt d;mmi< t~. for~ or. """in! ,..,11>01< m:I .,:im>tins tbt 
<or:"'l"'zrlins tu. load> ofth< ".x ,..,h,,1< 

ALPR - AutOIll.lti, L;"",,,, Pla" R<cogrunoo 
ASIM - Ammo ... Soc;"y for I...:in! and Motmol, 
CCIV - Cio>od_Cirruit Id,mJoo Com<n 
CVIS:'< - C=<=II V,lucl< lobmotloo SY"=' m:I K,two.b 
evo - COOlmtITaI V. bicl< Op<ratlOll> 
DOT - o.p.nm.nt ofT""porutloo 
DPS - Dqmtm<", ofPubti, S. f<t}· 
EeE - Scbool of ElKttx>.l and Comput..- En!"""",!! 
£SAL - Equn..J<DI S",!!I< Axel Loading 
FHWA - F<d<rol Hi!Ino-»' AdmmJ,:ratioo 
FMCSA - Fod..-al Motor C>m<r Sokty AdmmJ,:rahoo 
FIE - Full Tm>< Equi,-.I<m 
JRD - ~oool Road 0)="" Ill< 
ITS - In...,lhg.nt Ir • ."p""' hOn S)~1<m 
OC C - OI<labomo COIJXIf. noo Co",rum;on 
OCR - Opnc>.l Charact", R«:<>gnitioo 
ODOT - OI<laholl1l Dq>onm<nt ofT"nspcrt. non 
OHP - OI<w.omo H,gh, ... ), Pmol 
OHSO - OI<lIbomo High".), S.f~· 0Ilk< 
OIA - OI<lohollll Iran'l""''''oo AtlObo",y 
OK - OI<loho"" lax COIllml"'oo 
OU - Uninru:y ofOl<w.omo 
Wl!\! - W .. gh- In-Monon 

Appbc. tloo foc Puticlponon ,n th< IT :>006 COmm<rCW V.mel< Inforru.ItlOD. S)"""" m:I 
,,',twork, (CVIS") o.pIoyn"", Gnnt. doted M. )' JI. :>006 

ASn.! E 11 1 8_~, StondJrd 5p«i&.non, for Hithw.y \\' .. th-in-~I~tI"" ('W1\1) Sy,t"'" 
OI<loholl1.l C""""",,,I V.hi,,1< Infortllltloo S)""", (CVIS:-<) Top l<\-.I o.-.ign Il<x=><nt, 

doted JuI)' l'OOJ 
0I<1.aItoooo Tr>nSpOI1""'" C .... .." Pr"!""'l. Iruck W.i!ht Enfocc<m<nt min! Ad-;-~ W<igh

m-MO:k"tl 5y'''''''. doted Sq>t<:nb« 19. l OOl 

• 
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md from tbo IT .'006 Comm •• n.! V<hi<1< SY"<m> md N<IU;on;, (CVIS'N) D<ploj.=t emm 
Program Th< IT 1006 CV!SN Dtpk"j"Il><lll Gnnt Program od<h.,,,,. E-,,,,,,,"in! 
<nh.a",=" to .ugmtm tb< CVISN COl. C,!"bih'y D<ploj.:m<tl! 1lI0i1< t1u. proJ«' i, 
'p«i& 111 ocop<, all <fforu will t. m><I< t~ ..,.ur< proJ«t pcrtabili:y md cOIllflw>i:< ,.,tb 
Dtpkr)"m<Il' Gran! "'ogum "'l""<ru<tl" ~"h "'p<ct to int<Y''''''' into tb< ",-.ru! obJ<c"'~ 
~ftbo S"''' CVISN T<=-

" S~~t<m mod ... • Dd "" .. 

1.5 

1.6 

o.,."tioD.1 " •• • ri., 
Th< <Ilf~t o/lie .. " 'ill pm: n .. r tbo <l<-!ip>attd hot 'F'" md tb< .... bl<d cOOljlU'" ",il 
""oll1.ltic.lly NtJn«I to tbo "",J.<.. ....,.·on ""'" in r>fll< ('ppro:<im.>"1y 100 f",,). Th< 
"",bI<d romput ...... ill di",!»- tb< ,,·tb P'!< = t froll1 tb< wtb =-.r locltod m tbo rontroll<r 
co""'" ,iI. poinr_'<>-po!Il' ''"If' i<-u link ('pp".imltdy 2 xci .... ). Ba«<l "" u,..- .. !<ctioo~ ,I>< 
tOfyt ",h>cl< mimnollOO wi!! b< dI,pb ytd md r<i,N><d" """ flIrl<1 ,'<hie .... PO" tbo '1V!M 
,"'1-.-"" One< tb< <Ilfor~ ome .... l<c". "''1<1 ,..,hlel< fOf ,More<"""t. tb< ..,.blod 
romput<r will rr..", tbo di",!»- md main",in tb< ~<I n h>ck infornllllOlllZlti1 d< .. td b), tbo 
<Ilfor~nI ome... 

l1u. proj<ct .. ill " .. 1<. Hot Spot by 1II",,1lin.! tb< ~'W)- <quipm<m for. " .;,-.,it>, point .to
point m:I • """I<" bot """ lor link inB ",th UI <l1Ibl<d NIqlUt<r. Tlr bot """ will I>< u'iod '0 
I«<'" ~<I ,'<hiek ",Io=ti"" from tb< WI)'! , ,.1100 Th< bot ,pot ",ll b< --"=t<1), 1 
mil<> from tb< WI)'! •• t< loclttd 00 US _69, 01 mil<> North ~fSH_ 1l3 Sooth n .. r ),!eA..,,«, 
Old>!>:>"",. n.. 1>1: 'l"" ",ll b< • <l<-!igrntod 1"""00 00 :h< >iJ< of :h< road 00"11 >1m", ~f 
traffIC tkM· in .... h>cb :h< <nfor~ ~5~ .... ill park tb<ir cor . n.. bot """ will hls< "" """. 
pal:! ",nh 801.11 b <>p>bility o.l!",n"l :h< <nfo"<m<nt ~5~ to ba,~ • wu,l<>, n<'woli 
«JIlDOctioo wi th tb< \\'D,\ , i1< fro", tb< .... bltd cOOljlU"" 

V<hi<1< 'J'«<l [ SAL, m:ll!l" '" ,,·tight do", from tbo \\'D,{ ,," win b< pro<<>><<l by:h< ,,-.;, 
""...-. D<:t<t,o" ~f o,-<r I><'ght ",h>cl<> " 'ill b< O<COOIfb.b<d b), S<J><f'1< <qU1pII><llt = tall<d 
.. roodw,. 0.....- btight <i<t<ctk"tl do" "ill b< pr~>«l by :h< ,,-.;, =-." 

• 
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I. p,'ObIt .. S .. "m •• t 
Tnd "<igh' ... forr<rn<nt i, an 1IlljlOf'.mt """'l""'" m I""""';"g ut<I fl!ft>lin! th< bl, of 

Old.oo"",', road> and bridg<"<. V;<igh- m-Motioo. (\\nf) t<ehoology", tool that 'UI "',,' th< 

OkUho"", o.p.nm...: of Tran<porta""" (0001) and th< OI:laholl1.l High",,)" P,ttol (OHP) in 

tb<ir . ffon, to r<du.c. cW:tJ..g< to ~~"" infra""""",,_ Tht. propoul loeu><> "" .m-.. 
t .. k" (I) . p",_o.fm<d """""'tra_ pr0J<C' II ODOr , ~Al<"" \\'IM "''' u,m! od,..",od 

,-.lucl< ina!",!! ond wi",,",, ColllmWll"~"'" '«bnok>gy to .lktw OHP 0!Ii,,,, to mol< 

.rr.c"'''lj- int<IT<pI o,,,,,,<ig\>: nola,= (1) • '~""l- of oili<r ,'-It, DOT, to d<terrnin< ~." 

pr"~" foc "'~''''""",' <ight ,'<hiel< ... forr<n><n1. (3) • o.t<rnll"""" of th< "'" mix of 

t«lmok>n hasod OIl Oklahoma' , tr>nspcn. non 'J"""'- and tb< d<\-.Iopm<nt of . plaD lor 

.;.ploy"''''' of\\nt_ha'iod t«bnoloty lor o,,,,,,ze'o,, .. ,,.-<ight ,~hi<1< ",fotNru<ll! throug!>out 

OkUho"",_ Alth<Jurh th< ""-""go'''" hi,.., .,..., m di"""""" ,.,Ib tit< 0001 P~ and 

R<-s.."b Dt,-;,ion and OHP Troop S for ... ...-.1 mon:h, prioc to tb< ",:.. ", oftb< )001 

Oklaboma T,.".pon.""" C.D'''' _ R<qu<>t for Prq"mk • i> impor.an: to """ that [,"ct 

" -,;t~' C"f~rc~" .. "'" """',ft«! .. , "Top-Down-- topic 

, Ro-..""k .'\pp,'O.4 •• d ll<tbodol"l." 

Slit., orodu<t tra5c I»Ctllto",,!! foc IIWl)' "'''' ' ''', inclltdinB (I) birh"~Y plotlnins and 

';"":p>: and (1) """""" ,,,lucl< <n!'orc.",.",. V;.iy>in-~Ioooo (\\'N) " • ""'J'" ,,,,I tl'iod to 

ro:k<t tt.ff" dill . WIM" <l<>criW .. '11>< 1"""'" of""."",,,!! th< dyn."';, nr< fore .. of> 

""""'Ii ,'<hie" ut<I NimI1inj! tb< """"!"""lin1! nt. k>od, of th< ".t" ,-.lucl<" in "" Am<n<an 

Soc;";' for T"",,! and MI1<ri.o!a (AS1}'!) S,mdlrd Sp<ci5c.~OIl E 1l1&-9~ . Th< u"" 01 tra5c 

and truck ,..<ltbi "",. includ< <n!="""", p"""""'. brid,!., and I<pwti,,, and "'~t"'}

",.,.,. Moto, ,'<hie" ",fore<:»<n! 0!Ii,," u'" 1><,,)' truck uI< Iood "",. to ploD .morc<ru<nt 

~~-
Truck " '<ight <nfor~' "ti-;-"i.. <aD h<D<St !rom .m-.nc.,111 \\'Thl t<cbnology. " ,,',il 

.. tb< "'''' .... '''''' of \\'1~1 wi th 0""" """rID! and ,oolllll'IIIwion> t«booloty. With """ 

t«bnology ut<I t<cbooloyc>.l 'WfN"b.. .. goal~ tb>. propoul pu.'I forth tbr .. to"'. thot will 

«IIItri".". to th< mmion, of 0001 and OHP ",ib ",!ord to "'"""UZ-<-''''''''''<lrh' , .. bi,1< 

d<t«lion ond ... Ior~ 



 

511 
 

I. ,i< I _ ,1/cAlm.,. D""on"'·. ti .... h_i"" 
Tht Old,hom:. HIghway Patrol (OHP) h .. "''P'''',.bw:y roc <=><mal ,,,,hid • .more=-

111 ,1>0 SII .. ofOI<laho"", . In di«n,,,,,,,, wi th Roo Curb of rho ODOT Plallllinj! and R.,.,,,,,,h 

Di,'i~oo md Lt. o..g AIl<n and Lt t.... Johmoo ofOHP Troop S, , ....d ox,," for' S;""",!hI, 

Ull dot«. "'~-'Igh: ,-.IucJ<.. aDd noti.'y OHP 01'5,," lx, ,",, down rM<l for .more ..... ", 

Pbo"", 01 tho , ,,hick dri,..". and lMd .. ,,-.ll .. w<i!h'. '!""'L and boltht shooId b< mod< 

aniltb!< """""'y. Tht OHP trooper <OO!d u: do"ll rood nl,.r • "b01 '1'0"' .0 r«""~ tho 

mformati"" but 1l1Il>' "'" bt phy .. caUy <OIlIl<C.oQ W. 1"'1""" .0 do\-.kJp • I"oo~ot<~ 

'}""" !hi: will .... ble ""h ftm::tlooahry 

Tht Ii=! \VIM .it< ",!octo<! by ODOT for tbt 1"0' 0<;1" S;""'" i , n .. r ~kAlt"", 

Ol<laho"", oo US_69 . 4. lhnilt. "'onh of SH-I13 Soo!b. Tht l"ojKt will indud. tho 

.n!wtl'" oh'idto col''''''' ''I''bibty. in"gnrtioo ."" tho m,nng WD,! "". and 1""'''''''' of 

00-... _ ,'idto , ... wi",,",, link to • """"" trooper. Tbt dtmoo,tration pro;..:, will mdud. two 

""",th. for oo.gn. .pt<i5c.~", and procuromtn' x'"''it..,. four moo.m for w!lwa,. 

"" .. !oprutnt and 1w<M''''' in"patioo. rot 0>DI1Ih for ,.,tin! aDd cab",.""". ""0 ",""" for 

trim, !low pr<pan""" ("!"I!' and !low <0Il!ro/), o.od ""0 mon:h, for Ie",,1 trim, <oodrtioo 

" ' tin!. fo!k>wM by "'" mooth lor propar1Il!! d,ocumo""tlOIl and I""''l<!m!! tr .. !ling 

I. ,i< ! _ 50.,,'''' _/"B,,, Pt-.c,;u,"/..- O"n,;"Jo. ... "' ·...-t~, " ,~;c" En/_ra .. ",. 
Tht intendod u'" onVTh! d ... shooId dot.rmint tbt 'PP'""h tho , .. ,. <""""" 1Il do\-.kJp"'l! 

tht WD,! do .. roll<clioo <i .. and rho r='" r«flllrod to =""'''' tbt <i" "'.." tbt oxpt<t«I ,," 

dot-..:gnlif<. I\'IM "luiI'''''''' prm'iJ.-. highway 1''''''''" and oo.gnon wnh trdIre ,,,lumt o.od 

01. ",["";00 data by ""'" of doy and doy of ","", . In addrhOO. \\l~1 <qUipmtn' al", I"o,-id<. 

1''''''''" and dot-..:l"'f' ,,'ith ",,",-al<n: , inp. w. IMdi"l' tbat I>o",}' ,-.luctt-. ploc. 00 

pn~. Thi, .. ", will in''''''g''' """. o<h<r .,,, .. utilI'" \\l~1 ,«hm"'l), I", o,,,,,,u/ 

"'''''' . .,!h, ,-.lucle .more"""" 

p,-.,bmmoJ)' background ""'>reb in<l~,"" !hi, ",bt, .,,, .. ba,-. ""= ... ·iilly =cl>U><d 

WTh!_ba>«l '«hoo1OU ~,:h mo .. l< <Df",~ xn",;", to ,<du<o o, ..... ,.ilht ,,,hic,", [ I \J 

Moo:ma rtpOC<d a l r ;. dote"" .. in tbt """"""" of o,,,,,,..:tht ,-.lucJ<.., .... ith a r<doctioo in 

tho """""t ",,,,,, .. ~b! 10)' ",arty 16% [ll S,,, .. ba,~ .-anott' 'II''' of \\'D,I 'J"""" ., ploc<. 

f<Of <XUlljll<. Colifomro " "'in! btndrns pa,.,. ~I"""", "min! p" "",,!tcm, ..., .... , o.od 

" 
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o.ogOll ;, U""l ~ «ll~ t~ ..",., • m.' n., fxU! "ill no! \>0 Ii=t<d to _ ""t .. , "" 

wh<f< mc«."fu) practic •• and proc~ from otbor 'II".' "" ,,~ilabk tboy wi n \>0 

"""'tlgat«l. Th .. ""-<>tlga""" "in =tuu, f"", month, to e=1' rut • thoo-ootb ="1' 

I . ,. J _ D.o'.!"". DtpI"' ..... , PI," i"" Okl.).., ... 

Bo..d "i"'" , .... '100'5 loml<d" from T.", I and "." pra<~" I""" ""'''i' in!oon>tioo 

l>thor«l m To'" 1. tll .. to'" win foc", on til< <Io\-.Iopm<nt of. roo:lmop lor ...,boology 

m=tion. or <Ioploj-=t plan. lor \1.'l!\!_ha..d ')"=' foI o,...-.ize'",,,,,,,·<ight .more=t 

Tho plan ,,;n KIontify blgb-impoct lo<>tiom "'",,, OU.hoOl.l for .. r ly odopti-.-"tl (J _y""") " 

..... ll .. ==><ndtti"", foo • pha«<l <Iopl")"""" (1_)-.", and ""Y"r!)_ A .,.".5t_t<>-e"" 

:ma!}~i, " ill 01", \>0 emlOd oot. n., mt<p1Itioo of odditloool I •• w .. , "",ho, .ut\>olt 

romplim«. be.",. tag "'''''''' DOT "'p'lnti", ",don. " ,ll 01", \>0 im,.,til,,<d. Thi, .. ", 

"ill \>ogin ",bs<qu<nt to romplrion of T.", 1 ond will run in panllol "i1l th< lot« put ofT . .. 

L .. indiw<d m til< 10llov.'lIlg tim< ",b<dulo put for:!> m Pan 9 ofth1, ~ 

J, [xp«t«l It.,oJ,, 

For T ... L til< MeAl""" d.mcmlntioo projKt. ..... ha,~ olr''''y p'~n .igin5cont 

N",ia.ntioo to til< ,'idoo IIl10png ond w;""', eo=. """, tochnolol)" I«fW<d [<Of • 

""".,,/ul lIl!<p"tlOIl mto til< rn""'g \\l~1 fKi~ty . W. 0.",-, \><nofit from our pr.""", 
<Xp<ri....,. ",11 ",,1I tochnolop., throogh our putn<nh>p ",:h OooT in <Ioploj-"'I! In:<:lig<nt 

Tr>n>port.""" Sy"""" (ITS) eolllj>OO<Ol" thlooglk"llt til< Oklabomo City ond Tul .. n><tropobtlUl 

"" ... W, <Xp«t. 1IIlCC",,/ul oxhi,"""" of <Ilhmc«l truck "-'Ig~' on!orr<m<nt eapabW,y " • 

r«U!t of thi, proJ<Ct 

For T.", J, ,,-. <"J'<C! to >dontify how oth<f , .. "" "';!iz< WTh! t<dmology foo O\..,.~ 

"''''''''<lght ,-.Ioclo .more.",."t. B • ..d on til<.. fmdZlp. " ,. will \>0 in. po<>tioo to m.k< 

I«ornn><ndaok"tl' to OooT ond OHP for odopti-.-"tl ofIl<W toehnologl<> ond "w'0 fer 

.,~ 

F ... T.", l <Xp«t to <10\-.1"" • dooplOJ-=t plan for \1.nt_ha..d tru<k .... <lght .more=t 

"~t.",, m OUolroma. Thi, plaD ,,--.I] J,o,""g< "i"'" th< .. ..,""" loorntd" from til< ~kAJ...>"", 

o.moo .. ,.~on proj«f (T ... !) and til< "." pnct>o<," finding, (T.sk ]) 
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4, D. li ...... bl .. 

l1u. pr0J<C' "iil prondo bo!plul Ntl,ttucti,.., dohY<nblo, to ODOI foc thoir ongoing t:uck 

wn!ht ",forr<m<nt oct,,;_, n.. ioc.noo ~f tho McAIo,,,.,, do,"""'tnI""" proj«1 " 'IS 

""tog:i<'1ly ooo..n by OHP lroop S .. "" ,ubj«:t to. bo,,1' <ooc..,,,.ti,,,, 

",..".u..'",-.ru""g~' n obton, Suc~rlUl dohy«), 01 tho d<rnon, ... tloo proj<Ct <opobility (I.", 

1) will 011"" lroop S '0 . igni5<ontly <Ilhmc< tho p<rf00ll.lll« ~fthoir ... for~DI ",,,,,ioo 

Fw.hof, doh",,!)' 01 tho 1><-;, pra<~" ""'-';' (h'" l ) UI<I dtplo),,,,,,", ploD (£0'" J) " 'ill 

pr"'''''' tho ODOT Plaoning on;! R<"><>r<h Di,;,i"" with. """"","Dlod '''''t<g)' for """"'l 

f"" ... rd " 'ith od\..,.,od \\'D,! ')~""'" ",nil • !p«>fio .im ,,,,,ard ""'. """g!l1 <n!orr<rn<nt 

5, Q .. lifiutio., 

Dn, SIu" on;! fu\"lK~ hI'I .. ...,.'«1 .. Co-Dir«::on of tho ITS Int<gr>ti<on Lobon,,,,y in 

l'OIIllall ,in<" it. m«ptioo m 1999, n.. lob prm;&.. • , .... 'bod I", . ",IUlim! ITS ,«hnoloY", 

.,., .. Iopin! ",1\".'=, and ."'~! tho ~ucl<,,, 1Il"p"ok"tl of lIS <""'1""""", n...,-lu., .. 
worhd do .. ly ,,;:h tho Troffl< Eog~ and PJ.or.nms on;! R<"><llITh Di,;,i..-"tl, ofODOT tho 

OI:labomo HIgh,," )' S""<I)- ru'",., . Dd tho o.pmm.nt of Public Sot.t)', 00. mlJl1b<r of ITS_ 

",101«1 proj«1> 'm« 1m , ])r" lull and RImoL""", Join<d .- .Eon, withm tho La" ) ..... 

UI<I 1"''''''''' """" .. ..wt t«hnI<ol and manogmal <XJ><r.i", 0. ... tho ~ of wotkin! 00 ,_ 

proj<ru, tho ITS ' .. ;Ill h .. maoagod tho .,.,-.lopu<nt of ""hll' to impl<:u<nt on ITS opmI"

«111",1<, • dotal» .. for ITS Im'ftltory maIll!<m<nt, • ocb<dul<r and dotal» .. for <ollKim! do" 

from ,,,,,,,t< ... ff", ...,>OR, UI<I on :tUtOfll.ltod ",,-.1« mfOrru.Itloo. .,~t=, Th<ir <XJ><r.i .. m tho 

... " of .,~1<'''' and ",tho'.,.., do,~k>pm<n: "ill insur •• ~,-.'Ul ""''''''''' t~ t1u, pr<JPO"d 

6, h riliti., 

l1u. proJ«1 " ,ll bo pnocipolly !>.IJlPOf1od oot of tho QU_ lui", T.~.tioo, 

Int<rop<r<bihty l.\>cwOl)'_ n.. lob ~!'f<f, . full rong. ~f .. l<collln",mo.tI"'" UI<I huth ... reI 

",fh ... " mt'p"tloo 1<>t"'!! o>pobili,y_ In oddJtioo, tho lob prmi&" 01<>= pro"""I)' ,~ tho ';1< 

~f tbo prop<»«! d<rnon",";oo proj«' m McAI<-;"" 

.. 
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Tht QU ITS I""panoo labcwoI), <III QU'. ","fib eUllplU ., );orm.an wi n 1"'",><1< bacl_,,!, 

.. y,,,,,, • . Tht lib contaIn>. \''''''y of ITS >nd .. ~"".,j, .. ioo., I><tworkin,l! <qWJ>ll><'l' 

oood fuo m-d<pIb in:.pa:k"Cl ''''ing 

7. I, .. li .. d Bod;" 

All in,nlUlioooI bu.:\g<t .-" .. dOOM " an .ttKb:u<,. 

3 . Bod; .. J.,tiliutioo 

Tht lIrto" p<re<H" g' of !'un;), OOnl l«fU<It<d m obi, bu.:\g<t win lO '0 ""W"" 2 gadw. .. 

""'llITh .. " ".".. ., o.} FI£ f<Of Il mon:h,. n.... ,.,.,.,eh .. y,,,,,,, ",ill "",,><I< much oftb< 

''han<k ",," .!'fort n«""'Y to romp!<t. tb< proj<ct. In odditioo. fund, "'" l<q"""'" 0.1 FIE of 

oor TC011llb =l"'" t""" to .. ,," ,,,:h tb< <l<ploym.n: >nd ""'",>tim of the 

"""""'1rI~on proj<ct and 1"'",><1< t«1mic.l guidmc. to tb< ,«<arch ."i'IIn". Tht ilOk PIP. 

<>rue<. will p<=it Dlubpl< """g" ~ftb< O\..,..·<i!ht ornek, to be "1''''''. The S6k in I"'~j«' 

rna"""l, " ill to to !'lITho", ,,'lr.t.... ""twor\: compct>tnl. >nd • IIptop PC fur tb< 

';'moostrl:k"Cl I"'~j«t The ie. '«jU<>1 ro. If., .. l ... ill "'W"" milt.g. clw-!<> ro. tt1p b<twtftl 

OU and MeA"""', OK. The bolm« ~ftb< funding "'l""'t go<> ,,,, ... rd """St. and indit«, 

«><I • . The r<qUll't<! 10"1. ""'chinl fun<k ... ill be I"'",-,dtd b), • COll1binttion of fKulty ..:1m... 
tultioo w:",...-., and =o,..,-.d rndir«t "",It. 

" 



 

515 
 

IO.R<f .. u ... 

III J. St<pb<o> ., al "An E,~ru.tion ofM"""",,', Slit< Truck Acn,it>t, Rqx>rtmg S)~-. '., 
ht;l/1:11'''-'''. v.D!lj""';.M doa"" 

!ll S~, S"';"'. '"~""".",,', STARS S)~t=" . ; 
httpl"..-,,",," \mIworta:M! m;.'m ht0oc«" n ,['. !]pogrt!1003 ISM"' ..... 

II I B. T. yh. A. Il<Ir .... N. l.indgr<n. .00 C. _ 'ot. ''Tb< lmportonc. of COOlmOfCi.a] 
Vdlid. W .. ght En!=<D>Otlt in S>.f.,y md Road A,,., l1""'l"""'lt," Tra50 T.dlD"lol)' 
rn,.""'tlooal.l:wuar), lOOO, W . 234_7 

I ~l R 'J"homo', C. BoU. D. Tri.oo.l, C. _lot. mdA. Mpn. ~l""G!ftn Lifht A 
"",,,,or\: Pro--Cl .. r"",. W .. gh S .. tloo C . .. Stl>ty." lotomotioo.d Rood Fodont>on PrOCffding~ 
Pari~ F.t>ru.>ry 1001 

(I I c. ).{on",,, .00 T. M=, "A S=>l}" "ft!>e I <ooomic AnI.)'", C~ t!>e 
Appbc. tloo ofIo. .. :lig<lll T f>IlS!"'It''''''' S)~_, I ConJIDOfC .. l V.lud. Op<n""", (ITS'CYO) 
to m. M.d_Coot.....,t Comdor." 1998 Tf>IlS!"'It . """ Coof""",,. Procoodinp 

.. 
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App .. di. ! 

bttr .. tio .. l Ro.d D)'.ami<" I • • , bttru •• D." riptio • 

.. 
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App .. di, l 

h ,.'1" from ,b. n' 1006 C.mm . ..... ) \' ,lli," 1.(0 ..... 00. S)~"m' .. d ~''''-Ol'~ 

(C\ l S") 0.1'1.)""., G .... t Pro;nm f.r "f ...... 
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St<rio. l..l J>iIoI J>roj«1 I. Ea.,o<' ~I.bil< s.:,...o.illl ap. ... rio., 

l1u. proJ<Ct ,. .. KI<n~f!<d m tb< OkW>om. CVIS:' D.,tign Docum<nt and Program Plan. bu: 

ha, \....., IOOdif!<d to ",fIKt tbt oddilion of optIC>.! ci>Jroct<r r"",!"i""" oo'i~ (OCR,) t~ tbt 

m .ua1 ""'gb ".,,"" conligllwi"", A .. ,. will h< .. ~<ct«l on tbt Oklohooa Turq>lb for tbt 

mru.al """gil """"" in,:>.!:'""", n., ,-u<uaI ,.<igb "",,"" m,,,,u',,,,,, " 'il! in::100< mainlino 

qu.utz pt<rod«tnc v,U OCR 00"'<> (to e"""". both plo" mlIl1h<f and USDOT numb<r~ 

ecrv U I>l<ro{t) I~ <OJ>'Ul< lIll imagt of tb< tnd it"'U and ",,,,,«I COOIlllliCC."""', A truck " i il 

dm-, 0'''' tit< quartz pi<z<><l«tric WI),!. and ,IS DOT nlmlh« and ~'" pUt< " 'ouk! h< ",ad b), 

tbt OCR ooi~ g ....... t"'l! lin ""'0Ill.lt«l q,><fY to tb< CVIIW b 'o OCR 0.,,,,,, .,,, piu:n<d 

to ' nlbl< ooptur< of , ocb IIIm1h<r for ..,-.,.] rOO'OOI1: 

• <in.." that OCR dt,,,,,. ~bt, 0 +1· J~' ocruroc;' ... ,. ~-h<n f><<<1 wnh tbt dlOll<ng<> 

pr<"ftlt«l b), yorylllg p~ I f=no' of tb< tdtn:i5<n b<in,t! ",ad. tbt duo! "ad <>pObilt,;,.. 

ma), r=d: III 0 hrgb<r ",-.",U "bit" ... t< .gnn" tb< CVlIW 

• 3«.u,", ""I)' 1()."""" , "'''' or, = t!)' ....Jing do" 10 CVIEW CVIEW 00.. DO! rn=nt!y 

«III1JIin -unr,'<Ba!" ,-.""'10 dm at " ..,... f<Of """''''' em><! dI",_ AU """""" DOT ~ 

~ h< ""OCUI«I will 0 <.m", and . t 1< .. , OIl ISS """" III SAfER mol tInu CVlIW \\".,.. 

o pll" nu:uh« oo..lI<lI r<turn mf""",,""n from tbt CVlIW qu<t)'. 0 =oodary DOT qU<ry 

.oo.llil at 0 mi"inlJlrn r<turn tool< 1<'1-.1 of '-'-'<t;' ."lU, mformati"" ... b.oti, f<Of tc.....mng. 

11>0 CVIEW qu<r)' ..-ill g,,><f.t< • PI" 1 foi l dtc""", ~-hrch " 'il! b< mt<grot«l " 'ith tb< V,Uf 

dt<:i,"", and ccrv Ul1.l!" \\".,.. <ith<r tbt CVIIW Of WTh! oclft!llllj! r<rul .. in. ftil<d 

<OlId;tiOll. tbt .......ru mol ccrv ina!, " i il b< ';':'pU),M "" tbt lIFtop tmt' oftbt Turq>il, 

Troop« "" du.j' """"" «am from tb< ,-u<uaI "-"gb ""~"" in>tallo __ 10 oI<rt tbt 
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waitin!! ~ffi~ .. to ~-h>cb ,-.h>cl< to ' :op [or ~ imp«tloo. and ,,-hi<b param<"" g....n:.d 

• ~fail" dt<i~",,-

Tho fun<k ",,,,,.,t«l for tlll'! projKt would b< u««l to 

1. hal",,, ~ im"'llltiom """g OCR >II FlOOd>, K<ntucky, T.""""" and otb<r 

Ioc,~",,, to . ",main 1<-<""" l<uu.d optimal ronflglllot."" fot <qUiJmOnt .:c 

1 Enl"," ODd .. IN:t pr.f..,«IloeotIOll foI m ' UlI """1gb .:'11100 im",llltlOo. 

J Proc"", l<quirM !w-dv.'''''', ",IIW11', COOIllllIlUCotrom, "'''g'''~00 """"'. 

4 0.....,. ,,,,:.a]:'''''n and """'g 
l !&t,g.-.~on "'lmg 

6, full dqJkoymont and U'«f trainmg 

l<ad A~ - Tho OU.hotn.I Iurnpik, Au:lk"nt;, " til< ·'ow".,-" of til< .-00<1\>'')' i> til< l<ad 

Ag"'''y for thi, proj«t I'rojKt Y..InIg<l - OTA. sp«.1k mdinduol IBD 

Pamciplting Enti_ - P.:'xipoting.n~';'. ""Iud< 

• Tho DPS IT Dm""" and Troop S, ,-<l.t«l to ""'potioo of til< CVIEW q''''y In til< mtuol 

w .. gb ,uti"" =""""!! ~<'1', """ Ioquir<mon." "'''y'.~ U'I<f training ODd .. s.""",," of piklt 

ttst ",u1" to <I<t,= d<.inb,lity of .dd"""",1 m,,,,llatiOll' In oth« (noo-tuIqltk.) locotion1 

• CVIEW ,-...dot - ",!o:.d to mtOY'tlOII of til< CVIEW quory in til< ,muoI IWigll ,:'11'00 

"''''"'''''I! ~. 

• OooT - " til< fun<hllj! .g<!lC}' ('U = dtploymont funding), OooT, In """,on ,,,:h til< 

Turnpik. A1I/h..-"fl1j' and til< OklahooJ.a nfCSA Dim.OIl 05<:<, til< OooT CVIS:'< Program 

Mlnlg<1 i, ",po>Wbt. for l:<ldg« r«1>o<luI< ",..,,,,gIlt_ OOOT mol DPS " ' >mpt.m.n:ing. 

,imilor proJ<Ct (",:hoot 'U'omItN qt><ry c. p.tbihti<'1) "'''' ~k..u..t"' , l1u. proJ<C! "iil pro,.,do 

• pili! foI in"g,.lmg . u:""",:.d qum<'J in. ,inuol w .. gIl ""tioo 'Woc. tioo, Similar 
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1:'1§ ~"i~:;'1 ~l ~g!t~~12j 9~§~ 
!i ~~"" '?l IO~ •. ~'" '"' <'"' ... 1" 
~" " '!" ' ir! - fi' •• ;:: "~'I ~ - ~ ] &. - ~- 1;0", 

~ ~if t~ ... [t,o~&.-~i?:;F§f ' if! 
~ ,j[!I ~jl~~f=l~!f~ i~~ 
~ :f~§ E!= ;..." .ij,,;r::'91& ~ ~.Il a s:s.& ~ ~8g~[Jl!r ~ ~ . ~~§r ' tef ~ HH[jHH[U, 
f -i' i " !il'l,n~,,, 
i2 ~ - ~ s $~- s 2·~"'f~~ b ~ . ~ I ] ~ i i ~ r ~ ; ~ 8 ~ t ~ ~ 
> I • , "'1 If 'I q ., ::t "8 :;F ~ i'5~ . ii~' !! i~~g - i ~~f § ~~8''''~~~ ~~~5~t :: i ~ ~ - ~ ~~ oa.;if - a 

&.~ .... ~~~~~'''''§ 8g' ~-~ge. 
1 ~~. ~ a. 5 1 ~ ~ 1 ~ i ~ [ i ~ ~ 
,,~!;' ~ ~ 2.s.;!f ~~ii''!l~ 
B t )- g ~ ifs .g" ~ ~j~1f ~ t s: ~... ~'" ~ ;1 ~ l~ gog i !l [0 
§e-O! Jl :f 11 ;1,,, . ~~"8 
l!'~ l ~ . ~ ~if ;. ~~].~ 
d! ~ i ~t ,~ t ,a" ~~i Ji ;: ~a -O! "' 0 ~ 
" 8 g _,," S '? 
~ ~ ~ ~ a 
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D<pkoj=: oftb< mlUlll "-<lgb "'~OII proJ<CI " i il "'; .. m !mpl<mtll!.lIlOO of HICSA' , motor 

c.m.r .. r." •• """ ... ,. progr.m.. .. ,,', il " FHWA', ,u, mol ,,-.,gh! prog= 

"ill '" l""i<lN, n.. <XOC! forma! mol """",11 of "" "..<b p.o.l' " i il '" olf"'d ~ b), 0001, 

DPS, on<! 0\) bo..d "" "" .,,,,loblt .h", !rom "" W!).! .it< mol ,><IN ''FlU!< Sj"""-

0.", ""ll«_ wiD <>=II "..., ,f"" oru.t<d coo:put" ;, "'" loc",d ""or "" 1>01 """" 

n.. hi ~"";"ol .hili "ill '" Il10dr 1\ -';l.obl< upon '''I''<'' ' 0 "" ,ru .. «1 """'I'l'" ""or "" 1>01 

"""" n. tb< " '" p.o.g'_ 
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Appendix 4 - Demonstration Final Report 
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Truck Weight Enforcement using 

Advanced Weigh-in-Motion 

" 
Fa,,,, N. Bniny 

Th" Unive"i ly o f Oklahoma 

Frid.v, April 20, 2007 
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1. B.1< kgr2und and Motivat ion: 

o-w .. ..., .. "" ... cou .. ........ "", ...... "" ... '0 rood> ................. , , .... , to , hor 

,....." ..... "' '''"'''1''''' ......... Omit> .... ~ ......... ,,...,, ,ho ,,_,0 '" .... x. '0 • (.) ... od-drt>on, 

, ..... " • ., . .. ,.., .. ,ho ..., • • , .... _ .... .... , ... inrom., ..... "" or ... "" to , ... tr .... 
_ ....... ['I. [, ..... _,.n<! .a.m',," "'I'" ,. ".rt _ ...... """" __ ""om, to 

...... ' ho...........". "'obtom .... ""I' rood .... tr .......... . 

Tho ... "" '" moo"" (WIM) ".,. ...... ....., "'""'" . _ ... "' ............ ",_om "" """ 

_ "" ..... , ... w., '0 ........... • ffi<i«><> .... ,,_ 'nK" whO .. " _ ,, ""h ....... on<! 

...... ~ ,nK .... _. , .... """" 01 .... -..." "'''''-.- _"'" '0" w"""" "" """ • 

.. cut'" """ " .... , ..... -'_ do""' .... m_1 ~ """. ' n "" .... , .... . .... , ' '''' .. (1) 

W."" .. """"'" " • now .... ,_ to""""",", ,..., ",_ "PO"""'"" ., tr_,.o,"""" ."" 
""hw.,. po ..... with • ,os, .~_ .. ,oo '0 """'"'" ...... """ , NCI; w ....... on ...... m '" 

OK""" ..... """ ... W1", .. """' ........ "" _.,.. ' 0'" ,ho _ " "' .......... p.""" .... 
.... .. "" ""m '0. ,"won'''''''''"' """"', "". os •• ",. _.,. po,.-.. (troo ..... ). to p.i ' oil 

_""'~ Mix"" t . , ... 1'1'''' ..... ,~ t ..... i , """_ ~ ,..., ...... 11 , ....... ,. ........ 

..... Tho.......- ................ """"' .. ,.,..... ..... ' .... "" '" "" ....... ' x 

2. !:ll1i!: 
,,,,""""'ri< W1", ........ " .... "" "" " ''''. " ........... . "" .... , ... <lIdohom. """"mont 01 

T"""""''' .... "" """'K" .. " """"""' ..... " ,.Iout'" . u , M<AIo" .... <lIdohom • • on U\.-6. _ 
. _" m'lo. »ort. 01 'H_l" """" 

Tho 1001 01"" ",0_ " '0 ."""","". , ho _, 01_. np ..... ,_ .. to , ( ' ) "" ..... " 

OK .......... .............. """Mow pirnKo' '" ".,.,.... _ , (2) to """, ... _'I"' .. " _ h 

, ... ' .... __ ....... to '" n,,"" "" """""""'" to. ,,_. ''''.p''''' '''''''to" Ioc,,'" 
dow. ru-um 01 "" ".ffi< .... , .... (') to",- , ... '''''''''' with ..... k_ w'" "'to"',,, to 

" """ ,ho "".'-' "" """""'" ~' i<h ""'inc """,,,,"n;,, "' .... '" "' ..... """ _ .. , [4!-
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Tho ,_."." of , .... ",~io<' "..,. ..... , ... ....... , ......... _.to,..., of • ......, "pt"'. 
,_ "" ....... _ " , ................. ~".". _ "pt"' •• "". ", '"'" .. ""_ W1M';'. 

""h , ,", , ... W .... dot. "" .. ",,,oI,,. d wOth "" .... , "'" , ... ",_ of , .... """" _ d." 

,,, ,,,' . nt" ... mo" " .... '" .... n"'" """." .. """ 

J. System A« hiterlu!e: 

.... m, ... Dowi.';" .. ; 

""'" projOCt ". ,,,,.to . "'" II><>< .. in"_ , ....... " ...... _ ... "" • _ " point .... "...., 

"'" • _ " "'" .... ' "" _ wnh , ... ,,_ toplOp. Tho .... ...,. _ .. .,'" '" ,0<_ 
tore"' .. _ inf.,.. .. " ",,, fro .. , ... W1M "ot ..... Tho .... ...,. ... " .. .."..._~ , mO" .W.., 
"..." , ... w .... . " ..... tod on u ..... , us _ . N""h of 5><_113 """h "" .......... ,,". DUo"", ... 

Tho .... ...,. ...... . ........ , '" "" ......... , ....... of .... ,ood, _ .. ""' ... of ....... .-, in 
whKh , ... "''''' .. ''''''' " .... "' .... .... ,h." " " . Tho .... _ ". "'" an ot,,,, point wrth 

"". 11b ,_ .......... , ... "'...-"'."''' ... ~,,'~ hovo ......... " ... W<rl ", ..... . " .... ,,, , ... 

W .... ' 0 ' ""'" "'>/1>0< "'m" .... ' 

v_ ...-I, ' ................ """ ""'" 1'''''-1, "'" .. "» _ "'" fm .. , ... ...., ............ 

"''''''.-. ...... W, .. _ 

.... Iwt ..... ,~ tK. n" n.to Ro<ocMion M to'" ("'-I'lI I.nII .... 'WO """, .. of .... t .... ' .. _, on 

........... p;ct..-o ""' ........, "" .... "' ..... ".to. Tho" _'" wi . .. "'''''', .... ,.,.. ....... .... 

, h .... "" "'''''''''''''', ..... , ... " " m to .... ...., .. __ "" _"",,,,,,,, ""0 .... _ ..... . 

Tho W, .. ''''''' _ run , .... ot. ,000<". "" .... "" .. , ..... m.''''''' • "' .""" "" , ... .... "' ... 
of , ... to" 

Tho " " to","" ""'. " ""_""" .... _" , ... ...., .. ,;, . . ........ ""'.po< ....... "",nt·_m 

wi_ " ."".m. ,,,." .. "" .. into"" ...... wi" " " .. """""""",, !rom , ...... b "', ... " , ... 

.... ...,. ........ to tho ",,' .11b . "". point ........ at .... "'" _ . Tho ",""com,,' """' .. 
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Introduction 

Tho P'" is on _ .. ~ IX..,.. ".t. _ ........ 1"'-"') , .. ,,.,.. ,,>tom ..... """"'" of P'PS 

T.d .. ......,. no. ..... ,. 'vrtom """"""ot,,, , ho '_', _.,,,,, .... , ho AlPR P""""" ".;".. • 
__ ,. .... _ _ • . ThH ..... ,. ~ "'" .~""od .. __ ' ho_ ..... _ , ,_ d"" .. "' 

","" ,_ ,..""'" boco ... of to", _ .., " ' mod lich<""mit .... ...... IlEO) ........ ,"' • • 

pot." od "" ' , .... """,,,,,,,",Ito'" ,.." ........ ThO, .<PR,.._.--bI.o -''''''''''''. donn, _ .... .... ""'" ., _ .. w._ "'n" .... ' . Tho ..... ,,>tom ""'p"" __ , _ . ""', 
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-. "" ~ ......... " MC<>nOI>. _ ... ., """ .... ,um ............. _ . 
3.10,J Debug 
ThoP'72m1f __ • • n..m .. ............... __ ... "-' ThoMmo._ .... 

.,..,.... on'" .... ' _ .. . .. ,..., . .. __ ............................ y bo " .. . .......... . 

.. _ """"'"""'" nn ... , _ , may .......... . TEWET ... , _ • .,_ '"71 

NB. ""'"""' .... __ ., __ ........... , ........ ...,. ... "-' _ .... 
......... ... _ """",""",, +- ......... 0MW'>0t ............... 00"" __ 
.... EPROId ..... __ • r_"............, .. 'c ............ ____ )ond ... _ ...... 

....., .tort"" .... _ .... , .. _ ... '-"""" ... -. ... TUNET ~ ".," 
bo..- .......... y .... _"""bo __ .............. _ ........ __ 

.... _ ... TEWET ..... ... 

3.10,4 Moi' 

-. ... '72 ;, ......-., ... W_, ... . , ..... ..... __ ...-...,..";, 
.. , ; .... ..., _ ,_ .... bo ___ ."" _ ............. "" .... _ ...,..,.,.,... .. 

-"',,"", -
"" "." 
"" """ ."" " " .. , _ .. .. SUP, "'"" __ .. 

-....,"" 
"" - " ""'_.- .. , __ ............. ....... bo ... .. --. 
"" """ "" Sot .......... "_ .............. "' ... 

0""",,'_"" '.,. >90110 
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'l!2"""" _ _ c-• .-"""", 

l.1 2 Storage o"boy""'" 0_ 

Tho ", -" """ """"'" 0. ...... _ . , . _ 

~ .... ,..-
OOS., ... , ........ 

3.11.1 Ftash file oyo'''''' 

Tho .. '" "'" . ,..>om ;' ........ .,.;m..y """" .... -. Tho bon . ,.., ....... "'" """""'" ... ........ .........,........, 
""'"" aooo ..... . r ...... " ... ..- .. '" ....., ....... ., _ ... _ , ... ,.. ..... ""'" u .. "'_ ... . 
» copy . y . , .. . . . . " •• h; . y . ' .. . . . . 

W ......... 0001"",._,.. from ... """'"",........, ., ............ . ,.. .... 

n-.;.. _ "'''''''''' -.cu • . ~ ""-.. '" ,,_ "'" .m,. E_ ...... . 
• -." "' ... "' .. "' . _ opaoo. Each,.. ....... .... .., • . 3 ......... _ _ ... 3 
_ "' ...... """"' ;. "... ... ___ and"'", 00 _ " '" """" 

... .....,...,... • . CU ............ _"' ... , ..... ,.. .,.. .... ;. .. _ . 

.......... """"""'" ... ..-'" k , • .• 

» '" 'o~' 

» '" do' ,"p'" 
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3.11,1 OOS file aystem 
Tho PJn _ . ""'01""" _ .... _ .. on "'" O! ...... " ... "' .. , ... coo ........ 
••• ,am_ 
Tho 'am .... . ,.. .. m ..... OOS J .J . ,.,.. ... . ,.. __ n,;, _ ....... _ ~ 
., ... DOS ' .J ........ Tho ,am _ .... .... , .... capaciOy '" 2",.,.,.. Tho ... ,..,.." ......... "' ...... _ ( ....... .... ..........,,"".003 J .J .... ,.._) 

Tho ... . ,.. __ ........ and ma' ... ,.- .. . ..- ( •• ""-'_"" ..... ) - _ .. ,....,.'....- .. _ .. ................ . ,..-_ . ....... _ .. .-.,.. ... _~_ ... _ .. _PC_ .,.._~· C · .... -. -. ,_ d .. .- ~ .",., 2 ",.,.,. ............ .. ..- ..... " .... and 

..-. log . ... - . .. --• ...- • """"' ..... .. ....... '" ' .... _ ......... _...,. ........... 
do. ''''''''' • 

.."... .... "' ........ """"' ..... ,am _ 
~..-"'~ .............. ,..,_.,.........- .... _ ... DOS ... .. --- .. - -• 

_0 
'-H, """"'" <iot.-y ("'...- ..... "") 

•• -- -~ "'"to .... _ doocto<y" =-<iot.-y 

• -~ R""""" <>Mnod d_ - , ." .~ Dol ... ..,.. (..-..... ..,.,..,...) -• ~-- -.- ,~ ,. 
R .... .". ""'" k> 

• -~ -.~ . ~ ~ .. - .~ • -' """-" , ... ',b 

<0" ., 'opoo T""' .... ..., ......... ( ........ '0'''' ......... . ~ .~ 

'-~ . ~ ........... ... 
.~.,. .. ~ ,,- "'"to ... , ... '" >i2. ""00" .-....... ......., 
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l.13 Time o)'I>Ch,""""bon 

'" mony ........ , .... . ;. nooo • ....,., _ ..... . ,"",<" on ~. '" ........ ""on ..... ..... 
......, . .... bo ..... ., """" ..... _ ___ .... "..".. •• ..., ...... _ . ....... ..... 
_,.,..,.. .;. ....,......., ....... P3n _ .............. . ~ ..... """" .. ~ .... o, .... .. ,..,... ., ....... 
_ p,n n.. . ............ __ .. _. Thi> ;. ..... .,.., ... . ,.. .. m ..... on""",,

• __ on .... __ con bo .., ............. ... .., .. ,. "'.., ..... cu """""""' .. __ 
.... -. """"" bo ._., ........ .",....,. . _ ... _ ... . "..,.., ....... ",.., ,_ .... .. ..---.. -.".. .., 
r-. ... . ........... "'.-......". by ........... ", .".,. .. . ~ ... ., on • • __ .--
cu _rt..,. """"""'" n....o """"""'" oooId bo_ .... ....... "' ... - ..".......,. ........ ......... ., .... -

. ,.._. "'""""'" ~ ..... ., bo +/_ , _ _ ... ,.....-- "'-"on ;. ..... ., bo . ,_ • '""""" 

_SNW_ 
"'-... bo "' ... "'_ '" " ,"" ........ 
_ "'''''"_., ............ ' !IOm>. NB. Tho 
", SNI P ...... ........ ,.. ........ of --"""""" 61'S .. ,...>CO _ _ .... ,....... ............ GI'S 

"'-_""EA"""",. W,..,.,.. 
_lad _."' ............. , Me ....... "'""-;. .~ ,-

..-. "",.-. .... ........ .............. ;. ., .......... ..,.,.u ., an SNI P __ 

""-'"_ any. __ . _ ... ...." """""' . ... -.... dootk-.... _;. 
_ .... o, .......... , _ . _ .... _ ... '72 ., _ .... ""","" • ., ,,,,, •• _ ..... 
""""" ;. - """" ..... ---""" """"",, ., .... - .,.. .... 
Tho P3n.....".. _ ;. (bv dol .... , IITC _ . no ..... _ ...... """'" mo, bo _., ..... 
.... , ..... _ . ....,.,_ ;. "', """ .. P3n _IITC_ • _ _ zona_. __ 

zona o/hot con bo .... ,..,.,.. '" _ """" ( ..... _ .. , 

ThoP3n """, ""'''"_,,_ .......... .. _ ...... _ . 
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4.1 o...rv<ew 
T�ndooumoo' .. _ • • ,.., ...... ____ ..... ........... __ .... "' .... ...,. 

,....,... Tho..,.;' """"""" ... an £ _ """"""""" k>. __ ......... FTI' an. __ .. 
....... .,...".,.., ...... , P372 • .u ___ Tho .. ac<...m-".... __ """" ... --... ..... -
Tlndooumoo, .. _ ... DE .. _of ... _.,..., ... P,,,_ ................. 
,..,.,.. ___ • _."" """"""' . ... "*-no 

4.2 Go"",01 configu'atioo 

... '" _ .... ..-.. ... .., '" mOO""' ... . """"""'" _ .,,"' .... IClI,_ """'"""'" 

., .... ClI,.,."..- _ "" ,..;.0 '" -., """""""'. "' ... """ ...... Tho ., ..... ,.,." 
... .,.,.,..,..... "' .... . "'"'" "'" ..-.. .. ., ......... TIn """ ... ,.,." ", . ... _ '" 
."." ........ _". .. """' ..... ,_ n p_ P<PS T __ . " ..... ' .... 
_ _ .- ....... ... ~ ..... _"""'_on ... _ ... __ .... ., ... 

0000-01 000'"" ..... _ 
Tho ,,, ............ . . ,.. .... __ , log ,.,.,...,. toy . ,.._ ...... __ """._ 
."..".,.,. d.u log ... 1 __ Iog, __ ",,- . _,,_ Thow _...,. ... -.. ....... 

ell '" ."""",,, ' " ..... , .,.. .... "" ""_ 

4.3 Exa"""" '"""bonal opecificatioo 
Tho . ,.._ .. _ ...... _ of "'-"" ....-"'" ........... .......-.-_. Tho ., ...... . ,.._ ............ ....,.,.;... 
"' ..... ,""." .. "" 

• T ... P372o_ .. ., . ..... onan .......... ,. _ 

• E"-not """""""" ... _ . """'...-..... ., ... tot ... "" '" GPRS """'""" .. an -"' .... ... ..-
• PC ......... """""'" 'N""""""'" .... '" .... .......... E_., P372., ......... ..,. 
__ .... '''''_. P<PS T ........... can ... ;0' ., .... .........--. "'" ....... of ... PC 

Tho oI>joct"" ~ ...... Pc ., ...... "' ...... log _ ..-, _ "'"""" AlP" ~ "" 
.- _ """'""" by ... ....-. In __ • "" . .... .-• .ll' EG """"""""" __ __ ...,. ... . _on ... PC_ 

4.4 OEM .""cifie configura""" 

A", .. -.."" e ll _ . .... ....., """" "' .............. OEM _"*""",_ Tho lui 
ell _..,. ... , ... ""'""" _.,. 
Tho ....... __ 

A .""""" TELN ET """""' ..... _ '3 
Tho ....... "';'O _ .... ...-_ '"""""""'" ........... ........... ,.. ___ n .... ACt 
"". __ ""' .. _ .......... ,.._000 ........... __ ....... _ 

w .......... ~ ..., ...... .,"'" """ ... ........ ........ ... .... .... ,..>om _ ............ ,..>om_ ... ...;", ........ _ 
Tho ,..;.0_""'"" . .. . ,.......""""""""" ' <rnXl>po, ........ . . .... x""""'''''"_ 
Tho TElN ET ~""..,. .... _ ..... on 00""', ""' ..... ... """""""""_ Tho _ 01 ""-'..-... , .. ........-.-
h , ..,. 



 

651 
 

Pl!2 
U>onoo _ __ c-• ..-"""", 

,« - , SOO . _""'_.-,p .......... _ ., 
Soo IP _ .. or"", ... " . _ 

' 0_ ' Soo """""'" """'" ...... by"'" _ ... ., ~ ....... d_ .. - .,.. .... 
, .. _ " SOOlt>o ............... -... ........ 

.... ,.'0. Soo It>o ...... " .. u_ ........ _ .... """'_ 
... """ .... "'" nMnH. 0, ""'""" ..... .... .. """"'" _ ... , ... CSV......, -.. SOOlt>o ___ . _"" .... P372., . ....... 

..... "' ................... .-.J_ • • .....,. 
_~ ........ _oooId bo_"'_1 _ ---.- Soo It>o roo<'" ....... __ ..... ... .......... on '" 
P,n. By dol..." _ .... bo lec. 

",--,"," Soo It>o....,,..... """' ... n>' 0C«>Unt ....... d...-y on'" hoo, .,.._ "" ., _ .............. bo -._- Soo It>o ......... "' .. .......... bo _., ",""" _ •• ~ _ .. " ...... ., ... - .,..>om 
'~ . ....... ;, ... ~",.or ....... ....... 

<-, ~ Soo It>o"..,..,.. or ...... """"'" ~ by """ ... "'" 
1_ ""'..". .... ;, ......... ..,., 0) 

,,- SOOlt>o __ " .. """ ... , ..... bo __ ........ ;, 
........... __ .. "OM ... ., ... _ .,.. .... 
'~ ..... ;, .... .......-"'- .. - .... "'" 
;, _ (f>io""' .......... ;, -...,.., ., 0) 

-~ Soo to """ Z«O ., ... _ ........... __ • ,-- SOO lt>oAlP .. ooo-.c. ........... ____ 
.... ,. ,.- .... "'" bo.....- by ... . , . .... .... Soo It>o """'*- '" _""' ... """ .... P372 .... ......... ... _ ......... ., ... - .,..>om .- "_.,0. ""_ .... bo ~....-..., ... """ 
. ,.. ..... W .. , ., 1 -""'6""-' .... bo" .... _'" 
... ho .. . ,.._ .... ___ ...... .. _ R_ 
.. ... "" E6_. _""..,.... ... _ 

.................. """ ....... __ ... p'n_. __ ........... ..-... .... bo~ 

.... ..,....., .... bo ....... .. . ...... ......... p,n. """"""",, • .<'£ 6 ....."..._ """" or 

... ""' ....... _ ...... ~....-..., ... _ . ,.. .. m. r bo ... ""' .... grow '"'" ... , ... '" ............ _;,"'-- .... ... ... . _ ............. od "'. (""'_ .... .... ) 

. ... oount "'''-''''''''_ (""'''' oount "'"') 

.... ""'""' ...... '- ..... ........... ............ .......- '" _ . I""'''' 

........ ). NO, ... ..... ;,.., ...... ""'" .,.._ . ..... out , _ ruM .... 

........ ;, ._or ................... . ....." ..... .., ., "". __ d ..... 
would ....... _ "" ..... ..... 

............ "",";, "'_ . ...... ""' ;, """""""- ...... .- ... 1M ;' ""' . ..... _,........., ... , .. ;, ...., __ .. ~ ............. ., ... """ .,..tom. ";, _ ... .......- "' ... .... .. bo 
w . ....... ~ ....... ., .... hoo, .,.. ...... Tho """"" "-'" .,_ ... """"""'"" .. ... hoot 
. ,.._ ;, .... . . .... PC ;, "' ........ r bo . .... .....- '" "" . .................. ..... "' .. .. 
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Pl!2"""" _ _ c-• .-"""", 

,...-._ ...... "'"""" ... . , ..... """., ___ ... now"'''''''' _ ..-... -., """'"". -- ........ , ... ....... _. 
"' ... ..., __ .-.. _ '-<0 , ...... ... . ............. """ ,om . ... _ ....... " ;, 
_ .. ......,....., ............ _____ ......... OHd ... ........ ' om 
...... >pOOO. Tho,. .. """, >pOOO & 2....,.... W,...-_ .... ..... ;, .., ., . __ ... """ ...... _ 
....... ... .., ., 00 """' ..... obout '""""". Tho .... oDow ........... ,,., .. ... . ...... ............. . .... ~ ... ,"'"' .... -... -....,......" .... 
E __ """"' ;, ....... '0 """ , .. ' """"" ""'*' ____ -.. MOO __ 

M •• __ .--.... ... ..... _ ., \50000 """""', "' ..... " ..... , .... ........ 
., "". Tho> ....... ,......, ... now ....... _ on'" ""', .,..,.." '-' '-" 

U 0 ... r<><mO' 
ThoOE,",_ .. "" ... ...- _ ....... .....".... <>no .. ,,""' ;, ........... ..., .. __ 
ond " .... Tho _ """ ............. . ~;, • JPEG """"", ... ,.,,"" -... ~ '" .-Iioon .. _ 

4.5,\ l og fi les 
.... _ . ""'" ... P372 _ _ . . .... ... _. """'" ... ..... __ ... .. 

"""""" """ ","". log , ... ... ___ "" _ ... P3n """ ~~ on _ ..... '" 
__ . Tho P3n ;, ""'""' ...... .....-.......,~..,._ , ... """"' ........ ... 

"" ... " ....... ., ......... """"""'" -_.---........ -.........-
E_ """'" ....... ........ 

"'"""'_",",~PI'PP ,00 -. - -• ., 
• -- -• ---" ..."..-. ""'-1"-") .w. --- .. ... -. .... ........ 

" 0',., '0";' "".D, W202"""'-""' 
-....<>die.,. 

,. '""""'. ,.,,,; pm 10.'-""'" 
__ .. from~.' 
PI •• " 'm"tI2I.W( ..... _ """-... .... .. 

W ........ , .................. _ ..... """"' . ...... CSV"'"""""'_ 

mo, "'..,. ............. .... """, .. to """"' . .... -"""'. 

"'-' ........ ;, ~"'_ "' ... """ .,.._ . .... """ • ""no _ ... ..... . """ ......... , """'" ...... ""' ... ........ -- ............ , 0',.,,,,,,,,,,,.,,, 
w ___ ..., ... ' ''' ,000<d" _ ....... .... """'""" on" '"""'" .. ,.,""'" 
• .• _ .. Tho ............. _ ;, .... ., CSV .. ..... ;, ,,_ ......... by 

""""' ....... -""'" ""'" .. .os EXC EL 

4.5,1 Potch fi les 
ThoPJ12 .... _~ ......... ___ ., ... ...., f'C ..... _ Tho;' 
___ ..... ..-.""' __ , n-.... . ..-.. """ ...... " ... 
............. .. _ .... ~"' ............ _ A. o-.... _-.""", 
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Pl!2"""" __ c-• .-"""", 
' ''' """"""~ ..... _ .... , """""". ",PS , .... ..... , ...... _ .... tho! .... _ , __ ~ 
0001,,_ ., ... ... IdS H P_. V ............ ., _ . --._ .......... ..,..,.., 

... HP _ . Tho ....-._".on . NT' Sp.,'_ , 
Tho "" __ .... _ . ........ oooouot~, Tho P 372 _ • ., mow ... """"'"" 
....". .... "","""'. Tho ...... "-"<I". ..... (. 'O_octon " ......... , _ ........... 00 -Tho "" __ ......... ... ""., .......... """"""' ... 00"' ...... , .. .... __ . W"'" "" 
no< """., OM ... ""..., .... ~ ...... ,""_....., "'" .... _., _ ........... --. .. "" ... , ...... ..., ... .... ..,.",... 
'" _""' ... y .... .,-,... ... _ ... ",,,,,,,,,,,.,;00 _on '" P'" ' o"" .. ~ 
,... ..... ___ ., .... . ___ """"""' ., ... PC ."'_ 

"""""'" ".,no ""_boot 
,.. .. _ ""_boot 
""'......" ............. ., ,.,.,,,.,.,, __ .. ... "" .... UO --. ,..,.,.,..,'_ 
' ' '' .... , . ,.._ . ............ bo ....... ., ......... _""" "-""'" .. _ Tho "" _ ".,., ...... .... """"'" 
""- "."-"<1 .... ,., ''''_ 
U System co, .... ""bon 

"'" _ ... ""'"'""'"' ...... P'" ."'_ "" .... ....". ... 

4.3 ,\ lMi" eon"",,'''''' 
c.o.w-..ct. -"' ...... ,"""........, ... PC _ .... -'at ...... "'. _, .. on '" P372 

......... _ , ,,,,,,",,,,," . _ ......... .., ... "', '4 _ , ' PC "'''''' ' '''''''"'''' ' ' 

..... , , . ,"", XOIiIXOH _ . W • .,.. ~EAto<m ........... """"' ....... ,.,.",,... _h,..,. .......... ___ , .. _'" 
c.o.w..ct..,......, ... P'" 

' ... on"'P", 

4.3 ,1 Hetwork conligurotioo 

c.o.w-..ct ... P372 k> .... ........ ..., "" • """"" '001''''' ... , co"'" (_"..,......). 
""""""" ........ R."I'........- on'" ..... out "'" 

En ................. ' .... ..... PC ... , TCPi K' .............. y .. ........ .,"""' .... ,P 
_ . ..... PC 

En...,....., ... '" " _ .. PC ..... FrP __ .....-....... Tho P'72 .... "" .... ..... 
__ .. tho -. -... ., -. ...... 000 ...... .- ><rip<> .... ....,. .............. " .. 
y"" """ .... coo .......... P'72 ., ..... -.. ... ... ""_ y ... .... _to 
......,....., ... FrP .,..,..." '"""""""'" ., ,.,.,, ............... ""'" ,.,." _ ...... _ 

-~-
"""'-<Ot ........ , ""_boo< 
"' .. """', ""_boo< 
y"" .... .... ., """' ........... , --'''''''' """"""-

Tho_ ................. _ • ....." , om ........ , .. ..., ... " ........ ....... ... , .. ...-.-
, P3n 

~-. 
'"',<0.28,'" 
'"',<0.28,13" 
'"',<0.28,'" 
'"',<0.28,'" 

,..,..._ .... 
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Pl!2"""" _ _ c-• .-"""", 
...... ,.; ... .,.,... _ __ ........ ..., ...... ... __ ... 5NTP _ 
__ . V .. .... __ ., .......... ,P ....... 01 ... _ 

.-....- IP _ ,... ... ... ... """ ""'" _ .... 1ocaI_. Tho P, ,, do' ..... Ie • 

..... 01 ' '".2''''''_' ' '.0 

Tum .. ... P'n._ ............................... -. ... __ .. ... ......... .... P,,, 
... p,n. _ IP _ ." 

»."' , . to .. ", '" .0 ZO 1> • 

• tho<. ", 1>.0 , ... ... . dd.... "'" '''b "'" 
'"'0<. ", .dd.... " ' .0 ZO 1> • 

•• ,v., .dd,... 1"'0 " 1'1 

... ""12 • .... '" n p ___ 
»."' . o<v o< '" . 0 ZO 1>1 

. tho<. ", h ..... ... . dd.... "'" ."b " ,1> 

'"'0<. ", .dd.... " ' .0 ZO 1> • 

•• , vo , .dd,... 1"'0" 1'1 

Voo .... ___ ., , ........ P,,, ................. ., .... ..... 

» .. . "' 
Onoo ... . ,..>om _ ,.. ........ k>'" _ ...... """""'" , .. , "", ... ... _ """"""""" ..-._ ..... 
... , ...... "' ......... pec 

»p ' "" '" " " '" 
""0 '" " " '" "" " " 1>1 , • " ... b:;t • • 

" b:;t • • ,,- '" " " '" ,- " '1"0 'tl' '' ' ,~, ' •• 

" b:;t .. ,,- '" " " '" ,- " '1" 1 'tl' '' ' ,,_ ' 1 • • 

" b:;t • • ,,- '" " " '" ,- " '1" ' 'tl' '' ' ,,_ ' 1 • • 

" b:;t • • ,,- '" " " '" ,- " '1" ' 'tl' '' ' '~' 1 •• 

--- 1" . 0 " 1'1 p' "" . , ." ." c. ---

1/ 11Z • • 

......... ... ,;p ... ~ 000 ......... ><rip<> .... .... ...... ..., ...... do, I .... ' .... 
• ,.._ .. """"'" ""_"""'_ """""" .... .... "" ..... on .... p,n can "_ ' "", -

"" Mo , ,,,,,. ,_,m .•. " 
,,. Mo , • " ", ' ''-''_0<, 
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'l!2"""" _ _ c-• .-"""", 
v"" """".". _ .... , __ upon .... ,.." ..... _ 

...... ".". ...-. .... 11> ... "" ""'"'""''''' ..... con "'" on ...... .".. __ . ... ... "" -» . y .... ft . _ dob..., " "" 

V"" .. """ __ " I""" __ ... . ,-. "' ................ A • .., . ,_. on "" 
......... ' _' ''''~ ........ '''''''' __ ... p,n., ... pc, 

» . y .... ft . _ dob..., " "" 

» ft ••• t . o q 

v . .. ft . _ boot 

'" , •••• o,d ,o,<".Hod '0' ft . _ boot 

• ••• ft . _ boot 

typo' 

' "' ~yp . . .. to , ... , 
n, "",0 .. "" , .... ,. ""do ," ' .'0. >0.1".'. 7", . 
" 0' •• q 

. o q co • • o d 

» . y .... ft . _ dob..., 0 

» 

» . y .... ft . _ dob..., " "" 

» ft ••• t . o q 

v • • , ft . _ boot 

'" , •••• o,d ,o,<".Hod '0' ft . _ boot 

• ••• ft . _ boot 

typo' 

' "' ~yp . . .. to , ... , 
" 0' •• q 
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'l!2"""" _ _ c-. .-"""", 
» . y • . .. ft,_ ... b .... 0 

» 
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App<f>di. 5 OEM J()<Jmey time oystem 

5.1 Journey""'" oyo'''''' """,me oonfig ... otion 

_~"_"'''''''''''' '-'u...- .. ,....,O/''''Tep"p_boM<I OEM........,_.,.._ 
A.., "' .......... e ll _ . .......... ..,... k> __ ... ........, ..... ___ _ 
Tho lui cu ","""", mo, ........ _ ... 

Tho dooog '"""'_ 

A . _TELHEToonnoc<"" .. _", Tho_'""'" _ ...,...-_ ................ ____ .,.. ___ Tho ..... ""'. ____ .... _ ......... . ,.._000 ...... .-. ___ _ 
w ..... .-.~ .......... bo.., ......... ' . __ ........... . "'_ 

""'"'" . .....-...... 
Tho -'"' _ ..,.,. ... . . >-_ oo.W>OC" .... . ~ _to ... .",. XOHr.J(Off "......, 

Tho TELH ET ~ .... _ ..., _ "'" on 00 _ . ""' ..... ... """""""' .... Tho _ .. ...-.._ 

~--• • .- """"'''"'"''' "" -_ ............. 
• • • •• s.. . _"" ......... "''''' .... _ . _. •• m . ",",", s.. IP_ .. ",,,,,...,,..,_ """ .", ..... _. •• m s.. IP_ .. "''''' .... ~'''''' . ,.. __ 

..., bo ,,,,,,",, o/t .. ..,.". ........... k>"1 

" "' - ........ . ,., ... - ,,>CaSon ....... _ mo, ....... • .............,,"" ., • _..-. ...... -.. ... 000_ ..,..,. '" ","",""",,-

.~. s.. .... _ """"*- ...... "...,. ........... _ tag 

"""""""'" 
~. s.. .... _ """"*- ...... "...,. ... _ "'~at 

mo. __ • ... - Poriod .. -...... bo_ ... ......., .... ___ . """" . ... ........, _ ............ ..., ""' .. ;, ........ ;, -- ... 
.... "' ... _ . . .. ' .. 0 ' ...... -.. ... "-" ... 
bo ........ "' joumo,_ .... ....,.. . ..., ..... _ 20 --• - " ... _at.....,...~ ........ I;·· _ ..... _ '0, 
............. _,_ .. _ ...... __ {i • . ~ 

k> ......... ~I''''_ ....,. ·" ................. 
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I I 
5.2 Veh<cle tag ""' •• _ 

On __ .. . _ . tho P372 ... >«>d . .... ugoo., ........ , . , . .... __ _ 

... "'1' .... "" __ Tho """",",,",,,., ... .... , .. --' ..... ii,,, _ .... -.."" 

.....,........ ..,.,. "" .. no _. "''"" ...... ..-.. ... _ . " __ .... ........,."" 

... bo'*-d. __ ..... ..." ...... _ ..... .. _ .... .. .. ' ., 0 .......... ,_ ., ""'_On 
~--,~ ( ....... , ............ ) .... P,,, ..... .,- ... """"""""" "'" ~ __ 

5.2 ,\ Form" of1. g """ " \1<' 
E.oo ..-..... """'" ... ....."n.. 
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5.3,\ Form.' '" heartbeat """" \1<' 
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6.1 ,1 Time Sl.."ps --_ .... .... _-",. .... ", ........... _..-.. 
~",. .... ....., -...,..""'- - "' --",. ..... . _"" ....... --n. ........ """'" ~ ..... bo..,.,.,.... _ ... mo--.. ....- ..... ., _ ... 
"""""" -... .. , "" ~."" ... e"' .. ~ ., woo. ... '"" .,.. ...... . . .. , ...... . """""'" -...... -..... ... ""'_ -.. """ ... """"""" _ """*' ruo ""OIl ........ 
.. 10 ... . .. . " ." ... ThoP'12 " ........ -..."" ......... To........-_ .... PJ12 ._"' .... _ .... _ ......... ~ ...... """" ·"" ·,000). _"' .,...,......, ... 
., ... -.. . , . .... ",. ....... ... 0 .... """""*" from ... ....... "' ....... h ... .... -.. .,.._ ..... p", .,..>om """ .... ......... ,....." .. .... "." .. >0<0. .... ... ......, 
.... ... >0<0. Th«of"", ... .... _ . ""' ,......, ., ..... . "", _ _ .... .. " ..... 

~-
Tho """ . , . ........ .,."...... Tep" p __ -.. on • _ poo1. """" ......... 

• ""'"'""" ........ "'...., • - .. " . >ring .....,..... """ .,..>om """""' ......... 
..... ... """""""'" Tho acto .. ___ ......... poo1 ... """ ..... _ 

Tho .......................... _ ...... -. 
A. " ", _",,-, ... , ""' _ " ...,.., ... actwoI __ ............. 
........ "'act ..... . ....., "' .... -.. ....... ""' .... ... _ . . .... ""'"" .,..,_ 
run< • • ~., """"" ""'"" ,_ • . "" . ___ "' ''''''''' '''''' ...... . 
By ......... , ... _ '"' ..... . ....., ~ """ "' ... "'""""'" _ . A . .... .,.,...,. 

--", .. ~., ... - ....... --.----.... "," _. '" on ___ -... ........... ....., .... ..... 1" 00m0 E ......... """" USA). 
Thu,_~"", ... _ _ , ...... _ ... , ... ___ .., _ ....... ..,.,.,..... 
"" -...... ............... """*' ... to ..... """'''''' ""_ ..... ,,' '''' ..... _ .. _ . _. from. """""' ..... 

Tho P'12 . ,.,.", .... ......,.... k>caI .......... __ "". ""'"'""" ... ., .... as!) I UI-I'" 
.'yIoSmP _ )"."""'_on . _ '"""""......- .. poo1 " . Moot .- .... m.,........ ................. _ ........... ...- lodo ... Tho _ 
coO mo, ... _ '" ....... ........ _ _ , IP _ .. "' o . . .... _ "' 
.....-, ..... ... p'n-.....~ .... ___ ., .............. E ........ 

.............. ,..,.,. ""' ...... from .... .,..,..., 

6. 1,' Comma"" <11""",,1 

Tho -.. """ . , . .... ..-... """""' ... ., ... p", ., ",,,,, '-'"'" "" -... .. " 
"' .. . ,..,_ ....... Tho ......- "' . "'_ ................ ItNT);, • _ "'. 
~, ... _ .... _.,~ """" .... __ _ .-. Tho 

........-._"'""""'. __ .... _ ... E_"""""""" "'.-don .... 
"'" " ..... . "'._,.".-. ...-., ... __ . Tho .... ..... , .... .. _ 
........ , ,,..,. , . ............ _ ,.....,. ......... "" oommaoo. 

, -.. " ""' .... -..... -....... '"' "" ...... , ,-, .. ..... ... ,,' _____ .... H - ........... .. ""' ...... ......... 
......... _ ............ bo "'""". Tho 
.....,.. .... '"""., .... """""""" .... ... 
"" , ...... n """ SS IT ..,..... 

0,"",,'_"" ' ... '''''10 
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.,... .. "-_ ... ..... . .."... 

.... SS TT - .... _ ..... ........ - 0 .-moI """,_ 
P - "","P""" 

• """" ..... ."... 
• " ......... , ....... ...... - _.-",,-...... 

" -, - .-"" ...... ,-.-....... ~-rm............., ... ' .. ,....., Ioroo ... 
• ,..""' ., ..-.... ............. _ . Onoo 
.... """""""' .... .-d, ... ,,, .... ........ ............ _._ ............. "" 
"'_ ""C>rnO<._ "'" 

u "' Ii" """' .... '" . ............ n .. .., ........ .... .. .. ... ...... 
• 'm",,," 
• --, - ...... (>-<1) ---" --• --. 

", .e_ -.-
"'"-" st .... "' ... "" .... ., ... .... " 

''''''''', 
L.o" .... """ h oy 

"'"-" """ ........... "'.-~. -,.- "<>roo ... ", "" ""."'''' . ~ _ ......... '"' """"'" "' .......... ~ .... 
.. ""'. ood .. "'"'"'" _ M t> .... .. -,~. 
CIoM ... """"'""""'. " " .. . ..... 
~ 

6. 1,4 ...... _ chol"'''' 

A .... __ ........... .. "' . ...... ..-..--.., ..... """' "'"'""-' .. ... "'" 
~ ........ ,-,-... rm mo.""- __ ...,. ... "" • _ ,_ """"" ... _ rep"p 
_ . n-. .... .. "" oIIocI 00 . ,.._ .............. _ .. ... ~_ .... __ • 

.... .. • trioIIy ........ " .. .. ''''""''10 ....-.. ........ .... __ ..... 

.. ASC . .. " .. ..-..-
","_ . mo. __ _ "'""' t .. "' ......... 
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_ .. ." .,_ .,..- "' .. """"" ............. _., ..... ' -",.. ...... - -
" .. , • - "-1>_ .......... ~_ ... ""'l' "" _ • . 

n " • .-.... ........ . .... _, .... on OVO<)' 

~ .... "'"""'" 
... . e """'""_ ... , ~ ........ """ "' ... ..,.. .. --_.tt "'- """'""- ... ,~ ............. '" "'- ........... ,,, 

...... ,..,., .."." """"""'" __ ..-n " ~ 

., ........... _ ""'" t+>o ..................... 

~'" . " " oe _l.v. 
~'" 00''''' ' '" 
~,oz • """ • 
~'" 0_""" '" 
~,oz • """ • 
~'" 0°'''''' '" 
~'" 00" 1'" '" 
~'OZ • .,,'" "" 
6. 1,5 Keep al ive 

" .. ...... _ "''' " .... ___ .. on, .",'om f ...... , ... . ,...... """"" •• ,., .... 
__ ,.....", . -...", '"""""'Y. _ ... , , ...... .. -.... '" .. tomaI., ... 
p,n 
A. ,..... ...... _ . ......... ___ ..." "' ...... ..,, _ · _ . • no -....... ....,~ ... ---, ........ . ,.. ........ '",." .. _ , ......... __ .............. ~ .... _._ .... __ .oo_ .... ~ 
..... ...., .... "" .... .......... '''''' ....... .... __ --..r ... ...., .,.._ ... , 
OM .... ... ....,. .. ""'"' on ... __ .. an """""_..., .... f"ln .. ...... ., ...... 

6. 1,6 Error code. 

Tho ___ cu _,.,. , ....... _ OK '" ERR,., on "" ,_, '" any -
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6.1.1 Sta,,,, "''''''' 
Tho ...... """"" w;o _.,.. -... OK hod . ",,,, .. . ,.. .... "' ............ --....-.-. .......... """--
OK ' ... "0 lip" """ 0 .. ," -
• 
OK •• ,,0 1Ip,' .... 0 .. ," .0, 12,' ,' 

""' ............ .- 0 

... - ... ,. .... _>t." 0 

0I0oI. " ... 

6.1 ,8 Tolling ._ifi e conlig",.boo option. 
Tho_ . ,.., ........ . """"-"' ___ .............. .. __ .,_ ... _ ..... """'_ ........... 

, Sot...., lip _IP_. 
,-, 

.... , Itp -- """"'"' """'" 
u.~rt .... , Itp .. .- ...... ..... 

, . , Sot..........., Itp __ f'_. .. ~~, 
........ - Itp --..,.".... """'" 

• '-"'H~ ........,.., Itp - ..... """" ,., ...- Poriod .. _Itp...- ..... _ .... 

.... o, 00"''' k>~"""" 
-~, Sot ... 100>< TCI'IIf'"" ""'" by "" """"""'" _.A.,.., .... CK""' .... .-__ 

~--- " Sot ... 100>< TCI'IIf'"" ""'" by ... """ __ -,. ..... CK"'" .... --0""",,'_"" ' ... ..,"'10 
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~--,,_ 0.0., Sot""" .,.._ ,P ........ ........................ 
"---' Sot ... 0001 . ,.._ "" port ........... ... 

""""""'" __ 1""'--'" 
, -~ Period ;" ........ -... palo "' .... t .. -_10...- _ ", -. .,,- W"" __ _ ..... boon~ .. 
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.,- ... "" ..... _I ... I __ ., ..... .ch-.un ... -"" , MOO< T-., .,.._ ......... "" .... -._ ................. 

"'NctMty 

,- - """"" -.. ... y .. ........... " UP _",-"",6 
_ . Sot .... ;" _ ........................ """"' .. 
___ .1 .......... ........_ '"' .,.., ... 
,,"" .', .. _-, 

=, Sot.,..". ..... .....,;" .... _ "-" ., .... ;" 

""" """", 
~ Sot., . ... ... ..... _ ;"A'EG_ ..... to .... 

;" IIMP_ 

~ Sot.,..". ....-.- ""';" A'EG _ ..... .. .... ;" .W_ 
-"- - W"" .... __ . .......... _"" ....... __ .......... 

.. .., ........ , .... . .... __ MOOD ;' ...... . ~ ... ~ Sot .... oo~ ....... "' ........ -..., ... ...... _ ... _ TIn..-. .... boon ...... '" , ...... , ..... ,.,. 

.... "--' occo .. ...... ....... """"'" . ,..,.... _ . "' .. _ ... -................. _ ......... _ ......... -
1- ""'" " =, T' ...... ' ".... 
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~._., ... ......,..,_. M.....,. ~""""COO ""."".,_ ........ ,,"""'" 
_ rriwo<> oooId....., .. on _ .,.._ 

6.2 _ "'it}' moo~omg oyo'em 
Tho",, __ ., .......... " ... Tho,_ ~"" • • ...- 'o __ .oo 
'"-"" '""""" .... -...-.... ... ..,.. -., ......... "'" _ ............. 
,...,... ...... -. .. hI'''- '" ..,... ....... . 
Tho "'" .... _ . .. ....-....... l """,..-. . ,. ............... _. _ .. n ...... " ... -, "'._ ...... ..-... ... "'", <>nO p ,n ....-............. "". """ "" .......... ..-. ....... 
h_ 

A""", .. . , . .... """ . ... _ . """ _ '-" . .. ""'" 

Tho p ,n . , . ...... ..-. .,...... "' ... """' .. . , . .... "" E"-"" C><riod """ _ 

_ • _ """N' ... """'._ ~ ................ P3n. n .. p 'n .... ""- ... 
_ "" • .........-_ poOOd , _ ' OO-lOOm>. "'""'" ... -. .... ~ """ ... -, --""" _ ....... """'. 
6.3 Cor parking 

Tho eM ........... ,.,. """' ....... """ <>nO ",..... r .. "- ..... "'_ boo". <>no ..... .-, 
....... .oo "" ", ..... ..-.., ... " .. ; .... by ............ __ ...... """"'" .,. .... (o'U'!'l). E_ .. 
... ....... .... ................ by <>nO P3n con>O< • • Thio ............ ., ... "...... . ,._ 

'",m .. "''' ....... ? 

Tho "'" .. _toO ..... us. __ ........ ""...-!., ,_ ....... from _ " " . " ....... .. """"""'...." . -" ... - . """ ....... ...... "" ""' .............. """ .......... . ,.-..,., ....... "'" "" .. . 
l .... _ .......... _ 

'" """,,, ... P3n~. coo _ ....... . ........... AlP!! _ on _ ........... " ."., 
<HtM>oo ___ " t." ond "" .... from ... ....-•. _ .............. ""'"'- ..... ., ... ,.... 

- . """ ... --"'" """..-... ... -- ..... """",., ... '"*",,. 
A. , .. , _ ..... ., .. _ ... -.. """" ...... _".., ....... '''' """"""''''''' __ ....... _ ..... -I··~·- .......... ~ ..... ,-"" ...... "'I· . ................ ., _ ... .... """ ._ ..... "''''' .......... -..--. --""""".,,, .. ., ........ ', '" 
bof ..... , .. .....".,-., ... _ .. . ""' ............... ""'_"" ....... .-. Thio """" ...., .. "'." -. .... """ .... ....... ... "'''' .. ... -_ ... ""-........... " 
. _ ........... "" by'" ".......,. .... . 
Tho_ .................. __ -. ... ",", .. _ ..... _ .. 000."_ .. .. ., 
.... __ "" ...... _ . ,. ",,, _ ... _ ........ C ......... __ ........... .... ... 

-. .. -. c_ .. coo ... "'_ """"",,,., ............... of _I .......... ' 
l OCAtiooo .. P 312 ......... t. "" ...... '" _ 

Sot ...... , .......... " ....... """"""' .......... "' ...... _ . """""" • .oo _ """"",""" 
by-.......I ............ )-·· 
'" ",,,,",,,, ....."., CO< ..... _ . .... __ • """"'" ""'" ,,~,onoo ___ ... ~, """ ..,...,. 
....... ,-".,"' ..... -~ ... ........,......,""""" ............. - .. -., .... _ ........... 
""' ............ ,,,00<> • 
. .. ........", ......... ..-. ""'.".,.- "" • .- .... ,t." .. _ ... ,_ "'.- Tho .. oooId 
... b .... ........ _ . ... _ . ... '. «>O!, ..... "'-., ..... oc 

s~ ........... _ ...... ". .. ......... .-, .. _ ... con>O< . ............. from"'""", 
.............. co""',..-. -'" ..-.. .. """" _ ... p,r:r. _ .,..."... ............. , ..... "'" ............. ,"'-_."' ...... , 
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