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EXECUTIVE SUMMARY 

 
Data from 6 countries were collected for 25 work zones and resulted in 43 datasets. The data 
was compiled into a standardised data sheet to facilitate the analysis of different work zone 
management strategies, speed data, and safety performance. The countries which were able 
to provide data were Austria, Switzerland, Belgium, Czech Republic, Sweden, the USA and 
Italy.  
 
The exercise was able to collect data elements from each country, but only limited datasets 
had common data elements that permitted statistical analysis. Essentially only motorways 
have been documented in detail. A limited statistical analysis and a general descriptive 
analysis was conducted. 
 
Of the data available, only 9 of 24 data sets with speed data had average speeds below the 
work zone’s posted speed limit. The influence on safety could not be statistically studied with 
the available data. The qualitative analyses were able to identify some general conclusions 
and recommendations: 
 
Speed Limits: There is no common European standard for speed limits and maximum 
speed limits range from 50 to 100 km/h. It is critical that the speed reduction prior to the work 
zone is smooth to produce low speed variations within the work zone. 
 
Lane Management: Lane reductions should be avoided to maintain traffic volumes. A 
minimum lane width of 2.75 m for cars and 3.25 m for trucks is recommended and 
excessively wide lanes (over 5 m) should be avoided. 
 
Dangerous Situations: The exit and entrance of work zones as well as lane crossovers are 
the most site of accidents with rear end and single vehicle crashes being most common. 
Night and inclement weather also contribute to reduced safety. 
 
Safety measures: Physical separation (barriers) provides the best safety. Low beacons also 
improve safety but high positioned beacons were not able to promote desirable speed 
variations.  
 
Enforcement Devices: Dynamic information displays provided with radar enforcement 
equipment were an effective way to reduce speeds in work zones. Results in the US indicate 
good results with section enforcement prior to the work zone but this has not been studied in 
Europe. Visible police enforcement was also an effective approach to reducing speeds. 
 
Standardization Process: European guidelines to strictly standardise work zones are not 
recommended due to diversity of work zone types and road use.  
 
In addition, a study based on Italian Motorway work zone data was performed. The aim of 
this study was to evaluate the effect of different work zones’ layout configurations on fatal 
and injury crashes. Main findings from this study were that the overall crash frequency, 
during the time when a work zone is installed on a motorway segment, is about 32 % greater 
than the crash frequency on the same motorway segments in the “pre-work zone” period. 
The results indicates that all layout configurations that involve a crossover are very critical 
and have the worst effects in terms of safety. These findings will be studied further within the 
driving simulator experiment and the show cases. 
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1 Introduction 

It is important that European road users are presented with consistent traffic control 
techniques, regardless of where they travel within Europe. Speed management of traffic 
through work zones is important for the safety of both the road user and road worker. A work 
zone will entail deviations from normal travel in a discrete road section and appropriate 
speed is needed to ensure that the driver can navigate the vehicle through the work zone 
routing, particularly if there are abrupt lateral deviations from road design norms. Without 
proper control of the vehicle, the driver may cause the vehicle to enter the restricted areas of 
the work zone. Vehicle encroachments into these areas can cause injury to the car 
passengers or the road worker. Selection and control of traffic speeds in work zones are thus 
crucial components for road safety.  
 
A transnational resource for best practice guidelines and financial implications of work zone 
speed control is not available in Europe. A common information source should be made 
available if European road users and road workers are to have the best level of safety, 
regardless of the country or region. The ASAP project - Appropriate Speed saves All People 
- was designed to address the issues of speed management in work zones.  
 
The ASAP project runs from February 2013 to January 2015 with funding from the CEDR 
“TRANSNATIONAL ROAD RESEARCH PROGRAMME Call 2012 - Safety: Safety of road 
workers and interaction with road users”. There are four main activities that will collect 
analyse and propose harmonised work zone using both European and global work zone 
safety data available to the project team. 
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2 Overview of the Report 

 
WP3 complements WP2 where speed management methods and national guidelines were 
reviewed from available literature. The goal of WP3 was to provide knowledge and guidance 
from previous experience with speed management programs in road work zones, including 
on-going projects, and to identify the practical usability and effectiveness of some specific 
speed control systems and measures preferred by the National Road Adminstrations. WP3 
gathers detailed existing data and results from speed management systems in use. To 
achieve this objective, a data collection on work zones in Europe and the USA was 
conducted.  
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3 Methodology 

The first step was to create a database to structure the information. An Excel sheet was 
designed to collect the relevant parameters and factors. All project partners were invited to 
collect data on past or on-going work zones in their home countries as well as in other 
countries (the experience gained from the literature review in WP2 should be reflected). 
Furthermore it was required to contact the NRAs and road operators as well as other 
institutions, which could provide relevant data, in order to obtain a data set as large as 
possible. 
 
After the data collection was finished, the data preparation was carried out to perform a 
statistical analysis. As described below, the statistical analysis did not achieve satisfactory 
results, due to a lack of available information. Therefore a descriptive analysis was carried 
out that examines the various aspects of road safety at work zones.  
 
The evaluations and conclusions of the statistical as well as the descriptive analyses are 
documented in Chapters 4 and 5. This resulted in a collection of recommendations (Chapter 
6) for the various subjects based on experience of past work zones.  
 
In Chapter 7, a separate study based on Italian motorway work zone data was performed. 
The aim of this study was to evaluate the effect of different work zones’ layout configurations 
on fatal and injury crashes. 

3.1 Data collection 

To achieve comparable analyses with data from different sources, a common set of basic 
data was defined. The data collection was structured in four areas:  
 
• Work zone layout: general information (length, duration), work zone management,                  
safety measures 
• Information devices: speed limits and the display of speed limits 
• Enforcement devices: radar, section control, police enforcement, penalties 
• Traffic data: details for speeds, traffic volume, accidents and traffic victims 
 
Due to both the high number of parameters that had to be considered and the diversity of the 
work zones and the accompanying measurements, some difficulties during the compilation of 
the database occurred. Many details and characteristics could not be determined in the 
standardized dataset. Especially the type of speed data has large variations and differences. 
Therefore it was necessary to include additional remarks and comments to all possible 
relevant information which did not fit into the tables.  
The template for the data collection looks as shown in Table 1. There is one separate sheet 
for each single work zone; the project partners completed the fields as far as the data were 
available. 
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Table 1: Template for work zone data collection 
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A first analysis of the feedback and the completed sheets showed that there is a striking lack 
of information in the area of speed management in work zones and in particular from other 
types of road than motorways. A total of 45 sheets were submitted, including 25 different 
work zones. The difference between the number of sheets and the number of work zones 
resulted from different work zone layouts for each direction, or a modification of the work 
zone layout after a while. If there were essentially different properties of a work zone, this 
work zone was listed in more than one sheet, even though it was carried out at the same 
place. The collection included data from 6 different countries (Austria, Belgium, Czech 
Republic, Sweden, Switzerland and USA). The complete data collection is shown in Annex 
A. 
 
During the statistical analysis it was determined both that the number of existing data sets is 
insufficient and that many common details are missing in the existing data sets. There were 
not enough data found - especially the crucial points “speeds” and “accidents”- do not have 
the quality to provide statistical analyses, nor for making a tenable statement. To perform the 
analysis this way (as you can see in the attempt in chapter 4: Statistical Analysis), additional 
measurements and investigations would be required. 
 
There were different objectives in the various experiments undertaken and resulted in 
different types of measurements, therefore speed was measured with different methods. For 
this reason, various kinds of speed data were given (cross-section speed, average speed, v50 
and v85) for each case. Moreover, the speed data could be specified for the “periphery of the 
work zone” or “in the work zone” and for comparison the regular speed could be specified, or 
the speed could be measured with and without the speed reducing measure. The table had 
to be extended because the speed information was in some cases related only to one lane, 
in other cases to all lanes in one direction. For other types of road than motorways speed 
data could even be related to an average for both directions. The collected speed data is 
shown in Table 2. 
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Table 2: Collected Speed Data 
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Most information on speed data was provided for the "periphery of WZ". The reason for this 
fact is that for most of the studies the speed curve and the speed reduction before the work 
zone were of particular interest. Since the choice of parameters were measured differed 
between the studies reported, it is difficult to make a comparison of the work zones. A total of 
36 examples with measured speeds were found.  As mentioned above, this number is clearly 
too low to make an informed statement about speed reduction and traffic safety due to 
various measures. With the limited data available only preliminary and limited statistical 
analyses were possible.  
 
In 24 examples (see Figure 1) a comparison of speed limit and actually driven speed (v50 & 
v85) was possible. In only 9 cases the v85 was below the temporary speed limit. More detail 
will follow in the next chapters.  
 

 

Figure 1: Comparison speed limit - average speed 
 
Even less information was collected for the variables „accidents” and „traffic victims“. Data 
were only available for 7 recorded work zones. Also in this case it must be noted that the 
amount of data is not sufficient for a statistical analysis. Hence, the effectiveness of individual 
measures on road safety can’t be determined. Likewise the possibility of a cost-benefit 
analysis, regarding the costs and effects of the various measures, could not be found nor 
developed from available data.  What was possible was a descriptive analysis and a 
collection of experiences as well as the detection of generally accepted safety measures. 
 
More information was found about the work zone layouts, safety measures for drivers and 
workers, the average daily traffic and enforcements devices. However, the effectiveness of 
the measures on road safety could not be clearly detected due to the lack of speed data. 
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4 Statistical Analysis 

4.1 Data preparation 

 
To perform a statistical analysis the first step was to make a categorization so that the 
various parameters could be better compared. Sheets with deficient data were removed from 
the data set. Finally the statistical analysis was attempted with 36 samples. The missing 
speed values (𝑣50 and 𝑣85, respectively) were estimated. Figure 2 shows the table with all 
missing values in red.   
 

 

Figure 2: Missing Values (blue-available; red-missing) 
 
 
 
Data imputation for speed data 
 

It is assumed that speed data are approximately normal distributed with expectation 𝜇 =  𝑣50. 

The standard deviation �̂�𝑣 of the distribution is unknown, but can be estimated from those 
samples where the quantiles, 𝑣50 and 𝑣85, are known. The estimated standard deviations �̂�𝑣  
(cf. Figure 3 and Figure 4) are speed dependent, therefore robust linear regression models 
were fitted to describe these relationships. The missing data were calculated from these 
models and are shown in Table 3 and Table 4.  
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4.2 Analysis with tree-based models 

For detailed explanations of Conditional Inference Trees see Hothorn et al. (2006a, 2006b).  
 
Conditional Inference Trees 
 
In a first step, it was tried to find significant relationships between the variable 
safety_measures_treatments and the other covariates. For this purpose, tree-based models 
(recursive partitioning) were employed.  
 
The dependent variable is described on an ordinal scale, with values ranging from 5 (very 
bad, no safety measures) to 1 (very good, combination of structural, enforcement and 
information measures). This rating was prepared on the basis of the number of safety 
measures at each site and the quality of these measures including previous findings in this 
project and expert opinion.  
 
The aim of classification trees is to predict or explain responses on a categorical dependent 
variable. Their main characteristic is that the feature space, i.e. the space spanned by all 
covariates, is recursively partitioned into a set of rectangular areas. The partition is created 
such that observations with similar response values are grouped. Algorithms for constructing 

 
Figure 3: Robust linear model 𝑣50 vs. �̂�𝑣 

 
Figure 4: Robust linear model 𝑣85 vs. �̂�𝑣        

 

Table 3: Imputed Values for 𝑣50 

 

 

Table 4: Imputed values for 𝑣85 
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decision trees usually work top-down, by choosing a variable at each node that best splits 
the set of items. So called conditional inference trees provide unbiased variable selection 
criteria using a permutation test framework. 
 
The results for univariate p-values are shown in Figure 5 (testtype=”Univ”). A significant 
relation can be observed between the dependent variable safety_measures_treatments and 
the covariates sec_control and number_entrances_exits. If a section control is present, poor 
safety measures and treatments can be observed (values between 3 and 5). If no section 
control is present, a second split for the number of exits is part of the model. This split 
discriminates the dependent variable between values 1–2 (very good/good) and values 2–3 
(good/neural). If the stop criterion is based on multiplicity adjusted p-values 
(testtype="Bonferroni") only a single split for the variable sec_control can be observed (see 
Figure 6). If the relative number of exits is used (number of exits divided by length of work 
zone) a similar behaviour can be observed (see Figure 7 and Figure 8).  
 
Note that in the available data set, section controls are only present for working zones in the 
USA. Furthermore, among the work zones studied, those with section controls all have low 
ADT values, as shown in Table 5. 
 

Table 5 Section Control vs. ADT 
ADT 

Sec_control High Low Middle 

No - 12 1 5 

Yes + 0 16 0 

 
It was also attempted to identify relationships between the speed data and other covariates 
using tree-based models. But in this case no significant split-variables were found. Therefore, 
only exploratory, graphical results are presented in Annex B. 
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All variables 
Dependent Variable: safety measures treatments 
 

 

Figure 5: Quality of safety measures and treatments (1=very good; 5=very bad) depending 
on section control and number of entrances and exits. (teststat=”quad”, 
testtype=”Univ”) 

 

 

Figure 6: Quality of safety measures and treatments (1=very good; 5=very bad) depending 
on section control. (teststat=”quad”, testtype=”Bonferroni”) 
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Without variable number entrances exits 
Dependent Variable: safety measures treatments 

 

Figure 7: Quality of safety measures and treatments (1=very good; 5=very bad) depending 
on section control and the relative number of entrances and exits.  
(teststat=”quad”, testtype=”Univ”) 

 

 

Figure 8:  teststat=”quad”, testtype=”Bonferroni” 
 
 
To conclude, no significant differences or dependencies could be found in the speed data. 
Only slight trends could be observed in the Boxplots (Annex B). Partially, this can be 
explained by the small sample size. Furthermore, nearly 25% of the gathered data sets had 
at least one missing measurement in the speed variables; either the median speed v50 or the 
85th-percentile speed v85 was missing in the data. To overcome this limitation a simple data 
imputation method was employed. 
 
If the safety measures and treatments are considered as a dependent variable in a tree-
based model, the presence/absence of sections controls, and partially also the number of 
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exits show significant dependencies. However, the results may be biased, due to fact that 
section controls were only available in data samples for USA, which have in turn always low 
AADT values. 
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5 Descriptive Analysis 

5.1 Austria 

In Austria data about three work zones were found. A total of five sheets were filled out. The 
data was collected during the ROBBIE project in 2009. (AIT experience from the contribution 
in the ROBBIE Project; 2010) The special feature of the project was an automatic number 
plate recognition system (ANPR-System).  The measured data sets were:  
 
• single vehicle data 
• cross-section speed at two points per lane 
• vehicle class 
• overtaking manoeuvres 
• origin of vehicles: political district and nation 
• traffic volume (the capacity was known) 
 
The road users were informed about the work zone and the travel time on variable message 
signs (VMS). Announcements about traffic jams in the work zone and extended travel time 
were displayed approximately 2 kilometres before the beginning of the work zone. Additional 
measures were implemented to raise awareness, like the display of the current speed of the 
single vehicle. Through this project the road operator got information about traffic congestion 
(detection of delays in real time), statistical data (traffic volume, traffic flows, origin, cross-
section speed), data for accident prevention and research as well as fundamental data for 
the use of a section control through automated determination of speed levels. 
 
The first tested work zone was on highway A10 near Flachau (see Figure 9), 4km long with a 
3+1 lane management, 1 entrance and 1 exit. The lane widths were 3.75m and 4m on the 
fast lane, the ADT was 9.800 vehicles per direction. The installed safety measures and 
treatments were a concrete barrier between the directions, orange road markings and 
warning light signals ahead of the work zone. To improve the workers’ safety, the work area 
was always only on one side of the road. There were no enforcement measures set to 
ensure compliance of the speed limit 80 km/h (original speed limit 130 km/h). The average 
speed was actually over the temporary speed limit. During the construction period of six 
months, one accident occurred with two slightly injured victims. This accident happened in 
the entrance area.  
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Figure 9: Work zone layout A10 Flachau (Source: AIT, ROBBIE Project; 2010) 
 
The second tested work zone in Austria was also on the highway A10 near Werfen, about 7 
km long, with a 1+1 lane management. The directional lanes were analysed separately in 
this case. The original speed limit was 130 km/h and the temporary speed limit was 80 km/h. 
The speed was monitored and enforced by an active and mobile radar control and was 
communicated to the driver only if the limit is exceeded via a blinking display, thus the 
average speed was below the temporary speed limit. During the 22 days of construction no 
accidents happened. The safety measures were similar to the above-mentioned work zone. 
 
The third work zone on the highway A1 near Steyrermühl was 2.4 km long with a 2+2 lane 
management, thus two lanes were available in both directions available. During the 
construction period (69 days) two accidents happened- a rear end collision lead to one 
fatality and several seriously injured people. The temporary speed limit was largely complied. 
During the construction at the entrance of the work zone sequenced flashing lights were 
installed to increase traffic safety. In this case the information display about extended travel 
time were situated on the one lane 7km and on the other lane 11km before the work zone 
begins due to the reason of informing the drivers about congestions before the next exit. 
  
The particularities of the Austrian sites were that the work was always carried out on only 
one side of the street, secured by concrete barriers. Radar control in combination with the 
display of the current speed proved to be effective ways to slow down the average speed at 
the entrance of the work zone.  
 

5.2 Belgium  

The data from Belgium come from a study on the restoration of two highways in Belgium. 
(Jacobs, 2005) One of the major road works undertaken between March 2004 and October 
2006 in Belgium consisted in the rehabilitation of 127.5 km in the province of Luxembourg. 
Two motorways were affected: 
 
• E411 Bruxelles-Luxembourg 
• E25 Maastricht-Liège-Neufchâteau 
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Both motorways, owned and operated at that time by the Walloon Ministry of Equipment and 
Transport (MET), are important North-South routes through Belgium and form part of the 
Trans European Network (TEN). These arterial routes carry a large volume of freight as well 
as personal and commuter traffic. Heavy goods vehicles account for more than 25% and 
traffic levels reach up to 38.000 vehicles per day on certain sections. 
 
The rehabilitation consisted of an in-depth repair of the hard shoulder and the slow lane. 
There was no work envisaged on the fast lane, except for a finishing bituminous layer. 
Scheduled to take place between 2004 and 2006, the works were spread out over three 7 
months-phases, at the pace of one phase per year. An additional “preparatory” phase was 
decided in the summer of 2003, to be executed during fall of that same year. 
 
The prepared plan for the work zone layout finally based on the following principles: 
 
• Outside the active works areas, the motorway was permanently accommodating the 

existing 2+2 lane management. 
• In the active areas, three lanes out of four were preserved for traffic: two in one 

direction, one in the other. The 2+1 set-up was used, alternately with 1+2 every five 
or six km (or according to the heavy slopes). 

• In the section between Massul and Habay (south of the interchange E411-E25), four 
narrower lanes (2+2) were preserved because the traffic is denser. 

 
Several measures have been taken to secure road users’ safety, as well as workers 
protection: 
• variable message signs 3 km before the start of the works, with up-to-date information 

on the traffic conditions; 
• large orange guide signs announcing lane reduction; 
• gradual slowing-down, first to 90 km/h (1100m from start of works; regular speed limit 

120), then 70 km/h (500 m from works entrance); 
• yellow markings to mark the right edge along the works (but no special markings are 

applied in either the chicanes or on the left edge); 
• continuous metal guardrails as physical separation between the traffic flows in 

opposing directions; equipped with reflectors (spaced 1.5 m) and mini-delineators 
(every 30 m); 

• permanent concrete New Jersey barriers remain in place on the central reservation; 
they seal off the work zone for a permanent protection of the workers and works 
traffic;  

• expressly made-up emergency refuges every 4 km, to accommodate broken down 
vehicles (on the outer lane only); 

• speed is limited to 70 km/h in the whole of the works area; 
• overtaking is prohibited for vehicles above 3.5 t; 
 
The temporary management used for the lane closure looked this way (see: Table 6: Work 
zone scheme E411) 
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Table 6: Work zone scheme E411 
Distance to start of 

works 
Item 

3000 m VMS (gantry) with updated information 
2 large “possible queue ahead” signs (yellow fluorescent) framed in 
red/white   

1500 m 2 advance warning signs (lane reduction) – orange fluorescent 

1400 m 2 advance warning for speed limits (90 km/h within 300 m) 

1000 m 2 speed limit signs (90 km/h) 
2 advance warning signs (lane reduction) – orange fluorescent 

500 m 2 speed limit sign (70 km/h) 
2 no overtaking signs 

300 m 2 advance warning signs (lane reduction) – orange fluorescent 

200 m 2 speed limit sign (70 km/h) 

150 m (chicane) 2 work signs + white arrow framed in red/white 
Row of arrow delineators over 150 m (spaced 1 m) 
Permanent white markings erased – no yellow markings in chicane 

0 m Yellow side markings (to the right) along the whole length of the works 

 
 
The original lane width was 3.25m (slow lane) and 3m (fast lane, only in one direction). After 
65 accidents happened in the two weeks after opening, including two serious accidents on 
opening day, the lane management was changed to a 1+1 lane configuration with very wide 
lanes (5.05m). A first experimental stretch, the very stretch that had witnessed the serious 
accidents, was modified on 1 April (see Figure 10). As the test proved effective, the 
remaining stretches were also gradually adapted to this system. It took six nights to change 
signs, markings and guardrails on the four stretches. The motorways were completely closed 
during those six nights. 

 
Figure 10: Original WZ Layout (2+1) and WZ layout  after the change to 1+1 (Source: 
Jacobs, 2012) 
 
The wide lanes ensured a comfortable driving even for large trucks. The outer traffic lane 
(along the edge) was narrowed to about 3.50m at every entry (entry from outside the 
motorway or re-entry from a service area), in order to allow an easy and safe insertion of 
incoming vehicles. A sign notified the narrowing 250 m in advance. The two lanes went side 
by side for about 250 to 300 m, after which the sole lane got back to its original width of 
5.05m. 
 
The above mentioned accidents were categorized in: 
 
• 2 frontal collisions in the first 2 days after works opening, with one truck driver 

severely injured, one motorist slightly injured 
• 5 trucks rolling over, of which 4 in the first week (slight injuries) 
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• 58 minor crashes, such as rear-end, smashing guardrail, etc., inducing property 
damage only 

 
Whereas many accidents took place in the first two weeks with the 2+1 layout, only one 
injury accident occurred during the following 16 weeks after the adoption of the 1+1 layout. 
 
The examples from Belgium show that a work zone layout can be fundamentally changed 
during the construction phase in order to increase road safety. The lane reduction and the 
related broadening of the lane led to a significant reduction of the accident risk (further 
accidents have been avoided). For this a significantly decrease of the capacity had to be 
accepted. 

5.3 Czech Republic 

From the Czech Republic there was information about the biggest highway reconstruction on 
the D1 from Prague to Brno available. (Apeltauer et al, 2013) The work zone is divided in 4 
sections with different work zone layouts (e.g. Figure 11). The reconstruction is carried out in 
stages and is an ongoing process. As part of the “ViaZONE”-project data about speed and 
traffic volume was collected.  
 
The traffic closure of a bridge in Velké Meziříčí was chosen as an ideal site for the data 
collection. One lane was completely closed. Traffic was diverted to the other lane and from 
Monday to Wednesday the traffic ran using two lanes in the direction to Prague and one lane 
in the direction to Brno (lane management alternated between 1+2 and 2+1). From Thursday 
to Friday the situation swapped and traffic ran in one lane towards Prague and two lanes 
towards Brno. This allowed measuring the two most common cases of traffic reduction on 
Czech highways. This changing layout is used in the Czech Republic quite often. The 
maintenance persons change the layout of the work zone by replacing the guiding markers. 
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Figure 11: WZ layout of highway D1, Praha-Brno (Source: ViaZONE Project; 2012) 
 
The original speed limit was 130 km/h, which was reduced in steps to 60 km/h in the 
crossover section and to 80 km/h past the work zone. The analysis of the measured data led 
to two major findings. When using two lanes, despite them being narrower (3.75 m + 2.75 m 
in one direction, 3.75 in the other), there were no significant problems, even when the 
intensity exceeded 1600 veh/h in both lanes. The composition of the traffic flow during the 
measuring period was as follows: 77% passenger cars, 6% PTWs, 17% trucks. During a 
restriction to one single lane, the critical intensity turned out to be 1300 - 1400 vehicles/h for 
both lanes. Intensity above this value led to formation of a traffic congestion, which only 
started to get smaller once the intensity decreased under 1200 - 1400 vehicles/h again. 
 
Another simplification was neglecting exit 146 (1.7 km ahead of the bottleneck) due to only a 
very small difference in intensity ahead of the exit. During the measuring period, this 
difference fluctuated fewer than 5%, so the effects of the exiting and entering vehicles at the 
exit could be ignored. 
 
Active management of traffic flow based on input data about traffic intensity was an effective 
way to reduce the number of vehicles standing in congestion (about 10 to 20% reduction 
depending on the existing traffic load). The safety measures were orange road markings and 
concrete barriers between the directions. To improve workers' safety during the 
reconstruction of the bridge in Velké Meziříčí, half of the bridge was closed for traffic. The 
workers were additionally protected by a construction fence. In other sections on the highway 
D1 the work was carried out either between the carriageways or on the side of the road with 
a safety distance. No enforcement devices were used – the v85 were actually in some 
sections about 10 km/h over the speed limit of 80 km/h.  
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As a part of the ViaZone project another field test was performed on the D1 between Brno 
and Vyškov. (Apeltauer et al.; 2014) The project aimed to develop, produce, test and verify a 
pilot operation of “Portable System of Traffic Management”, particularly on sites in front of 
and in traffic closures. This was a complex system of hardware and software tools, which 
allowed influencing driving behaviour by portable, mobile and variable road signs. Unique 
algorithms for the displayed pictograms and messages on variable road signs are displayed 
in real time on the basis of evaluated input data from various traffic detectors, which are 
installed in several predefined profiles of an area. 
 
The reconstruction of the motorway near Vyškov started in the middle of 2013. There were 
two 5-km-long segments, which were reconstructed within a single road closure. The 
necessary reconstruction of the damaged surface was performed in three stages. The traffic 
was guided in both directions in two auxiliary traffic lanes using the hard shoulder. Traffic 
was guided in the opposite motorway roadway in the mode of 2 + 1. Crash barriers were 
constructed between the carriageways. In stage III of the reconstruction a system of portable 
traffic management was installed on motorway segment Olomouc – Brno on kilometres 213 
to 229. (see Figure 12: Complete architecture within pilot testing on D1 motorway segment 
between kilometers of  207.5 – 229.5 (Source: Apeltauer, 2013)  

 

Figure 12: Complete architecture within pilot testing on D1 motorway segment between 
kilometers of  207.5 – 229.5 (Source: Apeltauer, 2013) 

 
During this field test different variations of speed displays and measurements were used: 
 

 Wavetronix potable detectors 

 Surveillance camera 

 Radar detectors 

 LED information trailers and LED advance warning trailers, which was controlled by 
using the ViaZONE software algorithms  

 Portable variable road signs 

During the period of traffic closures in 2013 (71 days), 48% (25 accidents) of all accidents in 
that year were reported on the monitored segment, in 2012 (53 days) 17 accidents occurred. 
During the two years of monitoring there was 3.84 times higher probability of an accident in 
the segment with transport limitations compared to the period with no traffic limitations on the 
monitored segment. The speed limit in the work zone was 80 km/h. In the direction with two 
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lanes open the average speed (V median) was 80.5 km/h, so in more than half of the 
measurements the temporary speed limit was exceeded. One result of the tests was that 
drivers react more to warning road signs that symbolize certain approaching danger than to 
speed limit signs solely- the average speed was significantly reduced. The sign “Road work 
ahead” led, however, only to a slight slowdown.  
 
The results of short-term tests showed a trend that decreased traffic volumes are 
accompanied with decreased willingness of drivers to reduce the speed. This willingness is 
practically zero where speed limits are lower than 100 km/h. Indiscipline of drivers 
significantly reduces the possibility of managing the traffic flow before work zones based on 
speed limits, because respect for road signing and marking is insufficient. 

5.4 Italy 

In Italy, as a general rule for speed limitation through work zones, the Italian Ministerial Decree 
10 July 2002  (Ministero delle Infrastrutture e dei Trasporti, 2002) states that the speed limits 
should be implemented decreasing in 20 km/h progressive steps. The number of different signs 
to be used should be at most equal to three. 
When a speed decrease of 70 km/h is required (e.g. from 130 km/h to 60 km/h approaching a 
by-pass on a highway, as shown in Figure 13) the third level of reduction will be increased to 
30 km/h (110, 90, 60). 
Depending on the size of the by-pass the maximum speed limit at the point of exchange could 
be reduced to 40 km/h or 60 km/h. 
In accordance with the criterion of credibility of the signs the use of speed limitation signs too 
low (5, 10 or 20 km/h), not justified by the specific local conditions should be avoided. 

 

Figure 13:  Scheme of the work zone in a highway by-pass (Source: Ministero delle 
Infrastrutture e dei Trasporti, “Decreto 10 luglio 2002'', 2002.) 

 
Furthermore the sign “speed limit” should never be the first sign encountered by the user and 
therefore should be placed after a “warning sign”. The "speed limit" sign must be repeated 
each kilometer. 
 
In Italy the number of experimentations implemented through work zones is quite limited. 
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A specific research aimed at analysing the driving behaviour within and in proximity of work 
zones by experimental testing and with the use of a driving simulator has been conducted by 
Francesco Bella. (Bella, 2004 & 2006) He collected data from a work zone located in the 
Highway A1 (Milano – Napoli), north bound between Orvieto and Fabro interchanges. 
 
The cross section of the roadway is composed by two lanes, each 3.75 m wide, and a 2.60 m 
large shoulder with a roadside barrier and a median barrier. The median is 3 m wide. The work 
zone was set up for pavement maintenance works and developed from km 440 (beginning of 
work zone signs) to km 347 (end of work zone signs). The type of work zone is a by-pass, the 
traffic northward is diverted to the opposite carriageway where two traffic flows travel in 
opposite directions, each on one lane.  
The speed is reduced from 130 to 60 km/h and in the by-pas to 40 km/h. The signs are 
consistent with the instructions of the Italian technical rules for temporary signs (Ministero delle 
Infrastrutture e dei Trasporti; 2002) as shown in Figure 13. 

 
The advance warning area and the transition area are on a straight with longitudinal grade of 
1% uphill. The section of the roadway southward with two opposite flows (activity area) is 2 km 
long and is mainly a straight (except for a short section on curve, with radius of 800 m and a 
very narrow central angle). The longitudinal grade is constantly uphill towards north in the 
range + 0.6% to +1.3%. The termination area is on a straight with longitudinal grade + 1%. The 
by-pass openings in the median are about 30 m wide. 
 
About 3000 vehicles were sampled with a laser speed meter. For each vehicle the speed, 
length and passage time were collected. From these isolated passenger cars (in free flow 
conditions) data were extracted based on these criteria:  

• vehicle length ≤ 5 m  
• Time headway ≥5 s 

 
In Figure 14: Characteristic speed parameters for free-flow passenger cars (Source: Bella, 
2006) the mean (v), the 85th percentile (v85) and the standard deviation of free flow speed 
and the number of measurements (n) for each section are shown. 
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Figure 14: Characteristic speed parameters for free-flow passenger cars (Source: Bella, 
2006) 

 
The results show the actual speeds in all work zone areas are much higher than those 
prescribed by the signs. The speeds are kept below the limits only when there is a physical 
constraint (a 30 m wide opening of the by-pass), which does not permit higher speeds. When 
traveling on sections A and B, drivers do not alter their speed. They begin to reduce it slightly 
only in the next section and to reduce it more significantly, to values still well above the speed 
limit indicated by signs, only in section D, about 400 m from the merging taper. Therefore, the 
modification in driving behaviour seems to be induced more by the visual perception of the 
cause of the speed reduction prescription rather than by the signs. 
 
After the on site testing this same work zone configuration has been reconstructed in virtual 
reality in order to validate a driving simulator scenario. (Bella, 2009) The research was 
articulated in the following phases: 

1)  Implementation at the driving simulator of the crossover work zone designed in 
accordance with to the Italian regulation. Such configuration of the work zone was 
called “configuration zero”  

2)  Analysis of the speeds in the different work zone areas; 
3)  Implementation at the driving simulator of alternative traffic signs systems (named 

“configuration 1”, “configuration 2” and “configuration 3”) to avoid the critical conditions 
reported in configuration zero; 

4) Comparative analysis of the effects induced by the new configurations on the driver’s 
behaviour and the suggestions for a work zone design capable of avoiding anomalous 
behaviours. 

 
The “Configuration 1” (Figure 15) is different from “configuration zero” for the different traffic 
signs in the advance warning area (the “road work” sign was brought forward of approximately 
240 m and the sequence of temporary speed limits was 110-100-80-60 km/h, instead of the 
sequence 110-90-60 km/h used in configuration zero) and for the closure of the left lane 
instead of the right lane. Furthermore it had a speed limit approaching the shifting taper of 60 
km/h instead of 40 km/h. 
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Figure 15: Traffic signs in Configuration 1 (Source: Bella F., “Effects on driver behaviour of 
different signaling schemes of work zones”. Advances in Transportation Studies, Volume 18, 
pp. 55-68, July 2009) 
 
The “Configuration 2” is different from configuration zero due to the wider median opening (58 
m instead of 33 m). Furthermore the limit of 40 km/h in the by-pass was increased to 60 km/h. 
 
“Configuration 3” (Figure 16) is realized by closing the left lane (such as in Configuration 1) 
and by a opening median 58 m wide (such as Configuration 2). The experimentation on such 
configuration was developed in order to verify if, with respect to Configuration 2, closing the 
left lane instead of the right lane produces significant effect of speeds. 
 

 

Figure 16: Traffic signs in Configuration 3 (Source: Bella F., “Effects on driver behaviour of 
different signaling schemes of work zones”. Advances in Transportation Studies, 
Volume 18, pp. 55-68, July 2009) 

 
The analysis of speeds (in configuration 1 and 3) showed that the work zone traffic signs did 
not determine the effects on drivers’ choice of speed. This seems to confirm the results of the 
previous research: the visual perception, much more than signs, causes the modification of 
the driving behavior within the work zone. 
The comparison between field speeds and the speeds obtained from the simulation led to the 
validation of the driving simulator as a reliable tool for the analysis of the speeds in several 
areas of a work zone on a highway. In general the differences between the speeds observed 
in the real situation and those measured with the simulator were not statistically significant at 
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each measurement site. The speeds from the simulation are slightly different from the field 
speeds:  the maximum negative difference (Vs − Vr) is −7.6 km/h, whereas the maximum 
positive difference is +5.6 km/h. 
 
The mean speed is kept below the limits only when there is a physical constraint (the by-pass) 
that does not allow higher speeds. 
 
The speed in the by-pass does not depend upon which lane approaching the work zone is 
closed (if the left one - overtaking lane – or the right lane) but only by the median opening 
width. Closing the left lane instead of the right lane determines higher deceleration rates on 
the shifting taper. This result could be affected by the lack of confidence with the requested 
manoeuvre experienced by participants in the experiments. 

5.5 Sweden 

Speed was measured at two work zones in Sweden before and after the introduction of 
camera monitoring (Bolling and Nilsson, 2001). The drivers were informed about the 
monitoring on signs at the road side and may have thought that the monitoring was 
connected with enforcement, but no enforcement was carried out. On the highway “Road 80 
Forsbacka” one lane per direction was closed (lane management from 2+2 to 1+1). The 
actual work zone was only 100 metres long. The original speed limit was temporary lowered 
from 110 to 50 km/h for 500 metres –- this low speed limit was possible because of the 
marginal ADT of about 5.000 veh/d. The average speed in the work zone was 42 km/h 
before the introduction of the camera monitoring, with 11 % speeders. After the introduction 
the average speed was reduced with 5 km/h, which is well below the mandatory speed limit, 
and the proportion of speeders was reduced to 4 %. Similar results were found at the other 
work zone and no accidents were reported. Moreover, speeders were sent a letter showing 
their photo from the camera and they were asked to fill in a questionnaire about their opinion 
on safety and speed levels in work zones and their reason for speeding at the time the photo 
was taken. The vast majority strongly disagreed with the statements “I was in a hurry when 
passing the roadwork” and “I felt stressed out by the traffic behind” whereas they agreed with 
the statement “The posted speed limit was eligible”. Nevertheless they had been speeding.  
 
Based on the results of a literature survey, a practical evaluation of the potential use of audio 
warnings at road work sites was carried out in a driving simulator at VTI (Gustafsson et al, 
2014).  Twenty-two car drivers drove 25 kilometres each on a 2+2 lane motorway with speed 
limit 110 km/h. They drove past two identical road works of 200 metres each that were 
situated on the hard shoulder, with an excavator placed to the right of the channelizing 
devices (vertical panels) - see Figure 17: Schematic layout of work zone on hard shoulder 
(motorway) and Figure 18: WZ layout of highway E4, Linköping–Norrköping, VTI driving 
simulator III.. The buffer zone was 130 metres long. Close to the work zones there were no 
other vehicles present traveling in the same direction, hence the drivers were free to choose 
their own speed. Half of the subjects were given an audio warning prior the first encountered 
work zone but not prior the second while the other half was given the warning only prior to 
the second work zone. The audio warning consisted of a sound similar to that of a GPS 
warning signal, followed by a female voice saying "Warning! Road work within 500 m. Adjust 
the speed!”. The message was sent via the car's internal speaker system. The audio warning 
gave a significantly greater speed reduction than without any warning. The results show that 
the mean speed was approximately 110 km/h at a position 1.4 kilometres prior to the road 
works. When given no audio warning the mean speed was reduced to about 100 km/h at the 
road works, but with the audio warning the mean speed at the road works was further 
reduced by another 13 km/h (c.i. 9–17 km/h). A small effect (0.5–3.3 km/h) of the audio alert 
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still remained after the road works. These results suggest that audio warnings have a speed 
reducing effect and further studies are recommended.  
 
 

 

Figure 17: Schematic layout of work zone on hard shoulder (motorway) 

 130 m; Excavator 

200 m; Work Zone ends 

0–130m; Buffer zone 

 0 m; Energy-absorbing protection 

- 200 m; Warning Road narrows on right 

- 400 m; Warning Road works ahead  
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Figure 18: WZ layout of highway E4, Linköping–Norrköping, VTI driving simulator III. 
 

5.6 Switzerland 

 
In Switzerland data about three work zones were found – and a total of seven sheets were 
filled out. The work zones were carried out on the highways A1 and A14. In the field trials 
different speed limits and enforcement devices were used and their effectiveness were 
analysed as well as the effects of various channelization devices ahead of and in the lead-in 
area to the work zone on driver behaviour.  
 
The focus in the study “Baustellen an Hochleistungsstraßen“(Spacek et al, 2005) was on the 
transition area between the open highway and the work zone. This included the upstream 
section of highway with a suitably reduced speed limit as well as the crossover or narrowing 
section. Traffic flow along the activity area of the construction zone was generally uniform, 
but in the approach zone, as speeds are adjusted to the posted speed limit, inconsistencies 
raised. These manifested themselves in the form of greater speed variation and more 
frequent lane changes. The performed tests included different work zone layouts. To analyse 
traffic safety of the different work zone layouts the following parameters were evaluated: 
accident location, type of accident, parties involved in accident and accident consequences.  
 
For the data collection the following work zones were selected:  
 
• Highway A1 (see Figure 19), Canton St. Gallen, interchange Uzwil Nord, 4+0 lane 

management 10km, ADT: 22000, 7.5% Trucks, slight left curve and slight gradient 
In this field trial, two different speed limits were tested (80 km/h and 100 km/h), in 
addition the speed measurements were conducted once with displayed radar 
enforcement and once without radar enforcement for each speed limit. This 
consequently led to four different variants. 
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Figure 19: Field test A1 St.Gallen (Source: ETH Zürich, Baustellen an Hochleistungsstraßen 
Schweiz, 2005, p. 32)  

  
• Highway A1, Canton Thurgau, 3+1 lane management 4km, ADT: 20000, 7.5% 

Trucks, driveway in right curve 
In this work zone different safety measures (light signals, high safety beacons, guard 
rail) were tested separately and in combination with different speed limits (80 km/h 
and 100 km/h).  

 
• Highway A14 (see Figure 20), Canton Zug, 4+0 lane management 1.5km, ADT: 

23500, 8.1% Trucks, driveway in slight right curve 
In this work zone the speed limit was constantly determined with 80 km/h. Different 
combinations of light signals, low or high safety beacons and guard rails were 
analysed.  

 

Figure 20: Field test A14 Zug (Source: ETH Zürich, Baustellen an Hochleistungsstraßen 
Schweiz, 2005, p.65) 

 
• Highway A1, Canton Aargau, 4+2 (optional 4+1) lane management 2.7km, ADT: 

46500, 14.0% trucks, driveway in slight right curve 
Here was a uniform work zone layout installed. Then speed measurements were 
taken - once with speed limit 80 km/h and once with speed limit 100 km/h. 

  
The analyses were based both on the speed measurements and on the other hand on 
accident data. On basis of the resulting conclusions, 36 recommendations were inferred.  
 
The considerable difference in accident frequency between the individual construction zones 
suggests that it is fundamentally possible to improve safety by means of suitable design 
measures. If the directions of travel are structurally separated by work zone barriers, there is 
not generally a higher accident frequency within work zones with the lane managements 4+0 
and 3+1 compared to the situation when there is no work zone. The study showed that exits 
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and entrances of highways within work zones are accident black spots. At dark an increased 
risk of accidents was found, therefore it is necessary to improve visual guidance at work 
zones. This applies to the design of the median crossovers, of the areas within the work zone 
and if applicable, junctions at the work zone. The study showed the effectiveness of low, 
linear guidance devices (see Figure 21: Low guidance devieces (Source:) at crossovers.  
 

 

Figure 21: Low guidance devieces (Source: ETH Zürich, Baustellen an Hochleistungsstraßen 
Schweiz, 2005, p.171) 

 
Unlike the speed limit of 100 km/h, that of 80 km/h was widely ignored by drivers in all of the 
conducted tests- both in the approach to the work zone and in the crossover. The speed limit 
had no influence on deceleration behaviour in the crossover, as the reduction in speed had 
substantially been accomplished before the crossover. With a speed limit of 100 km/h the 
speed adjustments were generally smoother than with a speed limit of 80 km/h. For a speed 
limit of 100 km/h in a work zone certain preconditions have to be fulfilled: adequate lane 
width within the work zone, appropriate design of the median crossover, barriers separating 
the directions of travel within the work zone and protected working areas. Irrespective of the 
level of the speed limit, about a third of the total speed adjustments took place in the vicinity 
of the final speed sign- approximately 350m before the crossover. It is important that the 
speeds of the vehicles do not increase again before the start of the crossover, therefore it is 
recommended to install a second speed sign to serve as a repetition.  
 
Traffic monitoring with a fixed radar unit turned out to be an effective way to make the traffic 
flow around the work zone more consistent. It produced earlier and smoother speed 
adjustment and it was possible to reduce excessively high speeds in the approach. Some 
indications that must be observed during use of radar monitoring:  
 
• appropriate locations (at the start of the work zone, ahead of entrances and exits);  
• radar units should be sited 100 to 150m ahead of the relevant location;  
• to have a preventive effect, the radar units should be visible and drivers should be 
alerted to them by signposting.   
 
Channelization curbs and low markers made the speed adjustment in the approach to the 
crossover smoother and vehicle guidance in the crossover was better than with high 
markers. These differences were pronounced in darkness, because high makers caused 
effects such as view-obstruction and glare at drivers’ eye level.  
 
The measurements showed that wider lanes produce higher speeds. The speed limits of 80 
were exceeded by the majority of the drivers. Lane widths of more than 4m led to a blurring 
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effect on track behaviour. Very wide lanes in the crossover should be avoided to achieve 
consistent track guidance.  
 
The capacity of work zones decreases about one third as a consequence of reduced lane 
width and restricted lateral clearances. An additional lane reduction increases the probability 
of traffic jams and accidents. The accident analysis showed that traffic management using 
lane reductions at work zones, led to a disproportionate rise in accident frequency even with 
medium traffic volumes (about 10000 veh/d and direction).  
 

5.7 USA 

In the USA data for eight work zones were found (Hou, Edara and Sun, 2011) in which 
different monitoring methods and safety measures were tested. These tests were performed 
on various highways in different states. The objective was to determine the impact of 
individual measures on the average speed. 
 
At work zones in the USA safety measures and enforcement devices are used, that are 
rather unusual in Europe. These include flagger control at short time work zones, variable 
speed limits and automated speed enforcement, which becomes more and more common in 
Europe. 
 
On the interstate highway I64 in Illinois the number of lanes were reduced in one direction 
from 4 to 2 for the length of 11 km. The work was carried out only in this one direction, to 
improve workers safety. The speed limit was set to 88 km/h.  The police tested three 
enforcement methods: a police trailer with police lights on, a police trailer with police lights off 
and speed photo enforcement.  Monitoring with activated police light revealed only a minor 
slowing of the average speed. The speed photo enforcement proved to be a more effective 
way to lower the average speed (about 5 km/h). A similar test on the I55 confirmed this 
result. Also the automated speed enforcement with the help of a radar system brought the 
drivers largely to comply with the speed limit (tests on highways I70 and I95). 
 
On the highway US 59 in Okaloosa\Kansas (Wang, Ming-Heng et al, 2011) a short term work 
zone was installed for about six hours over a length of 1.3 km. To slow down speed and to 
improve workers safety, sets of portable plastic rumble strips were placed, additional flaggers 
were placed at the beginning of the work zone and a variable speed limit sign posted a 
speed limit of 104.5 km/h (regular speed 120 km/h). Each set of PPRSs was placed 
perpendicular to the direction of travel, and each of the four strips in the set was spaced 36 
in. (91.4 cm) on-center. The first set of strips was located halfway between the “ROAD 
WORK AHEAD” and the “ONE LANE ROAD AHEAD” signs. The second set of PPRSs was 
placed between the “ONE LANE ROAD AHEAD” and “BE PREPARED TO STOP” signs. The 
third final set of PPRSs was placed in advance of the symbolic “FLAGGER AHEAD”. When 
two sets of PPRSs were applied, only the second and third sets of strips were installed. See 
Figure 22: Work zone layout Okaloosa 
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Figure 22: Work zone layout Okaloosa (Source: Wang, Ming-Heng et al, Evaluation of 
portable plastic rumble strips at short-term maintenance work zones, 2011) 

 
The use of two sets of the portable plastic rumble strips lowered the average speed in the 
periphery of the work zone as well as within the work zone significantly below the speed limit 
(77 km/h). The use of a third set decreased the average speed again by about 6 km/h in the 
work zone. But even the flaggers proved to be an effective method to reduce the speed and 
to increase the attention, as another test on the highway I80 confirmed.  
 
On the highway I80 in Missouri a temporary construction site was created without any 
temporary speed limit. The work was carried out only in one single carriageway, to improve 
the workers’ safety. Because there was no temporyry speed limit and no monitoring, many 
drivers were going too fast (regular speed limit 112km/h; v85: 129.6 km/h). 
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6 Evaluation and Conclusions  

The data collection mainly consisted of data from motorways, and a lack of information on 
past or on-going work zones on other types of roads was revealed. Hence, the following 
conclusions refer only to speed reducing measures in work zones on motorways. 
 
To find the optimal work zone layout for a road section, different parameters must be 
considered and coordinated. Work zones may lead to increased accident risk and limited 
capacity. The speed limit must be adjusted to these factors. In addition other types of 
measures, like structural or educational, can be taken to increase safety. In the following 
section the experiences of this chapter are summarised.  
 

6.1 Speed limits 

 
In Europe there are no uniform standards about the speed limit in work zones. Depending on 
the country and type of work zone, the maximum speed range is around between 50 to 100 
km/h defined. In all cases it is advisable to determine continuously only one speed limit for 
one work zone. The speed should decrease as far that at the end of the carriageway an 
appropriate level is reached. The adjustment of speed should run smoothly. The first speed 
sign should be about 750m to 700m in front of the entrance -the last around 350m. However, 
this distance must be adjusted to the regular speed limit in the respective country and the 
amount of the speed reduction. With the speed reduction a significant homogenization of the 
speed distribution should be associated. During the crossover, no further slowdown and 
abrupt braking should occur, since this increases the risk of accidents. The layout of the 
reductions in speed limit should be done in such way, that a significant homogenisation of 
the speed distribution is achieved. When setting the speed limit, the local conditions, the 
possible lane width and hazardous points (like entrances and exits) must be considered. In 
all cases the ADT and the capacity during the construction period must be included in the 
planning. Congestions should be avoided, not only because they lead to frustration among 
drivers - congestions in construction areas also increase the risk of incidents.  
 

6.2 Lane management 

 
To minimize the risk of congestion, lane reductions should generally be avoided, as these 
reduce the capacity considerably. Studies show that traffic management using such 
reductions at work zones, led to significantly increased risk of accidents. At least 4 lanes 
should remain. However lane reductions must be carried out, if a certain minimum width is 
reached. As guide value should apply a minimum width of 2.75m for lanes only for cars and 
3.25m for lanes for trucks. Narrower lane widths increase the risk of lateral crashes. 
Especially in the entrance areas and the median crossovers an adequate lane width must be 
ensured. But also too wide carriageways (>5m) can cause problems: these can lead to 
uncertain track behaviour. Too wide lanes in the entrance area and within the work zone 
should be avoided to achieve consistent track guidance. 
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6.3 Dangerous situations 

 
Exit and entrance areas as well as the crossovers to lanes originally aimed for traffic in the 
opposite direction represent particular dangerous situation. The most frequent type of 
accidents in work zones are rear end collisions, followed by single-vehicle accidents and 
lateral cashes because of lane changes. Increasing risk also consists at night or at bad 
weather conditions.  
 

6.4 Safety measures 

 
Structural measures and light signals can increase safety. The combination of temporary 
guard rails and low beacons has proven to be advantageous- they provide a more 
homogeneous speed reduction. The use of high beacons on the other hand often causes a 
non-homogeneous traffic flow. Moreover, in darkness, high makers can cause effects such 
as view-obstruction and glare at drivers’ eye level. More use should be made of curb-style 
channelizing devices with low guidance markers at crossovers and lane shifts. Light signals 
at daytime have only a slight influence on driving behaviour, but are even more important at 
night. 
 
The directional carriageways should be structurally separated (concrete barriers, mini-
varioguard, depending on the traffic composition). Also the carriageway should be 
structurally separated to the work area in order to increase workers safety. The distance 
between the work zone and carriageway should be as large as possible 
 

6.5 Enforcement devices 

 
Radar enforcement that is displayed to the drivers, proved in all studied examples to be an 
effective way to reduce the average speed of the drivers and to bring speeders below the 
speed limit. In addition radar enforcement leads to an earlier harmonisation of speeds in the 
periphery of the work zone. The enforcement through a section control or automated speed 
enforcement lead to similar effects. However, the effectiveness of these methods were only 
rarely analysed in studies in Europe. A simpler method is the assignment of a police patrol at 
the entrance to the site. The announcement as well as the visible presence of the monitoring 
measure must be regarded as essential for effectiveness! 
 

6.6 Standardization process 

 
An abundance of standardisation for all highway work zones should be avoided, because 
structural conditions and the conditions of traffic are too diverse. These parameters within 
single countries and have even greater differences across Europe. Many details need to be 
considered by the road planners and some decisions can best be decided by the 
construction workers on site. 
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7 Accident Analysis in Italian Work Zones using Existing 
Data 

Using a set of Motorway work zone data, this analysis provides information on the change in 
expected crash frequencies associated with the installation of work zones. The aim of this 
study was to evaluate the effect of different work zones’ layout configurations on fatal + injury 
crashes. Since the posted speed limit within a certain work zone depends strongly on the 
work zone layout it is not relevant to compare speed limits across layouts. 
 
The safety performance of motorway segments before the introduction of a work zone and 
during the work zone period was evaluated, in order to investigate the work zone impact on 
the number of expected crashes. Thus a “pre-work zone” and a “during-work zone” analysis 
was conducted in this study. The study required information on the work zone layouts, start 
and end dates, location of work zones, length, crashes during the pre-work zone and work 
zone periods, and other information such as the annual average daily traffic (AADT) in each 
segment. 

7.1 Data collection 

The first research task in this analysis focused on gathering available data on work zones’ 
crashes in Italy. Data from the Italian motorway network managed by Autostrade per l’Italia 
S.p.A. (ASPI) was used to build a comprehensive dataset. The company manages about 
3000 km of motorways distributed along all Italy (Figure 23). 

  
Figure 23: Motorway network managed by ASPI 

The data sources are crashes and work zones data files, provided by ASPI. More specifically 
two different databases were provided: 

 accident database; 

 work zone database.  
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The accident database contains details on approximately 105 000 crashes on the motorway 
segments from January 1, 2007 through December 31, 2012.  For each accident, several 
details are available such as date, hour, localization on the motorway segment, pavement 
and weather conditions (Figure 244). Furthermore it is possible to understand whether or not 
each accident occurred in the proximity of a work zone. This information is collected by ASPI 
analyzing police reports on crashes. The database does not specify the exact accident 
location within the work zone. 
 
To confirm if there were anomalies in the database concerning a  work zone presence, a 
consistency check has been conducted in collaboration with ASPI. Crash data and work 
zone data were compared in order to understand if the accidents actually occurred within a 
work zone. The accidents that occurred within the work zones resulted in 36 fatalities (in 33 
crashes) and 1341 injuries (in 781 crashes) during a 6-year period from 2007 to 2012. 
 

 
Figure 24: Accident Database 

 
The work zone database provides information about the road works installed in the ASPI 
network in the same 6-year period from 2007 to 2012 (Figure 25). 
 

 
Figure 25: Work Zone Database 

For each work zone, details about the exact positioning on the motorway, starting and ending 
date, the signalling and further details about which lane is closed to the traffic flow are 
provided. However each row of the template may not correspond necessarily to a single work 
zone, but very often refers to different working phases within a work zone. For this reason it 
was necessary to group the rows referred to a single work zone in order to define the exact 
number of work zones. More than 100 000 work zones were installed on the motorway from 
January 1, 2007 through December 31, 2012. 
 
Each work zone is associated to one of the fixed layout schemes (shown in the Annex A), 
defined according to the Italian Ministerial Decree 10 July 2002 (Italy, 2002). Table 7 and 
Figure 26 provide the summary statistics for the work zone data as a function of the number, 
the total length and the total duration. 
 
The work zone length corresponds to the distance between the “work zone begins” sign and 
the “end road work” sign. This means that the sections in approach to the activity area where 
warning signs and possible traffic queues might affect the driver behaviour and crash 
propensity are included in the analysis as “work zone areas”.  
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Table 7: Summary statistics for Italian work zone data 

Scheme 
Total 

number 

Total 
Length 

(km) 

Total 
Duration 

(days) 

Total 
number 

(%) 

Total 
Length (%) 

Total 
Duration 

(%) 

1_2lanes 7844 30709 69595 7.55% 6.44% 25.73% 

2_2 lanes 23719 41183 15511 22.83% 8.64% 5.73% 

3_2lanes 19311 41225 18142 18.58% 8.65% 6.71% 

5_2lanes 319 907 22018 0.31% 0.19% 8.14% 

6_2lanes 3864 14176 9369 3.72% 2.97% 3.46% 

7_2lanes 113 472 639 0.11% 0.10% 0.24% 

10_2lanes 33 96 227 0.03% 0.02% 0.08% 

12_2lanes 312 1474 121 0.30% 0.31% 0.04% 

1_3 lanes 6418 25125 56941 6.18% 5.27% 21.05% 

2_3lanes 11074 21130 23646 10.66% 4.43% 8.74% 

3_3lanes 3834 8267 3590 3.69% 1.73% 1.33% 

4_3lanes 6127 18407 18376 5.90% 3.86% 6.79% 

5_3lanes 2693 6310 1513 2.59% 1.32% 0.56% 

6_3lanes 58 217 2039 0.06% 0.05% 0.75% 

7_3lanes 130 446 15057 0.13% 0.09% 5.57% 

10_3lanes 167 733 431 0.16% 0.15% 0.16% 

11_3lanes 353 1238 758 0.34% 0.26% 0.28% 

12_3lanes 39 120 6156 0.04% 0.03% 2.28% 

21_2lanes 3174 55604 1381 3.05% 11.66% 0.51% 

24_2lanes 2769 35434 831 2.66% 7.43% 0.31% 

25_2lanes 3280 44408 1033 3.16% 9.31% 0.38% 

24_3lanes 2597 45494 1130 2.50% 9.54% 0.42% 

27_3lanes 2273 32798 697 2.19% 6.88% 0.26% 

28_3lanes 212 1555 168 0.20% 0.33% 0.06% 

29_3lanes 3046 47870 996 2.93% 10.04% 0.37% 

30_3lanes 150 1434 137 0.14% 0.30% 0.05% 

Total 103909 476833 270505 100.00% 100.00% 100.00% 
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Figure 26: Summary statistics for Italian work zone data 

7.2 Statistical analysis 

The aim of this study was to provide information on the change in number of expected 
crashes related to the establishment of the work zones. More specifically this statistical 
analysis was conducted in order to investigate and compare the impact of different layout 
configurations on the frequency of severe crashes (resulting in fatalities and/or injuries). In 
this analysis only the work zones installed along the motorway segments were extracted 
from the database, therefore excluding the work zones installed on the motorway 
interchanges. This choice was motivated by the significant differences between the 
interchanges and the segments in terms of road geometric design, speed limits, number of 
lanes and therefore potential effect of the work zone. 
 
As the assignment of an exact length and localization within the motorway segment to a 
mobile work zone (one that moves intermittently or continuously along the roadway) would 
have been extremely inaccurate, only the stationary work zones were considered in the 
analysis. This resulted in a final data set of 30 389 work zones.  
 
Table 8 provides the summary statistics for the work zone dataset considered as a function 
of the number, the total length, the total duration and the number of accidents occurred. In 
the same table the sequence of speed limits for each layout configuration is also reported. In 
Figure 27 the average length and duration for the different layout configurations are shown: 
the average work zone length is 2.80 km and the average duration is 5 days.  
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Table 8: Summary statistics for Italian work zone data: Stationary work zones. 

Scheme 
Total 

number 

Total 
Length 

(km) 

Total 
Duration 

(days) 
Accidents 

Total 
number 

(%) 

Total 
Length 

(%) 

Total 
Duration 

(%) 

Sequence 
of speed 

limits 
(km/h) 

1_2lanes 3290 14553 46490 163 10.83% 17.10% 29.84% 130 

2_2 lanes 7508 13880 9172 32 24.71% 16.31% 5.89% 110-90-60 

3_2lanes 6001 13596 9456 34 19.75% 15.98% 6.07% 110-90-60 

5_2lanes 177 410 11128 95 0.58% 0.48% 7.14% 110-90-60 

6_2lanes 2467 8992 6637 74 8.12% 10.57% 4.26% 110-90-60 

7_2lanes 75 258 475 9 0.25% 0.30% 0.30% 
110-90-60- 

401 

10_2lanes 25 79 151 1 0.08% 0.09% 0.10% 
110-90-60- 

40* 

12_2lanes 136 821 57 1 0.45% 0.96% 0.04% 
110-90-60- 

40* 

1_3 lanes 2692 11906 38038 134 8.86% 13.99% 24.42% 130 

2_3lanes 3603 7593 12182 49 11.86% 8.92% 7.82% 110-90 

3_3lanes 1082 2634 1311 14 3.56% 3.10% 0.84% 110-90-60 

4_3lanes 2085 6699 8257 49 6.86% 7.87% 5.30% 110 - 90 

5_3lanes 782 2053 685 5 2.57% 2.41% 0.44% 110-90-60 

6_3lanes 45 146 1581 16 0.15% 0.17% 1.01% 110-90-60 

7_3lanes 82 216 6442 42 0.27% 0.25% 4.13% 110-90-60 

10_3lanes 138 602 378 11 0.45% 0.71% 0.24% 
110-90-60- 

40* 

11_3lanes 177 579 413 8 0.58% 0.68% 0.27% 
110-90-60- 

40* 

12_3lanes 24 65 2934 25 0.08% 0.08% 1.88% 
110-90-60- 

40* 

Total 30389 85080 155787 762 100.00% 100.00% 100.00%  

 

                                                
1 40 km/h is the speed limit imposed by the Italian Ministerial Decree 10 July 2002 in proximity of the 
crossover. However the decree states that, depending on the size of the opening in the barrier, the 
maximum speed limit at the point of exchange could be increased to 60 km/h. 
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Figure 27: Average length and duration of different work zones 

Accidents and work zones data were combined in order to assign number of accidents to 
each work zone during the period of road works. A total of 762 accidents with fatalities or 
injuries were recorded within the 30 389 work zones analysed. The frequency of each type of 
collisions caused by the work zone crashes are shown in Figure 28.  
 

 
Figure 28: Impact of type of collision on the frequency of fatal and injury crashes. 

The results show that the most frequent type of collision is rear-end (47%) and that rear-end, 
run-off and side collisions are the leading types for fatal and injury work zone crashes in Italy 
covering the 74% of the total work zone crashes. 

Figure 29 shows the crash frequency as compared to the frequency of the different work 
zones layout configurations.  
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Figure 29: Crash frequency as compared to the frequency of each work zone type  
In this chart the “frequency” of each work zone type is defined as: 
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Where: 

 nw is the number of work zones within a given layout configuration “w”; 

 Nw is the number of the different layout configurations. 

 L is the work zone length; 

 D is the duration of the work zone. 
 

7.3 Crash frequency evaluations 

According to the data structuring described above the following analysis was carried out on a 
sample of 30 389 work zones. The total dataset became 60 778 observations to address 
both the “pre-work zone” (baseline) and “during-work zone” periods in the ASPI network. The 
accidents occurring after the end of a work zone were excluded from the analysis because 
the maintenance and construction activities alter the roadway characteristics and therefore 
the expected crash frequency. 
 
The main variables considered for the analysis are the work zone layout configuration, the 
work zone duration, the work zone length, the AADT and the number of crashes occurring in 
the work zone.   
 
The traffic data available did not contain specific traffic counts within the work zones. In 
general traffic tends to decrease during the presence of the work zone as compared to the 
“pre-work zone” period especially for long duration work zones, as the road users tend to 
choose alternative paths to reach their destination. This is generally not the case in 
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motorways where alternative routes are usually not convenient, even if the work zone is 
installed. This analysis assumes therefore that traffic does not vary during the work zone 
period as compared to the “pre-work zone” period. Other researchers have also used this 
hypothesis (Khattak et al. 2000, Rouphail et al., 1988) in previous studies. 
 
During the 6-year period work zones begin and end at very different times and therefore the 
days of observations for the “pre-work zone” periods are often very different for each work 
zone (for example a road work started in 2012 would have 4-year recorded crash data more 
than one started in 2008). In order to solve the problems associated with identifying 
equivalent before periods, only one year of observations for the “pre-work zone” periods was 
considered.  
 
For the evaluation of the expected crash frequencies, the model proposed in the NCHRP 17-
45 project (Bonneson et al., 2012) for the inclusion in the Highway Safety Manual has been 
adopted. The proposed chapter for freeways used in this analysis has been approved by 
AASHTO for publication as part of HSM (Proposed HSM Freeway Chapter, 2013). This 
reference defines the estimate of the average crash frequency on freeway segments as: 
 

.........exp 21

])log[(   CMFCMFLN AADTCBA
 

where: 

 N is the crash frequency within a motorway segment (crash/year); 

 L is the segment length (km); 

 AADT is the annual average daily traffic within the segment (veh/day); 

 A, B, C are the regression coefficients: the coefficient B, as defined by the HSM 
chapter, is assumed equal to 1.492 and C is a scale coefficient applied to the AADT 
which is equal to 0.001; 

 CMFi are the Crash Modification Factors that account for specific site conditions. 
 
Because of the short average length and duration of the work zones, the number of 
accidents occurring within the motorway segments (in both before and after conditions) is 
very often equal to 0 and therefore a before/after analysis on the single work zones was not 
possible. The analysis was therefore carried out by grouping all work zones with the same 
layout configuration. 
 
For a given layout configuration “w” the coefficient Aw,b in the “before” period is calculated as: 
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were CMFw is the Crash Modification factor due to the work zone installation. 
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given the fact that all infrastructural parameters other than the work zone installation (and 
therefore all the CMFs other than CMFw) remain unchanged in the before and after period. 
 
Table 9 shows the “pre-work zone” and “during- work zone” crash frequency (N) per unit of 
length (1 km) and unit of  AADT (1000 veh/day), for a base condition (all the CMF other than 
CMFw are set to 1) for the different layout schemes. The same crash frequencies, together 
with the CMFW values, are plotted in Figure 30. 
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Table 9: Details of crash rates in the “pre-work zone” and “during-work zone” periods 

Scheme Nwb Nwa Awb Awa CMF 

7_2lanes 0.0150 0.0399 -4.20 -3.22 2.65 

10_3lanes 0.0212 0.0534 -3.85 -2.93 2.52 

11_3lanes 0.0159 0.0365 -4.14 -3.31 2.30 

12_3lanes 0.0324 0.0664 -3.43 -2.71 2.05 

6_3lanes 0.0128 0.0260 -4.36 -3.65 2.03 

3_3lanes 0.0138 0.0244 -4.29 -3.71 1.77 

6_2lanes 0.0121 0.0210 -4.41 -3.86 1.74 

10_2lanes 0.0107 0.0160 -4.54 -4.13 1.49 

5_2lanes 0.0153 0.0225 -4.18 -3.80 1.47 

2_3lanes 0.0120 0.0165 -4.42 -4.11 1.37 

3_2lanes 0.0081 0.0110 -4.81 -4.51 1.35 

5_3lanes 0.0132 0.0151 -4.33 -4.19 1.15 

4_3lanes 0.0134 0.0154 -4.31 -4.18 1.15 

7_3lanes 0.0176 0.0200 -4.04 -3.91 1.14 

1_3 lanes 0.0152 0.0172 -4.18 -4.07 1.13 

2_2 lanes 0.0150 0.0168 -4.20 -4.08 1.12 

1_2lanes 0.0152 0.0171 -4.18 -4.07 1.12 

12_2lanes 0.0183 0.0187 -4.00 -3.98 1.03 

 
 

 
Figure 30: Expected crash frequency (crashes/year) with and without the work zone 
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The main findings of the analysis can be summarized as follows: 

 the overall crash frequency, during the time when a work zone is installed on a 
motorway segment, is about 32 % greater than the crash frequency on the same 
motorway segments in the “pre-work zone” period; 

 the Crash Modification Factor (CMF) due to the work zone varies widely among the 
different layout configurations; 

 the highest CMF (2.65) is observed for the scheme “7_2lanes”, that is a crossover 
with partial diversion of the flow, with a single lane available for the traffic flow which 
is not diverted (Figure 31); 
 

 
Figure 31: Partial diversion of the flow, with a single lane available for the traffic flow 
which is not diverted. 

 

 the results also indicate that configurations “10_3lanes”, “11_3 lanes”, “12_3lanes” 
are the layouts with the highest CMF values. This result indicates that all layout 
configurations that involve a crossover (total or partial) are very critical and have the 
worst effects in terms of safety. 
 

These findings confirm similar results of previous researches (Pal et al. 1996, National 
Research Council 2007) that show that, in most cases, work zones with crossovers appear to 
have higher accident rates than work zones with simple lane closures. In considering these 
results is should be noted that full crossovers, on the other hand, allow for a safer 
management of the work zone area for road workers without the traffic flowing nearby. These 
type of layouts are also necessary for some type of work activities that require the full 
carriageway. 
Partial crossovers, on the other hand, are often used to reduce the backup queues than can 
be generated by the full crossovers in highly traffic sections that can cause a migration of 
crashes to sections before the work zone itself, as well as in situations where an interchange 
is included in the work zone area. 
 
In defining the optimal work zone configuration the road operators should consider all these 
effects. 
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