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making tools, other practices, new technologies, and successful policies and procedures for selected agencies. This section describes the following practices: Smart Work Zone Implementation Tools 12.1 FHWA WorkZone ITS Implementation Guide and Tools 12.2 TXxDOT Go/No-Go Decision Tool 12.3 MnDOT Work
Zone ITS Decision Tree 12.4 Project Delivery Selection Matrix 12.5 Procurement Procedure Selection Matrix 12.6 Project Delivery Method Selection Guidance 12.7 Ohio DOT Mobility and Safety Performance Measurement 12.8 lowa DOT StateWide Smart Work Zone Program 12.10 Safety Evaluation Tool for
Construction Stage Planning 12.11 Special Color Pavement Marking 12.12 Automatic Truck Mounted Attenuator 12.13 TM Green Light 12.13 Work Zone Operation 12.1 Rolling Road Block Procedure for Temporary Lane Closure 12.15 Work Zone Mobile Phone Restrictions and Permit System 12.16 Colorado Lane
Closure Strategy 12.17 MnDOT Lane Closure Manual 12.18 ODOT Permit Lane Closure Schedule 12.19 Wisconsin Web-Based Lane Closure Permit System 12.20 Caltrans Lane Closure System 12.20 Partnered with e-Construction 12.1 FHWA Work Zone ITS Implementation Guide and Tool FHWA developed the
Work Zone ITS Implementation Guide in 2014 to assist in the design and implementation of work environment ITS.(Ullman, Schroeder, Gopalakrishna 2014). This guide describes the key steps required to implement swz applications, CHA P T E R 1 2, and other practices 195 by showing how to apply system
engineering processes to determine the viability and design of work zone ITS for a particular application. Each important step is defined in each chapter. Development and realizability concepts. Detailed system planning and design;procurement;deployment of the system. Operate, maintain, and evaluate the system. In its
Work Zone ITS Implementation Guide, FHWA created a general scoring criterion that agencies can use to assess the usability of smart work zone technology. 12.2 TXxDOT Go/No-Go decision tool TXDOT has identified six SWZ systems to use in the work zone: 1. Queue detection 2.Speed monitoring 3.Construction
vehicles warn of 4. Travel Time System 5.Height Overage System 6.Temporary Incident Detection System Because the system selection criteria are unique for each project, TXDOT has developed an Excel-based SWZ decision tool that streamlines the process of selecting the PROJECT's SWZ system. The Go/No-Go
decision tool scores the extent to which several criteria (e.g., work zone duration, traffic volume, functional classification, estimated queue length, sight distance at the rear of the queue, overhit vehicle/low clearance structure) are met. Each of the six SWZ systems is then automatically assigned a baseline score, which
provides a summary to help staff decide which one to use. This score generates a logical basis for including any combination of SWZ systems in the project design that effectively defines the SWZ scope. Figure 12.1 shows a snapshot of the decision tool. Appendix M provides scoring criteria for the decision toolbook.
12.3 MnDOT Work Area ITS Decision Tree MNnDOT has developed a scoping tree that enables early and improved identification of the needs of intelligent workzone technology, including identifying resource needs, including time and resource allocation and efficiency. Improved project cost estimates and project
scheduling. Allow technology interoperability. Assess infrastructure read read and compatibility. Deploy cost-effective solutions for future expansion and full ITS integration. Appendix N shows the scoping tree for the work zone. 12.4 Project Delivery Selection Matrix CDOT has developed a PDSM that provides a risk-
based objective selection approach to choose from three common project delivery methods: DBB, D-B, and CM/GC. PDSM supports and justifies the choice of delivery method for a particular project. Evaluation uses project attributes, goals, and constraints to compare key evaluation elements with secondary evaluation
factors. Next, the selection toolThe nonnumeric evaluation system for each evaluator makes cumulative ranking the best way to send. Figure 12.2 shows the PDSM process flowchart. Appendix J1 contains a complete PDSM tool and provides an example of a PDSM decision. 196 Strategies for Work zone traffic
management planning Scoring factors scoring the impact of range reference scores from local traffic generators Important local facilities are large enough to have official destination signs on interstate highways such as conference centers. Due to the huge spike in traffic before and after large events, such as sports
arenas (20 points), moderate local businesses and public facilities generate traffic that routinely backs up on/off ramps such as morning and evening rush hours (10 points). Alternatively, see the Maximum Queue Length tab for a rough estimate)&gt; 7 miles (130 points) 3.5 to 7 miles (110 points) 0 to 3.5 miles (85 points)
No (O points) Appear where the rear of the queue is likely to occur behind the sight distance issue behind the queue. (30 points) Not applicable (0 points) Existing traffic issues Higher than normal crash rates, gridlock or frequent exit ramp backups (30 points) Not applicable (0 points) Availability of alternate routes
Convenient alternative routes with capacity are available. (3) Alternate routes are not available (0 points) Merging conflicts and hazards in approach to work zones Merging conflicts or hazards within approaches to or work zones. (15 points) Un applicable (0 points) Complex traffic control layout Multiple crossovers, sharp
curves or lane divisions (3 points) not applicable (0 points) adjacent/continuous projects We are creating mega projects that effectively sum up adjacent active projects. Includes multiple short-lane restriction activities scattered across the state: more than 10 miles long, or more than 2 to 10 miles (3 points), or between 2
and 5 miles, or between 6 to 1 year (1 point) to less than 2 miles (1 point), or less than 6 months (0 points) scattered/short-term project spraying/short-term projects. (painting bridges, etc.) (3 points) Not applicable (0 points) Extreme weather conditions Work zone has a known history of sudden extreme weather
conditions, sandstorms, etc. Or the duration of the project covers some severe weather seasons. (3 points) Non-applicable (0 points) Connected vehicle &gt; 5% (3 points) &lt; 5% (0 points) Is the existing ITS system project among the existing advanced traffic management systems? Does TMC intend to incorporate a
travel time and delay estimation system into its TMC operations? TMC can remotely control existing pre-travelersSystem. (Each question is equivalent to 1 point) large vehicles &gt;12% (3 points)&gt;9% (2 points)&gt;6% (1 point) &lt;=6% (0 points) 0 0 0 Raw score normalization score (0 to 100) Figure 12.1. TXDOT
Go/No-Go Decision Tool Scoring Criteria (Credit: TXDOT). Other Practices 197 YESNO NO YES List Project Attributes Review Project Goals Project Goals Assess Key Evaluating Factors Assessing Project Constraints: 1) Delivery Schedule 2) Project Complexity and Innovation 3) Design Level 4) Cost Does Key Factor
Assessment Show The Best Way to Perform An Initial Risk Assessment for Optimal Methods Risk Management? Is there one of the most suitable methods? 5) Make a pass/fail assessment of the secondary factors of the best method: 6) Staff experience / availability 7) Level 8 of monitoring and control) Competition and
contractor Exp. Perform a complete assessment of the secondary factors of all selected methods The best way for all secondary factors selected is the best way to pass? Yes No No Project Delivery Method Selection St ag e 1 St ag e 2 St ag e 3 Figure 12.2.Project Delivery Selection Matrix Flowchart (Credit: University
of Colorado). 198 Strategy for Work zone transportation management planning 12.5 Procurement Procedure Selection Matrix Procurement Procedure Cdot Procurement Decision Support Tool called Selleck Decision Matrix (PPSM) provides a risk-based objective selection approach to select procurement procedures
from three common procurement criteria: low bid, best value, and best eligibility. PPSM provides support and justification for selected procedures. The selection process uses specific project attributes, goals, and constraints to evaluate the factors that are critical to the decision, similar to the process used to select
delivery methods. The avoidance factor uses a qualitative evaluation system, and overall the highest ranked procedure is the most appropriate procurement procedure. Figure 12.3 shows the PPSM process flowchart. Appendix J2 contains a complete PDSM tool and provides an example of a PDSM decision. 12.6 Project
Delivery Method Selection Guidance Using CDOTéa€s PDSM as the basis™ WSDOT has developed the Project Delivery Method Selection Guidance (PDMSG). In the previous selection process, DBB is automatically assumed to be a project delivery method (PDM) unless approved to use D-B or CM/GC as contract
diagram 12.3. Procurement Procedure Selection Matrix FlowChart (Credit: University of Colorado). Other Practice 199 laws were pursued. PDMSG provides a progressive assessment tool that determines the best PDM using each tool that can handle the right level of work based on the type and size of the project. The
original policy is that all projects needed to be evaluated with PDMSG. WSDOTAa™ direction is that the project is under $2 million and the preservation project is less than $10.is excluded from the PDMSG by program. All projects are evaluated in two steps, step 1. Before the Regional Program Management Office
approves the project profile, a possible PDM is established through collaboration with local subject matter experts and documented in the Capital Program Management System. Step 2. When the project profile is approved and the design phase is about 10% to 30%, the final PDM is determined, work orders are set up for
the project, and the project is assigned to the regional project engineer's office ™. Use the selection checklist (Appendix K1) during the final PDM to quickly identify projects that clearly have the best PDM. The selection matrix (Appendix K2) is used for more complex projects to determine the final PDM, if required as a
second step. Projects that cost more than $100 million to determine the final PDM require workshops. 12.7 Ohio DOT Mobility and Safety Performance Measures 12.7.1 District Work Zone Traffic Manager Notification Plan For Significant Impact (TMC) ODOT Statewide TMC Has Significant (&gt;0.75 Mile) Queue Results
from Previously Planned (Approved) Work Zone Operations ODOT District Work Zone Traffic Manager (DWZTM) ;1 designation per district) to send a courtesy notice. During notification, DWZTM validates field conditions to determine whether queuing is the result of a work zone operation or other incident, and addresses
concerns as needed. This procedure helps ODOT monitor and mitigate unexpected queuing. Figure 12.4 shows an example of a notification that is sent when an unexpectedly significant impact is seen as a result of a work zone operation. Notifications are limited to what the TMC operator is monitoring and do not include
all projects and roads. The 12.7.2 Work Zone Mobility Report (aka VolcanoGram) ODOT Volcanogram Report contains a graph representing the number of hours traffic speeds have drop below 35 mph on either side or both sides of the work zone during each month. There is also a monthly view that compares different
months and compares the same month over two different years before construction begins. The volcanogram shows the speed of traffic before and after the work zone is installed, and also shows the general idea of delay patterns. If a sudden change occurs in a month, the traffic manager in the work zone can determine
if there is a configuration problem or if the change occurs. There are also efforts to extend reports of several miles on both sides of the work zone to provide an overall review by including work zone effects propagated upstream and downstream outside the length of the normal work zone. The Volcanogram report runs on



a selected number of projects each year. Figure 12.5 shows an example. The black column represents the limits of the work zone, and the reportlf multiple projects are close, create multiple projects. For comparison, the chart contains historical lines representing the same number of hours to that point in the two years
before construction (each month is a different band or layer in the graph, and the historical line represents strategic figure 12.4 of the 200 work zone traffic management plans). Odot queue notification snapshot (credit: ODOT). Figure 12.5.0DOT Work Zone Mobility Report, aka VolcanoGram (Credit: ODOT). Other
practices 201 total number of hours in the same month for each historical year). ODOT also look for unusually high hours below 35 mph, referring to band irregularities and corridor trends. As the scale of each zone adjusts based on the overall number, the user should refer to the X-axis scale to keep that number
perspective, rather than simply using the spike visual effect. The volcanogram report is shared with DWZTM and is shared with project engineers. Irregularities are found and the resulting information received is shared with the Project Impact Advisory Committee at monthly meetings. 12.7.3 Work Zone Crash Overview
(Near Real Time) An overview of crashes runs monthly on the same selected project that runs volcanograms. Crash data is extracted electronically from law enforcement agencies. The data displays the maximum number of crashes across the corridor, as well as monthly and historical values. The average for the three
years before construction is also helpful. DWZTM recommends that you receive an overview of work zone crashes and share them with project engineers. The DOT checks for irregularities and discusses with the district to determine the reasons for the irregularities and the improvements that can be made. Figure 12.6
shows an example of a crash report overview. 12.7.4 Work Zone Crash Fix Factor Report ODOT runs the same many CMF reports monthly. These reports compare the number of crashes in a particular work zone with the expected number of crashes based on the CMF of work zone presence. The CMF used is from
NCHRP Research Report 869 (Ullman et al. 2018) and is for work zones without lane closures where the presence of workers is unknown. Figure 12.7 shows the formulas and snippets in the report. 12.8 MDSHA Work Zone Performance Monitoring Tool In 2015, MDSHA developed a web-based work zone performance
monitoring (WZPM) tool to comply with the requirements of the final rules on work zone safety and mobility. The WZPM tool integrates agency-provided construction and incident data feeds with INRIX probe vehicle data to calculate real-time mobility and safety information within and around work zones. The WZPM tool
uses probe vehicle data to view real-time flow information within and around the work zone. Users can view current flow conditions including speed, movementand the length of the queue (through the work zone or in the work zone upstream and downstream of the number of miles selected by the user). Real-time flow
information is typically plotted against historical conditions to identify deceleration, delay, and poor mobility. In addition to flow information, the WZPM tool calculates the user delay costs associated with each work zone, conveying the cost of time and fuel consumption, as well as the experience of the emissions driver by
the work zone (Figure 12.8). The WZPM tool retrieves incident information from MDSHA's CHART real™-time operations system and displays nearby incidents and lane closures that may or may affect work zones. The tool maintains a historical count of incidents in the neighborhood to provide additional information
related to the frequency of incidents and their relationship to work zones. Live chart CCTV feeds are also available to allow users to view traffic conditions. Figure 12.6.0DOT Work Zone Crash Overview (Credit: ODOT). Figure 12.7.0DOT WZCMF Formulas and Reports (Credit: ODOT). Other Practices 203 Figure 12.8.
Maryland Snapshot ™ And Work Zone Performance Monitoring Tools (Credit: MDSHA). 204 Strategy for lowa Work District Traffic Management Plan 12.9 In 2014, the lowa DOT launched a new effort to identify key work zones across the state as a transportation critical project (. The Transportation Crisis Project
Program identifys major construction projects across the state that can cause significant safety or mobility issues to the traveling public. The program is working to reduce or eliminate potential safety or mobility concerns using a variety of mitigation methods. Figure 12.9 shows a snapshot of the Traffic Critical Project Web
page. Since its inception in 2014, the Traffic Critical Project Program has grown from 20 projects with 14 SWZ systems to 78 traffic critical projects with 42 SWZ systems in 2017. To most effectively deploy SWZ on selected traffic-critical projects, the lowa DOT determined that a stand-alone certification-based
procurement agreement from a SWZ device vendor would provide the lowest cost and maximum benefit to meet the program goals of a traffic-critical project. lowa DOT used support consultants to help develop RFPs and selected vendors to provide SWZ equipment statewide. A stand-alone SWZ vendor agreement was
adopted separate from the construction ision agreement to ensure that vendors have the necessary technical expertise to enable faster and easier responses to system operations and to ensure flexibility to add or remove SWZs to projects that were not originally identified in the original traffic critical project list. For
system deployments, the location of the planned SWZ device is first checked in the field and marked to ensure optimal visibility and maintain state and federal signs.Recommended value (Figure 12.10). SWZ vendors bring equipment to the field, place devices in marked locations in corridors, and provide device details for
software integration. Software integration requires swz equipment to be entered into traffic management software and incorporated with the alert processing logic required for EQWS. This included adding SWZ PCMS and cameras to public 511 websites and mobile applications. The SWZ tools used include traffic sensors
and cameras that can monitor the area 24/7, as well as cameras that can send data about traffic speed, queue length and images to the local TMC. TMC operators can communicate through roads, 511 systems, twitter and message signs along Facebook to alert the public to potentially affected issues. Live video figure
12.9 from the camera. A snapshot of the lowa Transportation Critical Project Program website monitoring (Credit: lowa Dot). Other practices 205 are also in the app. In addition to the SWZ tool that alerts TMC, engineers and inspectors working on specific projects will automatically receive text messages when a
slowdown of more than 5 minutes occurs in a work zone equipped with a speed sensor. You can effectively manage traffic in your work zone by using real-time video feeds, interrupting notifications such as traffic backups from queue detection units to traffic flow, and observing speed trends from INRIX and Google data.
Portable and static message indicators are used to manage queue backups, provide advance warning of delays, or move traffic to pre-planned routes or detours. lowa's DOTa™ statewide approach to intelligent work zones is unique. Many states introduce a variety of intelligent work zone technologies for each project,
but those systems may not be compatible between projects and TMC may not be able to monitor them. In the ™ of lowa, TMC receives an alert when a queue is detected and uses the SWZ camera and message sign in the same way as a permanent camera or signage. Evaluation and performance monitoring of swz
systems is made possible ™ collaboration with the Center for Transportation Research and Education at lowa State University. In 2017, several layers of performance measurement and data inside and outside the work area were used to evaluate each project. Developed performance monitoring tools allow users to view
the impact of work zones on traffic in real time. Centera€™s web-based interactive tools have a variety of modules including overview maps, weekly performance, daily performance, speed heatmaps, sensor performance, and hourly volume. The implementation of this program had a significant impact on the way lowa
DOT operates and maintains construction and maintenance work zones. Performance monitoringlt was developed to see the impact of workzone projects on traffic and monitor the operating status of traffic sensors. Data Figure 12.10.Location map ™ traffic critical projects and intelligent work zone devices in lowa (Credit:
lowa Dot). The workzone traffic management plan's 206 strategy, collected by cameras, sensors and message signs, is updated every night and connected to a web-based performance monitoring tool that adds information about the previous day to the view. All historical data is retained from the database, so you can
guery information at any time interval. Since the establishment of the Traffic Critical Project Program, traffic sensors have been a major source of performance monitoring. Sensors can be very variable based on sensor models and models, while they provide high granularity data and are useful when monitoring
performance. During the 2017 construction season, the Transportation Institute of lowa State University (InTrans) significantly improved performance monitoring results by using machine learning to eliminate common fake traffic events and using a fixed 45 mph threshold. Machine learning has made it easier to identify
traffic events, greatly improved the accuracy of performance measurements, and reduced the number of false events detected in previous systems. In recent years, InTrans has expanded the use of INRIX data to monitor projects and road methods where sensors are not deployed. Because inrix probe data does not
contain volume, performance measurements are slightly different than when using permanent or portable sensors. The amount of INRIX data is very variable based on the type of road. InTrans receives weekly snapshots of crash data from the lowa DOT and provides the capability to perform further crash analysis on a
regularly. Text alerts. InTrans developed the work zone text messaging alert system during the 2017 construction season. Machine learning was used to identify slow and stopped states in work zones, and then to develop algorithms that sent text alerts for slowdowns in work zones across the state. Feeds are developed
to summarize this information for each work zone, are used in the TMC Operations Dashboard, and are also used to send text alerts to DOT staff. The capacity of the work zone. At the time this guidebook was written, InTrans was working with the lowa DOT to determine capacity for various work zone configurations,
including capacity comparisons of bridge-related work using single lanes and two narrow lanes. In addition, InTrans is considering the impact of towing and extra enforcement on capacity. Lane closure planning tool. Lane closure planning tools can be used to provide access to traffic data and determine when lanes can
be safely closed. The tool uses data from its sensors toThe monthly database contains the amount of hourly units per month, day of the week, and time of day. Currently, hourly volumes are expanded to include average, minimum, maximum, and 25th and 75th percentile. In addition to the amount of life, the hourly
volume equivalent to the automobile is also calculated. Open data service. InTrans has developed an open data service aimed at providing high-quality, near-real-time data feeds to public or private entities. Data feeds and services support both agency and external users in a variety of usage categories. The source can
include various operations, roads, weather, maintenance, and safety data. Several InTrans initiatives, such as text alerts, TMC operations dashboards, and lane closure planning tools, use open data services for databases. This data service integrates multiple data sources that are available in DOT. 12.10 Construction
Planning Safety Assessment Tool The Highway Safety Manual (HSM) (AASHTO 2010) provides limited guidance for work zone safety assessment. It provides only two CMFs to calculate the impact of an increase or decrease in highway work zone length and duration on crash counts. Other Practices 207 A study
conducted for FHWA by the University of Missouri (Brown et al. 2016) Columbia addressed this knowledge gap by developing spreadsheet-based safety assessment tools for highways, highways, rural two-lane highways, urban multilane highways, arteries, signal intersections, signal intersections, and ramps. Using data
from a missouri work area, the study developed 20 crash prediction models. Based on user-provided input data, the tool predicts crashes by severity and crash cost for each work zone replacement. All models were programmed with a user-friendly spreadsheet tool for practitioners. Provides examples of how to use this
software to assess the safety of different work zone plans. Figures 12.11 and 12.12 show graphical user interfaces and output examples of the software, respectively. 12.11 Lanes of special color pavement marking roads are often repositioned to accommodate highway work operations. As a result, the pavement
markings need to be changed. There are many ways to remove or obscure pavement markings, but ghost markings often remain in the old lane line position. These ghost markings can stand out under certain lighting conditions. Ontario, Canada and several European countries routinely use special marking colors
(orange or yellow) to increase the serity of temporary lane lines. Special colour markings are also experimentally used in Australia. New Zealand; Quebec City, Canada; and the United States. WisDOT had difficult conditions.The highway-to-highway interchange project (zoo interchange) was carried out in winter as salt
residue on the road surface hid traditional white lane markings. In order to provide more clearly defined lanes in the work area, WisDOT obtained experimental permission from the FHWA in 2014 to use orange paints (Figure 12.13). Figure 12.11. User Input Window for Safety Assessment Tool (Credit: University of
Missouri). 208 Strategies for Work Area Traffic Management Plan Figure 12.12. Sample output of safety assessment tools (Credit: University of Missouri). Figure 12.13.WisDOT Using Orange Pavement Markings (Credit: John Shaw / University of Wisconsin Madison). Orange reflective epoxy paints are used in Canada,
New Zealand and Europe, but not previously in the United States. However, direct assessment of zoo interchange sites has been difficult due to fast-paced construction, heavy traffic and repeated congestion even before the project begins, where road lanes and alignment changes frequently occur. These complexity
made it difficult to distinguish the driver behavior and traffic operation impact of orange markings from those attributed to other site situations and traffic management techniques. Other Practice 209 To assess the behavior of drivers with orange markings in a simpler environment, WisDOT conducted a study and no match
pair of two bridge redeck projects on 1-94 near Okonomowock (Shaw, Chittori, Nois 2017). Shaw et al. 2018). No significant difference was found in the distribution of lane position and velocity data at the test site and control site. However, driver surveys showed that orange markings were more visible and easier to see.
Based on field data, driver surveys and interviews with field engineers, there was no evidence that drivers understood the orange markings incorrectly. The study concluded that perhaps the most practical approach is to reserve orange as the emphasis color for specific work zone locations that require difficult driving
operations. This approach is similar to the UK practice of using special marking colours to focus on problem areas and helps reduce the chances of drivers becoming desensit to special colours. The TMA is positioned as a shadow vehicle for workers, work vehicles, or workspaces directly below it. The TMA saves lives
and prevents injuries to both drivers and maintenance workers, but it put TMA drivers at risk of injury when attenuators hit. Recent technology has allowed the option of removing drivers from buffer vehicles designed to be struck by the wrong vehicle. Autonomous truck-mounted attenuators (ATMA) are also known as
autonomousThe protective vehicle consists of two vehicles: a leader and a follower. The reader vehicle is human driven and equipped with an onboard computer, digital compass, transceiver and GPS receiver. The lead vehicle wirelessly transmits high-precision data about position, speed, and adrity. The ATMA receives
this transmission and uses steering, throttle and brake actuators to copy the ™ the lead vehicle. Atma can be retrofitted to an existing TM. Figure 12.14 shows the leader and follower vehicles. At the time this guidebook was written, the ATMA was tested and already used in several states, but only at limited capacity as
part of a pilot program passed in October 2018: Act 117, passed in October 2018, allows PennDOT and the Pennsylvania Turnpike Commission to implement highly automated work zone vehicles in active work zones. In August 2017, CDOT was the first transportation department to demonstrate cdot road striping crews
by purchasing atma when using ATMA Figure 12.14. Autonomous TMA (Credit: Royal Truck and Equipment Co., Ltd.). 210 strategy for work zone traffic management plans near Fort Collins. Colorado also uses ATMA in rural areas away from heavy or mixed traffic. FDOT tested ATMA in 2015. ATMA technology is still in
the late stages of development and there are some challenges that need to be addressed: &€' The next vehicle will accurately copy the movements of the lead vehicle. If the lead vehicle encounters an obstacle and needs to change lanes, the ATMA can change lanes until it encounters ™. This ensures that the lead
vehicle remains unso protected until the ATMA also changes lanes. Leads and follow vehicles may lose communication under land bridges or through tunnels. The green light of 12.13 TM MoDOT (Brown et al.) tested the use of green light for TM to improve the visibility of the work zone. This is the first quantitative study
of TM green light in the United States, and MoDOT tested four different configurations using simulator and field studies. During the simulator test phase, we looked at amber/white (common for MoDOT), green only (recommended by MoDOT), green/amber (MoDOT alternative), and green/white (design alternative)
configurations. Field tests evaluated the orange/white and green-only configurations (Figure 12.15). The video data was collected for two days in the US 50 mobile work zone in the Kansas City area. The mobile work zone consisted of a green-only rear advance TMA, an orange/white shoulder TMA on the first day and
two amber/white TMA on the second day. During the day, the leading orange/white TMA vehicle had a passing speed slightly higher than the green-only TMA (62.5 mph) (64.5 mph). At night, the green-only TMA had slightly lower vehicle transit speeds (52.1 mph)At orange/white TM (52.9 mph). The authors warned that
driver behavior may be affected by the novelty of green light TM, and that longer periods of research are needed to examine novelty effects. The results did not point in a single direction in both simulator and field tests, and all four configurations appeared to be viable. 12.14 Rolling roadblocking procedures for temporary
lane closures Rolling roadblocking, also known as temporary road closures, rolling blocks, pacing operations, or traffic pacing, is a common highway traffic control technique used to temporarily slow down or stop traffic upstream of construction, maintenance, and utility work activities that require short-term complete
closure of roads (FHWA, n.d.). Rolling roadblocking allows for the rapid completion of roadworks activities by ensuring that workers have full access on the road and on the road, ensuring a safe environment by completely removing vehicles that are usually close to the workers. Policies and procedures for managing the
use of rolling roadblocking for highway work activities vary from state to state. Additional resources are available to transport to improve rolling roadblocking practices. Among these resources are guidelines for rolling roadblocking of work zone applications developed by the National Association of Traffic Safety Services.
This guide establishes best practices for the use of rolling roadblocking and provides valuable information on planning and coordinating rolling roadblocking, performing rolling roadblocking, and developing rolling roadblocking planning checklists. Connecticut DOT allows road closures when installing temporary lane
closures on restricted-access highways. Rolling roadblocking is only allowed to install and remove lead signs and lane tapers for up to 15 minutes. 12.15 Restrictions on work zone cellphones As part of ongoing efforts to reduce distracted driving and increase safety for drivers and workers in work areas, Wisconsin has
passed a law that would make it illegal to speak on handheld mobile devices while driving in Wisconsin's roadworks zone. Wisconsin Law 308 of 2015 proceeded to Figure 12.15. Simulator test TMA configuration (Credit: University of Missouri). The 212 strategy for 212 work zone traffic management plans takes effect on
October 1, 2016, and drivers caught up in violations face fines of up to $40 for the first offense and up to $100 for subsequent offenses. Appendix L provides the bill text (Assembly Bill 198 of 2015). Figure 12.16 shows the signs associated with this law. Hands-free and Bluetooth devices are granted exemptions and are
legal to use. The law also grants exceptions for drivers to use handheld mobile devices when dialing 911. Wisconsin continues to enforce zero tolerance for text messages while driving in work areas. WisconsinDrivers are not prohibited from using handheld mobile phones while driving or outside the work area. However,
Wisconsin law prohibits driving a motor vehicle while creating or transmitting text messages or email messages (basic law). 12.16 Colorado Lane Closure Strategy CDOT has developed a Lane Closure Strategy (LCSY) for each of the five regions to establish uniform standards and authoritative guidance for scheduling
lane closures. Each ™ policy is unique, said CDOT, which can coordinate lane closure policies in vast states, including both rural mountainous and large urban areas. LCSY was formulated to strike the right balance between delays to business travelers within the work area and the cost of construction and maintenance.
LCSY applies to single-lane closures (and multi-lane closures on roads of 5 lanes or more) related to road CDOT control construction and maintenance activities. It is based on extensive data analysis and estimates of expected delays during lane closures. LCSY responds to weekday and weekend traffic demand and
takes into account temporary fluctuations in traffic volume that occur over a typical 24-hour period. LCSY also describes seasonal fluctuations in traffic volume, if necessary. Previously, the decision to close lanes was largely based on field observations, previous experience, and engineering judgments. LCSY is being
recalibrated in a three- to five-year rotation to reflect changes in traffic and available capacity (Region 1, 5th edition was published in 2019). Region 2, 2nd edition, 2013. The 3rd Regional No. 3 in 2017. The 4th and 3rd editions of 2017. 1st edition in 2008, Region 5). LCSY provides several types of information related to
the closure of each region. Allowable lane closure times (in aggregate format) on all state roads. The table provides a specific time at which the closure of each highway section is allowed. Sections are split when lane geometry changes or daily traffic changes significantly. Procedures for implementing lane closures for
permissions and maintenance work. Steps to implement lane closures for CDOT design projects. Figure 12.16. Mobile Phone Restriction Sign for Wisconsin Work Zone (Credit: WisDOT). Other Practice 213 steps to change the closure time during the construction and variance request process. The flowchart (Figure
12.17) determines the allowable lane closure times on certain state roads under the following conditions: &€ all seasons. The number of lanes closed 1, 2, or 3. Highway ramp closure schedule. I-70 mountain corridor closure schedule. Using the information provided in LCSY improved lane qualityDecicion simplifies the
end-user decision-making process and reduces the uncertainty associated with handling traffic during construction. 12.17 MnDOT Lane Closure Manual MnDOT has developed a lane closure manual to use when planning and scheduling lane and shoulder closures on MNnDOT-owned and operated highways and
highways in Metro District, District 6 and District 3. The lane closure manual determines the appropriate Figure 12.17. CDOT Lane Closure Scheduling Decsijo Tree (Credit: CDOT). 214 Strategies for Work Zone Traffic Management Plan time zones for planned lane closures based on the number of lanes available and
traffic data. The purpose of the lane closure manual is to provide information to help you plan against lane closures that minimize traffic impacts and driver delays while promoting the safety of workers and the public while traveling. Lane closures allowed in this manual are usually short-term (no more than 12 hours) and
do not involve traffic diversions or detours. It is formatted to collect and analyze traffic flow volumes from regional TMC detectors and tube counters, and to display allowable lane closure figures based on road location and time. The manual is divided into sections by road, and each road is divided into segments.
Segments are usually determined by the number of continuous lanes available along the highway corridor. The index map shows where each road is divided into numbered segments (Figure 12.18). The numbered segment directs the user to the correct page of the manual that provides the traffic data listed in the table
(Figure 12.19). MnDOT uses a shading system to show the number of lanes that can be closed every hour of the day. The allowable lane closure figures listed in the Lane Closure Manual have been smoothed to remove some of the seasonal data fluctuations. 12.18 ODOT Permit Lane Closure Schedule The ODOT
Lane Closure Policy is described within the work zone traffic management policy (Standard Procedure No: 123-001). This policy was developed to systematically determine the effects created by work zones and to eliminate, minimize, or mitigate these effects as effectively as available. ODOT lists the process of
determining lane closure times on the allowed lane closure schedule website. Allowed lane closure schedules are web-based, searchable database tools that provide a quick and efficient way to identify the time of lane closure per day so that they do not violate the allowed queue length threshold. Figure 12.18.MnDOT
Lane Closure Manual Road Segment (Credit: MNnDOT). Other Practices 215 Figure 12.19. MnDOT Lane Closure Manual showing allowable lane closures (Credit: MNnDOT). 216 Strategies for Work Zone Traffic Management Planning Users searching for permitted lane closure timesinfo: The year, district number, county,
route, and section of the route for the last ADT count. This search generates a table similar to the screenshot in Figure 12.20 that shows the allowed lane closure times. When lane closures are not allowed is indicated by different shading times for each day of the week during construction and non-construction seasons.
This table also contains the lane capacity that is used to determine whether lane closures are allowed. These capacities vary by facility. Applying for an allowed lane closure schedule is a convenient way to find lane closure times for a particular facility based on the Internet. Lane closing capacity is adjusted based on
facility conditions, so a better approximation of lane capacity applies. 12.19 Wisconsin Web-Based Lane Closure Permit System The Wisconsin Lane Closure System (LCS) is a web-based system for tracking closures and restrictions on interstate, U.S. and state roads in Wisconsin. Lcs is intended for Figure 12.20.
ODOT permit lane closure schedule (Credit: ODOT). Other Practice 217 provides a standard interface for lane closure operations, closure tracking, and data acquisition for WisDOT regional offices across the state. It facilitates data sharing with WisDOT applications that require 511 traveler information, statewide TOC,
inconvenient map production, and lane closure data from oversized/overweight permits. Improve the integrity, reliability, and timeliness of lane closure data on state highways. Archive LCS data in wisTransPortal systems for future analysis and integration with traffic engineering applications and research in other
WisDOT/UW-TOPS labs. Integrate historical traffic data and capacity information to calculate available closure thresholds. LCS is a single source of interstate, U.S., and state highway lanes and ramp closure information in Wisconsin. Closure and regulatory information is entered for all projects or design projects that
affect interstate, U.S., or state roads. Planned maintenance or permit/utility restrictions on interstate, U.S. and state road closures. Major special events. Planned emergency lane closures. LCS shares data with several internal and external media, including wisconsin 511 systems, WisDOT websites, statewide TOCs,
daily/weekly email reports, and third-party media (vehicle navigation systems, phone/tablet apps, websites, social media, and news reports). Closure information can be entered into Ics by any system user. WisDOT staff can enter information or request that information be entered into a consultant, contractor, or county.
However, you must enter closures in Ics according to the minimum prepayment.Figure 12.21 shows the timeframe. Depending on the type of closure and the user entering the closure, the closure is automatically accepted or sent through the receiving process. If the user has accept permission, the system allows the
system to immediately accept the entered closing information, but it is not required. Once accepted, the information will be live and therefore published as an active closure. Users can enter closures that are in the same region as the user's region ™ only perform the following actions: Lcs regional options include SE
(Southeast), SW (Southwest), NE (Northeast), NC (North Central), NW (Northwest), and ALL (All Regions). Figure 12.21.WisDOT Lane Closure Advance Notice Time (Credit: WisDOT). 218 Strategies for Work District Traffic Management Planning From April 2008, LCS will facilitate the accepting and monitoring of work
zones at TOCs and regional transportation offices across WisDOT, providing real-time lane closure information to the Wisconsin 511 Traveler Information System. 12.20 Caltrans Lane Closure System On January 15, 2016, Caltrans revised its 2015 standard, Section 12-4.02C(2), lane closure system, and reported the
closure status using the LCS mobile webpage. LCS was developed to reduce the steps required to abort or start closures and allow contractors to interface directly with LCS, which helps to speed up and improve the accuracy of lane closure conditions. Contractors must request closure using Caltrans LCS and status
closures using the lane closure system's mobile webpage. Lcs reports all approved closures scheduled for the next seven days, plus all current lane, ramp, and road closures caused by maintenance, construction, special events, and more. LCS is spreading construction information to Caltrans' online tool QuickMap,
commercial wholesale web portal, performance measurement system and Caltrans Highway Information Network Hotline. When the contractor changes the status of the closure, LCS sends an email notification to the resident engineer and designated inspector. 12.21 Partnered with E-Construction through Round 4 of
EDC, FHWA promoted electronic construction and construction alliances as a practice that can be used in concert to provide smarter and faster transportation improvements. e-construction is the creation, review, approval, distribution and storage of highway construction documents in a paperless environment. These
paperless processes include electronic submission of all documents by all parties, routing and approval of electronic documents (electronic signatures and workflows), and real-time management of all documents in a secure digital environment accessible to all stakeholders through mobile devices and web-based
platforms. e-Construction aims for established employmentlt is readily available to the transportation community and improves construction document management, including digital electronic signatures, electronic communications, secure file sharing, version control, mobile devices, and web-hosted data archiving and
acquisition systems. Many state DOT and industry practitioners have already used or tested several aspects of electronic construction. Some are in the midst of mainstreaming many electronic construction system practices. While MDOT routinely applies e-Construction to DBB projects, DOT in Minnesota, Florida, Utah,
Texas, Pennsylvania, and North Carolina applies the technology to D-B projects. DOT in Wisconsin and lowa applied electronic construction to the DBB project. MDOT, a leader in electronic construction, uses electronic document storage for its $1 billion construction program, with an average contract mojica-dition
processing time of 30 to 3 days ( It estimates that reducing it to anation/everyday count/edc-3/e.cfm would save about $12 million a year in efficiency and 6,000,000 sheets of paper. Other Practice 219 electronic construction systems have the potential to increase the quality, efficiency, environmental sustainability, and
productivity of the construction industry while saving printing costs, time, shipping costs, document storage, and increasing communication efficiency. Construction alliances are project management practices where transportation agen-cies, contractors, and other stakeholders create team relationships of mutual trust and
improved communication. Partners build relationships and connections between stakeholders, improve the outcomes of quality projects built within time and budget, focus on safety, and be beneficial to contractors. Additional information, webinars, and peer exchange reports on electronic construction and construction
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zone strategy. 13.1 Typical work zone crash characteristics Increased crash risk in a particular work zone Is a combination of geo metrics and temporary changes in impact related to work activities. Drivers can be taken care of by ongoing construction activity behind barriers, mobility equipment, construction access and
exits, and lane closures where drivers have to maneuver around or shift sideways. When work activity occurs and travel lanes are temporarily closed, the risk of individual drivers passing through the work zone can increase by about 66% during the day and by as much as 61% at night, compared to the expected crash
risk in certain locations (Ullman et al. 2008). The actual change in crash risk varies greatly from project to project, even when tiered based on duration (daytime or nighttime) and working conditions (no work activity, active work without lane closures, active work due to lane closures). Crashes that occur in night work
zones are not necessarily more severe than crashes that occur in similar daytime work zones, but there are differences in the types of crashes. In general, the increased risk of crashes is only higher in case of damage crashes than in injury and fatal crashes, regardless of whether the work is done during the day or at
night. The only exception is in the case of nighttime intrusion crashes.High rates of injuries and fatal crashes (Ullman et al. 2008). Crashes with rear-end collisions are one of the most common crash types in the work zone and usually increase as a function of AADT both during the day and at night. The nighttime rate is
significantly lower. However, the rate of rear-end collisions increases noticeably during daytime work activities on low to moderate roads, but not on higher volume roads. Nevertheless, the benefits of working at night can be far greater in higher AADTs, compared to day work. Some strategies can significantly reduce the
increased risk of crashes caused by work zones (Appendix A). Strategies that seem most likely to reduce the risk of crashes include practices (within specific project limits) to reduce the number and duration of work zones. To avoid conflicts, coordinate adjacent projects and projects in the same or nearby corridors (i.e.,
rerouted traffic to closed or reduced capacity routes or conflicting signs or messages). Use of all-way road closures with central crossings or detours. Use time-related contractual clauses to reduce construction time. Proper work activities on high AADT roads (roads requiring temporary lane closures) are moved at night.
CHAPTER 13 Framework for Evaluating workzone strategy frameworks for work zone strategy assessment 221 - The use of demand management strategies reduces volume through work zones. The use of enhanced or automated traffic enforcement agencies (or both). 13.2 Expected impact of work zones on
crashes It is beneficial for work zone designers and others to predict the safety impact of proposed work zone designs and management decisions before starting work in the field. The following is an example of how to use crash estimates for a work zone. Estimate the expected impact of safety measures planned to be
used in the work zone as part of the TMP. Predict the difference in safety effects of alternative work zone design options (narrow lanes or closed lanes, closed shoulders, ramp closures, and complete closures). 13.3 Safety-related data analysis of work zones Depending on the actions being considered, there should be a
way to estimate the number of crashes that are expected to occur in the work zone and incremental changes in crashes due to different work zone features. These methods vary depending on the amount of data, the level of work required, and the level of accuracy.achieved. Due to the relatively short duration of most
construction projects (after 3 €5 of typical pre/post survey data in permanent locations) and relatively few crashes, there may not be enough work zone crash data to draw statistically significant conclusions. Poor quality of data in a data set can lead to misleading or incorrect conclusions. The number of variables that can
affect the analysis of crashes in a work zone can make it difficult to isolate a single barrier. Factors related to analyzing data related to work zone safety frequently change the configuration of work zones, making it difficult to track or assign accurate work zone settings for specific crashes. The number of work zone
crashes per project is relatively small and usually does not follow a normal distribution. Work zone strategies that encourage travel diversion can vary greatly in traffic volume and traffic volume, and analysis can draw misleading conclusions. Some crashes within work zone limits may be caused by non-work zone charA
actuistics, such as driver failure or speeding. 13.3.1 When studying crash data before and after crash data analysis, it may affect the validation of crash data in the work zone. These considerations include regression vs. mean bias. Project corridors can experience a large number of crashes before the work zone period.
This can be an unusual condition where the site will experience fewer crashes during construction, regardless of placement. A simple comparison before and after the comparison can overestimate the work zone strategy effect. Analysts can use more robust statistical analysis techniques, such as bayesian methods, to
minimize problems. 222 strategies for traffic management planning for work zones, taking into account other explainer factors after the deployment of the work zone strategy. Increased enforcement of the law could cause drivers to slow down or become less aggressive, reducing crashes. If previous and later
investigations do not take into account this relationship between increased law enforcement presence and reduced crashes, the benefits of deploying work zones can be overestimated. Moe value trends over time. If the reduction in after data crashes is the result of a long-term trend and not the deployment of work
zones, the assessment will suffer from effectiveness known as the threat of maturity. Random data variation. According to FHWA, crashes are random events that naturally fluctuate over time at any site. If it's youThe short-term average crash frequency may be significantly higher or lower than the long-term average
crash frequency. Changes in crash over time can make it difficult to determine whether observed changes in crash frequency are due to changes in field conditions or natural variability (Helbel, Laing, McGovern 2010). The threat to the effectiveness of this assessment is called instability. 13.3.2 Crash rate calculated
crash rate is a measure that can be applied to work zones to monitor crash trends using either real-time or delayed data. Crash rate analysis typically uses exposure data in the form of traffic or road mileage. As shown in Table 13.1, the crash rate is calculated by the number of crashes by the normalization factor. You
can compare these rates to pre-construction values to determine whether there is a safety hazard and whether analysts should consider changing the work zone. The advantage of crash rate analysis is that you can more effectively compare locations similar to safety issues than when analyzing crash frequency. In
situations where traffic has changed significantly during the work zone, the calculation of the crash rate allows practitioners to take this into account. One way to calculate the collision rate of a road segment is = A— A — A — A - 100,000,000 365 R C N V L Equation 1. The crash rate for the road segment. Where R = the
crash rate of the road segment represented as a crash per 100 million VMT. C = The total number of crashes during the study period. N = years of data (or percentage of years) V = number of vpds (in both directions). L = Road segment length (miles) normalization factor Example Measure time crashes per month
Dangerous crashes per 1,000 vehicles (1,000 vehicle hours passing through work zones) Crashes per 100 million VMTSs (distance crash notes per mile): VMT = miles traveled. Table 13.1. Examples of crash rate normalization factors For example, the evaluation framework for a particular work zone is evaluated with a
value of C = 90 crashes, N = 1 year data, V = 35,000 vpd, L = 8 miles, for example, for the past year in this work zone. The resulting segment crash rate (Equation 2) is 88.1 crashes per 100 million VMT. 100,000,000 90 90 365 1 35,000 8 88.1 100R crash (1 million VMT=A-==Equation 2). Examples of calculating collision
rates for road segments Depending on how crashes are reported along the corridors of the project and the details of the crash history, a crash of 88.1 per 100 million VMTs may or may not cause additional investigation. The most appropriate use of this crash rate is to determine the relative safety of the work zone
compared to the previous work zone conditions and other work zones.Similar characteristics. If dot has access to real-time crash reports, you can further improve the safety of your work zone by changing the active work zone based on the reported work zone crash. 13.3.3 Crash Fix Factor CIF allows you to estimate
incremental changes in crashes related to native work zone changes under consideration, similar to the steps found in HSM. CMF is a multiplication factor used to indicate how a particular condition or feature increases or decreases the expected number of crashes from the base condition. A CMF of 1.0 indicates that this
feature has no incremental effect on crash risk. If the CMF is less than 1.0, this feature reduces the crash risk and indicates that CMF above 1.0 increases the risk of crashing to the base condition. If there are multiple features, several CMFs are multiplied to reach an estimate of the expected change in the crash. In
recent years, many CMFs have been developed for many different and persistent road functions, but only a few work zone-specific CMFs are currently available. If you don't have a CMF developed specifically for work zone functionality, the only option available is to use something that exists for permanent road features.
In such cases, practitioners apply engineering decisions when interpreting the results of the analysis. HSM provides limited information about Cmf for practitioners to use in their work zones. The work zone elements that HSM deals with include the duration (days) and length (miles) of the freeway work zone. Equations 3



and 4 are based on studies that suggest work zones last between 16 and 714 days, work zones between 0.5 and 12.2 miles long, and highway AADTs between 4,000 and 237,000 vpd (Hatak, Hatak, Council 2002). The basic conditions of CMF (i.e., cmf = 1.00 state) are 16 days and 0.51 miles of work period. Cmf's
standard error is unknown. Period. Equation 3 shows the expected average crash frequency of a work zone that increases the baseline condition (CMF = 1.0) longer than 16 days. () =+ A — 1.0 % 1.11 100 CMF duration increases with all formula 3. The average number of crashes in days that increase the duration of
the work zone. CMFall = Crash correction factor is 224 strategies for all crashes in the work zone. and duration growth rate = the percentage of change in the duration (days) of the work zone. Length. Equation 4 indicates the expected average crash frequency at which the work zone length is greater than the base
condition (CMF = 1.0) greater than 0.51 miles () =+ A — 1.0 % 0.67 100 CMF Increase in length for all formulas 4. The average crash frequency (mi) that increases the length of the work zone. Here CMFall = crash correction factor for all crash types and all importance in the work zone. % increase in length =
percentageis the length of the work zone (mi). 13.4 Work Zone Crash Estimation and Crash Cost Analysis NCHRP Research Report 869 (Uliman et al. 2018) describes two ways to estimate work zone crashes and crash costs: 2. Use general safety performance features (SPF) created using work zone-specific data.
Here's a quick description of both methods: 13.4.1 Method 1.Pred€Work Zone Crash Estimates and the recommended approach to developing an overall WZCMF overall WZCMF plan is to apply the overall generic WZCMF to the road segment pres work zone baseline crash estimates. Pre work zone crash estimates
generally come from SPF calibrated to a specific road segment using the methods included in the HSM or state-calibrated crash prediction model. However, if these data are not available, you can use other estimation methods. For example, work zone analysts can use crashes and annual AADT values over the past
three years that have occurred along the road segment to determine the annual average crash. As part of NCHRP Research Report 869 (Ullman et al. 2018), an overall WZCMF of highways and state facilities from a multi-state dataset of four roads and six road highways and state work zones was developed. CMF is
based on the ratio of pre and work zone SPF developed for these road segments. Equation 5 shows the ratio of these SPF: = () 43’ + A or ' + 4a' + 43" + 4Alane Facility 6Alane Facility e 4Alanes 1.164 In AADT 11.231 1.248In AADT 6Alanes 9.987 1.164 In AADT 12.318 1.344 In AADT WZCMF WZCMF equation WZCMF
for 5.4 lanes and 6 lanes of highway and inter state work zone. Work Zone Strategy Assessment Framework 225 To calculate the total number of crashes expected in a work zone, the number of crashes that typically occur in a road segment each year is multiplied by the duration of the work zone, and the overall
WZCMF of the AADT for the road segment is calculated. As formula 6 shows, if you use crash rates, the rate is first multiplied by the length of the project. () Lee £«A. 12 Expected WZ Crash Non-WZ Crash Miles Project Length WZ Duration Mo WZCMF Equation 6. Total number of crashes expected in the work zone.
13.4.2 Method 2. Work zone-based SPF If there is no good data on the normal crash frequency in the section of the highway or interstate where the work zone-based SPF work zone is located, the work zone engineer can use the SPF to develop an estimate of the planned level of the expected crash.The work zone.
NCHRP Research Report 869 (Ullman et al. 2018) used a multi-state database of work zones performed on four interstate and six interstate and highways to develop two predictive functions: the length of the work zone, the duration of the work zone, and the total number of work zone crashes expected to occur based on
the overall road AADT (Equations 7 and 8). = A — () (), the number of crashes in the +10.036 1.164 In work zone crashes in an expectation of L n e AADT equation 7. Crashes are expected on the four-lane highway and in the state work zone. = A — () 9.987 1.164 In Work zone crash number L n e AADT expression 8
is required. Crashes are expected on the six-lane highway and state work zone. Where L = the length of the work zone (miles and n = years) is required for the work zone (or months/12). The feature developed a pavement width of 40 feet in each direction of the four Alane segments, the pavement width of each direcA
tion in six lane segments (12 feet lane, 6 feet inner shoulder, 10 feet outer shoulder). There is no lane shift. There are no lane closures. Median width of 60 feet, including the width of the inner shoulder of 6 feet in both directions. There are no vertical barriers. AADT between 5,000 and 70,000 in four lane segments.
AADT between 50,000 and 150,000 vpd in six lane segments. Examples 1 and 2 in the following sections are based on the work zone conditions above. NCHRP Web Only Document 240: Analysis of Collision Characteristics and Countermeasures for Work Zones (Uliman et al. 2018) provides additional details on the
development of these models. 226 Strategy for Work District Traffic Management Plan 13.4.3 Example 1. Calculating the Expected Monthly Crash Rate During Construction Work Zone Engineers plan to monitor crashes that occurred during the 2-year, 5Ami Interstate widening project. The engineer compares the
monthly crashes to determine if they are increasing more than expected in the work zone settings. The road has a rural four-lane state facility (12-foot lanes, 6-foot shoulder inside, 10 feet outside shoulder, wide median). Facility traffic is 45,000 vpd in the first year of the project and 50,000 vpd in the second year. Based
on the calibrated SPF developed by dot, the facility's normal non-work zone crash rate is estimated to be 7.4 crashes per mile in the first year and 7.9 crashes per mile in the second year. Step 1.Calculate the WZCMF (years 1 and 2) and assume that good pre-work zone crash data exists. Step 2.Using WZCMF,
expected crashes, work zone crash rates, and project lengths (years 1 and 2,9) Step 3. Add up year 1A and two years of expected crashes to determine the total number of crashes (Equation 10). = Lee y £ ifi= = lee ££7 ifi= () + AVU' + WZCMF 1.34 WZCMF 1.33 4Alanes, Year 1 10.036 1.164 45,000 11.231 1.248
45,000 4Alanes, Year 2 10.036 1.164 50,000 11.231 1.248 50,000 e In 9. Crashes that are expected to occur during the duration of the project. In this example, the expected crash rate each year is as follows: = = lee£££] ifi= = = = ) Expected work zone crash 7.4 5 mi 1 1.34 49.58 crash Expected work zone crash 7.9 5
mi 1.33 52.54 Crash Expected Work zone crash 49.58 52.54 102.12 Crash year 1 year 2 years 1 year 2 years 1 year and 2 total crashes ir year crash mi year 10 years expected crash rate. Work zone engineers can get a crash estimate of one month per year, broken by 12 months per year (number of years). If more
finite period analysis is required, engineers can apply seasonal factors to AADT factors and develop and apply WZCMF to determine the expected crashes each month. Monthly crashes can be compared directly as well as to cumulaA tive. If there is a significant time-by-hour difference between the actual and expected
crashes, it may indicate that a safety issue exists at the site and additional investigation is required. As Figure 13.1 shows, an increase in the number of crashes is observed after Month 7. If the increase in crashes is determined to be large enough, work zone engineers can begin a more detailed review to determine
potential reasons for the increase. Possible causes include large traffic switches in the project, more frequent delivery of work activities, and severe weather during this time. Work Zone Strategy Assessment Framework 227 If good nonworking zone crash data is not available for segments, work zone engineers can apply
the previous work zone SPF to four lane facilities (Equation 11). compuA tations looks like this: () = () + A not' + expected work zone crash 5 mi 1 57.11 crash expected work zone crash 5 mi 1 64.56 crash work zone crash prediction 57.11 6 4.56 121.67 Crash years 1 10.036 1.164 45,000 years 2 10.036 1.164 50,000
years 1 And two total years e-year e In equation 11.SPF to predict the crash rate. Work zone SPF estimates for 121.67 crashes over a two-year project (5.07 crashes per month) are approximately 19.1% higher than those calculated using calibrated pre-set work zone crash rates and the overall WZCMF as a whole. As
Figure 13.2 shows, cu m ul ati ve N um when using work zone SPFThe expected and actual crashes using equation 9 WZCMF for r o f C ra sh es. for D in the e-month of Project Figure 13.1. Cu m ul ative N um be r o f C ra sh es to D project figure 13.2 in e-month. Expected and actual crashes occur using work zones
SPF and CMF. 228 Strategy for Work Zone Traffic Management Plan Work Zone Engineers can conclude that the crash was not excessive compared to expectations. The differences in results shown in Figure 13.2 are another example of the importance of engineering decisions when interpreting and using planning-
level estimates. 13.4.4 Example 2. Estimating the impact of accelerated construction on the expected number of work zone crashes and savings, Dot is considering including contract incentives in the tender package to reduce the duration of the project and is seeking to determine savings if any. Using traditional
methods, the project will take two years to complete. But if the duration is reduced to 18 months (i.e., accelerated structure), what will be the savings on the project? DOT first calculates the non-working zone CMF and provides a baseline for comparison (Equation 12). Roads have the following characteristics: The project
is 6 miles long. This is a 6-lane highway facility in an urban area. Facility traffic is expected to be around 120,000 vpd in the first year of the project and 140,000 vpd in the second year of the project. The highway has a 12-foot lane, 6 feet inside the shoulder and 10 feet outside the shoulder. The total crash density of this
section of highway is 34.8 crashes per mile per year before construction based on three years of historical data. Traffic volumes in these years averaged 115,000 vpd (similar to those expected in the first year of the project). Non-work zone crash rate 34.8 120,000 115,000 per mile per year 36.31 Crash Non-work zone
crash rate 34.8 140,00 000 115,000 crashes per mile 42.36 crashes 2 crash mi yi £«= = lee y ££7 ifiy £== Formula 12. Work zone crash rates for years 1 and 2. Dot does not have a normal non-work zone where the frequency of road crashes is expected for each year of the project. As a result, based on data availA
(equation 13), it is necessary to estimate the normal pres work zone crash frequency for each of the two years of the project. Since the only data available is the historical crash rate of the road segment associated with the AADT lower than expected during the project, DOT first considers the project's two-year crash rate
using the following AADT number ratio Serge: WZCMF 1.253 WZCMF 1.219 6Alanes, 1 9.987 1.16 141000001.344 120,000 6Alanes, Year 2 9.987 1.164 140,000 12.318 1.344 140,000 e In = if« i <6> <6> = lee ££* ifi= () 444 + A says + &' + Equation 13.Working zone CmF. This factoring process assumes a linear
relationship between crashes and AADT, which is often not true. However, in the absence of a local SPF, it is considered to be a plausible planning-level assumption. If dot has a predicted non-work zone crash rate for each year, WZCMF is calculated every two years of the project based on the expected amount of traffic
(Equation 14). Framework for work zone strategic assessment 229 The total number of crashes expected for each alternative is calculated using 24 months of alternative 1 (total of 1 year and 2 years). = = Lee £££7 ifi= = = + =) ) Expected work zone crash 36.31 6 mi 1 1.253 272.97 Crash Expected workzone crash
42.36 6 mi 1 1.) 219 309.82 Crash Expected Work Zone Crash 272.97 309.82 582.79 Crash ALT 1 Year 1 ALT 1 Year 2 ALT 1 Year 1 Year 1 Year 2 Total Crash mi The yr year crashes mi yr equation 14. The number of crashes expected in alternate 1. For Alternative 2, the expected number of crashes in the first year of
the project remains the same as for Alternative 1. The first six months of the second year will have the expected work zone crash rate, and the second sixth month will be the non-work zone crash rate (required to complete the second year). Lee £«+Lee y y le y nee pound y«= =() Expected work zone crash 42.36 6 6 mi
1.21942.36 6 12 6 mi 281.1 99 Crash Expected Work Zone Crash 272.97 281.99 554.96 ALT 2 Years 1 and 2 Total Crash Mi yr mo mo yr Crash mir yr 15 mr yr yr 15.Alternative 2 The number of crashes expected in . = & &' =& Not' expected work zone crash 582.79 554.96 27.83 Crash ALT 1 ALT 2 Equation 16.Alternate
1 and 2 differences. Reducing the duration of a project by six months is expected to reduce the number of crashes to the non-accelerated project schedule by 27.83. Dot can apply a comprehensive collision cost number to estimate road safety cost savings that could result from this reduction. As Table 13.2 shows,
assuming a similar facility crash severity distriA bution is the typical crash cost value recommended by HSM, it is estimated that reducing the duration of the project will result in nearly $1,332,592 in crash cost savings. This is done in addition to other savings that may be achievedtravel time, cargo, and emissions). Crash
severity level crash severity proportional distribution 27.83 Crash rate Reduced average crash Cost costs reduced if project accelerated mortality (K) 0.005 0.13915 $4.509,0 99 1 $627,565.25 Disable Injury (A) 0.018 0.50094 $242,999 $121,727.92 Obvious Injury (B) 0.0 888 2.44904 $88,875 $217,658.43 Injury
Potential (C) 0.136 3.78488 $50,512 $50,512 191,18 1.86 Damage only (PDO) 0.753 20.95599 $8,325 $174,458.62 Total 1.000 27.83 n.a. $1,332,592.08 NOTE: Updated highway safety manual aCrash cost, 1st ed., $2016. n.a. Does not apply. Table 13.2. Estimated cost savings in crash costs when project duration can
be reduced, example 2. Strategy for 230 Work Zone Transportation Management Plan 13.5 Evaluation of alternative work zone design Work zone designers who develop construction plans using alternative CMFs have the option to accommodate traffic through different stages or stages of the project. These alternatives
include factors such as whether to close lanes or shoulders, whether to use narrow lanes, close ramps, reduce the length of acceleration or deceleration lanes, and whether to deploy with various technologies (EQWS, DDLM, etc.). If designers need to make decisions, it is helpful to know the difference in expected
crashes between these choices. Here are the steps: Define a work zone alternative to compare expected safety effects. Step 2.Verify the availability and suitability of the CMF. Gets the baseline crash estimate used to evaluate each alternative. Step 4. Multiply the selected CMF into an alternative to each work zone by
the appropriate base line crash estimate. Step 5. Compute crash estimates the difference between alternatives. For example, to alert drivers in downstream queues, dot is considering using EQWS during an eight-month bridge repair project on interstate highway facilities. Contractors closed night lanes on interstate
highways to carry out work (.m 6:00 to 6:00 .m.) and work five nights a week. Interstate highways provide 70,000 vpd in the area, and queues are expected to develop every night of work, which can grow up to seven miles. Typically, this section of the state experiences 20.4 crashes per mile per year, 50% of which occur
when work is scheduled. DOT wants to estimate how many EQWS may prevent crashes from occurring if they are built into the project. Dot performs the following analysis: Step 1. Define the work area substitution to compare. Alternative 1.Make nighttime lane closures in a six-month project without EQWS. Alternative 2.
Install EQWS at the beginning of the project to alert you to downstream queued traffic. Step 2: Determine the availability and suitability of the alternate CMF. WORKING CMF1.61 (Table 13.3) at night when one or more lanes are closed. For AlterA native 2, the CMF that describes the effect of EQWS is 0.56 with traffic
queues (Table 13.4). Crash Severity Level CMF Night Daytime Work Zone Active PDO Crash with Temporary Lane Closure 1.748 1.808 Injuries and Fatal Crashes 1.423 1.455 Active All Crashes Without Temporary Lane Closures 1.609 1.663 Work Zone PDO Crash 1.666 1.398 1.41 4 1.174 All crash temporary lane
closure-free work zones are inactive 1.577 1.314 work zone PDO crashes 1.330 1.196 Injuries and fatal crashes 1.114 1.020 Combined all crashes 1.237 1.127 Note: CMF = crash factor; PDO = property damage only. WZCMF = Work zone crash correction factor. Source: Ullman et al. (2008). Table 13.3.Freeway
WZCMfs. Framework for evaluating work zone strategies 231 Work zone conditions Work zone application CMF volume range quality quality severity bureau police forced DA 0.585 &lt;125,000 m=a=automated=speed=enforcement=p=0.83=ns=h=f/i=speed=feedback=display=p=0.54 = ns= h= a= transverse= rumble=
strips= (nighttime)= (queues= not= present/queues= present) = da= 0.89/0.397 = 55,0004€= 110,000= h= a= end= queue= warning= system= nighttime)= (queues= expected/queues= present)= da= 0.559/0.468= 55,0004€"“= 110,000= m= a= increase= shoulder= width= (inside/outside)= by= 1= ft= da= 0.97/0.948= ns=
m= a= change= median= width= 20= to= 10= ft.= conversion= (rural/urban= freeway)= p= 1.16/1.12=&gt;&It;/125,000&gt; &It;120,000&gt;&It;/120,000&gt; &It;131,000 h= ns= reduce= lane= width= 12= to= 11= ft.= ( vivid= rural= multilane= roadway) = p= 1.03=&gt;Reduce 2,000 H A lane width by 12-10 feet. (Divided rural
multilane road) P 1.15 &gt;2,000 H A lane width 12-9 feet (divided rural multilane road) P 1.25 &gt;2,000 H A shoulder width reduction (rural 2 lanes) Road, Rural 2-Lane Road, Uns split Multi-Lane Road) P 1.15 &gt; 2,000 H A Shoulder Width Down 6-2 feet (Rural 2-Lane Road, Uns split Multi-Lane Road) P 1.3 &gt;2
,000 H A Shoulder Width 6-0 feet (Rural 2-Lane Road, Uns split Multi-Lane Road) P 1.5&gt;2,000 H A Variable Speed Limit P 0.92 NS H A Crossover Work Zone Left-in DA 1 NS M A and downstream shift DA 0.54 20,000&€ 35,000 L A reduction speed limit (10 mph/15 €20 mph) Q 0.96/0.94 NS MaH Safety Edge Road
P 0.94 &It;19,000 H A NOTE: WZCMF = work zone crash modeling factor; CMF = crash modification factor; DA = direct application; P = possible; Q = questionable; H = high quality of CMF; M = medium quality of CMF; L = low quality of CMF; A = all; F/I = fatal/injury; NS = not specified. SOURCE: NCHRP Research
Report 869 (Uliman et al. 2018). Table 13.4. Available WZCMFs. 232 Strategies for Work Zone Transportation Management Plans Step 3. Obtain appropriate baseline crash estimate for applying CMFs. The work zone baseline crash estimate Alternative 1 is computed as in equation 17: Baseline Crashes 20.4 crashes mi
yr 7.0 h= a= note:= wzcmf=work zone= crash= modification= factor;= cmf=crash modification= factor;= da=direct application;= p=possible; g=questionable; h=high quality= of= cmf;= m=medium quality= of= cmf;= I=low quality= of= cmf;= a=all; f/i=fatal/injury; ns=not specified.= source:= nchrp= research= report= 869=
(ullman= et= al.= 2018).= table= 13.4.= available= wzcmfs.= 232= strategies= for= work= zone= transportation= management= plans= step= 3.= obtain= appropriate= baseline= crash= estimate= for= applying= cmfs.= the= work= zone= baseline= crash= estimate= alternative= 1= is= as= in= equation= 17:= baseline=
crashes= 20.4= crashes= mi= yr= 7.0=&gt;&It;/19,000 H A NOTE: WZCMF = work zone crash modification factor; CMF = crash modification factor; DA = direct application; P = possible; Q = questionable; H = high quality of CMF; M = medium quality of CMF; L = low quality of CMF; A = all; F/I = fatal/injury; NS = not
specified. SOURCE: NCHRP Research Report 869 (Ullman et al. 2018). Table 13.4. Available WZCMFs. 232 Strategies for Work Zone Transportation Management Plans Step 3. Obtain appropriate baseline crash estimate for applying CMFs. The work zone baseline crash estimate Alternative 1 is computed as in
equation 17: Baseline Crashes 20.4 crashes mi yr 7.0 &gt; &It;/131,000&gt; &It;/131,000&gt; 8 mo 12 mo yr 5 days wk 7 days wk 0.5 night crash 1.61 54.74 crash () () (): iEyEy yEY ifyy£y«lee«lee£= formula 17. Baseline crash estimation for applying CMF. Step 4. Apply each alternative CMF to replace the baseline
crash estimate. For alternate 2 (using EQWS), the baseline crash estimate (alternative 1) must be multiplied by the work zone queue warning CMF to calculate the expected number of crashes. Calculation of the expected number of crashes. Step 5. Calculate the difference in crash estimates between alternatives. As
shown in Equation 19, the difference between alternates 1 and 2 can prevent the number of crashes by installing the working zone QWS: the expected crash difference is 54.74 30.65 24.09 crash ALT 1 ALT 2 = & =4 Difference in crash estimation between equations 19. The use of EQWS in this location was calculated
to result in 24.08 fewer crashes. For example, as shown in Table 13.5, if dot is found to distribute the crash dais in the previous work zone, the QWS crash cost benefit is calculated to be close to $1,153,050. The crash cost reduction estimate in this analysis assumes that the severity of the crash is the same for both
methods and is equivalent to the overall average crash severity distribution that dot had in the previous work zone. Some evidence indicates that the severity of crashes that occur when QWS is implemented is also reduced compared to the state of the system, resulting in even possible reductions in crash costs. 13.6
General Freeway WZCMFs Table 13.3 shows the WZCmf based on NCHRP Report 627 (Ullman et al. 2008), which combines injury and fatal crashes, property corruption only, and the severity type of all crashes. Generally speaking, the CMFs are higher for propertyAdamageAonly crashes than for injury Crash
Severities 24.08 Crashes Reduced Fatality (K) 0.005 0.1204 $4.509,991 $543,002.92 Disabling injury (A) 0.018 0.43344 $242,999 $105,325.49 Evident injury (B) 0.088 2.11904 $88,875 $188,329.68 Possible injury (C) 0.136 3.27488 $50,512 $165,420.74 Property damage only (PDO) 0.753 18.13224 $8,325
$150,950.90 Total 1 24.08 n.a. $1,153,030 NOTE: updated with average crash costs are derived from the Highway Safety Manual, 1st edition, $2016. n.a. = Not applicable. Alternate 2 The percentage of the proportional distribution of crash severity level average crash costs saved in Table 13.5. Estimated crash cost
savings, two alternatives. Framework for evaluating workzone strategies 233 and fatal crashes. Multiplie the appropriate CMF by the SPFAnN estimate of the expected collision frequency on a particular type of road for a specific work zone condition. These calculations create only an expected number of severe and
property damage crashes under three work zone conditions. The estimated collision frequency using the appropriate SPF and WZCMF can multiplatch crash cost values to evaluate exposure under each work zone condition as a feature of the road AADT. As mentioned earlier, certain CMFs in work zones often lack many
features of interest. All that is possible is to apply it to what you would expect from a CMF developed for permanent road features (Section 13.7). These approximations may provide useful insights into the potential value of the different options being considered. Agencies are asked to use engineering decisions when
applying data. 13.7 Available CMF Table 13.4 shows the available CMFs extracted from NCHRP Research Report 869 (Ullman et al. 2018). More detailed information about these and other non-working zone CMFs can be found in the report. 13.8 Measurable Goals and Performance Measures Performance Improvement
The Performance Monitoring and Evaluation Work Zone program typically performs six steps: setting goals and goals that match the priorities of the DOT work zone. Identify appropriate performance measures to accurately assess and monitor goals and objectives. Identify the data and sources needed to support
performance measurement calculations. Define the appropriate assessment methods for data availability and staff constraints. Define the appropriate schedule for continuous periodic monitoring of work zones. Reports are available and easy to understand. Successful performance monitoring and evaluation activities to
efficiently design and build projects. In evaluating the strategies to be designed, including in work zones, agencies should consider safety considerations and mobility and other considerations. One serious crash is required to stop all operations caused by the work zone and for dot to begin a comprehensive review of all
work zone procedures and other activities. The performance measurements in Table 13.6 are specific to evaluating the structure of the work zone. Having knowledge of the typical performance measures currently in use and what has emerged as a consistent practice among local, state, and federal transportation can
help ensure consistency in work zone performance. Each goal area is described in the following subse sections: Because different TMP strategies reduce different effects,An approach is needed to evaluate them. In general, it is easier to assess the impact of reducing activity duration and the ability to enhance change
than to evaluate strategies that affect the execution of activities. This is because there is a relationship between driver ™ travel changes and the actions that occur, as driving conditions change when a strategy for 234 work zone traffic management planning work zones is introduced. Therefore, agencies may not
measure strategies that seek to influence tripmaking decisions and behaviors against what is happening before the implementation of the work zone, but rather against what happened if a particular strategy had not been implemented. Work zone practitioners can identify one or more metrics that are measurable, known
or expected, correlate with the impact of the work zone of concern (safety, mobility, customer satisfaction, construction productivity and efficiency) and perform analysis to determine whether the implementation of the strategy affects that metric. 13.8.1 Safety Safety Assessment and related MOE objectives are to assess
the impact of a particular work zone strategy on the safety of the project network. Safety is quantitatively expressed through MOE, such as the number of crashes, crash rate, and severity of the crash. The total number of crashes is an important consideration as traffic may be diverted due to lane and road closures.
Collision rate is an important MOE that normalizes the number of crashes based on exposure (part of a road or through an intersection). The collision rate is usually expressed as the number of crashes per million VMT on a part of the road, or the number of crashes per million vehicles passing through intersections. The
severity of the crash is an important consideration as it deals with the cost of the crash in terms of fatalities, injuries, and property damage. Changes in road geometry and operations can affect the type of crashes that occur. Target area performance measures that allow us to observe an increase in the number of
crashes Safety reduction Reduction of the overall crash rate Improvement of surrogacy measures that occur as a result of fatalities and serious injuries (i.e. speeding and reckless driving citations) The average speed decrease in travel speed or the 85th percentile of psl travel time above PSL Decrease in tile Reduction
of travel time Decrease of time above predetermined speed and period Reduction of queue length and duration per hour (vph) Reduction of change in quantity/capacity ratio Working quality adjustment of hydrocarbons (HCs), carbon monoxide (CO), carbon dioxide (CO2), nitrogen oxides (CO2), nitrogen oxides
(Co2)Reduced assessment of the condition of movement through the work zone Incident or severity reduction Incident or severity rate Decrease in average travel time between road repairs Reduction of user cost Note: PSL = posted speed limit; vph = number of vehicles per hour. Table 13.6. Recommended performance
measurements. A framework for evaluating work zone strategy 235 or a collision rate along a specific section of the road occurs, but the type of crash may not be as severe. When it comes to safety surrogacy measures, these are very site-specific and are best suited to assess strategies when they can be done without
comparison at each site. For example, the presence of paid law enforcement can be evaluated in each project by comparing the speed and erratic maneuvering during periods when enforcement does not exist. It is difficult to estimate the safety impact of a work zone strategy, as many factors can contribute to the cause
and prevention of crashes. These factors include driver skills, driver aggression, driver attention, driver fatigue, differences in speed and speed between lanes, level of congestion, type and difficulty of driving maneuvers (e.g., lane changes, forgiving left turn), lighting, weather, level of law enforcement presence, and road
shape and operation. While certain strategies can affect one or more of these factors, other measures (e.g., increased law enforcement presence) can also affect some of these factors. When estimating safety effects, work zone engineers should consider and control all other potential explainer factors associated with
crashes. 13.8.2 The purpose of mobility is to estimate the impact of work zone strategies on project network efficiency. Travel time is quantitatively expressed through MOE, such as travel time delays and travel time fluctuations. Day-to-day variations in overall travel time from a specific point to destination are undesirable
in transportation networks. Reduced travel time variability improves the ability of individual citizens and the freight industry to plan and schedule tasks. Efficiency is expressed by MOE, such as throughput and usable capacity. Usable capacity is the maximum potential speed at which a person or vehicle can traverse a
link, node, or network under a representative composite of road conditions. Capacity (as defined in the Highway Capacity Manual) is the maximum hourly wage that is reasonably expected to cross a specific point or uniform section of a lane or road during a specific period of time under general road, traffic and control
conditions. Ability is measured under good weather and pavement conditions, and noOn the other hand, the available capacity will vary depending on the work zone strategy or strategy being deployed. Throughput is defined as the number of units of people, vehicles, or cargo that actually traverse a road section or
network per unit of time. Under certain conditions, the measured throughput may reflect the maximum number of vehicles that the transport system can handle. Capacity (and usable capacity) is calculated based on the design and operation of a network segment and does not change unless the physical configuration or
operation of that network segment changes. In contrast, throughput is an observable measure and therefore a MOE for the efficiency of the working zone. However, you should be careful about interpreting the results because the throughput change may be the result of factors other than a change in valid capacity (such
as a change in demand). Therefore, not all throughput changes indicate an improvement (or lack thereof) in the efficiency of a particular situation. These measures can be further subdivided to reflect a specific subset of time (e.g., peak period, if lane closures exist) or different dimensions (e.g., queue elapsed rate or
average or maximum queue length, average delay per vehicle or total time of vehicle hours per day). For some strategies, detailed project activity data should focus on evaluating 236 work zone traffic management plans for the conditions the strategy targets. Examples of data include the date of night or weekend work,
or the date of a major phase change when a particular ramp is closed to traffic. 13.8.3 Environmental Impact The purpose of the emissions assessment is to estimate the impact of the work zone strategy on vehicle emissions. From a system-wide perspective, fuel consumption is important because it can affect the
emissions of a variety of gases, including hydrocarbons (HC), carbon monoxide (CO), CO2, and nitrogen oxides (NOx). The main measure of emission is the concentration in the atmosphere, usually expressed as grams (g/cm3) per cubic centimeter. In addition, the total volume (expressed in tons) of the emission type
present in the atmosphere is a useful MOE. For mini vehicles, the highest emission rates of HC, CO and NOx generally occurred during the transition period, when traffic changed from free flow to congestion. Minimum charges incurred during busy periods in low-speed work zones. However, the highest fuel consumption
rates and highest CO2 emissions occurred under congestion in the work zone, while the lowest fuel consumption and CO2 emissions occurred during peak congestion. The results of large vehicles differed on the reason that congestion in the work zone was associated with the highest emissions of HC, CO and CO2 and
the highest fuel consumption, but on the other handEmission rates under different traffic conditions were similar. In highway scenarios, fuel consumption and greenhouse gas emissions increased by 85% and 86% respectively under congested work zones compared to free-flow conditions without congested work zones.
In multi-lane (4 or 6Alane) road scenarios, fuel consumption and greenhouse gas emissions increased by 83% and 84% respectively under congested work zones compared to less congested traffic conditions. Easing congested work zones from heavy (average speed is 5 miles) to moderate congestion (average speed
is 25 miles on highways and 15 miles on multi-lane roads) reduces fuel consumption and greenhouse gas emissions by 40% on highways and 32% on multilane roads (Zhang, Batterman and Dion 2011). 13.8.4 Customer Satisfaction One of the key goals of the TMP strategy ™ meet the desire for a good driving
experience for drivers. To improve customer satisfaction, government agencies rely heavily on public complaints as a source of information for work zone issues that require attention. Some agencies conduct or commission customer surveys to get feedback on work zone safety and mobility performance. These
investigations will help the agency plan projects, coordinate construction and traffic management strategies, and improve the success of future projects. By establishing a simple way to contact, agents can ™ feedback through the project's website and other ways that customers can review and address their concerns.
Well-designed survey equipment helps agencies assess the overall effectiveness of their TMP strategies and distinguish between individual strategies within the set. Good two-way communication with the public can reduce congestion, because road users can make more informed choices in planning their travels. In
addition, if drivers are more aware of general road conditions (Hallmark, Turner, Albrecht 2013), safety can be improved by providing information to the public. In some road agencies, conveying work to the public can inspire trust in the system and show good stewardship. For design and construction teams,
communication can lead to improved design specifications and field training. Work Zone Strategy Assessment Framework 237 13.8.5 Productivity The productivity of work zone construction work has definitions ranging from effective and safe work of workers on the work site to accurate indicators of units achieved over a
period of time in construction products. The most widely accepted definition focuses on the units produced for a defined period of time, or vice versa, to the working hours required to produce the unit. The purpose of productivity assessment is to assess the impact of work zone strategies.Efficiency of production.
Performing work safely and efficiently, such as carrying out complete road closures, reduces the chance of crashes in work zones, especially those involving both vehicles and workers. Closing the road completely could reduce construction time and provide access to larger work spaces, as contractors do not have to go
through traffic. Both avoiding interaction with traffic and having access to larger work spaces are very likely to increase contractor productivity and reduce construction time. Other strategies, such as night shifts, extended hours in peak traffic directions, and multiple lane closures, can also increase productivity. Work
productivity measures are expected to be best suited for evaluating TMP strategies implemented to reduce the total duration of work zone features that affect the frequency and safety of traffic affecting events. In general, contractors will benefit from lower injury costs, lower construction costs, and possibly faster project
completion. Road users can also benefit from reducing traffic congestion and reducing project construction time. 13.8.6 Alliances and Leadership Assessments Important measures, but client/contractor satisfaction (i.e., DOT/contractor) is not discussed in this paper. This measure reflects our experience and trust in ™™
our ability and cooperation. Customer satisfaction does not guarantee loyalty (future work with customers), but it generally builds trust levels and partnerships that can actively work on projects. Disgruntled clients tend to review all contractor submissions in detail, reduce partners and not work with contractors in the future.
Conversely, satisfied clients cannot necessarily guarantee future projects to contractors. Therefore, the main advantage of high customer satisfaction for contractors is the opportunity to continue to be a potential partner ™ the future. Customer satisfaction measures are generally obtained through regular partnership
workshops and surveys of project staff, both contractors and clients. This activity is carried out by a third party hired by the contractor. Assessment items are generally safety, quality, schedule, environmental compliance, problem resolution, responsiveness, communication, and command climate. If both the client and the
contractor agree that executive leadership and alliances are working, each area is evaluated quarterly. However, if each party believes that the breakdown of communications is leading to problems related to the project, these assessments can be made monthly. An example survey output is shown in Figure 13.3. 13.8.7
Use of data and results in the case of institutionsPerformance can be high, resulting in large amounts of data and results. The challenge is to use these results to make good decisions or take timely and effective action. ProjectAlevel results may require immediate action by responsible personnel (for example, if the
maximum queue length of the work zone is exceeded, or if the crash frequency is high, the traffic control plan may not be working well). 238 Work zone traffic management plan data and strategies for the target audience of the results Data and results vary from project-level personnel, district-level management, central
office management, elected or appointed personnel, and the traveling public. These different viewers will be interested in different levels of information. For example, ProjectAlevel personnel need detailed results for each performance metric with potential solutions to mitigate negative impacts, while top management only
needs a quick description of the situation (if positive). Project contract documents should carefully outline what data to collect and the extent to which contractors meet expectations or goals, but should allow contractors to develop approaches (i.e. public information plans). It is also important to be fair by recognizing and
examining successes and problems and failures. Failures do not need to be recognized by DOT as non-compliant, but they should be recognized as an opportunity to work with contractors to mitigate potential issues. Performance data and results are important baselines for impact assessment and future project planning.
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