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North/West Passage Freight Task Force 

The North/West Passage Freight Task Force (Task Force) was 
established in 2014 to enhance activities and help realize the 
NoǊǘƘκ²Ŝǎǘ tŀǎǎŀƎŜ /ƻǊǊƛŘƻǊΩǎ Ǿƛǎƛƻƴ ƻŦ ŘŜǾŜƭƻǇƛƴƎ ŜŦŦŜŎǘƛǾŜ ƳŜǘƘƻŘǎ 
for sharing, coordinating, and integrating traveler information and 
operational activities across state and provincial borders.  

Year 3 activities of the Task Force are being pursued to continue the 
momentum of work conducted during Years 1 and 2. Specifically the 
activities are designed to 1) support the active engagement of Task 
Force members on emerging freight operations issues in the corridor 
and nationally, 2) conduct research on and recommend criteria for 
regulations in the corridor to support truck platooning, and 3) 
recommend guidance for selecting virtual weigh station deployments 
in the North/West Passage states. 

Working Paper 

This Working Paper represents the Task 4 deliverable. The aim of Task 
4 is to research the current state of practices and available 
infrastructure for commercial vehicle weight enforcement in the NWP, 
and provide suggestions and guidelines for moving towards virtual 
technology deployment. 
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Executive Summary 
Virtual weigh station (VWS) technology consists of Weigh-In-Motion (WIM) sensors and scales, 
digital imaging devices, communication methods, and other equipment that provide commercial 
vehicle records and real-time size and weight data to enable commercial vehicle size and weight 
enforcement staff to remotely monitor compliance with size, weight, and safety regulations.  

In a virtual weigh station, the weight, size, digital image, and 
ŘǊƛǾŜǊΩǎ ŎǊŜŘŜƴǘƛŀƭǎ Řŀǘŀ ƻŦ ŀƴ ƻǾŜǊǿŜƛƎƘǘ ŎƻƳƳŜǊŎƛŀƭ Ǿehicle are 
collected while the vehicle is in motion. The data is then 
communicated with the enforcement staff to perform follow-up 
procedures.  

In current VWS practices in the U.S., weight, size, and ŘǊƛǾŜǊǎΩ credentials data of an overweight 
commercial vehicle are collected while the vehicle is in motion. Also, digital imaging devices 
capture a vehicleΩs image, license plate number, and the U.S. Department of Transportation 
(USDOT) registration number. The screening software then processes the data and notifies the 
enforcement staff who either intercept the violators and reweigh and inspect the vehicles using 
portable devices or direct the drivers to a nearby weigh station for follow-up procedures. In 
expanded VWS operations, the screening software can generate notices or issue tickets based on 
the collected information, without the need for human resources to intercept the vehicles. 

Virtual weight enforcement practices can increase the efficiency of 
weight enforcement and improve highway safety for all road users. 
The cost associated with implementing VWS technology is 
significantly lower than more traditional weigh station operations. A 
virtual facility has negligible land acquisition costs compared to fixed 
or mobile operations and has lower labor costs as it can operate 
unstaffed or with minimal staffing. Additionally, the costs savings 
resulting from efficiency and safety improvements are expected to 
be even greater, making emerging VWS technology an attractive option for state Department of 
Transportations (DOT) and state highway patrol departments. 

Virtual weigh stations increase enforcement efficiency, improve 
safety, and reduce costs. 

Most North/West Passage (NWP) states have already developed weight enforcement Concept of 
Operations (ConOps) reports and laid the groundwork for virtual technology applications through 
statewide data collection facilitated by WIM technology deployment. For instance, Idaho, 
Montana, Washington, and Minnesota have actively conducted virtual technology 
demonstrations, data collection projects, as well as pilot programs. Overall, state DOT and 

ά²ŜƛƎƘ ǎǘŀǘƛƻƴέ ŀƴŘ 
άǿŜƛƎƘǘ ŜƴŦƻǊŎŜƳŜƴǘ 
ŦŀŎƛƭƛǘȅέ ŀǊŜ ǘŜǊƳǎ 

used interchangeably 
in this document. 
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highway patrol staff believe that virtual technology deployment has the potential to significantly 
increase efficiency and decrease the resource-intensiveness of commercial vehicle weight 
enforcement practices.  

Building from this basis of existing WIM data collection sites and previous ConOps reports, the 
NWP states that are interested in a more advanced VWS technology application will need to work 
with technology vendors who can provide hardware and technical expertise to equip the WIM 
locations with advanced weigh scales, effective digital imaging systems, and a reliable remote 
access platform.  

Benefits of VWS Technology Deployment 

After an initial review of the current weight enforcement practices in the U.S., especially in the 
NWP states, a series of consultations were conducted with stakeholders to get a better 
understanding of the differences in truck weight enforcement operations between states and to 
gather lessons learned from deploying weight and size compliance technologies. The three 
categories of stakeholders consulted for this purpose were State DOT staff, highway patrol officers 
and trucking associations. All of these groups consistently considered VWS technology as a 
valuable screening tool on major highway corridors to identify potential violators for further 
inspection at nearby fixed or mobile facilities. Specifically, the stakeholders pointed out that the 
most important benefit of VWS would be fewer staff involved with weighing of a commercial 
vehicle, which leads to improved enforcement efficiency. According to the consultations, if well 
implemented, virtual weigh stations may also reduce the safety issues that overweight trucks 
impose on other road users, due to their higher kinetic energy which increases the likelihood and 
the severity of a crash.  

Virtual technology is considered as a valuable screening tool for 
identifying the potential size and weight law violators.  

Another important benefit of VWS technology is better management of staff time and 
availabilities. VWS can operate without the need for dedicated staffing, allowing for 24/7 
monitoring and enforcement operations. Also, in VWS operations, enforcement staff are either 
positioned at an administration office or in a patrolling vehicle, monitoring commercial vehicle 
traffic remotely. Such remote roadside monitoring would expand enforcement operations by 
reducing the truckersΩ ŎƘŀƴŎŜ to take alternate routes to avoid stopping at weigh stations.  

In general, the stakeholderǎΩ expectations for virtual technologies include: 

¶ Safety improvement due to a reduction of truck-related crashes; 

¶ Congestion and delay reduction on highways due to efficient weigh station operations; 

¶ Reduction in fuel consumption and environmental pollution due to vehicle idling 
reductions; 

¶ Decrease in total logistics costs of freight companies due to fuel consumption reduction; 
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¶ Highway and bridge infrastructure protection; 

¶ Reduction in costs of highway infrastructure maintenance and weight/size enforcement 
activities; and 

¶ Improved commercial vehicle traffic data availability and reliability. 

Challenges of VWS Technology Deployment 

As is the case with any computer-based system, an inherent challenge associated with virtual 
weight enforcement applications is privacy. The sensitivity of the information collected by the 
digital imaging systems of a VWS and the possibility of hacking the system is a matter that worries 
the carriers and truckers, and also affects the extent to which the state transportation and law 
enforcement agencies can implement the virtual technology. In current practice, VWS operations 
are only for the purpose of monitoring and prescreening, providing the enforcement staff with 
probable cause to intercept potential violators. However, the trucks should be weighed again and 
inspected in the presence of enforcement staff before being cited for violations. 

The data sensitivity concerns around the virtual weigh station 
operations limit the extent to which the enforcement staff can 
implement the virtual technology. 

Moreover, the automatic notification/citation step of expanded virtual technology applications 
raises concerns related to due diligence and lack of consideration of context. Regulators and 
carriers alike want to ensure that a level of tolerance is introduced in the system to deal with the 
first-time violation cases or special circumstances. Other challenges associated with VWS 
technology identified by the stakeholders are: 

¶ Lack of funding programs and the need for legislative reforms; 

¶ Technical issues such as wireless network connection problems exacerbated by inclement 
weather; 

¶ Pavement surface conditions which limit the accuracy of scale results; and 

¶ Lack of staff and financial resources for periodic scale calibration. 
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1 Introduction 
1.1 Project Background 

The North/West Passage (NWP), is a multi-state operations-focused partnership initiated in 2002 
between the Departments of Transportation (DOTs) in the states of Idaho, Minnesota, Montana, 
North Dakota, South Dakota, Washington, and Wyoming. These states work together to address 
operational challenges on Interstates 90 and 94, often associated with extreme weather, to 
improve passenger and commercial vehicle highway safety and reliability. Operational issues 
relevant to commercial vehicles include truck parking management, traveler information, truck 
permitting and enforcement, and other operational issues.  

The North/West Passage Freight Task Force (Task Force) was established in 2014 to enhance 
NorǘƘκ²Ŝǎǘ tŀǎǎŀƎŜ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ƘŜƭǇ ǊŜŀƭƛȊŜ ǘƘŜ bƻǊǘƘκ²Ŝǎǘ tŀǎǎŀƎŜ /ƻǊǊƛŘƻǊΩǎ Ǿƛǎƛƻƴ ƻŦΧ 

ΧŘŜǾŜƭƻǇƛƴƎ ŜŦŦŜŎǘƛǾŜ ƳŜǘƘƻŘǎ ŦƻǊ ǎƘŀǊƛƴƎΣ ŎƻƻǊŘƛƴŀǘƛƴƎ ŀƴŘ 
integrating traveler information and operational activities across 
state and provincial borders. 

The year 3 activities of the Task Force continue the momentum of work conducted during Years 1 
and 2. Specifically these activities aim to 1) support the active engagement of Task Force members 
on emerging freight operations issues in the corridor and nationally, 2) conduct research on and 
recommend criteria for regulations in the corridor to support truck platooning, and 3) recommend 
guidance for selecting virtual weigh station deployments in the North/West Passage states. Each 
of these activities is aimed at getting the coalition closer to the implementation of projects that 
will improve freight operations in the NWP corridor. 

1.2 Purpose of this Working Paper 

The purpose of this working paper is to provide an overview of current weigh station applications 
in the U.S. and suggest the key steps for developing a virtual weigh station Concept of Operations 
(ConOps) in the NWP states based on the best practices and lessons learned in other states. 

1.3 Methodology  

A combination of desk research and stakeholder consultations were used to understand 
commercial vehicle weight enforcement applications across the country and provide a guide for 
developing the concept of operation for future virtual weigh station applications in the NWP 
states. 

The working paper is organized into three chapters: 
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1. Commercial vehicle size and weight enforcement practices: focusing on commercial vehicle 
weight and size regulations and enforcement methods including an overview of 
infrastructure and technology used in different weight enforcement facilities. This section 
also includes an overview of the weight enforcement facilities in the NWP states. 

2. Needs, challenges, and best practices: reviewing the needs and challenges associated with 
VWS applications across the country through a combination of desk research and 
consultations.  

3. Developing a virtual weigh station concept of operations: reviewing the ConOps for the 
virtual weigh stations as laid out by the FHWA guide in 2009, and describing the necessary 
steps for creating a ConOps that could facilitate implementation/expansion of virtual 
weigh/size monitoring practices. 

1.4 Limitations 

Some of the findings in this report are based on the analysis of third-party data. While CPCS makes 
efforts to validate data, CPCS cannot warrant the accuracy of third-party data.   
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2 Commercial Vehicle Size and 
Weight Enforcement Practices 

 

2.1 Commercial Vehicle Size and Weigh Compliance 

Roadways are engineered and constructed based on the number of Equivalent Single Axle Loads 
(ESAL) they can carry over a specified period. One ESAL is equal to 18,000 pounds per single axle 
for rigid pavement and 20,000 pounds per single axle for flexible pavement. Regardless of the 
pavement type, the amount of pavement life decreases drastically as the gross vehicle weight per 
axle increases exponentially.   

The load-equivalence factors provided by the American 

Association of State Highway and Transportation Officials 
(AASHTO) follow a fourth-power relationship. Thus a 5,000-
pound increase in the vehicle weight per axle on rigid pavement 
surfaces results in a 1.5 ESAL which means a 50% increase in the 
wear and tear impacts on the pavement.1 

                                                      

1 FHWA and USDOT (1995) Comprehensive Truck Size and Weight (TS&W) Study Phase 1τSynthesis: Working 
Paper 3τPavements and TS&W Regulations. Available at: https://www.fhwa.dot.gov/reports/tswstudy/TSWwp3.pdf 

Key Chapter Takeaway  

This chapter provides an overview of commercial vehicle size and weight regulations and enforcement 
methods. Commercial vehicle weight regulations aim to protect roadway infrastructure from excessive wear 
and tear and reduce the safety issues associated with overweight trucks. Truck size and weight regulations may 
vary depending on the road type and jurisdictional boundaries.  

The federal minimum allowable vehicle length on and off the interstate system is 65 ft. to 75 ft., depending on 
the type of connection between truck and the trailer with exceptions for the states with grandfathered 
minimum length. While on the interstate and highway bridge system, the federal legislation uses a formula to 
define weight limits, state DOTs are responsible for setting the weight limits off-interstate. The state DOTs 
cooperate with the state highway patrol offices to control the commercial vehicle compliance with federal and 
state size and weight limits. There are three primary types of weigh station operations: fixed, mobile, and 
virtual, each with a different purpose, infrastructure, and technology. 

https://www.fhwa.dot.gov/reports/tswstudy/TSWwp3.pdf
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Also, studies show that a 1% increase in the number of overweight trucks traveling on roadways 
leads to 1.8% reduction in pavement lifespan. This relationship is linear regardless of the 
pavement structure and traffic configuration.2  

Commercial vehicle weight regulations aim to protect roadway infrastructure from excessive wear 
and tear. Moreover, weight regulations reduce the safety issues that overweight trucks impose 
on other road users. Overweight trucks have higher kinetic energy which increases the likelihood 
of the truck being involved in a crash and the severity of the crash. Also, overloaded trucks may 
be unstable, leading to loss of maneuverability and suspension performance reduction which in 
turn, results into braking defaults.3  

These regulations may vary depending on the road type and jurisdictional boundaries. For 
instance, while the federal weight regulations apply only to the Interstate Highway System the 
length and width regulations apply to the National Network (NN).4 On the other hand, the states 
can define the size and weight limits off the interstate and NN system or use the grandfathered 
limits that exceed the federal limits. The following subsections provide a summary of the federal 
and state commercial vehicle size and weight regulations. 

2.1.1 Commercial Vehicle Size Limitations 

The federal commercial vehicle size regulations define the minimum truck length allowed in 
different states. Overall, the maximum allowable length on and off the NN system is 65 ft. to 75 
ft., depending on the type of connection between truck and the trailer, with exceptions for the 
states with grandfathered minimum length. There are no federal commercial vehicle height 
requirements, yet the states usually set their limitations ranging from about 13.6 ft. to 14.6 ft. The 
maximum allowable commercial vehicle width on and off the NN system is 102 inches, and the 
States must issue special permits to allow the trucks wider than 102 inches to operate.5 

                                                      

2 ²ŀƴƎ IΦΣ ½Ƙŀƻ WΦΣ ²ŀƴƎ ½ΦΣ нлмрΣ άLƳǇŀŎǘ ƻf Overweight Traffic on Pavement Life Using Weigh-In-Motion Data 
and Mechanistic-9ƳǇƛǊƛŎŀƭ tŀǾŜƳŜƴǘ !ƴŀƭȅǎƛǎέΣ ±ƛǊƎƛƴƛŀ ¢ŜŎƘ [ƛōǊŀǊȅΦ http://hdl.handle.net/10919/56450 
3 WŀŎƻō Ŝǘ ŀƭΦ άLƳǇǊƻǾƛƴƎ ǘǊǳŎƪ ǎŀŦŜǘȅ: Potential of weigh-in-Ƴƻǘƛƻƴ ǘŜŎƘƴƻƭƻƎȅέ όнлмлύΦ 
https://doi.org/10.1016/j.iatssr.2010.06.003 
4 !ƳŜǊƛŎŀƴ ¢ǊǳŎƪƛƴƎ !ǎǎƻŎƛŀǘƛƻƴ άFederal Truck Size and Weight Regulationέ όbƻǾŜƳōŜǊ нлмуύΦ 
https://www.trucking.org/article/ATA-Position-on-Federal-Truck-Size-and-Weight-Regulation 
5 FHWA, Federal Size Regulations for Commercial Motor Vehicles (May 2018).  

The National Network established by the Surface Transportation Assistance Act (STAA) of 
1982, includes the interstates and other designated highways on which trucks are allowed 
to travel. The NN and the National Highway System (NHS) both cover about 200,000 miles 
of highways across the country. However, NN includes 65,000 miles of highway outside of 
the NHS system while the NHS includes about 50,000 miles of highway that are not part of 
the NN system (U.S. DOT, FHWA, Office of Freight Management and Operations-Last 
modified 2017). 

http://hdl.handle.net/10919/56450
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2.1.2 Commercial Vehicle Weight Regulations  

On the Interstate Highway System  

On all highway bridges, commercial vehicles should conform to the following formula, which 
defines a maximum weight for different axle group of trucks as: 

ὓὥὼὭάόά ὝὶόὧὯ ὡὩὭὫὬὸ ὃὰὰέύὩὨυππὒ
ὔ

ὔ ρ
ρςὔ σφ 

²ƘŜǊŜ ά[έ ƛǎ ǘƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ŀȄƭŜǎ ŀƴŘ άbέ ƛǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŀȄƭŜǎ.6 

Figure 2-1: Federal Commercial Vehicle Maximum Standards on the Interstate System

Commercial Vehicle Axles Maximum Allowable Weight* 

Single 20,000 pounds 

Tandem 34,000 pounds 

*Maximum gross vehicle weight = 80,000 lb. 

Source: FHWA Report to Congress (2015) Compilation of Existing State Truck Size and Weight Limit Laws. 

As Figure 2-1 shows, the federal law sets an overall 80,000 lbs. as the gross vehicle weight limit 
for commercial vehicles. Federal law also limits the maximum weight of single axle trucks to 
34,000 lbs. and double-axle trucks to 68,000 lbs.  

Off the Interstate Highway System  

Off the interstate system, different states may have different sets of standards for allowable 
commercial vehicle weight. Figure 2-2 shows the commercial vehicle weight regulations in the 
NWP states. 

Figure 2-2: Summary of NWP States Truck Weigh Limits for Vehicle in Regular Operations 

State Montana Minnesota Idaho 
North 

Dakota 

South 

Dakota 
Washington Wyoming 

Single Axle 20,000 
10,000- 
20,000 

20,000 20,000 20,000 20,000 20,000 

Tandem 
Axle 

34,000 34,000 34,000 
17,000-
34,000 

34,000 State Table 36,000 

Tridem 
Axle 

State 
Table 

42,000 
State 
Table 

48,000 
Federal 
Table 

State Table 42,000 

Gross 
Weight 

131,060 - 
137,800 

80,000 80,000 105,500 State Table 105,500 
80,000-
117,000 

Source: FHWA Report to Congress (2015) Compilation of Existing State Truck Size and Weight Limit Laws. 

There are also different state requirements governing which trucks that must stop at weigh 
stations. The following table is an overview of the stopping conditions in the NWP states. 

 

                                                      

6 FHWA Report to Congress (2015) Compilation of Existing State Truck Size and Weight Limit Laws.  
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Figure 2-3: SǘƻǇǇƛƴƎ /ƻƴŘƛǘƛƻƴǎ ŀǘ b²t {ǘŀǘŜǎΩ ²ŜƛƎƘ {ǘŀǘƛƻƴǎ 

State The Condition for Stopping at Weigh Stations Source 

Montana All trucks or truck combinations with a gross vehicle weight of 26,000 lbs. or more. MDT 

Minnesota All truck with a gross weight of 10,000 lbs. and more. MnDOT 

Idaho 
All trucks or truck combinations with a gross weight of 26,001 lbs. or more; all trucks 
hauling hazardous materials and livestock with a gross weight of 10,001 lbs. or more. 

ITD 

North Dakota All trucks. NDDOT 

South Dakota All trucks and drive-away operations with a gross weight of 8000 lbs. and more. SDDOT 

Washington All trucks with gross weight of 16,000 lbs. and more. WSDOT 

Wyoming All trucks are required to stop when flagged by an officer or a regulatory sign. WYDOT 

Source: /t/{ ŎƻƳǇƛƭŀǘƛƻƴ ƻŦ ǎǘƻǇǇƛƴƎ ŎƻƴŘƛǘƛƻƴ ǇǊƻǾƛŘŜŘ ŀǘ ǘƘŜ ǎǘŀǘŜǎ ǘǊǳŎƪŜǊΩǎ ƘŀƴŘōƻƻƪǎ ƻǊ ŎƻƳƳŜǊŎƛŀƭ ǾŜƘƛŎƭŜ ƎǳƛŘŜǎΦ 

2.2 Weigh Station Operations 

Weigh stations are checkpoints located along major highways and ports of entry to inspect 
commercial vehicle compliance with federal and state size and weight regulations. While 
measuring the size and weight of trucks, the state enforcement agency staff may inspect the 
following safety-related features as well: 

¶ 5ǊƛǾŜǊǎΩ ƭƛŎŜƴǎŜΣ ƭƻƎōƻƻƪΣ 9ƭŜŎǘǊƻƴƛŎ [ƻƎƎƛƴƎ 5ŜǾƛŎŜǎ ό9[5ǎύΣ ŀƴŘ ǇŜǊƳƛǘǎΤ 

¶ 5ǊƛǾŜǊǎΩ ƳŜŘƛŎŀƭ ŜȄŀƳƛƴŀǘƛƻƴ ǊŜŎƻǊŘǎΤ 

¶ Compliance with hazmat transportation requirements; 

¶ ±ŜƘƛŎƭŜǎΩ ǇƘȅǎƛŎŀƭ ŀǇǇŜŀǊŀƴŎŜ όŎƘŜcking safety based on visual clues); and 

¶ ¦{5h¢ ƴǳƳōŜǊ ŀƴŘ ǾŜƘƛŎƭŜǎΩ Ǿƛƻƭŀǘƛƻƴ ǊŜŎƻǊŘǎΦ 

In the traditional method of operation, either all the trucks or only the trucks with specific 
configurations must stop at the weigh stations. The limited processing capacity of this method, 
especially during peak times, may cause truck queue spillbacks which can lead to blocking of 
highway lanes and creating bottlenecks. In such situations, the enforcement staff may decide to 
randomly select some of the trucks for inspection to address the limited processing capacity of 
the station. However, the level of success in the random selection method is highly dependent on 
ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘǊǳŎƪǎ ŀƭǊŜŀŘȅ ǿŀƛǘƛƴƎ ŀǘ ǘƘŜ ǿŜƛƎƘ ǎǘŀǘƛƻƴ ŀƴŘ ǘƘŜ ƻŦŦƛŎŜǊǎΩ ŀōƛƭƛǘȅ ǘƻ ŘƛǎǘƛƴƎǳƛǎƘ 
visual clues associated with overweight vehicles. To address such issues, the majority of weigh 
stations in the U.S. deploy electronic screening technologies to allow the registered vehicles to 
legally bypass the stations. Studies show that electronic prescreening can improve inspection 
effectiveness by 28% compared to random selection method.7 

                                                      

7 State Highway Administration, Maryland Department of TransǇƻǊǘŀǘƛƻƴ άaŀǊȅƭŀƴŘ ±ƛǊǘǳŀƭ ²ŜƛƎƘ {ǘŀǘƛƻƴέ 
(2009). 
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The following sections discuss the weigh station infrastructure and technologies in more detail 
and provide an overview of the different types of commercial vehicle weight enforcement 
methods. 

2.3 Commercial Vehicle Weigh Station Technologies and Infrastructure 

The following are the typical infrastructure components and technology used in weigh station 
operations: 

¶ Administrative Building 

¶ Truck Scales  

¶ Bypass Technologies 

¶ Bypass Lanes 

¶ Enforcement Camera and License Plate Reader (LPR)  

¶ Inductive Loop Detectors (ILD) 

¶ RADAR/LiDAR Technology 

¶ Communication Method 

¶ Pre-selection Board 

¶ Weigh-In-Motion Technology 

Each of these components is further described in the following sections. 

2.3.1 Administrative Building 

Most fixed weigh stations include an administrative building which functions as the hub of the 
facility, serving as the base of operations. Activities performed at the administrative building 
typically include vehicle safety inspections and weighing, checking permits, credentials, and 
Electronic Logging Devices (ELD). Figure 2-4 shows a highway patrol officer monitoring commercial 
vehicle weight and credentials at a weigh station administrative building located on I-94 in 
Minnesota.  
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Figure 2-4: Monitoring Commercial Vehicles at a Weigh Station Administrative Building 

 
Source: Star Tribune (May 2018). http://www.startribune.com/when-big-rigs-push-past-the-safety-rules/321965591/ 

2.3.2 Truck Scales 

The scales used to measure truck weights are comprised of a series of sensors that can measure 
the vertical force imposed by an object standing on or passing over them. Load cell, bending plate, 
strip sensors, and piezoelectric are the most common types of truck weighing scales. 

In the load cell system, wires embedded in steel cells transmit the vertical energy applied to them 
as a mild electric current. Similar to the load cell system, the bending plate system uses strain 
ƎŀǳƎŜǎ ǘƻ ǘǊŀƴǎŦŜǊ ǘƘŜ ǎǘǊŜǎǎ ŎŀǳǎŜŘ ōȅ ŀ ǘǊǳŎƪΩǎ ǿŜƛƎƘǘ ǘƻ ŀ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ǿƛǊŜǎΩ ƛƳǇŜŘŀƴŎŜΦ ! 
computer then collects this electric signal and calculates the truck weight.  

In the piezoelectric system, the quartz crystals or other polymers embedded in the pavement 
produce electricity proportional to the force applied to them and then send a high impedance 
charge signal to a voltage output connected to the weight analysis system. Figure 2-5 shows the 
differences between a bending plate system and a quartz scale. 
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Figure 2-5: Quartz Sensors (Left) and Bending Plate System (Right) 

 
Source: Piotr Burnos and Janusz Gajda (2016), Thermal Property Analysis of Axle Load Sensors for Weighing Vehicles in Weigh-in-Motion 
System, MDPI Open Source Journal.  

Studies compare the different types of truck weighing systems based on their cost, reliability, 
accuracy, sensitivity, and applicability. The following table summarizes these features for selecting 
truck weighing scales. 

Figure 2-6: Comparison of the Commercial Vehicle Weight Sensors 

Scale Sensor Type 
Number of Sensors 

Required per Lane 
Life Years 

Sensor Installation Cost ($) 

Low High 

Polymer Piezo 4 2-3 4,000 6,400 

Quartz Piezo 2 3-5 16,000 24,000 

Strain Gauge/Strip Sensor 2 3-5 16,000 24,000 

Bending Plate 2 6-8 18,000 28,000 

Load Cell 2 10-12 44,000 53,000 

Source: CI²! ά²La tƻŎƪŜǘ DǳƛŘŜέ όнлмуύΦ   

As Figure 2-6 shows, load cell scales have a relatively higher cost but longer expected lifetime 
compared to other scale sensors. These factors are important considerations when planning a 
weigh station facility. Other factors such as the level of required accuracy, calibration methods, 
pavement type, and projected truck traffic also affect the type of scale system selected for a weigh 
station facility. 

2.3.3 Bypass Technologies 

The Electronic Screening Devices (ESD) that allow registered commercial vehicles to bypass the 
ǿŜƛƎƘǘ ǎǘŀǘƛƻƴǎ ƭŜƎŀƭƭȅ ŀǊŜ ŎƻƭƭŜŎǘƛǾŜƭȅ ŎŀƭƭŜŘ άōȅǇŀǎǎ ǘŜŎƘƴƻƭƻƎȅέ ƛƴ ǘƘƛǎ ǿƻǊƪƛƴƎ ǇŀǇŜǊΦ ¢ƘŜ 
technology includes an in-vehicle sensor and an external reader. The sensor can be a specialized 
transponder mounted on the inside of the truck windshield (similar to toll collection 
transponders), a smartphone, an electronic logging device, or other electronic devices used by the 
driver. When a truck passes by a participating station, the reader device at the roadside checks 
ǘƘŜ ǘǊǳŎƪǎΩ ŎǊŜŘŜƴǘƛŀƭǎΣ ǇŜǊƳƛǘǎΣ ŀƴŘ ŀŘŘƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ŀƭƭƻǿǎ ǘƘŜƳ ǘƻ Ǉŀǎǎ ōȅ ǘƘŜ ǿŜƛƎƘ 
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station without stopping. Multiple vendors in the U.S. offer weigh station bypasses via their 
technology applications.  These differ by state, and the most widespread of these are noted below. 

PrePass: this system operates with a driver-specific transponder and is currently operating in 35 
states with more than 360 participating weigh stations (Figure 2-7). From the NWP states, weigh 
stations in Idaho, Montana, North Dakota, South Dakota, Washington, and Wyoming participate 
in PrePass operations.  

Figure 2-7: PrePass Operation Map 

 

Source: PrePass Online Interactive Map (May 2018). https://prepass.com/wp-content/uploads/2017/09/PP_CombinedMaps_20170426.pdf 

Drivewyze: this system operates with an application installed on smartphones and tablets to 
provide legal bypassing option at participating weigh stations. This system operates in 43 states 
with more than 700 locations (Figure 2-8). The NWP states, of Idaho, Washington, Montana, North 
Dakota, South Dakota, and Minnesota participate in Drivewyze bypassing operations. 






























































































