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Presenter
Presentation Notes
Good morning. It is a pleasure to have you here in this session titled  What's Up With Weight.  Before we get started,  I want to know about you. Particularly, your name, Organization, Years with your organization, Truck weight familiarity and your expectations. 

I am going to share a little of my background. I am going to talk to you today about a buzzword that I am sure none of you want to hear -- a paradigm shift. 



OBJECTIVE 

• The goal of my presentation is to provide a brief overview on the 
Truck Weight Study (TWS) program and Weigh-In-Motion (WIM).  
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Presentation Notes
The mission of the office is to establish national travel monitoring policy and guidelines, implement data collection, analysis and reporting procedures and standards, facilitates the application of technology, and collects and analyze highway related data from throughout the United States.  These data includes information about highway financing, motor fuel use, driver’s licensing, vehicle registration, traffic, and travel data.  
 




Learning Outcome 

• Understand History of Truck Weight Study (TWS) 
• Explain Mandate for the traffic monitoring program 
• Outline Travel Monitoring Analysis System (TMAS) Data Need 
• Describe Traffic Monitoring Sensor Technology 
• Identify TWS Status & National Loading Trends 
• Describe WIM System Deployment 
• Observe Research and Future of WIM Program  
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Presentation Notes
The goal is to enable effective transportation policies and programs by informing both the public and elected offices on travel behavior, travel trend and travel demand.

Key Message:  Lesson 5 describes the components and procedures of the weight data program.

Background Information:
It is worthwhile to understand the evolution of truck weighing within the highway program. Essentially three distinct eras can be seen:
1. The period prior to the Highway Planning Survey (HPS),
2. The period of the HPS and the associated use of loadometers, and
3. The present era's Weigh‑in‑Motion period.
 
The Pre‑HPS Era
The platform scale is the most common weighing device for large quantities. The first such scale was patented by Thaddeus Fairbanks in 1831. With the development of major roads between cities and towns it became desirable to develop large platform scales that could weigh an over‑the‑road vehicle'. Initially the over‑the‑road vehicle consisted of a team of horses and a wagon. Normally this weighing was carried out for a fee by the sellers and purchasers of bulk goods such as grain or coal since the cost of the goods and/or the cost of transportation was equated with the weight of the goods. By weighing the vehicle while empty to determine the tare weight, it was possible to determine the weight of the commodity carried. Initially weighing was carried out using large platform scales when available. These scales were balanced on low friction surfaces and counterbalanced with a series of lever arms connected to the weighing beam. The weighing beam had several weights of different size as wen as a small sliding weight which were used together to balance the weight on the platform. A true and rigid foundation was required and while they were accurate, they were also expensive. With the advent of the motor vehicle, these same procedures and scale technology continued to be used.
 
Later, it became apparent that weight must be enforced to protect the roads, however, such scales were rarely available for use directly for enforcement or weight surveys for highway use unless they were located on a main truck route. Because truck weight enforcement and truck weight surveys were concerned with the weight of each axle, it was necessary to obtain a separate loading as each axle came onto the platform. This was time consuming because most scales required manual adjustment of a major and a minor counterweight. By the 1930's it was increasingly evident that proper administration of the highway program would require a formalized data collection effort and that as a part of that effort, truck issues could only be addressed by the development and use of a simple system for collecting axle weight information.
 
The term "loadometer" is used in this discussion since it is the most commonly used terminology for portable static scales. It is meant to include all such devices and not only those of a single specific brand.
 
The 1930s and the Highway Planning Survey Period
Since 1935 Truck weight data have been collected by the State highway agencies as part of the Highway Planning Survey provided for by the Hayden‑Cartwright Act of 1934. The ability to collect weight data was made possible by the wide scale adoption of portable static scales, "loadometers," by State Highway Agencies.
 
Loadometers, were portable scales with a platform about 2 feet square, 3 inches high and weighing about 40 pounds. In use for collecting truck weight survey data, a unit was placed in front of the vehicle wheel with a 2 or 3 foot wedge shaped ramp so that the vehicle could drive up on to it. Inside the loadometer was a heavy spring steel lever that the operator gradually deflected by turning a small geared crank until the wheel was barely lifted. The weight determined by the number of turns was read from a dial in the machine to give the wheel weight directly, although not as accurately as provided by a platform scale. With a crew of 4 to 10 and 4 or 5 loadometers so that all of the wheel on one side of a truck could be read simultaneously, it was possible to weigh at the rate of one vehicle per minute or more. The wheel weights were then doubled to estimate the actual axle weight. At the same time the vehicle was being weighed, information on vehicle type and axle configuration would also be collected. For operations at a number of locations the "Loadometer Surveys" were often the only feasible and economical procedure for obtaining planning data on axle weights and vehicle characteristics.
 
The loadometer was a major breakthrough for gathering general weight data but was not directly applicable to the issues of weight enforcement. The needs of the enforcement program for extremely accurate weights under all weather conditions tended to support the use of segmented platform scales that weigh all axles of a truck simultaneously. This equipment is often installed at weight enforcement stations on the Interstate System and on other truck routes. In the past these enforcement installations were often also used by truck weight survey personnel on a limited basis to gather truck weight survey data.
 
The advantages of static weighing are:
1. Very accurate and precise weights can be determined,
2. Because the vehicle must be stopped, it is possible to obtain precise vehicle dimensions
3. The driver can be interviewed to determine information such as origin/destination, load status, commodity, or carrier type.
 
The drawbacks to static weighing are:
1. Vehicles must be stopped which are a time and cost burden to truck owners and operators,
2. A special site is often necessary so that the operation can be conducted safely with respect to the weigh crew, the trucks being weighed and to the general traveling public,
3. The number of sites is limited and become well known to truck operators who carry out any overweight operations. These operators may then try to bypass scales or travel when the scales are closed,
4. While loadometer operations overcome some of these disadvantages mentioned, they are:
	a. Time consuming,
	b. Subject to weighing errors,
	c. A hazard to field crews because of shifting loads, off‑track wheels, and weak tires,
	d. The shifting and placing of the portable scales and ramps is physically exhausting, and
	e. A relatively large crew is required.
 
The Weigh‑in‑Motion Era
Weigh‑in‑Motion is a response to the shortcomings of static weighing mentioned above. The aircraft industry developed load cells with electrical stain gages for weighing each wheel of an airplane for use in determining center of gravity and total weight. These could be calibrated to provide reliable static weights. As this technology became widely available after World War II highway scales based on electronic strain gages were developed that could feed and electrical signal to an analog device such as an electrical meter or oscilloscope.
 
One of the earliest efforts to develop a WIM scale anywhere in the world was devised by O. K. Norman and Richard Hopkins of the U. S. Bureau of Public Roads (BPR). This BPR device was deployed in 1950 and used a "floating" reinforced concrete platform that was constructed in the surface of a traffic lane of the Shirley Highway in northern Virginia. The weighing surface measured 12 feet wide by 3 feet long by 1 foot deep and was supported at each comer by columns to which military surplus resistance­ wire strain gages were bonded. Each of these strain‑gage load cells was incorporated into a Wheatstone bridge electrical resistance network such that the electrical potential difference at the output terminals of the network was proportional to the compressing force. Temperature‑compensating components also were included. The four load cells were connected in parallel so that the total weight on the platform was directly obtainable. The experimental instrumentation was a complex arrangement of analog devices. The system output consisted of oscilloscope traces from the load cells and from a pneumatic tube; traces were photographed as they occurred. It took 10 second to acquire the oscilloscope reading for each truck. Axle weights, axle spacings, and vehicle speeds were computed by manually analyzing the oscilloscope readings. Similar systems, using concrete or. steel platforms were also installed in Iowa, Minnesota, Oregon, Michigan, Indiana, and Illinois. Abroad, the United Kingdom's Transportation Road Research Laboratory installed a system like the BPR's at 30 locations in 1957. Similar systems were installed in Sweden, Japan and researched in West Germany. 3
 
By the early 1960s, most of the efforts to use massive BPR‑type WIM scales had been abandoned. Several factors contributed to this result:
 
1. The great mass, stiffness, and inertia of the platform was significant in relation to the transient forces it was intended to measure so that the scale could not respond to the rapid changes it encountered, nor could it return to a static state before subsequent axles could pass over it.
2. Leveling and lateral translation of the platform was always a significant problem,
3. Moisture effects on the load cells caused difficulties,
4. Installation and subsequent maintenance were a significant burden on its use,
5. Lack of system portability meant that is could only be used at expensive, prepared locations.
 
Research into portable scale development can be traced to research initially begun in Mississippi in 1952 and continued since then in the United States, Sweden, England, West Germany, and South Africa.
 
Portable sensor research produced a unit that includes a lightweight weighing platform that rests on strain‑gage load cells which in turn rest on a supporting foundation. Such equipment was developed at the ‑University of Texas under sponsorship' of the Texas Highway Department. The device was eventually made available by Unitech and later by Radian Corporation. The equipment has had extensive use in the US although Radian Corporation no longer markets the device.
 
Strain gages have also been used in WIM systems that have the gages bonded to the underside of steel plates with the strain measured as being proportional to the load. This system is manufactured by Prozess‑Automatisierangstechnik and used in West Germany. This device is available in the United States as the PAT system.
 
In 1967 South Africa's National Institute for Road Research began development of a weighing mat that consisted of layers of rubber and steel. The unit was designed to convert load into a change in capacitance. The resulting system was marketed as the Viatec Axle Weight Analyzer by Plessey South Africa, Ltd. The Viatec system was tested extensively in both the United States and Canada and has been used for more than ten years in South Africa. This same capacitive mat sensor has been incorporated into WIM systems now offered by vendors such as the Golden River Corporation, Howe Richardson and PAT.
 
Howe Richardson also developed and axle weight sensor that consists of steel plates supported at its comers by load cells. The sensor requires an 8 inch deep pit. This equipment is used in several states for weight enforcement.
 
A portable system was developed in the early 1970s at Case Western Reserve University in research sponsored by the Ohio DOT. This system uses strain‑gage load cells clamped to the lower flange of support beams on the underside of a highway bridge. Tape switches or piezocables are used to sense axles. The equipment is marketed in the United States by Bridge Weigh Systems through Toledo Scales.
 
For a number of years, the British firm Weighwrite has been marketing a low‑speed (2.5 mph) WIM system. The unit consists of a steel platform 10 feet wide by 3 and 1/2 feet long in a pit I foot deep. As in the original BPR system the strain‑gage load cells support each comer. The load cells are supported on a foundation frame. This equipment is used widely in England for enforcement purposes.
 
In 1972 work began at the University of Saskatchewan in Canada to develop a hydraulic WIM system. The final device uses a single off‑filled piston as a load cell to which the load is mechanically transmitted. One of these is installed in each wheel track on a common concrete foundation. The equipment is marketed in the in US by International Road Dynamics (IRD) through CMI‑Dynamics.

Interactivity: NA

Reference: NA

Notes: NA
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Participant Introduction 

• Name 
• Organization and position 
• Role/experience in the field of traffic monitoring 
• I hope to learn _____ about Weigh-In-Motion (WIM) 



FHWA & Weigh-In-Motion 

• 1. The period prior to the Highway Planning Survey (HPS), 
• 2. The period of the HPS and the associated use of loadometers 
• 3. The present era's Weigh in Motion period. 
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Essentially three distinct eras can be seen: 

Presenter
Presentation Notes

 1831 - Fairbanks invented the platform scale for use in weighing horse drawn wagons
 1918 - The first road test begins at Bureau of Public Road’s Experimental Farm in Arlington, Va., to measure impact forces of various wheel loads.
 1934 - The Hayden-Cartwright Act set aside 1.5 percent of federal highway funds to support the Highway Planning Survey activities of the States. This supported some of the the earliest truck weight studies.
 1939 - Black and Decker developed the Loadometer (now owned by – Haenni)
 1942 - Mike Thurston developed the Strain Gage Load Cell to speed the determination of the center of gravity calculation for aircraft
 1950 - O K Norman (BPR) installed one of the earliest WIMs in Shirley Highway (I-95) outside of Washington DC
 1967 - TWS:  In order to properly deal with truck related issues, the Office of Highway Policy Information’s, Travel Monitoring and Surveys Division, established the TWS in the 1967.  The TWS provide general guidance as to the number and appropriate locations for data collections sites; this marked the beginning of a centralized data processing and truck weight dissemination activity by the FHWA.
 1971  - After half a century, it was only with the issuance of the TWS Guide that a standard scheme was put forward for the collection of truck weight data nationally. This "standardization" of data allows for the development by the FHWA of uniform data definitions, as well as a consistent editing process and standard output tables.
 1985 - The issuance of the TMG provided a statistical basis for data collection, provided an integrated approach to volume, class and weight collection and assumed the use of automated data collection
 1990 Vehicle Travel Information System was developed as a tool to process weigh-in-motion and vehicle classification data for use by State and Federal agencies in support of the Truck Weight Study. 



FHWA & Weigh-In-Motion 

• 1831  - Thaddeus Fairbanks 
• 1918  - BPRs First Road Test 
• 1934 - Hayden-Cartwright Act 
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The period prior to the Highway Planning Survey (HPS), 

The period of the HPS and the associated use of loadometers 

• 1939 - Type A Loadometer 
• 1942 - Strain Gage Load Cell 

Presenter
Presentation Notes

 1831 - Fairbanks invented the platform scale for use in weighing horse drawn wagons
 1918 - The first road test begins at Bureau of Public Road’s Experimental Farm in Arlington, Va., to measure impact forces of various wheel loads.
 1934 - The Hayden-Cartwright Act set aside 1.5 percent of federal highway funds to support the Highway Planning Survey activities of the States. This supported some of the the earliest truck weight studies.
 1939 - Black and Decker developed the Loadometer (now owned by – Haenni)
 1942 - Mike Thurston developed the Strain Gage Load Cell to speed the determination of the center of gravity calculation for aircraft
 1950 - O K Norman (BPR) installed one of the earliest WIMs in Shirley Highway (I-95) outside of Washington DC
 1967 - TWS:  In order to properly deal with truck related issues, the Office of Highway Policy Information’s, Travel Monitoring and Surveys Division, established the TWS in the 1967.  The TWS provide general guidance as to the number and appropriate locations for data collections sites; this marked the beginning of a centralized data processing and truck weight dissemination activity by the FHWA.
 1971  - After half a century, it was only with the issuance of the TWS Guide that a standard scheme was put forward for the collection of truck weight data nationally. This "standardization" of data allows for the development by the FHWA of uniform data definitions, as well as a consistent editing process and standard output tables.
 1985 - The issuance of the TMG provided a statistical basis for data collection, provided an integrated approach to volume, class and weight collection and assumed the use of automated data collection
 1990 Vehicle Travel Information System was developed as a tool to process weigh-in-motion and vehicle classification data for use by State and Federal agencies in support of the Truck Weight Study. 



FHWA & Weigh-In-Motion 

• 1950  - O.K. Norman  
• 1955  - AASHO Road Test Approved 
• 1967  - Truck Weight Study   
• 1971  - TWS  Manual 
• 1974 - First WIM Conference 
• 1985  - Traffic Monitoring Guide 
• 1990  - Truck Weight Study Software 
• 2013  - Traffic Monitoring Guide (Update)  
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The present era's Weigh in Motion period. 

Presenter
Presentation Notes

1967 - TWS:  In order to properly deal with truck related issues, the Office of Highway Policy Information’s, Travel Monitoring and Surveys Division, established the TWS in the 1967.  The TWS provide general guidance as to the number and appropriate locations for data collections sites; this marked the beginning of a centralized data processing and truck weight dissemination activity by the FHWA.
1971  - After half a century, it was only with the issuance of the TWS Guide that a standard scheme was put forward for the collection of truck weight data nationally. This "standardization" of data allows for the development by the FHWA of uniform data definitions, as well as a consistent editing process and standard output tables.
1985 - The issuance of the TMG provided a statistical basis for data collection, provided an integrated approach to volume, class and weight collection and assumed the use of automated data collection
1990 Vehicle Travel Information System was developed as a tool to process weigh-in-motion and vehicle classification data for use by State and Federal agencies in support of the Truck Weight Study. 



Federal Legislation Historical Context 

• SAFETEA-LU 
• TEA-21 
• ISTEA 
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Mandated States to establish a TMS system by 1997 and be operational thereafter. 

23 U.S.C. 303 –  Management System 

Traffic Monitoring System (TMS) under  

Presenter
Presentation Notes
Key Message:  Federal Surface Transportation Legislations such as ISTEA, TEA-21, and SAFETEA-LU mandated State traffic monitoring programs. The Traffic Monitoring System (TMS) program is aggregated in United States Code 23, Part 303. States’ TMS shall be in place and operational by 1997. 







Hierarchy of Our Law 

Guidelines 

CFR 

Policy 

USC 

Constitution 

Presenter
Presentation Notes
A constitution is a set of fundamental principles or established precedents according to which a state or other organization is governed.[1] These rules together make up, i.e. constitute, what the entity is. When these principles are written down into a single document or set of legal documents, those documents may be said to embody a written constitution; if they are written down in a single comprehensive document, it is said to embody a codified constitution.
The United States Code is a consolidation and codification by subject matter of the general and permanent laws of the United States. It is prepared by the Office of the Law Revision Counsel of the United States House of Representatives. 
The Code of Federal Regulations (CFR) is an annual codification of the general and permanent rules published in the Federal Register by the executive departments and agencies of the Federal Government.
A statement or other indication of policy or procedure by which to determine a course of action: guidelines for the completion of tax returns. 




Current MAP-21 (Public Law 112–102) 
Traffic Monitoring and Data Legislation 

• Section 1105: Apportionment 
• Section 1106: National Highway Performance Program 
• Section 1112: Highway Safety Improvement Program 
• Section 1115: National Freight Policy 
• Section 1116: Prioritization of project to improve freight movement 
• Section 1120: Projects of national and regional significance 
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Key Message:  The latest Federal-aid legislation, known as MAP-21, has promoted data and especially traffic data to a new level. As shown in this slide, programs ranging from apportionment, performance management, and freight to national and regional significance projects require the usage and adaptation of quality, uniform, and consistent data. Further, Title 23 CFR Part 1 Section 1.5 requires State highway departments to furnish information deem desirable in administering the Federal-aid highway program. This is the source of the mandate for the traffic monitoring program.
 
Background Information:  Unlike ISTEA, TEA-21, and SAFETEA-LU, Traffic Monitoring and data requirements are scattered throughout the various programs shown here.



Current Sources of Guidance 

• Traffic Monitoring Guide 
• HPMS Field Manual 
• AASHTO Guidelines for Traffic Data Programs 
• ASTM Standards 
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Key Message: To meet all MAP-21 requirements, the most efficient way to comply with data needs and data quality needs is to follow the guidance contained within the Traffic Monitoring Guide and the HPMS Field Manual. These and other sources of traffic monitoring guidance are described in the remainder of this lesson.




Traffic Monitoring Guide 

• Produced by FHWA –  2013 edition 
• Offers guidance for agencies 

• responsible for traffic data 
• collection, analysis, and reporting 

• Provides a basic common data 
• collection framework for all 
• highway agencies 

• A guide to implement federal 
•  requirements 
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Key Message:  The Traffic Monitoring Guide is published by the Federal Highway Administration, Office of Highway Policy Information. The current edition of the TMG, completed in 2012 and released in 2013, offers guidance for agencies that collect, analyze, and report traffic data.

Background Information:  The TMG is intended to be a statement of good practice. It is a guide to implementing federal traffic monitoring requirements. Data collection agencies are encouraged to consider the methods presented here in their administration of traffic data collection programs and to compare the effectiveness of this methodology to the procedures they currently use. The TMG is designed to describe “good practice,” provide flexibility, and improve the quality of traffic information.The FHWA is in a unique position to frame the discussion and define the debate on major issues that impact the transportation community nationwide.  

FHWA can be an agent of change…leading the way in developing and implementing sound national transportation policy…

This approach includes collecting meaningful data, undertaking sound analysis, developing strategic approaches with our transportation partners…
Background
 
Since the development of the 2001 Federal Highway Administration’s (FHWA) 
Traffic Monitoring Guide (TMG) detailing traffic data format and collection procedure (http://www.fhwa.dot.gov/ohim/tmguide/index.htm), demands on traffic data in terms of both quantity and quality has been increasing at an enormous rate.  Coupled with the rapid development and deployment of traffic monitoring technology, wide implementation of Intelligent Transportation Systems (ITS), ever increasing demand on program, investment accountability through travel and traffic data, and more importantly, meeting the needs of FHWA’s multimodal traffic analysis framework, the current procedures and formats needs to be re-evaluated in order to keep up with both program needs and technology advancements.  Furthermore, expanded requirements for traffic data from the Highway Performance Monitoring System (HPMS) are also impacting traffic monitoring programs.
 
The purpose of this  Task Order is to examine the current TMG and data format and update all to meet the goals listed below:
 
Ensure quality input data for the FHWA’s Multimodal Travel Analysis Framework.
 
Provide the latest procedural and program guidelines to State highway agencies and other governmental entities that are directly or indirectly involved in the gathering, processing, and reporting of traffic data.
 
Provide comprehensive background information on traffic data collection theory, principals, equipment, and practices for people who may be relatively new to this area.
 
Help people locate available procedures and processes utilized by others and apply this information in developing one’s own procedure, criteria, and processes.
 
Provide transferable traffic data quality control parameters that can be used to develop agency specific criteria.
 
Provide examples, transferable techniques, and procedures to compute annual average daily traffic (AADT), annual average daily truck traffic (AADTT), truck weight roadway groups, seasonality factors, axle correction factors, count and classification factors,  and other factors.
 
Provide examples, transferable techniques, and procedures for utilizing ITS data. 
 
Provide potential methods in bike and pedestrian counting and processing.
 
The updated TMG is meant to be a one-stop shop which will systematically deliver guidance, procedures, information, and techniques to practitioners at Federal, State, and local level. 



Traffic Monitoring Guide – Contents 

1. Theory, Technology, and Concepts 
2. Program – Business Planning and Design 
3. Methodologies 
4. Non-Motorized Traffic 
5. Transportation Management and Operations 
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Key Message:  We will now take a look at the key elements (i.e., chapters) of the TMG. The 2013 TMG includes seven chapters, some of which are new.

Background Information:  As we go through the course we will be discussing the theory, technology, and concepts as they relate to each of the methodologies, and subsequent chapters. State programmatic matters will be discussed toward the end of this lesson.  Lessons 2 through 5 will address the methodologies. 






Traffic Monitoring Guide – Contents  

6. HPMS Requirements for Traffic Data 
7. Traffic Monitoring Formats Appendices 
     (including many case studies  provided mostly by State agencies) 

 
 

 
    * Updated 2 day NHI TMG Training Course *  
http://www.nhi.fhwa.dot.gov/downloads/catalog/FHWA-NHI-151050.pdf 
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http://www.fhwa.dot.gov/policyinformation/tmguide/ 

Presenter
Presentation Notes

Key Message:  Continued from previous slide. The 2013 TMG includes seven chapters, some of which are new.

Background Information: Lessons 6 through 9 will correspond to the remaining TMG chapters. Lessons 10 and 11 are general traffic monitoring topics that do not correlate directly to the TMG structure



Truck Weight Study Status 
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In order to assess the potential burden such a transition might have on the States, we asked the Division Offices to report the number of Continuous Automatic Vehicle Classification (CAVC) counters currently being operated by the States. The responses identified over 1900 CAVC in use 
Product Uses - At the State and national level, the products would be of value in the design and management of pavements and bridges, for safety analysis, geometric design, statewide and metropolitan planning, as well as policy analysis.
 
The data products would have direct application to the activities of the Safety, Infrastructure, Operations, and Planning and Environment CBUs as well as the Policy SBU. 
 
Within U. S. DOT, the products would be of value to NHTSA, FRA, NHTSA, MARAD, FMCSA and BTS. 





          Load Cell         Bending Plate 
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Lets talk about Weigh-In-Motion Sensor Technology

4500 TRAFFIC VOLUME SITES IN THE US.
Load Cell 
Load cell WIM systems are available in two types, hydraulic and strain gauge. When pressure is exerted on load cells, the hydraulic pressure is measured and correlated to vehicle weight.  Although configured differently, strain gauge load cells operate similarly to bending plate strain gauge systems in that the system records the strain (exerted by the rolling tires) measured the by strain gauge and calculates the dynamic load.  Some load cell WIM systems utilize a single load cell with two scales to detect an axle and weigh both the right and left side of the axle simultaneously.   As a vehicle passes over the load cell, the system records the weights measured by each scale and adds them together to obtain the axle weight.  The load cell is placed in the travel lane perpendicular to the direction of traffic.  Load cell scales are regularly used in WIM presorting systems on the mainline at weigh stations, for data collection systems, and for industrial and military weighing. Load cell scales require permanent installations with some minor excavation into the road structure or may be used in portable applications.

Bending plate WIM systems utilize metal plates with sensors mounted to the underside.  As a vehicle passes over the metal plate (typically strain gauges), the system records the strain (exerted by the rolling tires) measured by the strain gauge and calculates the dynamic load. Bending plate WIM systems are used regularly in presorting systems on weigh station ramps, for data collection, and for industrial and military weighing. Bending plate scales can be portable or installed permanently with some minor excavation into the road structure and consist of either one or two scales.  If one scale is used, it is placed in the travel lane perpendicular to the direction of travel.  If two scales are used in a lane, one scale is placed in path of each wheel so that the left and right wheels can be weighed individually.  





  Quartz- 
Piezo Ceramic               Capacitance Mat 
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Lineas® quartz crystal sensor
How does the Lineas® sensor work?
A wheel rolling over the Lineas applies vertical forces to the quartz crystals in the sensor, with virtually no deformation.
The piezoelectric quartz discs yield an electrical charge proportional to the forces applied. The piezoelectric sensitivity
is virtually independent of temperature, time and speed. The electric charge signals are converted by a charge amplifier
into exactly proportional voltages that can be further processed as required. As the temperature dependence is negligible with less than 1 % for a temperature range of 50 °C,

Piezoelectric 
Piezoelectric WIM systems utilize sensors containing piezoelectric materials to detect a change in voltage caused by pressure exerted on the sensor by an axle.  As a vehicle passes over the piezo sensor, the system records the electrical charge created by the sensor and calculates the dynamic load.  The static load is estimated using the measured dynamic load and calibration parameters. Piezoelectric WIM systems consist of one or more small sensors, which are placed perpendicular to the direction of travel in the traffic lane.  Sensors can be installed permanently in a roadway saw cut or temporarily on the road surface with road tape or epoxy.  Piezoelectric WIM systems provide readings for vehicle classification for statistical studies, speed measurement for enforcement, red light violator camera systems, and vehicle weight studies and pre-screening.   

Capacitive Mats
A capacitive-based WIM system basically consists of two or more metal plates.  When force is applied, the bending action of the plates results in a change in the capacitance that is measured by sensors mounted on the underside of the plate. Capacitive mat system layouts typically consist of two inductive loops and one capacitive weight sensor per lane to cover a maximum of four traffic lanes.  In a portable setup, the inductive stick-on loops and the capacitive weight sensor are placed on top of the road pavement and are meant to be used temporarily, sometimes up to 30 days.  In a permanent setup the sensors are placed in stainless steel pans, flush-mounted with the pavement.  The mat is installed perpendicular to the direction of the vehicle in the traffic lane. Applications may include:  cost effective road pavement design, planning, and maintenance; research; predicting levels of pollution in tunnels based on actual vehicle weights; axle load monitoring and screening. 






Why Weigh? 
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Since the AASHTO Road Tests at OTTAWA, ILLINOIS FROM 1958 – 1960 the relationship between loading and pavement deterioration has been clearly established.




Pavement Design / Maintenance  
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The 2002 Pavement Design Guide uses Load Spectra for the new design inputs.   No more use of Equivalent Single Axle Load (ESAL) when designing highways. Since the AASHTO Road Tests at OTTAWA, ILLINOIS FROM 1958 – 1960 the relationship between loading and pavement deterioration has been clearly established. The American Association of State Highway Officials' (AASHO) road test of the 1960's helped to demonstrate in an objective fashion the relationship between vehicle loadings and pavement damage. These findings showed that increases in pavement damage did not proceed in a simple linear fashion with increases in axle weights but, rather, increased with a fourth power relationship relative to the increase in weight. For example, we know that an 18,000 pound axle load does a certain amount of damage to a pavement and for a given pavement the designer can estimate how many 18,000 pound axle repetitions it can sustain before failure. The AASHO road test showed that if axle loadings went to 24,000 pounds, The relative change in axle weight is 1.33 but the relative damage is 1.33 to the fourth power,(1.334) which is 3.1 times as much damage as that*due to the '18,000 pound axle. Equally dramatic is the fact that this means that any pavement will wear out in one‑third the estimated time if all the expected 18,000 pound axle loadings, are actually 24,000 pounds. 




Bridge Design / Loading 
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Bridges on the Interstate System highways are used by a wide variety of traffic. They are designed to support expected loadings.  However, as trucks grew heavier in the 1950s and 1960s, something had to be done to protect bridges. The solution was to tie allowable weights to the number and spacing of axles. The formula was enacted in 1984
W = the maximum weight in pounds that can be carried on a group of two or more axles to the nearest 500 pounds. 
L = the distance in feet between the outer axles of any two or more consecutive axles. 
N = the number of axles being considered. 



Enforcement 
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This  picture shows what happened over 30 years of use on the Oregon Trail in Wyoming when they didn’t enforce.

Because of the impact truck weights have on the highway infrastructure, size and weight enforcement is a necessity.

Size and Weight program initiated in 1975 nationally.

The targeted use of WIM helps to identify “hot spots” of overweight activity on the highway system. 



Research 
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The LTPP WIM has been used for a variety of research uses such as Bridge loading analysis (New Mexico I-10 fiber optics) Safe speed on ramps.




Taxation & Administration 
Freight Movement 
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Activities such as PrePass offer the opportunity to simplify compliance with various administrative requirements of government. WIM data forms the basis for developing truck size and weight polices that have tax implications

The map shows estimated truck tonnage on the NHS National concern on international competitiveness; productivity; infrastructure demands




Why Weigh in Motion? 

• Traffic Stream 
• Use of the Highway System 
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Provides best means of determining the actual weight composition on the highway network or at a particular site.




Rural Interstate Travel by Vehicle Type 

25 

Presenter
Presentation Notes
Use of VTRIS WIM data submitted for the TWS summarized to produce percent traffic verses loading applied by four vehicle classification groups on Rural Interstate System in 2013.

No change from 2012 – 2013 




Urban Interstate Travel by Vehicle Type 
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Use of VTRIS WIM data submitted for the TWS summarized to produce percent traffic verses loading applied by four vehicle classification groups on Urban Interstate System in 2010.
Volume +1% Change Auto, Volume  -1% Comb
Load +1% Change Auto, Load -1% Comb



Distribution of Vehicle Travel by Lane 
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Two lane WIM facility distribution travel by three classification group.   This information can be used when determining funding levels for pavement maintenance.  (scheduling resources for lane 1)




Creating & Maintaining WIM Program 

• Step 1. Review existing Data Collection 
• Step 2. Develop An Inventory Of Available Weight Data Collection 

 Locations And Equipment 
• Step 3. Determine The Roadway Groups To Be Monitored 
• Step 4. Establish Roadway Weight Groups Testing the Quality of 

 Selected Truck Weight Groups Determining the Precision of 
 Estimates from Truck Weight Groups 

• Step 5. Determine The Appropriate Number Of Weight Data 
 Collection Locations 
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Step 1. Review existing Data Collection
Step 2. Develop An Inventory Of Available Weight Data Collection Locations And Equipment
Step 3. Determine The Roadway Groups To Be Monitored
Step 4. Establish Roadway Weight Groups 
Testing the Quality of Selected Truck Weight Groups
Determining the Precision of Estimates from Truck Weight Groups
Step 5. Determine The Appropriate Number Of Weight Data Collection Locations



Creating & Maintaining WIM Program 

• Step 6. Determine the Number of Days that Should be Counted at 
      a Given WIM Site 

• Step 7. Select WIM Sites 
• Step 8. Integrate the WIM Sites with the Remaining Count Program 
 

 
• Figure:  3-9 
• Section:  3.2.4 
• Page: 3-36 
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Step 6. Determine the Number of Days that Should be Counted at a Given WIM Site
Step 7. Select WIM Sites
Step 8. Integrate the WIM Sites with the Remaining Count 

Creating & Maintaining WIM Program
Figure 3-9
Section 3.2.4
Page 3-36




A.  Define truck weight roadway groups 
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Figure: 3-12 Section: 3.2.4 Page:3-49 

Presenter
Presentation Notes
The 2001 TMG discusses development of a WIM program.  The “truck weight roadway groups,” have roads with vehicle weights per vehicle similar to those of other roads within that group 




Define truck weight roadway groups 
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Figure: 3-11 Section: 3.2.4 Page:3-45 
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Presentation Notes
WIM Program Components of a WIM program. The 2001 TMG discusses development of a WIM program The “truck weight roadway groups,” have roads with vehicle weights per vehicle similar to those of other roads within that group. 

Establishing Roadway Weight Groups
Figure:    3-11
Section:  3.2.4
Page:      3-45




Why Weigh? 
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Figure: 3-10 Section: 3.2.4 Page:3-41 

Presenter
Presentation Notes
Freight and high loading routs are of significant interest for economic vitality in states.




B. Six sites within each group 
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Section: 3.2.4 Page:3-52 

Presenter
Presentation Notes
Six Sites within a group. 



C. One Continuous WIM within group 

34  Capture day-of-week and seasonal changes within each group 

Section: 3.2.4 Page:3-57 
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Presentation Notes
This is to capture the day of week, and seasonal changes within each group.



D. Calibrate, Calibrate, Calibrate 
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Section: 3.2.4 Page:3-51 

Presenter
Presentation Notes
It is far better to collect small amounts of well-calibrated data than to collect large amounts of data from poorly calibrated scales.  In addition to periodic re-calibration of continuously operating WIM equipment, highway agencies need to perform ongoing quality control functions for the data collected and processed. 



W-Tables 

• W-1 Weigh Station Characteristic 
• W-2 Comparison of Weighed VS Counted 
• W-3 Average Empty, Loaded and Cargo Weights  
• W-4 Equivalency Factors 
• W-5 Gross Vehicle Weights 
• W-6 Overweight Vehicle Report 
• W-7 Distribution of Overweight Vehicles 

 
• https://fhwaapps.fhwa.dot.gov/vtris-wp/ 
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TRUCK WEIGHT DATA SUMMARIES
VTRIS W-Table Reports
	Introduction
 
In order for the results of the truck weight surveys to be of value, summaries of the data must be made available in an appropriate form.  The W-Tables were designed to provide a standard format for presenting the outcome of the vehicle weighing and classification efforts at truck weigh sites.  The data that appears in the tables comes from the summary files that are generated by the Vehicle Travel Information System (VTRIS) which ultimately comes from the raw data.  What follows is a brief description of each of the W‑tables.
 
 
	W-1 Table:  Weigh Station Characteristics
 
This table displays the characteristics of each weigh station based on the information contained in the station description records.  The characteristics include a brief description of the location of the station along with information about the type of station and the equipment used.  The reported county code that appears is the three-digit FIPS county code.
 
 
	W-2 Table:  Comparison of Weighed vs. Counted
 
This table includes a summary of the vehicles counted and the vehicles weighed for each individual station, by vehicle classification.  The vehicle classification data is averaged for each hour and the 24 hourly averages are added for the average daily count.  The functional classes that appear in the table are the functional classes for the stations as defined in section 6.
 
The table breaks the data down by the thirteen vehicle type categories as defined in section 6.  Notice that data for vehicle codes 1 through 4 is not as complete as for 5 through 13.  This is because the W-2 Table only considers weight information for vehicle codes 5 through 13.  The bottom row of the table summarizes truck traffic, trucks weighed, and average daily traffic.
 
Several additional figures are provided in the table and are calculated in the following manner:
 
"Percent Distribution 
 Total Vehicles"	= 100  Number Counted of a specific vehicle type  Total Traffic
 
"Percent Distribution 
 Trucks & Comb."	= 100  Number Counted of a specific vehicle type  Total Trucks
 
"Percent Dist. of
 Number Weighed"	= 100  Number Weighed of a specific vehicle type  Total Weighed
 
"Weighed as Percent
 of Counted"		= 100  Number Weighed of a specific vehicle type
			   Number Counted of that specific vehicle type
 
 
	W-3 Table:  Average Empty, Loaded and Cargo Weights
 
This table provides information on the average weights of empty, loaded and all trucks and their estimated average carried loads.  This information is broken down by vehicle classifications 5 through 13 for each station location.  The functional classes indicated on the table are the functional classes for the stations reported and are defined as mentioned above.  The "Number Weighed" column contains the identical numbers as the W-2 Table under "Number Weighed."  The numbers in the Breakpoint column are user-defined numbers for each vehicle classification defining the breakpoint between empty and loaded trucks.  The "Estimated No. Loaded" column is the number of trucks that are above the breakpoint value and conversely, the "Estimated No. Empty" column is the number of trucks that are below the breakpoint value.  These two numbers should sum to the number weighed for a given vehicle type.
 
The various figures in the table are calculated in the following manner:
 
"Average Gross Weight" 	= Total weight of all trucks of a specific type
				    Number of trucks weighed of that specific type
 
"Percent Loaded"		= 100  Number of Trucks of a specific type heavier than
				    Breakpoint  Number of trucks weighed of that specific type
 
"Average Load Weight"	= Total weight of all trucks of a specific type heavier than
				    Breakpoint  Number of trucks of that specific type
				    heavier than Breakpoint
 
"Percent Empty"		= 100  Number of trucks of a specific type lighter than
				    Breakpoint  Number of trucks weighed of that specific type
 
"Average Empty Weight"	= Total weight of all trucks of a specific type lighter than
				    Breakpoint  Number of trucks of that specific type lighter than
				    Breakpoint
 
"Carried Load Wt. Avg."	= "Average Load Weight" minus "Average Empty Weight"
 
 
	W-4 Table:  Equivalency Factors
 
This table is most commonly used in pavement design since it contains information on truck axle loadings and their effect on flexible and rigid pavements based on equivalent single axle loads.  It also provides the number of single, tandem, and tridem axles weighed that fall into particular weight ranges and gives the resulting equivalent single axle loads on the two types of pavement.  All of the information is produced by truck types 3 through 13 and can be shown for each station location and/or functional classification of highway.  The user defines the ranges of axle load to be used in the calculations.  (Tandems and tridems are omitted from the example.)
 
The bottom three rows on the first three pages of the table summarize vehicle information.  The "Single Axles Weighed" row is the sum of the columns by vehicle type.  The "Average Daily Count" row is the sum of vehicles counted according to their type, in this case types 3 through 13.  These numbers match those indicated in the W-2 Table for those same vehicle types.  The "Vehicles Weighed" row is the sum of vehicles weighed for that type, again in this case types 3 through 13.  Likewise, these numbers should be the same as those indicated in the W-2 Table with the exception of types 3 and 4 which do not appear in the W-2 Table.  Of the bottom three rows in the table, the last two will be identical for pages 1, 2, and 3 of the table and the first row will vary according to single, tandem, or tridem axles respectively.  
 
The formula used in the calculation of the equivalent single axle loads is that developed by the American Association of State Highway and Transportation Officials.  Three user-selected entry values are required:
 
1.Serviceability index:  "P" values range from 0.0 to 5.0 with 0.0 representing the worst possible pavement condition and 5.0 representing the best possible pavement condition.
 
2.Depth of rigid pavement:  The thickness of the rigid pavement in inches.
 
3. Structural number of flexible pavement:  The structural number is calculated from the depth and layer coefficient of the subbase, base, and surface courses.  The fourth page of the W-4 Table summarizes the data from the three previous pages on single-axles, tandems, and tridems, developing ESAL value per vehicle and percent distribution by vehicle type for rigid and flexible pavements.  In addition, the total number of vehicles counted and vehicles weighed is shown.
 
Based upon the W-4 Table data, 20 YEAR ESAL ESTIMATES are shown, and depending upon the user's prediction of traffic growth and truck growth, a value can be developed for ESALs per 1000 vehicles of the average daily traffic (ADT).  A compound growth factor is assumed for the ESAL's. 
 
	W-5 Table:  Gross Vehicle Weights
 
This table shows the number of trucks weighed in various gross weight ranges.  These figures are produced for truck types 3 through 13 and can be shown for each station and/or functional classification of highway.  The user defines the ranges of gross operating weight.  The bottom two rows of the table summarize total vehicles weighed and total vehicles counted for truck types 3 through 13.
 
 
	W-6 Table:  Overweight Vehicle Report
 
This table gives the number and percent of vehicles by type exceeding a user-specified axle, tandem, and gross weight limit and violations of the bridge formula as referenced in Appendix B.  The information can be shown by station and/or functional classification of highway and is broken down by vehicle codes 3 through 13.  As a cautionary note, it should be mentioned that vehicles can show up in more than one category such as "Bridge Formula" and "Gross Load Limit" in this table.  A vehicle may have multiple violations of the set criteria.
 
 
	W-7 Table:  Distribution of Overweight Vehicles
 
The number and percent of vehicles above and below a selected gross weight value are summarized in this table.  These can be shown for each station and/or functional classification of highway broken down by vehicle types 5 through 13.  The numbers that appear under the "No. Weighed/Percent of Counted" column are identical to those found in the W-2 Table and are calculated in the same manner.  The bottom row of the table displays the sum of the columns with its percentage.  This percentage is the total number of trucks weighed as shown in this bottom row divided by "Total Trucks" counted as shown in the W-2 Table.  The numbers shown under the "All in Excess" column are the vehicles that are classified as overweight in their respective axle groupings.  The percentage of overweight vehicles within each axle grouping is also given.  Numbers under the "Not in Excess" column plus the "All in Excess" column should add to the "No. Weighed/Percent of Counted".  The columns under the title "Excess by Percent or More" are a frequency distribution of the most severe gross weight excesses.
 
In the frequency distribution, the same vehicle could exist in several of the excess categories.  For example, a truck exceeding the specified gross weight by 11 percent would be shown in both the first and second categories, while a truck that exceeds the specified gross weight by 50 percent would be shown in all of the categories.  If a vehicle does not exceed the specified gross weight by at least 5 percent, it will not be shown in the distribution.




WIM’s Future Role 
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Product Uses - At the State and national level, the products would be of value in the design and management of pavements and bridges, for safety analysis, geometric design, statewide and metropolitan planning, as well as policy analysis.
 The data products would have direct application to the activities of the Safety, Infrastructure, Operations, and Planning and Environment CBUs as well as the Policy SBU. 
 Within U. S. DOT, the products would be of value to NHTSA, FRA, NHTSA, MARAD, FMCSA and BTS. 




Travel Monitoring Analysis System 
   (TMAS) 

• Traffic Volume Trends (by type) 
• GIS 
• Freight Management 
• Safety 
 
              “THE EASY BUTTON” 
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The revised Traffic Monitoring Guide will call for an increased level of reporting of truck information. It is proposed that this be accomplished by having a significant portion of the traffic volume monitoring activity conducted by the States be transitioned to vehicle classification. A significant element of the vehicle classification effort will be the continuous collection of the data (i.e. all hours of the year) for use in developing factors that will allow short vehicle classification counts to be expanded to annual averages.
 
In order to assess the potential burden such a transition might have on the States, we asked the Division Offices to report the number of Continuous Automatic Vehicle Classification (CAVC) counters currently being operated by the States. The responses identified over 1900 CAVC in use 
Product Uses - At the State and national level, the products would be of value in the design and management of pavements and bridges, for safety analysis, geometric design, statewide and metropolitan planning, as well as policy analysis.
 
The data products would have direct application to the activities of the Safety, Infrastructure, Operations, and Planning and Environment CBUs as well as the Policy SBU. 
 
Within U. S. DOT, the products would be of value to NHTSA, FRA, NHTSA, MARAD, FMCSA and BTS. 




  
1. Upload Station (WIM station) 
2. Fix any errors if occurred, then Submit to FHWA for review 
3. Wait for FHWA Accept Station Upload 
4. After accept , Station will be stored in National database. 
5. If Station file is upload already for the current year, skip step # 1 

to 4 
6. Upload Weight file (W-Card) 
7. Resolve National Duplicates (if there is any) 

WIM Upload 



1. Review Station Summary, by clicking the Station link 
2. Review SAWA summary report, by clicking the SAWA link 
3. Review Rejected export (if there are any rejected records) 
4. Revalidate the station, if needed. Please see Weight 

parameter section to create a weight parameter 
5. Click on “next step”,  to go to Submit batch screen 

 

1. Click on “Submit/Discard” button to go Submit Page 
2. Wait for HQ user to accept Weight data 
3. Email will be sent to the user to inform the accept process is 

completed.  
 

 

WIM Upload 



1. 3 consecutive month’s for the same year & same state weight 
data needed to verify historical data 

2. Upload first month data  (complete above mentioned weight 
upload steps) 

3. Wait for HQ user to accept first month’s data 
4. Upload second month data (complete above mentioned 

weight upload steps) 
5. Check any caution flags at Station summary report at Review 

batch screen 
6. Wait for HQ user to accept second month’s data 
7. Upload third month data  (complete above mentioned 

weight upload steps) 
 
 

  

WIM Upload 



8. Go to review page, check any caution flags at station summary 
report at review batch screen. Since previous 2 months has 
been accepted by HQ user, historical check caution flag will not 
appear at station summary screen 
 

  
1. Go to Station Parameter screen of weight module type 
2. Select the state 
3. System Parameter will be prepopulated in the screen 
4. Make changes to the parameter 
5. Click “save & close” 
6. Now Parameter status is “Ready to Submit” 
7. Click on Submit button to send parameter to HQ user for 

approval 
8. Parameters which hold the status “Need FHWA review” or 

“Approved” can be used for weight revalidation. 

WIM Upload 



Federal Highway Administration is on 
Facebook and YouTube 
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The Office Highway Policy Information Websites 

http://www.fhwa.dot.gov/policyinformation/index.cfm 
 

https://fhwaapps.fhwa.dot.gov/vtris-wp/ 



Questions and Comments 
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David L. Jones Sr 
1200 New Jersey Ave. SE 
USDOT FHWA HQ, Room E83-420 
Washington DC 20590 
202-366-5053 
djones@dot.gov 

Thank You ! 
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