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Abstract 

Slowing motorists within work zones on high-speed roadways continues to be a 

challenge for highway operators in all jurisdictions. The New Brunswick Department of 

Transportation and Infrastructure (NBDTI) utilizes procedures outlined in the Work 

Area Traffic Control Manual (WATCM) to manage speeds within work zones. The 

WATCM states the posted limit in work zones may not be more than 20 km/h less than 

the prevailing posted limit due to previous research indicating a larger reduction will 

increase the risk of collision. Workers on high-speed facilities are exposed to speeds of 

90 km/h and greater. This study aims to identify traffic control countermeasures that will 

allow a further reduction below 90 km/h while maintaining speed limit compliance.  

 

The countermeasures tested included each, as well as combinations, of the following: 

Floating Speed Zones (FSZ); Traffic Control Person (TCP); Narrow Lanes; Radar Speed 

Display Board (RSDB); Variable Message Sign (VMS); Fake Police Vehicle.  

 

The top ranked countermeasures in terms of speed reduction were found to be the 

following combinations: the TCP and the FSZ; the Fake Police Vehicle and the FSZ; 

and the RSDB and the FSZ. The TCP/ FSZ, Fake Police Vehicle/ FSZ and the RSDB/ 

FSZ resulted in mean speed reductions of 23 km/h, 19 km/h and 19 km/h, respectively. 

Implementation of the countermeasures did not significantly increase speed variance. It 

is recommended that NBDTI incorporate a provision within the WATCM to allow 

reductions to 70 km/h as long as a RSDB or a TCP is used as a supplemental 

countermeasure.   
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Chapter 1: Introduction 

Road maintenance, rehabilitation and reconstruction are necessary activities to provide 

acceptable levels of service for motorists. The safe and efficient guidance of traffic 

through work zones is a priority for road operators. Regulations are in place to manage 

the movement of traffic through work zones, although accidents within these zones 

remain a large threat to all road users. Each year in the United States and in Canada, 

more than 1,000 fatalities and 50,000 injuries occur in work zones due to motor vehicle 

collisions (Bushman, et al., 2004). Rouphail (1988) notes that the risk of motor vehicle 

accidents is increased by 88% in work zones. Currently, New Brunswick follows 

procedures outlined in the New Brunswick Work Area Traffic Control Manual (NB 

WATCM) for traffic management in work zones.  

 

The challenge for highway operators continues to be slowing motorists down within 

work zones, although the high design speed of New Brunswick’s freeways makes it 

difficult to do so. The WATCM states that freeway work zones cannot have a posted 

speed limit more than 20 km/h less than the posted speed limit prior to that work zone. 

New Brunswick’s major freeways are posted at 110 km/h, which means any work zone 

along these freeways typically have a posted speed limit of 90 km/h. The concept behind 

the maximum drop in speed limits within work zones was developed from research that 

shows motorists will not lower their travel speeds past a level they deem is reasonable. 

According to research a reduction in the posted speed limit greater than 20 km/h will 

actually increase the variance of the speeds. The WATCM explains if there is a need for 

additional attention regarding the speeds in a work zone, the freeway operator may 
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consider police enforcement or a radar speed display board. A reduction beyond the 

WATCM prescribed differential of 20 km/h may be approved with special authorization 

from NBDTI’s Maintenance and Traffic Branch.  

 

1.1 Project Need 

The Trans-Canada Highway (TCH) is the very first freeway/ highway in New 

Brunswick to have been designed to 120 km/h and posted at 110 km/h, and therefore 

New Brunswick motorists had minimal experience with these high speed freeways prior 

to the TCH. NHSTA (2004) noted that in 2004 speeding was a contributing factor in 30 

percent of all fatal crashes in the United States. The same report estimates the economic 

cost of speeding-related crashes to be 40.4 billion each year in the United States 

(NHTSA, 2004). The operators of the TCH in New Brunswick (MRDC, Brun-Way 

Group) have expressed their concern regarding the high speed of motorists within work 

zones, and particularly with the NBDTI policy that restricts posted speed limit 

reductions to a maximum of 20 km/h. Research needs to be dedicated towards obtaining 

compliance at posted limits lower than the WATCM prescribed work zone speed limit of 

90 km/h on the TCH. Since research indicates risk of accident increases as speed 

increases, obtaining compliance at lower limits should result in a reduction in accident 

frequency and severity.  

 

1.2 Goals and Objectives 

The over-arching goal of this study was to determine whether supplementary traffic 
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control measures can be used to successfully improve the compliance with posted speeds 

in work zones on New Brunswick’s freeway facilities.  

 

The following specific objectives were undertaken in order to meet the overall goal of 

this study: 

 

 Review literature and identify candidate strategies for consideration in field 

testing. 

 Field test the most promising supplementary traffic control measures and 

strategies to determine potential for obtaining compliance of speed limits. 

 Use statistical analysis to determine the significance of the change in speeds 

associated with each strategy. 

 Develop a list of recommendations for use in freeway work zones. 

 

1.3 Scope 

The focus of this study was on single lane closure work zones on freeways with 110 

km/h posted speed limits. Two rounds of data collection occurred. Two four kilometre 

lane closures were assembled for the first round and occurred during the last week of 

August 2010, while a two kilometre lane closure was assembled for the second round 

and occurred during late October 2011. The number of vehicle speeds targeted for each 

scenario was between 100 and 120 observations; the month of August provided more 

traffic on the freeway than the month of October, and so consequently less data were 

collected for the latter test period.  
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1.4 Study Area 

The data collection process occurred over a span of roughly one year within three 

different lane closure work areas, located at kilometre markers 249-253, 310-314 and 

244-246 of Route-2 (Trans-Canada Highway). The location of the study areas are shown 

below in Figure 1-1 relative to Fredericton, New Brunswick, and its surrounding areas. 

These rural areas were selected to avoid commuter traffic as often as possible. 

 

 

Figure 1-1: Map of study areas along Trans-Canada Highway 

[Source: https://maps.google.ca/] 

 

Each section of highway is a rural divided freeway highway that was built with a design 

speed of 120 km/h and posted with a speed limit of 110 km/h. Each work zone was 

assembled for the purpose of this study and therefore no actual work was being carried 

out within the lane closures. In order to obtain accurate data it was necessary to 



 

5 

 

assemble a ‘fake’ work area that consisted of a large boom truck with flashing lights as 

well as a passenger car with a flashing amber beacon on its roof, as shown in Figure 1-2. 

The combination of the flashing lights and vehicles simulated an active area within the 

work zone. The three lane closures that were used in this study were all located along the 

TCH and therefore were all posted at the standard 90 km/h speed limit at the beginning 

of the lane closure.   

 

 

Figure 1-2: Simulated work area included boom truck with flashing lights 
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Chapter 2: Literature Review 

This chapter presents the literature review that was completed to outline the various 

options for managing speeds. The chapter is organized into four sections: Passive versus 

Active Work Areas, Traveler Information Systems (TIS), Lane Narrowing and Other 

Speed Reduction Techniques.  

 

2.1 Passive versus Active Work Areas 

The concept of ‘active’ versus ‘passive’ is brought up in further detail throughout the 

literature review. The concept may not be as clear as distinguishing a reduced speed 

limit for a portion of the lane closure, but could be the deactivation of devices that may 

no longer be applicable when the site is inactive and the covering of signs and traffic 

control devices that also may be irrelevant to the site. Specific examples of the above 

were mentioned in much of the research reviewed and include deactivating speed 

actuated signs, assuring changeable message sign read information that is relevant to the 

conditions of the site, and covering reduced speed limit signs when a reduced limit is no 

longer warranted (Brewer, et al., 2005).  The objective would be not to ask motorists to 

alter their driving behavior if the alteration is not warranted. Should the driver comply 

and then come to the determination it was not reasonable to do so, the next time that 

motorist may not comply when it is more important they do.   

 

The concept with the Floating Speed Zone (FSZ) is that a reduced speed limit zone 

follows only the active area of work within a much longer delineated work zone that 

incorporates a lane closure. This allows motorists to drive the normal posted limit for the 
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entire work zone until they reach a particular area where a reduction in speed is 

warranted. The FSZ system is especially applicable to long work zones where the 

activity area may be concentrated within a short section. The FSZ is recommended to be 

utilized during resurfacing of a long section of a divided highway, reconstruction of a 

long section of highway, and any other work that can take place over a long section of 

highway, but work only occurs at pieces throughout the zone (Brewer, et al., 2005). 

 

2.2 Traveler Information Systems 

Traveler Information Systems (TIS) are a set of devices that are capable of providing up-

to-date information on work zone conditions. TIS applications could include: travel time 

information, speed advisory information, congestion advisory, stopped traffic advisory, 

traffic responsive temporary signals, hazardous conditions warning, traffic surveillance 

camera, Variable Message Signs (VMS), Radar Speed Display Boards (RSDB), vehicle 

activated signs (Minnesota DOT, 2008). 

 

2.2.1 Variable Message Signs (VMS) 

Changeable Message Signs (CMS) or Variable Message Signs (VMS) are traffic control 

devices that provide motorists with real-time information on the upcoming roadway 

conditions –often times they will be installed at either end of work zones to provide 

special warnings or instructions. Short messages are displayed such as, ‘Speed limit 45 

mph, Work Zone Ahead’.  
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Other studies suggest a reduction of 3 mph (4.8 km/h) could be expected, while a study 

by Pigman (1988) obtained a reduction of 7 mph (11.3 km/h) (Wunderlich, et al., 1985) 

(Richards, et al., 1985). 

 

Research has shown that a changeable message sign could reduce work zone speeds 1 

(1.6 km/h) to 2 mph (3.2 km/h), while reducing the amount of drivers exceeding the 

speed limit (Fontaine, et al., 2000). Fontaine et al (2000) also noted the CMS seemed to 

encourage motorists to merge into the open lane from the closed lane at the approach to 

the work zone. 

 

2.2.2 Changeable Message Sign with Radar (CMR) 

CMS may also be equipped with radar devices (Changeable Message with Radar – 

CMR) and provide the driver feedback regarding their driving. The oncoming vehicle 

speed is processed in the changeable message sign with radar and depending on the 

conditions and speed the computer is capable of displaying a variety of messages, such 

as the following:  

 

 You are Speeding, Slow Down  

 Active Work Zone, Reduce Speed 

 Reduced Speed 

 Right Lane Closed, Keep Left 

 

 



 

9 

 

Innovative messages such as “Give Us a Brake” or “Give ‘Em a Brake” have been used 

in some work zones as shown in Figure 2-1 (Brewer, et al., 2005). The signs, according 

to research, are capable of reducing mean and 85
th

 percentile speeds; however, their 

effectiveness is known to last only a short period of time (Garber & Patel, 1995). Other 

research has shown implementing CMS with radar in long work zones will result in 

motorists slowing at the location of the sign only and then speeding up throughout the 

work zone (Garber and Patel, 1995).  

 

 

Figure 2-1: Innovative variable message sign  

[Source: http://tti.tamu.edu/documents/0-4707-1.pdf] 
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A study performed in Virginia in 1995 looked at the effectiveness of CMRs in reducing 

speeds at work zones. Speed data were collected at the beginning, middle and at the end 

of the work zone. The messages tested included: You are Speeding, Slow Down; High 

Speed, Slow Down; Reduce Speeds in Work Zones; Excessive Speed, Slow Down. 

Although there was not much difference in the effectiveness of the messages, the most 

effective was “You are Speeding, Slow Down”. It is believed that this message showed 

better results due to message singling out the driver by reading, ‘You are’. This made the 

message personal and motorists knew it was not a general message for the public, and 

slowed accordingly.  Results showed a reduction in speeds of 5 to 10 mph (Garber and 

Patel, 1994). 

 

A South Dakota study evaluated a CMR in short-term work zones. The display would 

read “Right Lane Closed, Keep Left” until a motorist would approach at a speed of 70 

mph or greater at which point the display would read ‘You are Speeding, Slow Down’. 

The data indicated only 20% of the motorists were travelling at 70 mph or greater, and 

therefore mean speed reduction ranged from 0 to 1.7 mph. It was noted by the study 

team that perhaps a lower threshold than 70 mph may prove to be more effective since 

the board will be affecting a greater percentage of motorists (Wertjes, 1996).  

 

Research conducted by Wang et al. (2002) aimed at evaluating the speed reduction of a 

display board equipped with radar over a three week period. If the speeds observed were 

5 mph or more over the limit the display would read, ‘You are Speeding, Slow Down’, 

otherwise the display would read ‘Active Work Zone, Reduce Speed’. Initially, speeds 

were reduced adjacent to the sign significantly (7 to 8 mph) and speeds were not reduced 
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adjacent to the activity area, suggesting the display board was placed too far in advance 

of the activity area. Week two and three data showed a reduction of speeds at the activity 

area also. The results indicate there may be a long-term benefit associated with display 

boards. The study also noted that the variance of speeds was reduced adjacent to the 

message board and also along the activity area. 

 

A 1998 study funded by Georgia DOT (Dixon and Wang, 2002) evaluated the 

effectiveness of a CMR over a three week period, in hopes to determine the long-term 

effects of a CMR. The sign was programmed to display ‘Active Work Zone, Reduce 

Speed’ for motorists who were within 5 mph of the work zone speed limit, and “You are 

Speeding, Slow Down” would be displayed to vehicles that were approaching at a speed 

of 5 mph or greater than the work zone speed limit. Results showed a 6 to 7 mph 

reduction in speed adjacent to the sign only. The study team noted vehicles would speed 

up immediately after the sign and continue to increase speed throughout the work zone. 

In this study the active area of the work zone was several miles from the start of the zone 

and the CMR, consequently this study highly recommends utilizing CMRs at active 

areas only. This draws on the concept of passive versus active areas as mentioned in 

section 2.1.  

  

2.2.3 Radar Speed Display Boards (RSDB) 

Speed display boards are equipped with a radar device and a large display that relays 

oncoming vehicles their approach speed, as shown in Figure 2-2. The concept is that 

motorists see their speed and will be reminded of the limit and decrease their speed 
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accordingly. The goal with speed display boards would be to encourage voluntary 

compliance with speed limits by showing the vehicle, upstream of the work zone, their 

speed and the posted limit to influence the driver to slow if necessary (Jacobson, 2010). 

Some display boards are programmed to flash the oncoming vehicle speeds if that speed 

exceeds a set threshold, in order to further enforce the posted maximum.  

 

 

Figure 2-2: Radar speed display board  

[Source: http://www.clemson.edu/t3s/scdot/pdf/projects/658%20Final%20Report.pdf] 

 

Other research has shown that a disadvantage regarding RSDBs would be that some 

motorists will see the display board as a challenge to display the highest speed possible, 

and for this reason some speed display units will shut off at a predetermined speed 
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(Sarasua, et al., 2006). Research suggests that every unit mph reduction in average speed 

corresponds to a reduction in injury crashes of 5% (USDOT, 2003). 

 

Nebraska evaluated speed display units under the Midwest Smart Work Zone 

Deployment Initiative. These display units were equipped with a radar device, a display 

board and an advisory tab that said, “Your speed”. Results indicated traffic had slowed 3 

to 4 miles per hour on average, while their 85
th

 percentile speeds had reduced by 2 to 7 

miles per hour (Pesti and Mccoy, 2002). Another speed display board used in Kansas 

was equipped with a strobe light that would activate as soon as the oncoming vehicle 

had exceeded a preset speed limit. Results of the study showed considerable reductions 

in mean speed and 85
th

 percentile speed (Ogle and Dixon, 2004). 

 

Eric Meyer (2000) conducted studies to evaluate a radar triggered speed display board. 

The board would display oncoming vehicle speeds – when speeds exceeded 103 km/h a 

strobe light on the board activate to further remind drivers of the reduced speed limit in 

work zones. It was noted that this display board also had a function that would allow a 

higher second threshold speed to be programmed into the display board that if motorists 

exceeded a horn would sound continuously to warn workers of a potentially reckless 

driver and also to slow the motorist. For the purpose of this study Meyer used only one 

threshold and did not include the warning horn. Results from the study indicated that the 

average speed and the 85
th

 percentile speeds had been reduced. Furthermore a significant 

reduction in the amount of speeders and a significant increase in the amount of motorists 

travelling at or just under the speed limit occurred. Standard deviation of speed 

decreased as well suggesting that the display board perhaps lowered the risk of 
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accidents. The study also noted that the effects of the display board, although less 

pronounced, were still significant 0.8 km down the road. The study team commented on 

the ease at which the display board can be installed on-site, and considers the display 

board an effective traffic control device (Meyer, 2000). 

 

 Studies have also aimed at quantifying the long-term benefits associated with speed 

display boards. Research in 2001 showed speed display boards were effective in the 

long-term. Speed display boards were found to lower average speeds, lower standard 

deviation of speeds and increase speed limit compliance at the work zone. Over the five 

week study period the researchers observed a 3 to 4 mph reduction. Although the 

average speed, 85
th

 percentile and standard deviation all increased once the boards were 

removed, they did not return to levels of before the boards were installed, suggesting the 

display boards may have some residual effect as well (McCoy and Pesti, 2001). 

 

A University of New Brunswick study tested the effectiveness of a 15 inch and an 18 

inch portable radar speed display. Results indicate reductions in speeds of 7.8 and 11.6 

km/h for the 15 and 18 inch display, respectively. The study notes these types of boards 

are more effective if placed in left lane closures (Roberts, 2006).  

 

2.3  Lane Narrowing 

The reduction of lane width shown in Figure 2-3 is widely known to reduce speeds in 

work zones. The concept is that the narrower lane requires further attention from the 

motorist and results in lower speed profiles (Sarasua, et al., 2006).  
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Figure 2-3: Lane narrowing for speed reduction 

 

Studies in Houston, Texas, noted a reduction in speed of 3 to 8 mph (4.8 to 12.9 km/h) 

when a lane width reduction was employed; however, the reduction in lane width was 

not intended to reduce speeds but was rather warranted due to physical constraints 

within the project work-site (Richards, et al., 1985).  

 

Other research suggests that a 0.96 km/h reduction in speed occurs with every 0.3 m 

reduction in width during non-peak hour traffic, and a 1.6 km/h reduction in speed 
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occurs with every 0.3 m during peak hour traffic (Heimbach, et al., 1983). Another study 

showed that every meter reduction in width represented a reduction of 5.7 km/h 

(Martens, et al., 1997). Interestingly, research has shown that road narrowing has been 

found to reduce drivers’ own estimate of their travelling speed by as much as 11 km/h 

(Elliot, et al., 2003). 

 

A study performed in six work zones on Texas freeways tested the effectiveness of a 

lane width reduction to 12.5 feet and 11.5 feet. Results showed a decrease in speeds of 

2.8 and 3.8 miles per hour for 12.5 and 11.5 foot lane widths, respectively. The study 

noted roughly a 16% reduction in speed could be expected when travel lanes are 

narrowed. The study recommends the use of larger devices such as barrels or concrete 

barriers to narrow lanes and potentially reduce speeds even further than the 

aforementioned 16% (Richards, et al., 1985) (Maze, et al., 2000).  

 

Another study showed no statistically significant difference between a lane reduction of 

12 feet and 11.5 feet. The research team noted that the use of cones to reduce the width 

became hazardous once widths dropped below 12 feet. At 11.5 feet motorists would 

often hit cones, at times knocking them over into a live travel lane causing other drivers 

to swerve around and perhaps even stop their vehicles. A potential replacement of cones 

for widths less than 12 feet would be a concrete barrier (Brewer, et al., 2005). 

 

Other studies have shown there are costs associated with narrowing lanes as well. Lane 

narrowing can often reduce the capacity of a roadway through a highway work zone, as 

well as increase the number of accidents within that work zone (Fontaine, et al., 2000). 
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Lane reduction can reduce capacity since at times motorists will increase the gap space 

with the vehicle in front of them to compensate for the lack of lateral space (Kastel, et 

al., 1992). 

 

2.4  Other Speed Reduction Techniques  

2.4.1 Enforcement 

One study concluded that police enforcement is one of the most effective methods in 

reducing mean vehicle speeds (Maze, et al., 2000). Other research aimed at evaluating 

the effect of police presence in work zones. Results indicate that while police 

enforcement is present mean speeds can be expected to be reduced by roughly 4 mph. 

When the enforcement is removed speeds can be expected to increase by approximately 

2.5 mph within an hour of removal (Resende, et al., 1992).  

 

Iowa State DOT conducted a survey of 63 state transportation agencies. Results of the 

survey indicated that 70% of State agencies believe that police enforcement is very 

effective in terms of speed reduction – the survey had a 62% response rate (Maze, et al., 

2000). 

 

Police, at times, are said to be too busy with other duties to present themselves on-site to 

enforce reduced speed limits, and for this reason South Dakota have produced a program 

called DOTCOP. Any sworn or retired officer may become a DOTCOP. A DOTCOP’s 

responsibilities include enforcing regulations within work zones. They must remain on-

site throughout their entire shift and have no other responsibilities (Schrock et al., 2002). 
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2.4.1.1 Stationary Patrol Car 

Richards et al. (1985) performed research that indicated a stationary patrol car present in 

a work zone could reduce speeds from 4 to 12 mph. Stationary enforcement is shown in 

Figure 2-4. Noel et al. (1988) conducted a study to evaluate the effectiveness of two 

forms of enforcement; a police car equipped with radar and flashing lights and an officer 

standing at the beginning of a work zone motioning to vehicles to reduce their speeds. 

Results indicated both methods are an effective speed reduction technique through 

highway lane closure work zones. Other research has shown that the stationary 

enforcement technique seems to be most effective enforcement, reducing speeds in work 

zones up to 12 mph (Schrock, et al., 2002). 

 

 

Figure 2-4: Stationary enforcement in work zone  

[Source: http://www.clemson.edu/t3s/scdot/pdf/projects/658%20Final%20Report.pdf] 

 

Other studies have found that not only does police presence on the side of the road 

reduce mean speeds by 2.8 mph, but will also reduce the amount of erratic traffic 

maneuvers within the zone (Graham, et al., 1977). This study summarizes that speeds 
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can be reduced by 3 to 12 mph with implementation of a stationary patrol car within 1-2 

hours of being on site (Wunderlich, et al., 1985). 

 

Meyer (2000) noted that although vehicles will slow down for the patrol car, often times 

vehicle speeds will increase beyond the norm downstream of the patrol car. Meyer 

explains that the reason of this is unknown. Further research should be conducted to 

prove or disprove this phenomenon. 

 

2.4.1.2 Circulating Patrol Car 

Research has been directed towards quantifying the benefits of a circulating police 

vehicle in the work zone. The circulating patrol car is essentially a police vehicle that 

has specific duties to enforce speed limits within a certain work zone. Results indicate a 

potential reduction of mean speeds of 2 to 3 mph when a circulating patrol car was 

present at a work zone (Wunderlich, et al., 1985). 

 

Another study showed that mobile enforcement was found to have a significant effect on 

speed reduction during the day only, with a reduction in mean speeds of 1.5 mph, while 

stationary enforcement with two patrol cars was found to be very effective at night 

(reduction of 0.9 mph). Conclusions drawn from this study recommended when 

enforcement is used that a combination of techniques be used for daytime and nighttime 

applications (Chen, et al., 2007). 
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Although the mobile enforcement is said to be the favorite of the officers due to the 

increased flexibility being mobile provides them, this technique is proven to be less 

effective than other techniques. A potential reduction of 5 mph can be expected through 

implementation of mobile enforcement. The mobile enforcement method seemed to only 

influence the speeds of the vehicles that could see the patrol car, and therefore only a 

portion of vehicles (Kamyab, et al., 2003). 

 

2.4.1.3 Empty Patrol Car 

Often referred to as a ‘ghost patrol car’, an empty police car can be placed at the side of 

the work zone to influence speeds. The advantage would be that a police officer would 

not need to be on site at all times and could resume their normal police duties. Research 

has shown that with the use of a ghost car speeds can be reduced by as much as 3 to 5 

mph within the first few weeks of implementation. North Carolina Department of 

Transportation note they actually place a police mannequin inside the car to make 

motorists believe it is an active patrol vehicle. The New York State Thruway Authority 

describes the use of a ghost car as moderately effective (Maze, et al., 2000). 

 

2.4.1.4 Automated Speed Enforcement 

Work zones may be equipped with cameras with radar that are capable of detecting a 

vehicle that is speeding and take a picture of the corresponding vehicle’s license plate. 

The speeding fine is then mailed to the owner of the car via mail (Jacobson, 2010). 

Victoria, Australia has experienced great declines in crash rates with the introduction of 
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photo-radar enforcement. Norway also has worked extensively in photo-radar and 

experience positive results in crash and injury rates (Elvik, 1997). 

 

An innovative enforcement technique is remote enforcement. An officer will place a 

remote control device upstream of traffic towards the beginning of the work zone. The 

device will detect any speed violations within the work zone and take a picture of the 

vehicle and send the picture downstream to the officer (Ullman, et al., 2001). 

 

A recent study evaluated speed photo-radar enforcement (SPE) at work zones. Results 

indicate that SPE reduced average speeds on the roadway 4.3 to 8 mph – this reduction 

lowered the average travel speed below the posted limit. The study team also noted that 

the percentage of speeding vehicles downstream from the SPE was reduced between 0 

and 44%. The study found there to be some residual effect with SPE (Benekohal, et al., 

2010). 

 

2.4.1.5 Traffic Control Officer 

A traffic control officer is a police officer who stands at the side of the roadway and 

directs traffic through the work zone. Research suggests a reduction of 4 to 16 mph in 

speeds can be expected through implementation of a traffic control officer within 1-2 

hours of being on site (Wunderlich, et al., 1985). 
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2.4.2 Public Notification  

Research performed by Bowie (2003) suggests an effective means of managing and 

reducing speeds in a work zone would be to inform public through television, radio, 

news, advertisements, internet, or CB radios, of the potential hazards; although there is 

not much research into the impact to speed reduction by publicizing an individual 

project. Bowie (2003) suggests that public notification should be supplemented with all 

other traffic control device methods in order to better manage speeds in the work zone 

(Bowie, 2003). 

 

2.4.3 Transverse Pavement Markings 

Transverse pavement markings are an innovative pavement striping method that is used 

to encourage drivers to slow as they approach a work zone. The stripes are placed 

perpendicular to the direction of travel while their spacing is gradually decreased as the 

markings approach the work area. The constant decrease in spacing between the 

markings creates the illusion that drivers are speeding up even if they are maintaining a 

constant speed (Maze, et al., 2000). This effect influences drivers to slow down. Figure 

2-5 shows an example of two patterns.   

 

The University of New Brunswick’s Transportation Group performed a study aimed at 

evaluating the effectiveness of transverse pavement markings during the day compared 

to at night (Hildebrand, et al., 2003). Results showed an increased effectiveness at night. 

The group has acknowledged the improved effectiveness at night could be attributed to 

the increased reflectivity of the pavement markings. The group concludes the markings 
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improved safety of the facility as a result of the corresponding speed reductions. The 

same research also concluded that transverse pavement markings can reduce average 

vehicle speeds by 3.4 km/h. Hildebrand et al. (2003) noted 85
th

 percentile speeds were 

reduced by 3.8 km/h, while standard deviation decreased 0.94 km/h overall and the 

percentage of vehicles in pace increased by 2.6%. 

 

 

Figure 2-5: Transverse pavement markings  

[Source: http://scholar.lib.vt.edu/theses/available/etd-05172007-

135959/unrestricted/KatzPhDDissertation.pdf] 

 

Other research concluded that transverse pavement markings showed limited potential at 

work zones due to the significant time and resources required to install them. The stripes 

also must be maintained to assure they are in acceptable condition (Brewer, et al., 2005). 

 

A University of New Brunswick (2011) study tested the effectiveness of five different 

transverse pavement marking patterns in reducing speeds at the approaches to busy 

intersections near urban thresholds. Results indicate a statistically significant reduction 

in speeds by 6-13%. The study also noted that the daytime impact was stronger than the 
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night time effect. There was no novelty effect noted by the study over the course of the 

12 month study period (Hildebrand, et al., 2011).   

 

2.4.4 Portable Rumble Strips 

Portable rumble strips, shown in Figure 2-6, are adhesive strips that run transverse to the 

direction of travel. They create a visual, audible, and physical alert to oncoming 

motorists that they need to slow down for an oncoming work zone (Fontaine and 

Carlson, 2001). 

 

 

Figure 2-6: Installation of portable rumble strips  

[Source: http://www.clemson.edu/t3s/scdot/pdf/projects/658%20Final%20Report.pdf] 

 

Research also shows that rumble strips are particularly effective in terms of slowing 

vehicles and warning drivers of upcoming dangerous locations. The same research 
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indicated the effectiveness of rumble strips will decrease drastically over time and 

should always be combined with other measures (Martens, et al., 1997). 

 

A study performed by the University of New Brunswick’s Transportation Group 

evaluated the effectiveness of portable rubber rumble strips. Results indicated a 

reduction in mean speeds of 6.9 km/h and an 85
th

 percentile speed reduction of 9.5 km/h. 

The percentage of vehicles in pace was increased and standard deviation of speeds was 

decreased (Hildebrand, et al., 2003).  

 

One study recommends the rumble strip installation process is too resource and time-

consuming to consider these traffic control devices at short-term work zones or for 

maintenance work. Consideration could be given to the implementation of rumble strips 

at long-term work zones. It was also noted that rumble strips may reduce speeds where 

they are installed but for the most part, vehicles sped back up following the strips 

(Fontaine, et al., 2000). 

 

The New Hampshire DOT has experienced great success with portable rumble strips at 

work zones, while Indiana, Maryland, Utah, New Mexico and Arkansas have found 

portable rumbles strips will wear out, crack or move easily (Maze, et al., 2000). Other 

studies in Texas found only a 2 mph reduction in speeds and conclude rumble strips are 

an ineffective method of reducing speeds (Richards, et al., 1985). Other research 

suggests a range of 1 to 2 mph could be expected, but rumble strips should only be 

considered for long-term work zones due to the significant time and effort required to 

install them (Fitzpatrick, et al., 2003). 
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2.4.5 Traffic Control Person (TCP) 

The main responsibilities of a traffic control person would be to direct traffic, manage 

speeds as well as protect the workers from errant vehicles.  A traffic control person may 

be able to perceive errant vehicles sooner than other devices and react in a way that may 

benefit the working crew in the activity area (Kastel, et al., 1992). 

 

A deterrent of the use of TCPs would be that their effectiveness decreases over time. 

One cause of this would be the traffic control person becoming bored and/ or fatigued. 

Not only will a fatigued traffic control person be less effective and a potential hazard, 

but also they will be regarded as a source of less-than-reliable information by the 

motorists. For the above reasons traffic control persons should be relieved every few 

hours so they are alert (Richards and Dudek, 1986).  

 

2.4.6 Vehicle Technologies 

Some intelligent systems in new vehicles can be employed to reduce vehicle speeds. A 

heads-up speedometer displays vehicle speeds at a height where drivers will not need to 

visually search to see it. Researchers suggest that this technology could do a better job at 

reminding motorists that they may be exceeding the speed limit (Comte, et al., 1997). 

 

Speed checkers are devices mounted on the dashboard and are activated by roadside 

transmitters. These devices can warn motorists when they are exceeding the posted 

speed limit so they may slow to a more acceptable speed (Comte, et al., 1997). Speed 

governors also could offer a solution to speed violators. Governors can introduce a 
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maximum speed that a vehicle can acheive. Governors are required on all trucks that 

operate in the European Union. Some United States trucking companies have 

experimented with governors, although newer engines allow speeds to be controlled 

electronically (ECMT, 1996). 

 

A smart card could be the answer to speed violators. A smart card allows a variable 

speed governing depending on the motorists driving history. The smart card is combined 

with a driver’s license and so individuals who are known offenders or inexperienced 

could be targeted (TRB, 1998). 

 

2.4.7 Innovative Signing 

FHWA (1998) recommended an innovative sign that read, ‘My Dad/Mom Works Here 

Drive Slowly’ or ‘Slow Down, My Daddy/Mommy Works Here’. The font of the 

message was written in a child-like manner, as shown in Figure 2-7. Results showed a 

reduction in speed of 0.2 mph for trucks and 1.8 mph for passenger cars. The sign had 

little effect on night time driving, likely due to the lack of workers. 

 

 

Figure 2-7: Innovative sign used in work zones  

[Source: http://mutcd.pahighways.com/construction.html] 
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Agencies have even tried a display board that tries to encourage speed compliance 

through imagery. One study used facial expressions to influence speeds. When a vehicle 

approaches the board at a speed that is above a predetermined threshold the display will 

show an image of a face frowning, and if the motorist is below the threshold the face 

will smile. This sign is shown in Figure 2-8 (Brewer, et al., 2005). 

 

 

Figure 2-8: Innovative sign makes use of facial expressions to influence speeds 

 [Source: http://tti.tamu.edu/documents/0-4707-1.pdf] 

 

Another study made use of a Radar Activated Flashing Flagger Panel, developed by 

Texas Transportation Institute. When a vehicle approaches the traffic control panel at a 

speed that is above a prescribed threshold, a series of white and red LED lights will flash 

at the oncoming motorist (Fontaine, et al., 2000). 

 

Research from 1980 suggested a board that showed the percentage of vehicles not 

speeding the day or the week before and then giving the record for percentage of 

vehicles not speeding, as shown in Figure 2-9, was effective in reducing mean speeds. 

The reductions in speed continued even after the sign had been installed for 25 weeks. 
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Studies for a similar sign showed the reductions continued four weeks after the sign had 

been removed (Van Houten, et al., 1980).  

 

 

Figure 2-9: Innovative sign makes use of speed statistics 

  [Source: http://contentdm.lib.byu.edu/ETD/image/etd229.pdf] 

  

2.4.8 Summary of Literature 

The literature is summarized in Table 2-1 to provide a synthesis of some measures that 

proved promising in other research or found to have potential regarding speed reduction. 

The table indicates the approximate speed reduction associated with each measure, if 

applicable. The literature reviewed did not include potential speed reduction for the TCP 

and the FSZ and so comments on each are provided.   
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Table 2-1: Summary of most promising traffic control measures from literature 

Measures 

Approximate 

Speed Reduction 

(km/h) 

Comments 

Radar Speed Display Board (RSDB) 6-8  

Narrow Lanes 5-8  

Stationary Patrol Car 5-8  

Variable Message Sign (VMS) 3-5  

Traffic Control Person (TCP) NA 

The use of traffic control 

persons is especially 

effective for work zone 

lane closures 

Floating Speed Zone (FSZ) NA 

Recommended for work 

that can take place over a 

long section of highway, 

but work only occurs at 

pieces throughout the 

zone. 

 

2.5 Variance of Speeds 

There have been many previous attempts at quantifying the relationship between the 

variance of speed and the risk of crash. Perhaps the most well-known research was done 

by Soloman, where travel speeds of vehicles involved in crashes were taken from 

collision reports and compared to the mean travel speed on that particular road. Results 

from Soloman’s work indicated the risk of crash and the deviation from the mean travel 

speed followed a U-shaped distribution. The controversy within Soloman’s work is the 

inclusion of crashes involving slowing vehicles, perhaps over representing the lower 

speed region of the curve (Solomon, 1964). Cirillo (1968) replicated Soloman’s study 

using data only from Interstate highways in the United States. Results from Cirillo show 
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a similar U-shaped distributed similar to Soloman’s (Cirillo, 1968). Fildes et al. (1991) 

did not find a U-shaped curve but rather a linear curve that rose as speed rose above 

mean speed on urban arterials as well as two-lane rural road. The curves from the above 

research are shown in Figure 2-10. 

 

 

Figure 2-10: Crash involvement rates as a function of deviation from mean speed. 

[Source: http://etd.lsu.edu/docs/available/etd-03312006-

120306/unrestricted/Jayadevan_Thesis.pdf] 

 

Results by the Research Triangle Institute (1970) confirmed a somewhat U-shaped 

distribution; however, the middle region was shown to be flat compared to Soloman’s 

curve. The difference was caused by the exclusion of collisions involving turning 
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vehicles, which would better represent a highway/freeway. The findings are summarized 

in table 2-2 (Research Triangle Institute, 1970).  

 

Table 2-2: Deviation from mean speed versus crash involvement rate 

[Source:  http://casr.adelaide.edu.au/speed/vol-1.html] 

Deviation from Mean Speed (mph) Involvements per million vehicle miles 

< -15.5 9.8 

-15.5 to -5.5 0.8 

-5.5 to 5.5 0.8 

5.5 to 15.5 1.3 

>15.5 9.8 

 

Similar results were found by West and Dunn (1971) who found a consistent risk of 

crash for speed deviations of 15.5 mph (24 km/h) above or below the mean speed, as 

shown in Figure 2-11.  

 

These findings indicate vehicle speeds would need to deviate greater than 15.5 mph (24 

km/h) from the mean speed in order to significantly affect the risk of crash (Research 

Triangle Institute, 1970) (West & Dunn, 1971). 
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Figure 2-11: Deviation from mean speed versus crash involvement rate  

[Source:  http://etd.lsu.edu/docs/available/etd-03312006-

120306/unrestricted/Jayadevan_Thesis.pdf] 
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Chapter 3: Methodology 

This chapter discusses the methods used to complete this study. Three main tasks were 

performed in order to meet the desired study objectives. These tasks included selection 

of traffic control measures, data collection, followed by a statistical analysis.  

 

3.1 Traffic Control Measures 

Following the literature review was the selection of traffic control measures to test in the 

field. This section describes each work zone configuration relative to the current lane 

closure configuration recommended by the New Brunswick WATCM.  

 

3.1.1 Current WATCM Lane Closure Configuration 

Figure 3-1 illustrates the NB WATCM recommended lane closure configuration that 

New Brunswick currently utilizes on its multilane roads. The configuration describes the 

recommended signs for a lane closure as well as spacing. Section 2.2 of the NB 

WATCM indicates that if at a certain site speeds are particularly problematic, the 

freeway operator may use i) police enforcement or ii) a radar speed display board. 

Traffic control measures other than enforcement and the speed display board may not be 

used in any scenario, unless approved by NBDTI’s Maintenance and Traffic Branch. 

Furthermore, the speed limit in any New Brunswick work zone shall not be greater than 

20 km/h less than the previously posted speed limit, unless approved NBDTI’s 

Maintenance and Traffic Branch (NBDTI, 2009).  
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Figure 3-1: Current NB WATCM lane closure configuration 

[Source: http://www.gnb.ca/0113/publications/WATCM/2011-WATCM-Revised-EN.pdf] 
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3.1.2 Floating Speed Zone (FSZ) 

The floating speed zone (FSZ) is a reduced speed zone that follows the active area 

within the work zone. The majority of work zones currently reduce the speed limit for 

the entire work zone although the reduction is only warranted for a small portion of it, 

leading to a lesser compliance rate.  The FSZ allows motorists to travel through the work 

zone at a certain speed and reduce their speed at a critical zone, typically where work is 

active. This concept distinguishes between active and non-active areas within the work 

zone and is reflected in the majority of the traffic control measures tested within this 

study.   

 

The reduced speed limit signs were placed at an offset of approximately one metre from 

the centreline and 150 metres upstream of the beginning of the active area. The speed 

limit was returned to the previously posted speed limit 150 metres downstream from the 

end of the active area, as shown in Figure 3-2. The spacing of 150 metres was chosen 

since the WATCM designates this as the minimum spacing requirement for signs for any 

road posted at 100-110 km/h speed limit. This study tested the single posted FSZ and the 

double posted FSZ at posted speed limits of 80 and 70 km/h with the 90 km/h posted 

work zone.  

 

The measure can be set up as a Single Posted Floating Speed Zone (SFSZ) or a Double 

Posted Floating Speed Zone (DFSZ), as shown in Figures 3-3 and 3-4, respectively, 

where the double posted includes a reduced speed limit sign on either side of the travel 

lane. 
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Figure 3-2: The floating speed zone  

 

 

Figure 3-3: Single posted floating speed zone at Test Site #1 
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Figure 3-4: Double posted floating speed zone at Test Site #1 

 

3.1.3 Traffic Control Person (TCP) 

A traffic control person (TCP), shown in Figures 3-5 and 3-6, can be utilized in advance 

of an active area. The TCP should be holding a “Slow/ Lentement” paddle to reduce 

vehicle speeds along the area where the reduction is warranted. The concept of the TCP 

would be to provide a supplementary measure to remind motorists of the speed limit 

within the work zone. This measure was used on its own by placing the TCP 150 metres 

upstream from the beginning of the active area while the entire work zone remained 

posted at the standard 90 km/h speed limit; however, this measure was also combined 

with the single posted FSZ and the double posted FSZ, as shown below in Figure 3-7. 

The goal with the combination of the FSZ and the TCP was to remind motorists of the 

reduced speed limit.  
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Figure 3-5: Traffic control person at Test Site #1 

 

 

Figure 3-6: Traffic control person at Test Site #3             
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Figure 3-7: Traffic control person combined with floating speed zone 

 

The TCP was placed at an offset of approximately one metre from the centreline and 150 

metres upstream from the beginning of the active area. The TCP was instructed to 

simply display the sign to oncoming motorists without any specific strategies such as 

waving the paddle to speeding vehicles. The FSZ was then placed 150 metres upstream 

from the TCP, as shown in Figure 3-7. The speed limit returned to the previously posted 

speed limit 150 metres downstream from the end of the active area.  

 

3.1.4 Narrow Lanes 

The channelizers along the centerline of the road may be pushed out in the direction of 

the live travel lane immediately adjacent to the active work area. The concept is that 

when motorists feel as though there is less space to travel, and therefore less room for 

error, they will slow to an appropriate speed.  
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The narrow lanes traffic control was tested in two stages. The channelizers were first 

pushed into the live travel lane so that the edge of their base aligned with the live-lane 

side of the centreline of the roadway; the result was a travel lane width of 3.2 metres. 

This travel lane width was tested at test site #2 and #3. In the second stage the candles 

were pushed an additional 6 inches (15.2 cm) into the live travel lane, resulting in a 

travel lane width of 3.05 metres. The narrowing of the travel lane began 150 metres 

upstream from the beginning of the active area, while the narrow lane ended at the 

immediate end of the active area, as shown in Figure 3-8. One channelizer was placed 

directly on the centreline immediately prior to the narrowing of the lane to act as a taper. 

Figure 3-9 shows test number one and 3-10 shows test number two.   

 

 

Figure 3-8:  Narrow lanes adjacent to the active area 
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Figure 3-9: Narrow lanes field Test #1 (3.2 m Travel Lane) 

 

 

Figure 3-10: Narrow lanes field Test #2 (3.05 m Travel Lane) 
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3.1.5 Radar Speed Display Board (RSDB) 

A speed display board was placed in advance of the active area to remind drivers of the 

reduction in speed. The display board was equipped with a sign above the display that 

read “your speed, votre vitesse”. Figure 3-11 shows the unit used for this study; 

however, just prior to field testing the French translation (votre vitesse) was added to the 

unit. The idea is that when motorists believe they are being individually targeted their 

speed will be influenced greater.  

 

The maximum posted speed displayed upstream of the unit will further remind motorists 

that they may be speeding. The RSDB was programmed to be activated and display 

oncoming vehicle speeds at a certain threshold, to begin to flash the oncoming vehicles’ 

speed at a slightly higher speed and finally will turn off completely at an even higher 

speed; these speeds are all chosen by the user. The unit will shut off at a certain 

threshold since studies have shown some motorists will accelerate prior to the display 

board for the sole purpose of displaying a high speed.   

 

The RSDB was used in combination with the 70 and 80 km/h single posted FSZ. The 

RSDB, as shown in Figure 3-12, was placed within the closed travel lane 150 metres 

upstream from the beginning of the active area. The FSZ was then placed 150 metres 

upstream from the RSDB. The speed limit returned to the previously posted speed limit 

150 metres downstream from the end of the active area.  
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Figure 3-11: Radar speed display board used in the study 

 

 

Figure 3-12: Radar speed display board combined with floating speed zone 
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3.1.6 Variable Message Sign (VMS) 

A Variable Message Sign (VMS) was placed in advance of the active area of the work 

zone to remind drivers of the work present ahead and to reduce their speed. The sign in 

this study read “Reduce Speed/ Vitesse Reduit”, in two separate phases, as shown below 

in Figure 3-13 and 3-14. The VMS was used in combination with the 70 and 80 km/h 

single posted FSZ. The VMS, as shown in Figure 3-15, was placed within the closed 

travel lane 150 metres upstream from the beginning of the active area. The FSZ was then 

placed 150 metres upstream from the VMS. The speed limit returned to the previously 

posted speed limit 150 metres downstream from the end of the active area. 

 

 

Figure 3-13: Variable message sign reads "Reduce Speed" 
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Figure 3-14: Variable message sign reads "Vitesse Reduite" 

 

 

Figure 3-15: Variable message sign combined with floating speed zone 
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3.1.7 Fake Police Vehicle 

The fake police vehicle used in this scenario had a top light similar to that of police 

vehicles, as shown in Figures 3-16 to 3-18. The concept was to place the vehicle in the 

work zone to resemble a Royal Canadian Mounted Police (RCMP) vehicle enforcing 

speeds.  

 

 

Figure 3-16: Fake police vehicle right side 
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Figure 3-17: Fake police vehicle rear 

    

 

Figure 3-18: Fake police vehicle front 
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The fake police vehicle was used in combination with the 70 and 80 km/h single and 

double posted FSZ. The fake police vehicle, as shown in Figure 3-19, was placed within 

the closed travel lane 150 metres upstream from the beginning of the active area. The 

FSZ was then placed 150 metres upstream from the fake police vehicle. The speed limit 

returned to the previously posted speed limit 150 metres downstream from the end of the 

active area. 

 

 

Figure 3-19: Fake police vehicle in combination with the floating speed zone 

 

3.2 Data Collection 

During the summer of 2010 and the fall of 2011, a number of traffic control devices and 

work zone configurations were tested to determine how well they reduced speeds within 

freeway work zones. The data collection that occurred over the fall of 2011 also 

included combinations of measures that proved effective during the first round of 

testing.  
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The configurations were tested within lane closures on Route 2 in New Brunswick, 

Canada. The first lane closure was located at kilometre markers 249-245, the second at 

kilometre markers 310-314, and the third was at kilometre markers 244-246. All sites 

were closures to the right lane within the eastbound lanes of the freeway. Weather 

conditions for the first two test sites was sunny and clear while the weather at the third 

test site was overcast with periods of showers.  

 

In order for the results and data to be valid and applicable it was important to portray a 

“real” work zone. This was done by placing a large boom truck in the lane closure. A 

passenger vehicle with a flashing beacon on its roof was also in the lane closure. The 

area where the boom truck and passenger vehicle were placed within the closure was 

referred to as the active area, since this is where active work was being simulated.  

 

Throughout the report, reference is made to Active and Passive base data. Passive base 

data are speed observations made within the lane closure without the inclusion of the 

boom truck and passenger vehicle. The passive base data are speed observations made 

within an empty work zone. The active base data are speed observations made after the 

boom truck and passenger car with flashing beacon were placed in the lane closure but 

with no countermeasures introduced. These base data were used to compare the before 

and after speed profiles, but also to attempt to quantify whether simply placing 

equipment within the lane closure had any effect on vehicle speeds.  

 

Data were collected at three locations along the lane closure: 500 metres upstream of the 

active area, 75 metres upstream of the active area and immediately adjacent to the active 
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area. The result is a speed profile of the approach to the active area as well as adjacent to 

the active area.   

 

At the first two test sites the active areas were set up at two different locations within the 

length of the lane closure; at one kilometre into the lane closure and at three kilometres 

into the lane closure. This was to determine whether the location of the active area 

within the lane closure (1 km versus 3 km) had any relationship with the approaching 

speeds of the vehicles. The hypothesis would be that as the vehicles continue through the 

lane closure increases in the mean speeds and standard deviation may occur toward the 

end. Since the third and final lane closure was only 2 km in length it was not possible to 

shift the active area to investigate this relationship further. 

 

The number of independent speed observations collected for each set depended on the 

desired confidence level. It was decided for this study to aim for a confidence of 99% if 

time permitted. The required number of observations (N) was calculated via equation (1) 

shown below (Robertson, 1994):  

   (1) 

S = Standard Deviation of Sample, mph 

K = Confidence Constant  

E = Tolerance, mph 

 

An acceptable estimate of the sample standard deviation is 4.2 mph which is based on 

many previous speed studies (ITE, 1976).  It was also decided to assume that speeds 
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follow a normal distribution and therefore 99% and 95% confidence constants are 2.58 

and 1.96, respectively. It is common and acceptable to assume a value of 1.0 mph for the 

tolerance in the above equation. This results in a minimum number of speed 

observations of 117 and 68, for 99% and 95% confidence, respectively. For the purpose 

of this study it was decided to collect 100 to 120 vehicle speeds at every location, 

depending on the length of time required to sample these data.  

 

3.3 Statistical Analysis 

The data collected before implementation of the traffic control scenarios was compared 

to the data collected after implementation to determine whether the speeds had changed 

at a statistically significant level. Both the mean speed and the standard deviation of the 

speeds were tested to determine the significance of the change. Standard deviation and 

mean speed are measures used to approximate the level of safety. The standard deviation 

needed to be tested in order to ensure that a particular measure did not reduce speed but 

increased the standard deviation. Standard deviation increasing, according to past 

research, results in less safe conditions. The mean speed changes were tested using the 

Student T-test and the changes in standard deviation were tested using the F-test. 

 

The statistical testing was completed in two steps. First the standard deviation was tested 

to determine whether it had changed at a statistically significant level, then the average 

speed was tested. The standard deviation is tested first to determine what type of T-test 

to use when testing the average speed. Depending on the result of each of the statistical 

tests for the standard deviation, we used either the two sample equal variance T-test or 
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the two sample unequal variance T-test for the average speed. Both the tests utilized 

Microsoft Excel’s built in statistical testing programs to complete.  
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Chapter 4:  Results  

This chapter summarizes the results of the statistical analyses completed to evaluate the 

impact of various work zone treatments on speed variability and profiles of mean speed 

approaching and adjacent to the active work areas. Different treatments are ranked 

according to their effectiveness and findings contrasted against previous studies where 

applicable.  

 

4.1 Speed Variability  

The before and after standard deviations of speed were analyzed using the F-test within 

Microsoft Excel. The F-test is able to determine whether two datasets have significantly 

different variances at a chosen confidence. The variance of a given dataset equals the 

square of the standard deviation of that same dataset, and so if the F-test indicates a 

statistically significant change in variance, it is safe to assume the standard deviation 

was changed at the same level of significance. The level of significance used for the 

testing of the variances in this study was 5% (α = 0.05).  

 

Tables 4-1 to 4-3 show the standard deviations of all speed data collected for the 

different countermeasures.  The standard deviations that were determined to have been 

changed at a statistically significant level are in bold. Tables 4-1 to 4-3 summarize the 

net changes in standard deviations and it is important to note that the bolded and 

underlined values may be a statistically significant increase or decrease.  
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Table 4-1: Standard deviation data - active area at 1 km (km/h) 

Test site #1 (kilometre 249) – Active Area at 1 km 

 500 m upstream 75 m upstream At Active Area 

Base Data 6.5 6.7 6.4 

SFSZ (80 km/h) 8.3 7.6 8.1 

SFSZ (70 km/h) 7.7 9.5 9.7 

TCP (90 km/h) 8.3 8.2 7.5 

Test site #2 (kilometre 310) – Active Area at 1 km 

 500 m upstream 75 m upstream At Active Area 

Base Data 9.4 8.8 8.7 

DFSZ (80 km/h) 9.6 10.9 11.0 

DFSZ (70 km/h) 10.1 9.6 9.4 

Narrow Lanes (3.2 m -  km 310)  8.8 8.3 8.5 

RSDB SFSZ (80 km/h) 8.8 6.1 6.0 

RSDB SFSZ (70 km/h) 9.6 8.4 8.2 

VMS (80 km/h) 9.4 9.1 9.0 

VMS (70 km/h) 10.7 11.7 11.3 

 

Table 4-2: Standard deviation data - active area at 3 km (km/h) 

Test site #1 (kilometre 249) – Active Area at 3 km 

 500 m upstream 75 m upstream At Active Area 

Base Data 6.6 6.5 6.4 

SFSZ 80 9.8 9.2 7.9 

SFSZ 70 10.5 10.0 10.0 

TCP (90 km/h) 10.4 10.3 9.6 

Test site #2 (kilometre 310) – Active Area at 3 km 

 500 m upstream 75 m upstream At Active Area 

Base Data 8.1 7.3 7.4 
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DFSZ (80 km/h) 8.2 8.3 8.2 

DFSZ (70 km/h) 9.3 8.7 8.3 

Narrow Lanes (3.2 m -  km 310)  7.6 8.5 9.5 

RSDB SFSZ (80 km/h) 8.4 8.6 8.2 

RSDB SFSZ (70 km/h) 8.2 8.5 8.1 

VMS (80 km/h) 8.4 10.1 9.9 

VMS (70 km/h) 8.5 8.0 7.4 

 

Table 4-3: Test site #3 (kilometre 244) standard deviation data (km/h) 

Test site #3 (kilometre 244) 

 
500 m 

upstream 

75 m 

upstream 

At Active 

Area 

Base Data 9.3 10.6 10.9 

Narrow Lanes (3.2 m –  km 244)  8.5 8.7 9.1 

Narrow Lanes (3.05 m – km 244)  8.5 9.5 9.7 

TCP (90 km/h) 8.6 11.0 11.0 

TCP SFSZ (80 km/h) 10.7 9.1 8.8 

TCP SFSZ (70 km/h) 10.3 8.6 8.7 

TCP DFSZ (80 km/h) 9.7 7.9 7.4 

TCP DFSZ (70 km/h) 8.8 8.7 8.3 

Fake Police Vehicle (90 km/h) 9.7 7.8 7.7 

Fake Police Vehicle SFSZ (80 km/h) 9.4 7.3 7.9 

Fake Police Vehicle SFSZ (70 km/h) 10.8 8.8 8.8 

Fake Police Vehicle DFSZ (80 km/h) 10.0 7.6 7.8 

Fake Police Vehicle DFSZ (70 km/h) 8.9 6.5 6.0 

 

There are many values in Tables 4-1 to 4-3 that have been changed at a statistically 

significant level. The standard deviations in table 4-1 to 4-3 were all under 

approximately 11 km/h (7 mph) and the greatest increase in standard deviation found in 
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the same tables was 3.5 km/h (2.2 mph). The literature review indicates that the crash 

involvement rate significantly increases when speed deviates 15.5 mph (24 km/h) from 

mean speed and therefore it is concluded that the crash involvement rate has not been 

affected by the increases in standard deviation to a level of concern.   

 

According to Figure 2-10, within the literature review, this increase in standard 

deviation represents a very small increase in crash risk due to the scales of the graphs. 

Table 2-2 and Figure 2-11, within the literature review, indicates there is a jump in crash 

involvements when speed deviates from the mean speed by more than 15.5 mph (25 

km/h). The net changes in standard deviation found in Tables 4-1 to 4-3 were 

determined to have resulted in a negligible increase in vehicles travelling 15.5 mph (25 

km/h) higher or lower than the mean speed, and therefore a negligible increase in risk of 

crash. Due to the reasons above the increases in standard deviations that occurred were 

determined to not have affected the risk of crash to a level of concern.  

 

The countermeasures were ranked in Table 4-5 according to their corresponding 

reduction in standard deviation at the active area. The standard deviations were pooled 

for the countermeasures that were tested at two locations within the lane closure (1 km 

and 3 km). The standard deviations were pooled using the following equation (2) 

(Neville and Kennedy, 1966):  

     (2)                          

   S = Standard Deviation (km/h) 

   n = Number of Observations 
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The table indicates a reduction in standard deviation with a negative value while an 

increase is a positive value.  

 

Table 4-4: Measures ranked according to percent change in standard deviation 

Rank Treatment 
500 m 

upstream 

75 m 

upstream 

At Active 

Area 

1 Fake Police Vehicle DFSZ (70 km/h) -4.0% -38.9% -44.8% 

2 TCP DFSZ (80 km/h) 4.9% -25.6% -31.6% 

3 Fake Police Vehicle (90 km/h) 4.3% -26.4% -28.6% 

4 Fake Police Vehicle DFSZ (80 km/h) 7.8% -28.4% -28.0% 

5 Fake Police Vehicle  SFSZ (80 km/h) 1.6% -30.7% -27.5% 

6 TCP DFSZ (70 km/h) -4.6% -17.6% -23.1% 

7 TCP SFSZ (70 km/h) 10.7% -18.2% -20.1% 

8 TCP SFSZ (80 km/h) 16.0% -13.9% -19.3% 

9 Fake Police Vehicle  SFSZ (70 km/h) 17.1% -16.2% -19.2% 

10 Narrow Lanes (3.2 m - km 244) -8.1% -17.5% -16.4% 

11 RSDB SFSZ (80 km/h) -2.5% -7.6% -11.4% 

12 Narrow Lanes (3.05 m - km 244) -8.4% -10.2% -10.3% 

13 RSDB SFSZ (70 km/h) 1.3% 4.7% 0.7% 

14 TCP (90 km/h) -6.9% 3.9% 1.1% 

15 DFSZ (70 km/h) 9.8% 12.9% 10.4% 

16 Narrow Lanes (3.2 m - km 310) -6.5% 4.0% 12.1% 

17 VMS SFSZ (80 km/h) 1.2% 19.2% 17.5% 

18 VMS SFSZ (70 km/h) 10.0% 23.7% 18.0% 

19 DFSZ (80 km/h) 1.2% 19.6% 20.0% 

20 SFSZ (80 km/h) 37.3% 27.8% 25.5% 

21 TCP (90 km/h) 42.9% 41.7% 35.5% 

22 SFSZ (70 km/h) 39.4% 47.8% 54.4% 
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Standard deviation was reduced in just over half of the total countermeasures tested. The 

reduction in standard deviation indicates vehicles are travelling closer to the mean speed 

and speed differentials among vehicles are reduced which can reduce the risk of 

collision within the work zone. The measures that resulted in an increase in standard 

deviation indicate that more vehicles are travelling at speeds further from the mean 

speed. The increase in standard deviation results in higher speed differentials and 

therefore an increase in risk of collision.   

 

The standard deviation data from when the active area was placed at one kilometre was 

compared with the data from when the active area was placed at three kilometres. No 

distinct relationship was noted regarding the standard deviation and the placement of the 

active area within the work zone. The standard deviation data indicate that certain 

countermeasures favored the one kilometre placement of the active area while others 

favored the three kilometre placement.  

 

The top measures ranked in Table 4-5 included the TCP and the fake police vehicle at 

different posted limits. Drivers seemed to adjust their speed most when there was human 

presence in the lane closure as well as when there was threat for law enforcement. These 

two measures did not necessarily rank in order of decreasing posted speed limit as might 

be expected. The TCP DFSZ (80 km/h) ranked four places higher than the TCP DFSZ 

(70 km/h) while the fake police vehicle (90 km/h) ranked higher than all fake police 

vehicle measures except for the fake police vehicle DFSZ (70 km/h).  
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According to the rankings there was no apparent relationship between the posted speed 

limit and the change in standard deviation. The lower posted limits often ranked higher 

than the higher posted limits for any given combination of countermeasures; for 

example, the greatest speed reduction occurred with the fake police vehicle 

countermeasure combined with a 70 km/h DFSZ. There were other scenarios where the 

higher posted limit fared better than the lower posted limit for a combination of 

countermeasures. The lower speed limits of 70 km/h and 80 km/h supplemented with the 

corresponding measure could therefore be utilized without concern that the variability of 

speeds would increase.   

 

The standard deviations of the base data varied between test sites more than expected. 

The reason for this discrepancy is unknown but may have had something to do with the 

physical characteristics of the test sites. Test site #3 (km 244) exhibited the highest 

standard deviation in the base data. This test site was located on a gradual right curve 

and uphill grade. The first two test sites were on straight stretches of highway with no 

grade. Another factor that may have skewed the base data was the month during which 

data collection occurred. The first two test sites, with lower standard deviation base data, 

were collected during the month of August (2010) while the third test site, with higher 

standard deviation base data, were collected during the month of October (2011).  

 

4.2 Mean Speed 

The before and after mean speeds for each countermeasure were analyzed using the T-

test within Microsoft Excel. The T-test determines whether the mean speed has changed 
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at a chosen confidence. The level of significance used for the testing of the mean speeds 

in this study was 5% (α = 0.05). Tables 4-6 to 4-8 show the mean speeds of all measures 

tested relative to the mean speed of the active base data. The mean speeds that were 

determined to have been changed at a statistically significant level are in bold. Tables 4-

6 to 4-8 summarize the net changes in mean speeds and it is important to note that the 

bolded and underlined values may be a statistically significant increase or decrease.  

 

Table 4-5: Mean speed data - active area at 1 km (km/h) 

Test site #1 (kilometre 249) -  Active Area at 1 kilometre 

 500 m upstream 75 m upstream At Active Area 

Base Data 94.2 92.3 91.1 

SFSZ (80 km/h) 91.6 87.0 86.0 

SFSZ (70 km/h) 89.2 81.0 80.5 

TCP (90 km/h) 92.1 82.3 82.0 

Test site #2 (kilometer 310) -  Active Area at 1 kilometre 

 500 m upstream 75 m upstream At Active Area 

Base Data 96.2 94.4 92.7 

DFSZ (80 km/h) 95.3 84.8 83.3 

DFSZ (70 km/h) 94.0 76.9 76.4 

Narrow Lanes (3.2 m – km 310)  96.1 90.7 89.5 

RSDB SFSZ (80 km/h) 92.4 79.6 79.4 

RSDB SFSZ (70 km/h) 92.6 73.2 73.3 

VMS SFSZ (80 km/h) 95.8 83.4 82.8 

VMS SFSZ (70 km/h) 95.7 77.4 77.4 
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Table 4-6: Mean speed data - active area at 3 km (km/h) 

Test site #1 (kilometre 249) -  Active Area at 3 kilometre 

 500 m upstream 75 m upstream At Active Area 

Base Data 96.9 93.4 91.1 

SFSZ 80 94.6 86.1 84.7 

SFSZ 70 92.6 77.7 76.6 

TCP (90 km/h) 93.3 79.5 80.1 

Test site #2 (kilometer 310) -  Active Area at 3 kilometre 

 500 m upstream 75 m upstream At Active Area 

Base Data 94.9 87.3 86.9 

DFSZ (80 km/h) 93.4 79.7 78.6 

DFSZ (70 km/h) 94.9 73.9 72.8 

Narrow Lanes (3.2 m – km 310)  97.7 87.1 85.3 

RSDB SFSZ (80 km/h) 95.8 77.0 76.6 

RSDB SFSZ (70 km/h) 91.9 68.9 68.5 

VMS SFSZ (80 km/h) 95.5 74.2 73.6 

VMS SFSZ (70 km/h) 94.3 69.3 68.8 

 

The mean speed data from when the active area was placed at one kilometre and three 

kilometres was compared. The hypothesis prior to testing was that speeds may increase 

slightly as motorists travel the length of the lane closure. The data indicate there were far 

more occurrences of speeds being lower when the active area was placed at three 

kilometres compared to one kilometre, particularly at the active area and 75 m upstream 

of the active area; the reason for this apparent trend is unknown.  
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Table 4-7: Test site #3 (kilometre 244) mean speed data 

Test site #3 (kilometre 244) 

 
500 m 

upstream 

75 m 

upstream 

At Active 

Area 

Base Data 93.1 90.6 91.2 

Narrow Lanes (3.2 m – km 244)  91.6 87.7 87.9 

Narrow Lanes (3.05 m – km 244)  90.1 84.7 83.6 

TCP (90 km/h) 92.6 72.2 72.7 

TCP SFSZ (80 km/h) 94.7 71.7 72.1 

TCP SFSZ (70 km/h) 95.0 68.6 69.4 

TCP DFSZ (80 km/h) 95.3 71.6 72.5 

TCP DFSZ (70 km/h) 95.6 66.9 67.3 

Fake Police Vehicle (90 km/h) 93.3 83.7 84.4 

Fake Police Vehicle SFSZ (80 km/h) 92.3 77.5 78.4 

Fake Police Vehicle SFSZ (70 km/h) 90.5 70.3 72.0 

Fake Police Vehicle DFSZ (80 km/h) 94.5 74.8 76.7 

Fake Police Vehicle DFSZ (70 km/h) 93.5 69.9 71.9 

 

The countermeasures were ranked in Table 4-9 according to their corresponding 

reduction in mean speed at the active area. The speed reductions were averaged for the 

countermeasures that were tested at two locations within the active area (1 km and 3 

km). The table indicates a reduction in mean speed with a negative value while an 

increase is a positive value.  
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Table 4-8: Measures ranked according to change in mean speed at active area 

Rank Treatment 
500 m 

upstream 

75 m 

upstream 

At Active Area 

Percent km/h 

1 TCP DFSZ (70 km/h) 2.7% -26.2% -26.2% -23.9 

2 TCP SFSZ (70 km/h) 2.1% -24.3% -23.9% -21.8 

3 Fake Police Vehicle DFSZ (70 km/h) 0.4% -22.8% -21.2% -19.3 

4 Fake Police Vehicle SFSZ (70 km/h) -2.7% -22.4% -21.1% -19.2 

5 RSDB SFSZ (70 km/h) -3.5% -21.8% -21.0% -18.9 

6 TCP SFSZ (80 km/h) 1.7% -20.9% -20.9% -19.1 

7 TCP DFSZ (80 km/h) 2.3% -20.9% -20.5% -18.7 

8 TCP (90 km/h) (km 244) -0.6% -20.3% -20.3% -18.5 

9 VMS SFSZ (70 km/h) -0.6% -19.3% -18.7% -16.7 

10 DFSZ (70 km/h) -1.2% -16.9% -16.9% -15.2 

11 Fake Police Vehicle DFSZ (80 km/h) 1.5% -17.5% -15.9% -14.5 

12 Fake Police Vehicle SFSZ (80 km/h) -0.9% -14.4% -14.1% -12.8 

13 SFSZ (70 km/h) -4.9% -14.5% -13.7% -12.5 

14 RSDB SFSZ (80 km/h) -1.5% -13.7% -13.1% -11.8 

15 VMS SFSZ (80 km/h) 0.1% -13.3% -13.0% -11.6 

16 TCP (90 km/h) (km 249) -2.9% -12.9% -11.1% -10.1 

17 DFSZ (80 km/h) -1.3% -9.4% -9.8% -8.8 

18 Narrow Lanes (3.05 m – km 244) -3.2% -6.5% -8.3% -7.6 

19 Fake Police Vehicle (90 km/h) 0.2% -7.6% -7.4% -6.8 

20 SFSZ (80 km/h) -2.5% -6.8% -6.3% -5.8 

21 Narrow Lanes (3.2 m – km 244) -1.6% -3.2% -3.7% -3.3 

22 Narrow Lanes (3.2 m – km 310) 1.4% -2.0% -2.6% -2.4 

 

Every measure tested showed some degree of speed reduction at the active area ranging 

from 2.6 % to 26%. The top countermeasures ranked according to speed reduction 

included the TCP and fake police vehicle countermeasures. Similar to the rankings of 
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standard deviation in Table 4-5, drivers seemed to adjust their speed most when there 

was human presence within the work zone as well as when there was potential for law 

enforcement.  

 

The top five ranked countermeasures were variations of the TCP, fake police vehicle and 

RSDB tested at 70 km/h. The lower posted limit of 70 km/h fared better than the 

equivalent countermeasure at a higher posted limit, which suggests a lower posted limit 

of 70 km/h is effective in terms of speed reduction. There were other combinations of 

countermeasures that showed a further reduction in speed when the posted limit was 

changed from 80 km/h to 70 km/h including the VMS, SFSZ and DFSZ.  

 

According to Table 4-9 the difference in speed reduction for the DFSZ versus the SFSZ 

was small. The DFSZ ranked higher than the SFSZ when tested with the TCP (70 km/h), 

the fake police vehicle (70 km/h and 80 km/h), as well as when the DFSZ and SFSZ 

were tested alone at 80 km/h and 70 km/h. When tested with the TCP (80 km/h) the 

SFSZ ranked higher than the DFSZ. The discrepancy between the DFSZ and the SFSZ 

was never greater than 3.5% which represents a small difference in mean speed. There 

may not be additional benefit therefore from the placement of the second speed limit 

sign as practiced in the DFSZ.  

 

In terms of technological countermeasures the RSDB consistently ranked higher than the 

VMS at equivalent posted speed limits. Past literature and research has shown the RSDB 

is effective due to the fact that it individually targets vehicles. Although the difference 

between speed reductions for the RSDB and the VMS is very small, this concept may be 
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shown within this study as well. Further testing with these countermeasures would likely 

be required to support this.   

 

The data within Table 4-9 shows the measures ranked nearly the same when sorted 

according to their speed reduction at 75 metres upstream of the active area compared to 

the data sorted according to their speed reduction at the active area. The relative 

effectiveness of the countermeasures was about the same at the active area compared to 

75 m upstream of the active area. There were no trends noted for data 500 m upstream of 

the active area. The data indicates some of the top ranked countermeasures showed 

slight increases in speed at 500 metres upstream, as well as slight decreases in mean 

speed for some of the worst ranked countermeasures. The distance that the 

countermeasures began to affect the driver’s behavior is therefore less than 500 metres.  

 

The results do not include the speed of vehicles immediately downstream of the active 

area. During data collection it was noted that vehicles seemed to accelerate through the 

active area. Table 4-9 indicates that for any given countermeasure the speed reductions 

75 m upstream of the active area was equal to or reduced a greater percentage compared 

to the speed at the active area, except for DFSZ (80 km/h) and all three variations of the 

narrow lanes measure. This confirms that on average motorists tended to accelerate as 

they approached the active area and that the greatest reductions in speed occurred 

immediately upstream of the active area.  

 

The narrow lanes technique was the only countermeasure to consistently further reduce 

vehicle speeds at the active area relative to 75 m upstream of the active area. The three 



 

67 

 

variations of narrow lanes also ranked in the bottom five for net reductions in speed and 

therefore were found to be less effective than the other countermeasures. On average 

drivers seemed to have no trouble maintaining a higher speed through the narrowed 

section of work zone. Although the narrow lanes technique offers a lateral buffer for 

workers within the lane closure, the results show workers are more likely to be exposed 

to higher speeds.  

 

The third test site was a unique lane closure among the three test sites, since the work 

zone was located on a gradual curve to the right as well as an uphill grade. Data was also 

collected during the month of October (2011) for the third test site while data was 

collected during the month of August (2011) for the previous two sites. Whether the 

physical characteristics or the time of data collection influenced the results of the study 

is unknown, it should still be noted that the third test site was different from the first two 

test sites and that speed reduction data seemed to favor the third test site. 

 

Speed profiles were constructed for some of the top ranked countermeasures in terms of 

mean speed reduction. The speed profiles illustrate the change in speeds as the vehicle 

approached the active area. Speed profiles for the TCP and fake police vehicle are 

shown in Figures 4-2 to 4-5. 
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Figure 4-1: TCP and SFSZ speed profiles 

 

 

Figure 4-2: TCP and DFSZ speed profiles 
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Figure 4-3: Fake Police Vehicle and SFSZ speed profiles 

 

 

Figure 4-4: Fake Police Vehicle and DFSZ speed profiles 
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The speeds within the above speed profiles ranged according to the posted speed limit, 

with the lowest speeds coming from posted limits of 70 km/h and the highest speeds 

coming from the posted limits of 90 km/h. The speed profiles indicate that vehicles 

slowed further as the posted limit was reduced; however, it should also be noted that 

these reductions occurred with lower posted limits supplemented with another 

countermeasure such as the fake police vehicle and the TCP. The change in speed limit 

to 70 km/h may not be feasible without these supplemental countermeasures.  

 

Comparisons were made between the results of this study and results from previous 

research, where applicable. Many of the measures were tested in combination with other 

measures and so therefore no direct comparison could be made. For the purpose of 

comparison, the fake police vehicle was compared to the stationary patrol car 

enforcement from the literature. Table 4-10 summarizes the findings.  

 

Table 4-9: Comparison of results and past research 

Measures 

Approximate Speed 

Reduction from 

Literature (km/h) 

Speed Reduction  

Experienced (km/h)  

Radar Speed Display Board (RSDB) 6-8 NA 

Narrow Lanes 5-8 4-6 

Fake Police Vehicle 5-8 6-7 

Variable Message Sign (VMS) 3-5 NA 

Traffic Control Person (TCP) NA 11-17 

Floating Speed Zone (FSZ) NA 6-15 
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Narrow lanes and Fake Police Vehicle compare favorably with previous research. The 

RSDB and VMS were not able to be compared since they were combined with the FSZ.  

Although the literature reviewed did not include potential speed reduction for the TCP 

and FSZ the results of this study indicate these measures have potential to reduce speeds 

in work zones.  
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Chapter 5: Conclusions and Recommendations  

This chapter is organized into two sections; study conclusions are first listed followed by 

recommendations.   

 

5.1 Conclusions 

The following represent the major findings generated from this study:  

 

 Results suggest that a posted speed of 70 km/h in a work zone on a high-speed 

facility is achievable. The results indicate a further reduction in operating speeds 

when the work zone is posted at 70 km/h compared to 90 km/h. It is important to 

note that these further reductions were achieved with the help of a supplemental 

countermeasure (i.e. fake police vehicle, TCP, RSDB etc.) and were only for a 

section of the lane closure. The same reduction may not be feasible without the 

use of these countermeasures.  

 

 The top five countermeasures in terms of mean speed reduction for lane closure 

work zones on high-speed facilities were determined to be the following: 

 TCP DFSZ (70 km/h)    23.9 km/h 

 TCP SFSZ (70 km/h)    21.8 km/h 

 Fake Police Vehicle DFSZ (70 km/h)  19.3 km/h 

 Fake Police Vehicle SFSZ (70 km/h)  19.2 km/h 

 RSDB SFSZ (70 km/h)   18.9 km/h 
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 The narrow lanes consistently ranked in the bottom in terms of speed reduction. 

Drivers seemed to have no trouble maintaining a higher speed through the 

narrow section of road.  

 

 The results indicate there was not a significant difference between the SFSZ and 

the DFSZ. The discrepancy between the reductions in speed between the DFSZ 

and the SFSZ was never greater than 3.5%, suggesting the additional sign 

provided with the DFSZ may not be beneficial.  

 

 Any observed instances of increase in speed variance associated with the tested 

countermeasures were found to be too small to affect the risk of collision to a 

degree that was of concern.  

 

 There was no apparent trend associated with speed variability and the placement 

of the active area relative to the start of the lane closure. Contrary to what was 

expected, mean speed results indicated that speeds were slightly lower when the 

active area was placed at three kilometres compared to only one kilometre; it is 

unknown why this is. Further testing would be required to conclude on the 

relationship between mean speed and the placement of the active area.   

 

 The greatest reductions in speed occurred 75 metres upstream of the active area. 

Speeds were not found to be affected 500 metres upstream of the active area 

suggesting the distance that the countermeasures began to change the driver’s 

behavior is less than 500 metres.  
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5.2 Recommendations  

The following is a list of recommendations that were developed from this study.  

 

 It is recommended that NBDTI incorporate a provision within the current 

WATCM manual that allows a posted speed limit of 70 km/h in high-speed 

facility work zones as long as the posted limit is supplemented with the RSDB or 

the TCP. The reduction should be permitted only in special circumstances when 

speed management is of particular concern. The same conditions should apply to 

a posted limit of 80 km/h within high-speed facility work zones.  

 

 The RSDB and TCP are recommended over the Fake Police Vehicle. The Fake 

Police Vehicle may exhibit a novelty effect that sees the effectiveness reduce 

over time as motorists get used to the vehicle.   Further research should be 

performed to confirm any type of novelty effect associated with the Fake Police 

Vehicle.  

 

 The research within this study was done under the assumption that simply 

posting a speed limit of 70 km/h within a high-speed facility work zone without 

any supplemental traffic control will result in an increase in variance. This 

assumption was not investigated. Further research could begin by verifying this 

assumption.  

 

 The countermeasures should always be supplemented with some type of police 

enforcement.  
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Appendix – Countermeasure Speed Profiles 
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Figure A-1: SFSZ speed profiles (active area at 1 km) 

 

 

Figure A-2: SFSZ speed profiles (active area at 3 km) 
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Figure A-3: DFSZ speed profiles (active area at 1 km) 

 

 

Figure A-4: DFSZ speed profiles (active area at 3 km) 
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Figure A-5: Narrow Lanes speed profiles (3.2 m lanes - active area at 1 km) 

 

 

Figure A-6: Narrow Lanes speed profiles (3.2 m lanes - active area at 3 km) 
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Figure A-7: Narrow Lanes at test site #3 speed profiles (3.2 and 3.05 m lanes) 

 

 

Figure A-8: TCP 90 km/h speed profiles (active area at 1 km) 
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Figure A-9: TCP 90 km/h speed profiles (active area at 3 km) 

 

 

Figure A-10: TCP and SFSZ speed profiles 
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Figure A-11: TCP and DFSZ speed profiles 

 

 

Figure A-12: RSDB and SFSZ speed profiles (active area at 1 km) 
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Figure A-13: RSDB and SFSZ speed profiles (active area at 3 km) 

 

 

Figure A-14: VMS and SFSZ speed profiles (active area at 1 km) 
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Figure A-15: VMS and SFSZ speed profiles (active area at 3 km) 

 

 

Figure A-16: Fake Police Vehicle and SFSZ speed profiles 
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Figure A-17: Fake Police Vehicle and DFSZ speed profiles 

 

 

 

 

 

 

 

 

 

 

 

 

 

60.00

65.00

70.00

75.00

80.00

85.00

90.00

95.00

100.00

500 Metres Upstream 75 Metres Upstream At Active Area

Sp
e

e
d

 (
km

/h
) 

Fake Police Vehicle and DFSZ  

Base Data

Fake Police Vehicle 90 km/h

Fake Police Vehicle DFSZ 80 km/h

Fake Police Vehicle DFSZ 70 km/h



 

95 

 

Curriculum Vitae 

Candidate’s full name:  Daniel D. Mason  

University attended:   University of New Brunswick 

    Bachelor of Science in Civil Engineering, BScE 

    2010    


