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1. Introduction

Work zone crashes are a significant problem in the United States, and speed is often cited 
as a contributing factor. In 2019, the Fatality Analysis Reporting System (FARS) 
maintained by the National Highway Traffic Safety Administration (NHTSA) recorded a 
total of 33,244 fatal motor vehicle crashes in the United States, of which 762 (2.3%) were 
reported to have occurred in work zones (NHTSA 2021). Amongst the work zone fatalities, 
speeding was indicated as a contributing factor in 280 (36.7%). The National Work Zone 
Safety Information Clearinghouse estimated that in 2019, 115,000 work zone crashes 
occurred nationally, of which 27,000 involved injuries (ARTBA 2021).  

Work zone crashes can unfortunately result in worker fatalities. Records of on-the-job 
fatalities at the California Department of Transportation (Caltrans) show that “errant 
drivers” caused 49 of the 91 Caltrans employee deaths (54%) that occurred from 1971-
2013 (contractor employees are not included) (Caltrans 2014).  

According to a European study,  drivers believe their own driving behavior in work zones 
is safe and their speed and deceleration rate are proper (Dimitropoulos, Vardaki et al. 
1998). A 2006 study at 23 locations in Kentucky supports this finding: drivers do reduce 
their speeds in work zones, but not to the extent desired by transportation agencies 
(Pigman, Agent et al. 2006). A 1990 survey of drivers at a rural work zone on I-57 in 
central Illinois found that although 79% said the posted 45 mph speed limit was about 
right, only 59% said they drove at or below this limit. More than a third of the drivers 
admitted to speeding through the work zone (Benekohal, Orloski et al. 1990). Here in lies 
the challenge for work zone engineers. Which speed management techniques are most 
appropriate to cost effectively improve compliance with desired work zone speed limits? 

This report explores the subject of managing traffic speeds in work zones. Section 2 
emphasizes the need for setting realistic WORK ZONE speed limits and factors considered 
for that purpose. The following sections describe various classes of proven speed 
management techniques: work zone geometry/layout (Section 3), traffic control devices 
(Section 4), and finally speed enforcement (Section 5). For information on experimental 
techniques and other techniques that were used in the past (such as decoy radar) the reader 
is referred to National Cooperative Highway Research Program (NCHRP) Synthesis 482: 
Work Zone Speed Management (Shaw et al. 2015). 
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2. Setting Proper Work Zone Speed Limits

Imposing a work zone speed limit that drivers perceive to be unreasonably low was shown 
(Migletz et al. 1999) to increase speed variation: conservative drivers tend to observe the 
work zone speed limit while aggressive drivers attempt to operate at speeds closer to the 
ordinary limit (without roadwork). Speed variance is often used as a surrogate measure for 
safety. Therefore, several factors deserve consideration when selecting an appropriate work 
zone speed limit.  

The 2009 Federal Highway Administration’s (FHWA) Manual on Uniform Traffic Control 
Devices (MUTCD) includes several recommendations that form the basis of most state 
work zone speed setting guidelines (FHWA 2009):  

• Reduced speed limits should be used only in the specific portion of the Temporary Traffic
Control (TTC) zone where conditions or restrictive features are present. However, frequent
changes in the speed limit should be avoided. A TTC plan should be designed so that vehicles
can travel through the TTC zone with a speed limit reduction of no more than 10 mph.

• A reduction of more than 10 mph in the speed limit should be used only when required by
restrictive features in the TTC zone. Where restrictive features justify a speed reduction of
more than 10 mph, additional driver notification should be provided. The speed limit should
be stepped down in advance of the location requiring the lowest speed, and additional TTC
warning devices should be used.

• Reduced speed zoning (lowering the regulatory speed limit) should be avoided as much as
practical because drivers will reduce their speeds only if they clearly perceive a need to do
so.

Although the MUTCD discourages setting speed limits more than 10 mph lower than the
ordinary speed limit, there are some situations where the nature of the work, the close
proximity of workers to live traffic, statutory requirements, or political considerations
require a greater reduction. In these instances, stepped reduction in increments of 5 mph or
10 mph is considered a good practice.

Among the agencies who responded to a survey conducted for the NCHRP 482 Synthesis 
Report on Work Zone Speed Management, 64% reported a formal policy or guideline for 
determining when to reduce speed limits in work zones (Shaw et al. 2015). In most cases, 
agencies also established an administrative process for approving reductions, specific to 
the agency’s organizational hierarchy. The exact criteria used in setting work zone speed 
limits (and extent to which the limits can be modified based on engineering judgment) 
vary jurisdictionally. Table 1 presents a list of factors to consider when setting work zone 
speed limits. 
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Table 1. Factors to Consider when Setting Speed Limits (Howard, Mooren et al. 2008) 
• Traffic mix and vulnerable road users.
• Crash history
• Road shoulder width and pavement quality
• Road delineation
• Road and lane widths
• Abutting land development

• Type of intersections and traffic control
• Traffic volume and traffic flow
• Types of vehicles allowed
• Access
• Free-flow speed
• Ability to overtake (pass) safely (within sight

distance) at posted speed

A simplified flowchart for setting work zone speed limits published by the Roadway Safety 
Consortium in 2010 is reproduced as Figure 1. 

Figure 1. Simplified flowchart for setting work zone speed limits. 
(Roadway_Safety_Consortium 2010) 
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3. Work Zone Design/Geometric Techniques

The design or geometric layout of a work zone significantly affects driver’s assessment of a 
safe speed.  Broadly speaking, these techniques can be classified as either physical or 
perceptual. Typically, physical measures involve reducing lane width or changing vertical 
or horizontal geometry to provoke a reduction in speeds. Perceptual measures generally 
involve creating the illusion that the roadway is narrower, or the driving environment is 
becoming more difficult, and hence speed must be reduced. However, research has not 
been conducted on the efficacy of perceptual measures in work zones and are not covered 
here. 

3.1 Lane Width Reduction 

Right-of-way constraints often require lane width to be reduced in order to provide 
sufficient space for work operations. From a human factors perspective, reduced lane width 
means less lateral maneuvering distance and a reduction in the distance between the vehicle 
and roadside obstacles such as traffic control channelizers or barriers; this requires more 
driver attention, and drivers often compensate by reducing speeds. Field studies have 
shown that reduced lane widths can decrease speeds of vehicles by up to 10 mph depending 
on the lane width. The greater the lane width reduction, the greater the speed reduction. 
However, narrowing the lanes could reduce the capacity of the work zone and impact 
movement of oversize overweight vehicles through the work zone and will need to be 
accounted for in the development of the transportation management plan (TMP). One study 
(Kemper, Lum et al. 1984) evaluated the impact of reduced lane widths; increased crash 
rates were reported, although crash severity decreased. Occasionally, there are work zone 
situations where a lane closure results in the remaining lane being very wide. NCHRP 
Report 476 cautions against this situation (Bryden and Mace 2002). 

Multiple studies from the 1980s have examined the impact of reduced lane widths on 
speeds and reported speed reductions up to 8 mph (Richards, Faulkner et al. 1982; Kemper, 
Lum et al. 1984; Kuo and Mounce 1985; Richards, Wunderlich et al. 1985).  

A more recent study explored reductions in free-flow speed due to reduced lane widths and 
lateral clearances in long-term work zones (Chitturi and Benekohal 2005). Four work zones 
had a period of time during which there was no work activity, police presence, flagger 
presence, or the presence of a flashing speed limit of 45 mph (when workers are present). 
The lane widths in the four work zones were 16, 12, 11 and 10.5 ft. The data showed 
greater speed reduction for greater reductions in lane width. In addition, the reduction in 
the free-flow speeds of heavy vehicles was greater than the reduction in the free-flow 
speeds of passenger cars. The study recommended that 10.0, 7.0, 4.4, and 2.1 mph be used 
for free flow speed reduction in work zones for lane widths of 10, 10.5, 11, and 11.5 feet, 
respectively. A study from Missouri, in 2011, also reported that with reduced lane widths 
and presence of construction activity, the speeds of cars and heavy vehicles were lower 
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than the work zone speed limit of 60 mph by 8.5 and 11.1 mph respectively (Bham & 
Mohammadi, 2011).  

3.2 Advance Weave/Chicane 

Any roadway geometric configuration that adds horizontal curves for the purpose of 
reducing traffic speeds can be referred to as an advance weave or chicane. Various highway 
agencies have explored this traffic pattern to reduce speed in the upstream portions of work 
zones. The Iowa State Highway Commission (now Iowa DOT) in the 1960’s developed 
and used this advance weave to create a chicane in the transition area in work zones on 
multilane roads and streets. An advance weave moves traffic to a single lane followed 
shortly by moving all traffic to the other lane in a roadway. This technique was first called 
the “Iowa Weave” or “switchback” when it was first developed, although Iowa DOT 
reports they no longer use this traffic pattern for work zone speed management.  The 
roadway geometrics for an advanced weave used to develop a chicane with traffic merging 
into the left lane followed by a lane shift to the right, as shown in Figure 2. It was originally 
designed as a method to reduce speeds prior to entering a work area where workers were 
present and is typically implemented using traffic control channelizers. Chicane designs are 
also used internationally to slow traffic at work zone approaches. 

Figure 2. Advance Weave for 2:1 closure with downstream left lane closed (Schrock, See et al. 
2008). 

A mid-1990s study examined the effect of using an advance weave traffic pattern by 
evaluating the speeds at the advance of warning, end of taper, weave and lane closure areas 
on both the rural and urban freeways (Lorscheider and Dixon 1995). The research showed 
that the pattern is effective in reducing work zone speeds but increases driver confusion in 
urban settings. The study therefore advised that the use of this chicane traffic pattern should 
be limited to rural freeways. In addition, Lorscheider and Dixon found that the speed 
reduction resulting from the chicane dissipated within 0.75 miles. The study’s authors also 
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pointed to time-saving advantages for contractors, since the switching from a right-lane 
advance weave closure to a left-lane conventional closure can be accomplished rather 
quickly. 

A 2008 study evaluated the crash performance of 10 Arkansas work zones, with and 
without advance weaves (See 2008). Based on a paired comparison, the author found a 
30% reduction in the crash rate when the advance weave configuration was used, but a 
logistic regression model found that the crash severity differences between the advance 
weaves and conventional right-lane closures were not statistically significant. Additional 
research on the capacity and safety of chicanes may be desirable to provide practitioners 
with guidance on their appropriate use. 

4. Traffic Control Device-Based Techniques

4.1 Temporary Transverse Rumble Strips 

Rumble strips provide drivers with tactile and audible warning in advance of a speed 
reduction. Proponents advocate the use of temporary transverse rumble strips for a wide 
variety of work zone applications, such as approaches to intersections, temporary traffic 
signals, and flagger stations. The primary field use of temporary rumble strips is for the 
approach to flagger stations on two-lane rural highways (Shaw et al., 2015).  

Researchers have explored several temporary transverse rumble strip configurations. 
Various materials have been used including formed asphalt, exposed aggregate, 
thermoplastic, rubber, and multiple layers of pavement marking tape. Studies have 
examined various combinations of number, thicknesses, and color of the strips (Harwood 
1993, Shaik, Bernhardt et al. 2000, Morgan 2003). Typical rumble strip dimensions ranged 
from 4 to 8 inches wide and from ⅛ to 1½ inches high. Several colors have been tested 
including black, white, yellow, and orange. These design differences (along with 
differences in the highway context, site conditions, and the upstream pavement surface 
condition) probably contribute to the wide variation in field study results.  

Nearly all of the rumble strip research reported an increase in driver awareness, but most of 
the studies did not report quantitative changes in average speed. As one research group 
explained, “tests indicate that there may be positive benefits from temporary rumble strips, 
but a behavioral response from drivers is not necessarily observable through objective 
observations of vehicular speeds”(Horowitz and Notbohm 2005). In general, the reported 
speed reductions were in the 1-2 mph range (Shaw et al., 2015). 

A challenge with trying this technique for more work zone speed management applications 
has been availability of products that are easy to install, stay in place for duration of the 
project, and can be removed without pavement damage. Manufacturers are continuing to 
innovate this technology with new materials that adhere better to pavement surfaces for 
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short term applications and with methods that make the application and removal process 
more cost effective and safer for workers. 

4.2 Speed Feedback Signs 

Dynamic Speed Feedback signs (also known as Dynamic Speed Signs, Speed Monitoring 
Displays, Speed Indicator Boards, Radar Speed Reader Boards, or Radar Speed Display 
Units) combine a static sign showing the regulatory or advisory speed limit with an 
adjacent digital panel that displays the observed speed of the nearest vehicle. Displaying 
actual speed to motorists as they approach a work zone (or proceed through the work zone) 
has become a useful speed management practice. The technique has been successfully 
implemented using several different types of hardware.  

Work zone dynamic speed feedback systems typically utilize a trailer-mounted display 
panel for ease of installation and portability. Alternatively, a post-mounted system can be 
used, or the speed can be displayed on a multipurpose portable changeable message sign 
(PCMS). The speed data is typically collected using a radar device. Depending on the 
design details of the system, observed speeds that exceed the speed limit are sometimes 
displayed in red or using flashing amber digits. A limitation of the system is that in 
multilane applications with moderate to heavy traffic it may be unclear which vehicle’s 
speed is being displayed. Although the topic has been extensively researched, a wide range 
of speed reduction results has been found in the field. 

Dynamic speed feedback can modestly reduce the vehicle speeds in the immediate vicinity 
of the display, with various research studies showing a range of speed reductions of 
approximately 1 to 8 mph, in the area approaching lane reduction tapers and 3 to 6 mph 
within the work zone, compared with conventional work zone treatments used in the 
“before condition.” The treatment was evaluated and found effective for both short term 
work zones (maintenance operations) as well as long term projects (Carlson, Fontaine et al. 
2000, Maze, Kamyab et al. 2000, McCoy and Pesti 2002, Brewer, Pesti et al. 2006, 
Hajbabaie, Medina et al. 2011, Anderson et al., 2021). A recent study using the SHRP2 
Naturalistic Driving Study (NDS) data in work zones on four-lane and multi-lane roadways 
concluded that speed feedback signs reduced average speeds by 4 mph (Hallmark et al., 
2021). 

4.3 Variable Speed Limits 

Variable Speed Limit (VSL) systems modify the speed limit in response to real-time 
changes in traffic conditions. A typical objective of VSL is to delay the onset of congestion 
by slowing traffic gradually as it approaches a bottleneck. Consequently, the goal is usually 
to improve the temporal and spatial uniformity of traffic speeds, rather than simply 
reducing speeds. However, the premise that posted VSL reflects existing conditions, could 
prompt better compliance with work zone speed limits. VSL systems typically involve 
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deployment of a series of speed sensors, digital signs, and automated control algorithms 
with a significant level of planning, system engineering, and system integration. The 
requirements vary with the VSL system design and the extent of existing ITS infrastructure 
at the site. Administrative procedures for approving the system-recommended speed limit 
and communicating it to law enforcement are also a consideration, particularly if the limit 
is mandatory rather than advisory.  

A few field studies have examined the speed management aspects of work zone VSL 
systems. Based on the small number of studies, technical differences between the systems, 
variations in site conditions, and diversity of results, have made it difficult to generalize 
about the systems’ effectiveness (Shaw et al., 2015). 

4.4 Portable Changeable Message Signs 

In the 1990s, as Portable Changeable Message Signs (PCMS) technology became widely 
accepted as a supplemental device to static work zone signs and other traditional traffic 
control devices. PCMS have been applied over the years for work zone speed management 
broadly in two categories: 

1. PCMS with general speed safety messages: PCMS used in this application are typically
programmed with general work zone safety messages and speed limit information. A
number of studies starting in the 1990s found that this technique resulted in a speed
reduction for all types of vehicles, but in more recent studies only 1 to 4 mph reductions
were typically observed (Garber and Srinivasan 1998a, Garber and Srinivasan 1998b,
Fontaine and Carlson 2001, Brewer, Pesti et al. 2006, Bai, Finger et al. 2010)

2. PCMS with vehicle-activated speed messages: Typically, the PCMS equipped with radar, is
programmed to display an anti-speeding message when a vehicle exceeding a threshold
speed (typically 3 mph above the speed limit) approaches. Common messages that are
displayed when the threshold speed is exceeded include:

i. YOU ARE SPEEDING, SLOW DOWN
ii. HIGH SPEED, SLOW DOWN

iii. REDUCE SPEED IN WORK ZONE
iv. EXCESSIVE SPEED, SLOW DOWN

Several studies have been conducted on the effectiveness of these four sign messages and 
all were found to reduce the number of vehicles speeding adjacent to the PCMS, with a 
speed reduction of 7 mph near the sign reported in a Georgia study (Fitzsimmons, Oneyear 
et al. 2009). However, the speed reduction did not extend into the work area itself. Another 
study in Arizona, reported 4 mph reduction in mean speed, but the number of severe 
speeders (10 mph over speed limit) was reduced by 50% (Roberts and Smaglik 2012). 

An experimental PCMS with Police Lights was tried in California. A PCMS was equipped 
with speed radar, and a set of blue and amber flashing lights (colors associated with the 
California Highway Patrol (CHP)). The flashing lights and a SLOW DOWN message were 
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activated when a vehicle traveling 5 mph or 10 mph over the speed limit was detected. The 
study reported 3 to 7 mph further reduction of the average traffic speed in the work zone 
beyond what was observed with the closure alone. 

4.5 Advisory Speed Signing 

MUTCD Section 6F.52 Advisory Speed Plaque, provides information on the standard and 
option requirements for using an advisory speed plaque with a warning sign as a speed 
management technique in work zones. This technique is only used at locations in the work 
zone where the condition that need drivers’ attention is present. The combination of the 
appropriate warning sign together with the recommended speed sign are observed together 
by drivers and thus provides credibility on the need for drivers to reduce their speed.  An 
important standard requirement for using this technique is the advisory speed plaque shall 
not be installed until the recommended advisory speed is determined by the highway 
agency. 

5. Enforcement Techniques

5.1 Human Enforcement 

Research has consistently shown that police enforcement is the most effective speed 
management technique in work zones. Law enforcement presence also reduces speed 
variation and unsafe behaviors such as tailgating and unsafe lane changing. Additional 
benefits include greater motorist alertness, quicker response to incidents/crashes in work 
zone, and ability to perform traffic control if necessary. Some of the disadvantages and 
limitations of using police enforcement in work zones include: reduced work zone traffic 
throughput, reduced availability of officers for other law enforcement duties, officer safety 
in the work zone environment, enforcement-related costs, and cooperation/coordination 
between law enforcement officers, contractor representatives, and highway agency staff. 

Obtaining sufficient police resources for work zone enforcement remains an ongoing issue 
in many states, and is a limiting factor for many types of work zone enforcement. This 
issue has many dimensions: budget and finance, human resources and labor relations, and 
organizational and jurisdictional factors. Also, many work zones lack sufficient physical 
space for law enforcement officers to safely intercept speeders and issue citations. This can 
be mitigated to some degree by providing enforcement pads or pullouts (also called 
pullovers or lay-bys) in the work zone; Ullman developed design recommendations for the 
length and spacing of such areas (Ullman 2001). 

While Federal regulations do not require law enforcement in all work zones, Federal 
regulation 23 CFR 630 Subpart K does require all state agencies to have a policy for using 
law enforcement in work zones on Federal-aid projects. Guidelines on the Use of Law 
Enforcement in Work Zones developed by the Roadway Safety Consortium summarizes 
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the available guidance on the use of law enforcement in work zones 
(Roadway_Safety_Consortium 2011). NCHRP Report 746 Traffic Enforcement Strategies 
for Work Zones published in 2013 provides information about the administration of work 
zone speed enforcement, along with related issues such as determining how much 
enforcement is desirable and where to position police vehicles for work zones on highways 
with speed limits of 45 mph or greater (Ullman, Brewer et al. 2013). 

A variety of enforcement techniques, each with its own advantages and disadvantages, 
have been used in work zones and are presented in Table 2. 

Table 2. Different Enforcement Techniques, Advantages and Disadvantages. 
Tactic Description Advantages Disadvantages 

Active 
Enforcement 

Officers actively 
identify, pursue 
and cite violators in 
a manner similar to 
ordinary highway 
patrols.  

• Maintains the potential
threat of citation.

• Loss of effect of
enforcement once the
officer pursues or is
engaged with a
violator.

Circulating 
Enforcement 

Officers circulate 
the work zone in 
vehicles. 

• A circulating patrol at
the speed limit can
serve as a “pilot car”
and reduce speed
throughout the work
zone.

• Does not limit the
effectiveness of
enforcement to a
specific location.

• Can simultaneously
serve roadway
monitoring and incident
detection/response role.

• Loss of speed
reduction at certain
locations such as
work activity area.

Stationary 
Enforcement 

Officer and Vehicle 
parked in or 
upstream of work 
zones. No pursuit 
of violators. Some 
have flashing lights 
on, while some 
don’t. 

• Sustained effect on
speeds of vehicles.

• Loss of potential
threat of citation and
consequent lack of
driver response.

Police 
Traffic 
Controller 

Officer positioned 
outside vehicle for 
reducing speeds, 
not traffic control 
duties. 

• Visibility of officer can
increase speed
reductions.

• Increased risk for
officer.

• Officer cannot easily
pursue a violator.
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Enforcement 
Pack 

One officer 
identifies violators 
and notifies another 
officer(s) 
downstream of 
work zone to cite 
them. Some 
agencies use covert 
officers for 
identifying 
violators. 

• Safer as it eliminates
the pursuit of violators
through work zones.

• Speed reduction effect
at the upstream location
remains.

• Citation downstream
ensures credibility of
enforcement is not lost.

• Multiple officers are
available in case of
incidents in work zone.

• Increased costs.
• Greater requirement

of law enforcement
resources.

• Violators are not
pulled out of traffic
stream till they exit
the work zone.

Aerial 
Enforcement 

Aircraft or 
helicopter used to 
monitor speeds. 
Violators are 
identified and an 
officer on ground is 
notified to stop and 
cite violators 

• Does not require
officers in work zone
and has benefit of
covert enforcement.

• Requires roadway to
be marked for
measuring speeds.
Maintaining
themarkings through
different stages of
work activity can be
difficult. Relatively
expensive and rarely
used.

A number of studies have examined the speed reduction effects associated with various 
enforcement techniques. These observations are influenced by the methods used to collect 
the speed data, the location where the speeds were measured (e.g. immediately adjacent to 
the police vehicle or farther downstream), the work zone site conditions, and the severity of 
the speeding in the absence of enforcement (which in some cases is related to the traffic 
volume through the site). 

Stationary police enforcement at work zones results in speed reductions of up to 10 mph 
(Noel 1987, Noel, Dudek et al. 1988, Maze, Kamyab et al. 2000, Benekohal, Hajbabaie et 
al. 2010, Hajbabaie, Medina et al. 2011). However, vast majority of drivers speed up after 
passing the treatment location, indicating that spatial effectiveness of stationary 
enforcement is limited (Lodes and Benekohal 2013, Medina et al., 2009). Circulating 
enforcement is reported to be less effective than stationary enforcement. Circulating 
enforcement resulted in reductions of 2-4 mph ( Richards, Wunderlich et al. 1985, 
Benekohal, Resende et al. 1992, Ullman, Brewer et al. 2013). by Richards in 1985) 

California uses Augmented Construction Zone Enhanced Enforcement Program 
(ACOZEEP) which is essentially an enforcement pack tactic with one enforcement vehicle 
visible near the beginning of work zone and one or more downstream for citing the 
violators. Results indicate that ACOZEEP resulted in higher average speed reduction of 9.6 
mph compared to 8.8 mph from the traditional stationary enforcement approach (Carpenter, 
Hammond et al. 2012). Texas and South Carolina also use enforcement pack techniques in 
work zones. 
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DOTs and law enforcement agencies in Florida, Illinois, New York, and Pennsylvania have 
reported the use of a stealth work zone speed enforcement tactic. In this technique, an 
upstream officer (sometimes dressed as a worker) is positioned inconspicuously in the 
work activity area to identify violators using a radar or lidar unit. Downstream officer(s) 
intercept and ticket the violators. Several names have been used to describe and publicize 
this tactic, including “Operation Hard Hat”, “Operation Yellow Jacket,” and “Operation 
Orange Squeeze”. No formal data on the speed reduction effectiveness of this tactic have 
been published. Similarly, no data on the effectiveness of aerial enforcement in work zones 
have been reported in the literature. 

The use of public awareness campaigns to advise the planned use of enforcement 
techniques and results of enforcement is considered a good practice, but no studies on the 
long-term results or change in driver behavior of using public awareness campaigns 
involving enforcement activities have been reported. 

5.2 Speed Safety Cameras 

Speed Safety Cameras (SSC) are also known as Automated Speed Enforcement, Photo 
Speed Enforcement, Photo Radar Speed Enforcement, Speed Photo Enforcement, or simply 
Speed Cameras. A basic technique involves no attempt at trying to identify the vehicle 
driver and only issues a citation to the vehicles registered owner. The technique involves 
the use of permanent or temporary equipment that determines vehicle speeds, photographs 
the vehicle license plate, and the information is processed, and an infraction notice mailed 
to the registered owner of the vehicle.  

Commercially available systems vary in the degree to which humans oversee the ticketing 
process. State statutes and collective bargaining agreements also influence the amount of 
oversight required and whether it must be done by police officers. In most systems a human 
operator verifies the license plate number determined by the automated system; this 
minimizes the risk of mis-reads of similar-looking characters on the plate (such as B-8, D-
O-0, I-1, and S-5). In some jurisdictions, the operator/officer also compares an image of the 
vehicle driver with the license photo for the vehicle’s registered owner and issues a citation 
only if they match. What is clearly different from human enforcement is that violation 
notices are sent by mail, so there is no need to chase/intercept speeders. 

Recent research examined in a driving simulator, if SSC caused the drivers to take eyes off 
the road to glance at their speedometers (Morris et al., 2016). The finding was drivers do 
not monitor their speedometer significantly more often compared to stationary police 
enforcement or no enforcement. 
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SSC could take two approaches: 

• Single-Point Method. This method is based on an observation of the vehicle’s speed at a
single location. Radar units or similar speed detectors are integrated with the license plate
recognition camera and the vehicle’s speed at the observed location is used to determine
whether to issue a citation (or warning).

• Point-to-Point (Average Speed) Method. This method uses two (or more) cameras spaced
a known distance apart. A vehicle’s license plate is identified at the first camera (e.g. at the
beginning of a work zone) and the plate is then re-identified downstream (e.g. at the end of
a work zone). The time difference between the observations allows the computation of the
vehicle’s average speed over the monitored segment. Consequently, each driver is required
to observe the speed limit throughout the entire segment, not just in the immediate vicinity
of the cameras. Another characteristic of this method is that minor exceedances (such as
briefly exceeding the speed limit while passing a slower vehicle) will not generate a citation
if the overall average speed remains below the speed threshold.

Illinois, Maryland, New York, and Oregon use SSC in work zones. Other states such as
Connecticut and Delaware have pilot projects in work zones. Extensive studies on SSC in
Illinois showed that SSC reduced the work zone speeds of cars and heavy vehicles by 3 to 8
mph (Benekohal, Chitturi et al. 2008, Hajbabaie, Benekohal et al. 2008, Benekohal, Wang
et al. 2009, Medina, Benekohal et al. 2009, Benekohal, Hajbabaie et al. 2010, Chitturi,
Benekohal et al. 2010, Hajbabaie, Medina et al. 2011, Wang, Benekohal et al. 2011) The
percentage of vehicles exceeding the speed limit was drastically reduced; the vast majority
of speeding vehicles exceeded the speed limit by less than 5 mph. Illinois research also
showed that SSC has limited spatial effect at locations downstream of the SSC vehicle
(Medina, Benekohal et al. 2009, Lodes and Benekohal 2013). About 85% of drivers sped
up after passing the SSC vehicle, indicating that the spatial effectiveness of point-speed
based SSC is limited (Lodes and Benekohal 2013). Another Illinois study found that single-
point SSC reduced work zone capacity by 100 passenger cars per hour per lane (pc/h/ln)
(Avrenli, Benekohal et al. 2012). Evaluation of SSC in Maryland work zones was found to
reduce speeds of aggressive motorists and create a more stable spatial speed distribution
through the work zone (Franz and Chang 2011).

The Federal Highway Administration considers SSC in work zones as an effective tool
when the speed limits are 45 mph or greater, workers are exposed, there are no motorist
hazards, the work zone will remain active for a long period of time, and there are no
obstructions to the speed camera’s line of sight. (K. Adenaiiya, 2017)

No evaluation studies of point-to-point SSC in work zones are known to exist in the US.
However, international deployments of point-to-point SSC on regular roads as well as work
zones have definitively shown that (Soole, Fleiter et al. 2012):

1. Average and even 85th percentile speeds are reduced to the speed limit or below.
2. Typically reported offence rates are less than 1%.
3. All crash types, particularly fatal and serious injury crashes are reduced.
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General guidance on establishing SSC programs has been published by NHTSA (NHTSA 
2008) and in NCHRP Report 729 (Eccles, Fielder et al. 2012). The NCHRP 729 guidelines 
recommend that for a program to be successful it should be open to the public, be 
motivated by safety concerns, have strong enabling legislation and be repeatable. Similarly, 
a report prepared by the Organization for Economic Co-operation & Development states 
that, “A crucial element for the success of the speed camera program is to have a 
transparent communication on the allocation of the revenues [from fines] which are mainly 
invested on road safety improvements” (OECD 2006). This is consistent with social 
science research suggesting that cooperation decreases if a punishment is seen as simply 
serving the self-interest of the punisher, and cooperation increases if incentives are seen as 
genuine tools to promote collective interests (Balliet, Mulder et al. 2011). 

In many states, SSC are prohibited by state statutes. An approach to instituting permanent 
SSC in work zones is to get legislative authority to begin with SSC pilots/demonstrations in 
work zones. Recently, a Work Zone Speed Management Task Force in Minnesota 
recommend the Legislature to allow the creation of a pilot project to experiment with SSC. 
Minnesota law currently does not allow the use of SSC (Minnesota Department of 
Transportation, 2022). 

6. Summary

Work zone crashes are a significant problem in the United States, and speed is often cited 
as a contributing factor. Research has shown that drivers believe their driving behavior is 
safe and speed is appropriate while acknowledging that they violate the speed limit in 
work zones. This underscores the challenges associated with speed management in work 
zones, especially. This document is an amalgamation of NCHRP Synthesis 482: Work 
Zone Speed Management (developed by the authors) and more recent research on work 
zone speed management. Various work zone speed management techniques, their 
effectiveness in reducing speeds, and other considerations in their implementation are 
summarized in Table 3.  More information and references identified about each of the 
methods summarized can be found in this document in the section number provided 
under the method title.     
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Table 3. Summary of Speed Management Techniques. 
METHOD SPEED 

REDUCTION* 
NOTES 

Traffic-Control 
Device-Based 
Temporary Transverse 
Rumble Strips 
(Section 4.1) 

1 to 2 mph Appears to have more effect on trucks than 
on passenger vehicles. Primarily used to alert 
inattentive drivers approaching work zones. 

Dynamic Speed 
Feedback Signs 
(Section 4.2) 

1 to 8 mph Effective in reducing speeds at the location 
of the sign in both short and long-term work 
zones. Limited spatial effectiveness.  

Variable Speed Limits 
(Section 4.3) 

Site-Specific 
(See notes) 

Systems modify speed limit to delay onset of 
congestion. Used in a small number of 
locations. Difficulty to generalize 
effectiveness in speed reduction.  

Portable Changeable 
Message Signs (PCMS) 
with Vehicle-Activated 
Speed Messages 
(Section 4.4) 

General speed 
safety message: 1 
to 4 mph 
Vehicle-activated 
speed message: 
Up to 7 mph 

Consistent speed reductions observed for 
vehicle-activated speed message. Limited 
spatial effectiveness. 

Work Zone 
Design/Geometric 
Techniques
Lane Width Reduction 
(Section 3.1) 

Up to 10 mph 
depending on 
lane width 

The greater the lane width reduction, greater 
the speed reduction. Safety effects in work 
zones are unclear. Lane narrowing may 
require additional coordination for routing 
over-size trucks. 

Chicanes (Iowa 
Weaves)  
(Section 3.2) 

Varies depending 
on geometry 

Effective in reducing speeds but could 
increase driver confusion in urban areas. One 
study reported 30% reduction in crash rate, 
but not a significant difference in crash 
severity. Design details including night 
visibility are important for the chicane’s 
safety.  

Human Enforcement 
Techniques 
Single-Vehicle 
(Section 5.1) 

Stationary: Up to 
10 mph 
Circulating: 2 to 
4 mph 

Very well documented speed reductions over 
the years. Limited spatial effectiveness 
beyond the location of the stationary vehicle. 
Depending on the work zone, it may or may 
not be possible to intercept speeders and 
issue citations. Added benefit of quicker 
response to incidents in work zones. 

Multi-Vehicle 
(Enforcement Pack) 
(Section 5.1) 

Up to 10 mph One officer observes traffic, other(s) pull 
speeders downstream of the work zone. Only 
one study evaluated this technique. 
Variations of this include a stealth 
enforcement technique with an officer 
(possibly dressed as a worker) positioned in 
the work activity area. 
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Speed Safety Cameras 
(SSC) 
Single-Point SSC 
(Section 5.2) 

3 to 8 mph Prohibited by statute in some states. Limited 
spatial effectiveness beyond the location of 
SSC vehicle. Could reduce capacity by 100 
pc/hr/ln.  

Point-to-Point SSC 
(Section 5.2) 

Most traffic 
within 3 mph of 
speed limit in 
European studies 

No studies in the US. High compliance with 
speed limits reported in Europe. All crash 
types, particularly, fatal and injury crashes 
are reduced. 

*: References for these reduction values are available in the individual sections listed for each method 
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