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Abstract: With more than 1.35 million fatalities worldwide each year, road crashes are among the world’s most significant public health and 

injury prevention problems. In the last decade, with the new technological breakthroughs, a significant effort has been devoted to improving 
different safety systems related to infrastructure and vehicles. Road marking and road signs represent main road elements whose main task 

is to provide timely and necessary information to the drivers related to the upcoming situation. In other words, they warn and inform drivers 

about the conditions and construction characteristics of the road, guide road users through the traffic network and regulate traffic in a safe 
way. Therefore, continuous monitoring and testing of their quality is of great importance for road safety in general. The a im of this paper is 

to present Croatian experience regarding the quality testing of road markings and signs in last decade. Overall, the analysis confirmed that 
systematic control of road markings and signs will positively affect their quality and optimize maintenance activities. 
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1. Introduction 

When looking at the road infrastructure, road markings and 

traffic signs are an integral part of it and represent the basic means 

of communication between the relevant road authorities and road 
users. Based on their classification, i.e., meaning, the purpose of the 

road markings and traffic signs is to manage, regulate, inform, and 
warn road users to ensure their safe movement throughout the 

transport network. [1] Thus, they represent important road safety 
elements whose presence may influence road users in a positive 

way and increase overall road safety. [2] 

Especially important role road markings and traffic signs play 

during conditions of reduced visibility in driver sees what the light 
from vehicles headlights lighten [3]. For road markings and traffic 

signs to be seen during such conditions, they must be 
retroreflective. Retroreflection is a measure of an object’s ability to 

reflect light back towards a light source along the same axis from 
which it strikes the object [4]. Therefore, to ensure adequate retro 

reflectivity levels both road markings and traffic signs should be 

periodically checked. Several methods of quality control and 
maintenance are used in practice such as visual inspections, typical 

service life or different measurement methods. Overall, worn, 
damaged and/or insufficiently retroreflective road markings and 

traffic signs have shown to be an influential factor to occurrence of 
road accidents [5,6] during low visibility conditions.  

Quality testing of road markings and traffic signs, according to 

EN 1436:2018 and EN 12899-1, includes various tests such as 
retroreflection and chromatic measurements, durability, resistance 

to weathering, accelerated natural weathering for traffic signs etc.  

Since in road traffic most decisions (90 %) are based on visual clues 
[7], form the safety point of view, the most important tests are those 

related to the visibility, i.e., retroreflection of road markings and 
traffic signs. Therefore, the aim of this paper is to present the 

impact of continuous control of road markings and traffic signs 
retroreflection on their long-term quality. The paper presents results 

of quality testing of road markings and traffic signs during last 10 

years in the Republic of Croatia with analysis and conclusions of 
collected data.  

2. Methods for quality control of road markings 

and traffic signs in Croatia 

Measuring retroreflection of road markings and traffic signs 
give the road authorities an inside look at how road marking and 

traffic signs perform, in which condition they are, and how well 
conductors do their job. This section provides a basic description 

for quality control of road markings and traffic signs performed in 
the Republic of Croatia. 

3.1. Road markings 

Retroreflection measurement of road markings can be done in 

two ways: static or dynamic measuring method. Static method 

refers to the use of hand-held retro reflectometer which enables the 
measurement of daytime and night-time visibility. The daytime 

visibility (Qd) according to European Standard EN 1436:2018 
(Materials for Road Markings – Characteristics) represents the road 

markings visibility observed at an angle of 2.29° at a distance of 30 
m under diffuse light, while the night–time visibility or 

retroreflection (RL) represents the retroreflection of a light beam 

from the tested surface at an angle of 2.29°, with a light inlet angle 
of 1.24° and at a distance of 30 m with low–beam headlights on a 

vehicle. Both are expressed in mcd·m-2·lx-1.  

Dynamic method includes the measurement of night-time 
visibility with dynamic retro reflectometer installed on the left or 

right side of measuring vehicle. The method allows continuous 
measurement of the night-time visibility of road markings while 

driving. Principle of measuring visibility at night with dynamic 

retro reflectometer is the same as in static measuring device. [8]  

In the Republic of Croatia, the conducted tests ensure 
prescribed quality of road markings which comprise [9]: 

− preliminary tests or convenience tests, 
− routine tests, 

− control tests, 
− additional control tests, 

− arbitration tests, 
− tests prior to the expiry of the defect’s liability period. 

 

Convenience tests include tests aimed at proving the 
convenience or suitability of a material intended to be used for 

applying road markings, based on the foretold type of marking and 
prescribed quality. Ongoing tests, conducted by the Works 

Contractor, determine the prescribed quality of material, and works 
performance. The tests comprise testing of the thickness of wet and 

dry paint layer, testing daytime and night-time visibility in dry 

conditions, testing night-time visibility in wet conditions (only for 
type II road markings − road markings with special properties 

intended to enhance the retroreflection in wet or rainy conditions) 
and slip resistance. 

Control tests, ensured by the Road Authority, determine 

whether the quality of the road markings system is compliant with 
the prescribed requirements. Mentioned tests comprise: 

− control tests prior to the application of road markings which 

include identification, that is, verification of compliance 

(chemical and physical tests) between the delivered samples 
of the road markings material and the information presented 

in the certificates. 
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− control tests during the application of road markings, which 
include testing of the drying time, the thickness of wet and 

dry layer, the quantity of retroreflective material (glass 
beads) in the material and visual inspection of road 

markings. 

− control tests applied on road markings, which include 

testing daytime and night-time visibility in dry conditions, 
testing night-time visibility in wet conditions (only for type 

II road markings) and slip resistance, as well as testing of 
the road markings geometry in terms of designed road 

markings width and length. 

Additional control tests are conducted only if control tests on 
applied road markings resulted in limit values, while arbitrary tests 

involve repeating the control tests, if the Road Authority or the 
Contractor did not conduct the tests appropriately. An authorized 

legal entity which has not taken part in the disputed tests, or which 

has been approved by both parties conducts the tests to determine 
the quality of applied road markings and its compliance with the 

quality agreed for the duration of the warranty period. 

4.2. Traffic signs 

The coefficient of retroreflection of traffic signs (RA) is defined 
as the coefficient of luminous intensity of a plane retroreflecting 

surface to its area or as ratio od returned intensity to incident 

illumination divided by area of the retroreflector. The metric unit 
for retroreflection coefficient is cd·lx 1·m2. [10] 

Retroreflection of traffic signs is measured by portable retro 

reflectometer containing an internal light source and a 
photoreceptor, and during the test they are placed on the surface of 

the sign to exclude the influence of daylight. Measurements with 
aforementioned device are performed according to European 

standards EN 12899-1: Fixed, vertical road traffic signs – Part 1: 

Permanent signs. Mentioned standard defines entrance and 
observation angles for different vehicle types and sign position. 

However common geometry implies an observation angle of 0.33° 
and entrance angle of 5°.  

During the quality check, retroreflection of each colour on the 

traffic signs should be measured and comply the minimum 
retroreflection defined in the EN 12899-1 for RA1 and RA2, or in 

Consiglio nazionale delle ricerche: Common understanding of 

assessment procedure (CUAP): Microprismatic retro-reflective 
sheetings, 2002. for RA3 for the sign to be technically valid. The 

coefficient of retroreflection (RA) of all printed colours, except 
white, shall be not less than 70 % of the values defined in the EN 

12899-1. [11] 

3. Decade of road marking and traffic signs quality 
testing in Croatia 

Department for Traffic Signaling at the Faculty of Transport 

and Traffic Sciences, University of Zagreb is conducting 
systematical measurements of road markings and traffic signs 

quality for over ten years on the roads in the Republic of Croatia. 

The department is an accredited testing laboratory (according to EN 
ISO/IEC 17025: 2017) for, among other, retroreflection 

measurements of road markings (both static and dynamic method) 
and traffic signs. To ensure the analysis of the conducted 

measurements, Department has developed softwares called 
Retroreflection and SmartGis where all the results from current and 

previous measurements are stored. Softwares also provides insight 
into detailed data about each road marking and traffic signs such as 

status, GPS coordinates, positions, type, materials, pictures etc. The 

following paragraphs will show the aforementioned measurement 
results in last 10 years in the Republic of Croatia. 

3.1. Quality testing of road markings in Republic 

of Croatia 

Control tests which determine whether the quality of the road 
markings system is compliant with the prescribed requirements are 

in Croatia conducted by a dynamic measuring device. The road 

markings are measured continuously within the measuring area and 
their average value is recorded for every 25, 50 or 100 meters, 

depending on the predefined settings. The measurements are 
conducted for two reasons: 1) with the aim of determining the road 

markings that need to be renewed (after winter period) and 2), after 
the renewal of the markings when it is necessary to carry out the 

control of the contractors. The aforementioned measurements have 
been conducted on state road and highways (both private and 

national).   

3.1.1. State roads 

Figure 1 shows map of all state roads in Republic of Croatia, 

which are, according to Croatian law, defined as important routes 
for road traffic between various parts of the country and as such 

represent secondary level roads (roads category below motorways). 
The length of state roads in Republic of Croatia is slightly longer 

than 7.307 km. 

 

Fig. 1 State roads in Croatia [13] 

Together with the state roads authority, measuring plans are 

developed each year depending on the maintenance priorities of 
road authority, their budget and road safety data. Table 1 shows 

measurements that were part of long-term check plan in Croatia.  

From the table it can be concluded that in ten-year period (from 
2010-2020) a total of 99.846 km of road markings was measured. 

There has been a total of 63.995 km of new lines (contractor 

control) and a total of 35.851 existing lines that were measured. All 
these measurements have been conducted to complete quality 

control plane made from Croatian Roads and creating a master plan 
to achieve visibility with minimal cost of renewal.  

 
Table 1: Total number of measured kilometers of road markings on state 

roads in Croatia 

Period 

Total measured kilometers 

Total (km) New lines (km) 
Existing lines 

(km) 

2010-2011 14.096 9.614 4.482 

2011-2012 17.918 8.372 9.546 

2013-2014 13.591 9.354 4.237 

2015-2016 23.377 17.414 5.963 

2017-2018 10.453 7.394 3.059 

2018-2019 10.043 4.262 5.781 

2019-2020 10.368 7.585 2.783 

Total 99.846 63.995 35.851 
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Overall, when looking at the average values of retroreflection of 
all measured renewed markings on state roads in Croatia (Figure 2), 

it can be noticed that values increased each year during the last 
decade. Although the average values each year increased by few 

percentages, the overall increase from 2010 to 2020 is around 13 %. 

 

Fig. 2 Average value of retroreflection of road marking on all state roads by 

year 

3.1.2. Motorways 

Motorways in Croatia are the main transport network in Croatia. 

There are three network operators of which two are founded by 
government and one by joint venture. Operator BINA Istra oversees 

motorways A8, A9 (142 km), Highway Zagreb-Macelj (AZM) is in 

charge for highway A2 (62 km), and Croatian motorways (HAC) 
are in charge for A1, A3, A4, A5, A6, A7, A10 and A11 (1219 km). 

The motorway network of Republic of Croatia is presented in the 
Figure 3. 

 
 

Fig. 3 Motorways in Croatia [13] 

Table 2 shows conducted measurements on motorways in 

Croatia during a ten-year period. From below, it can be seen a 
systematical increase in total number of measured kilometers, as 

well as involved motorways. Unlike state roads, motorways under 
jurisdiction of HAC, were not measured systematically and 

continuously. On the other hand, motorway A2 (AZM) was 

measured systematically since 2013, as shown in Table 2. For this 
reason, below will be presented data obtained by measuring road 

markings on highway A2 (AZM). 
 

 

 

Table 2: Total number of measured kilometers of road markings on 

motorways in Croatia 

Period 

Total measured kilometers on motorways in 
Croatia 

HAC AZM 

2011-2012 5.217 km  

2013-2015  663 km 

2016-2018  707 km 

2019-2020 19.408 km 709 km 

Total 26.705 km 

Average value of retroreflection on new road marking on 
motorways under the jurisdiction of AZM (Highway A2) at first 

two years was 296 mcd·m2·lx-1, in following two years was 358.5 
mcd·m2·lx-1, and during last two years was 429.5 mcd·m2·lx-1 

which indicates 17 % increase and 16 % within the observed period 
(Figure 4). 

 

 
Fig. 4 Average value of retroreflection on highway A2 (AZM) 

3.2. Quality testing of traffic signs in Republic of 
Croatia 

As mentioned earlier, retroreflection of traffic signs is measured 

using handheld retroreflectometer device in accordance with the 
European and National standards and specifications. Expect the 

retroreflection, technical characteristic such as height, distance from 
the edge, compliance of signs with Regulations, etc. are also 

analysed. Measurements in state roads and motorways were carried 
out with the aim of creating a database of traffic signs, determining 

quality of traffic signs and with the aim of determining the priority 
of maintenance, i.e., replacement of dings that do not meet the 

prescribed criteria. 

3.2.1. State roads 

As mentioned earlier the length of state roads in Republic of 

Croatia is slightly longer than 7.307 km. In period 2013. – 2020. a 
total of 150.981 traffic signs have been measured and collected. 

Quality testing of traffic signs was conducted at 6.954,238 km, 
which represent 97 % of all state roads in the Republic Croatia. In 

total of 150.981 traffic signs that are collected, 27.428 traffic signs 

are warning sings, 38.787 are mandatory sings, 42.257 are 
information signs, 7.828 are guidance signs, 9.217 are additional 

panels, 24.042 are classified as road equipment and 1.235 are 
without code (Грешка! Източникът на препратката не е 

намерен.5).  
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Fig. 5 Total number of analyzed traffic signs classified by meaning on state 

roads 
 

The analysis of the retroreflection material from which traffic 
signs are made, showed that 99.576 signs are made from class I, 

40.943 from class II and 10.462 from class III (Figure 6).  

 

Fig. 6 Total number of analyzed traffic signs classified by class of 

retroreflective material on state roads 
 
As year of production and implementation was recorded during 

the quality control, the average age of traffic signs was calculated. 
As shown from the Figure 7, average age of class I signs was 8.08 

years, class II 6.87 years, and class III 5.67 years. In total, average 
age of traffic signs on Croatia state roads is 7.54 years. 

 

 
Fig. 7 Average age of traffic signs by class of retroreflective material 

(years) on state roads 
 
Total percentage of traffic signs classified by class of 

retroreflection material that meet or do not meet the minimum value 
of retroreflection which can be seen from the Figure 7. From the 

Figure 8 out of 99.576 signs made of class I, 75.722 of them meet 
minimum retroreflection values. From 40.942 signs made of class II 

material, 32.455 of them meet the minimum values. Also, 12.318 
traffic signs made of class III meet the minimum values. 

 

 
Fig. 8 Total percentage of traffic signs by the class of retroreflective 

material that meet and do not meet minimum retroreflection values on state 
roads 

3.2.2. Motorways 

There is a total amount of 8.257 traffic signs on motorways 

under jurisdiction of HAC in Croatia. By that means that on 
motorways A1, A3, A4, A5, A10 and A11, out of total traffic signs, 

the most numerous are of information signs (C) with percentage of 
35.25 %. Following are mandatory signs (31.20 %), guidance signs 

(14.06 %), additional panels (7.79 %) etc. (Figure 9). 

 

Fig. 9 Total number of analyzed traffic signs classified by meaning on 
motorways 

The analysis of the retroreflective material from which traffic 
signs are made, showed that 7.59 % of all signs are made from 

Class I, 89.66 % from Class II and 2.75 % from Class III material 
(Figure 8). Croatian regulations for motorways demand only several 

signs to be made from Class III material, majority of the signs must 

be made from Class II. Although according to regulations, there 
should be no Class I signs on motorways, their share is relatively 

small (7.59 %). 

 

Fig. 10 Total number of analyzed traffic signs classified by class of 

retroreflective material on motorways 
 

Regarding the age of traffic signs on Croatian motorways, 
average age of traffic signs is almost 11 years (Figure 11). Average 

age of traffic signs that are made from Class I is 9 years, Class II is 
11 years and Class III 7 years. 

INTERNATIONAL SCIENTIFIC JOURNAL "TRANS & MOTAUTO WORLD" WEB ISSN 2534-8493; PRINT ISSN 2367-8399

28 YEAR VII, ISSUE 1, P.P. 25-29 (2022)



 

Fig. 11 Average age of traffic signs by class of retroreflective material 
(years) on state roads 

Analysis of traffic signs according to the coefficient of 
retroreflection showed that the general condition of signs on 

motorways is satisfactory. 71.9 % of signs placed on the highway 
meet the minimum requirements of retroreflection and 28.11 % do 

not meet the minimum requirements of retroreflection. Of the total 

number of traffic signs, most traffic signs that meet the minimum 
requirements of retroreflection belong to traffic signs made of Class 

II. For traffic signs made of Class III, 2.31 % meet the minimum 
requirements while only 0.44 % do not meet the minimum 

retroreflection requirements (Figure 12). 

 

Fig. 12 Total percentage of traffic signs by the class of retroreflective 

material that meet and do not meet minimum retroreflection values on state 

roads 

4. Conclusion 

Traffic signalization is an integral part of every modern road 

and as such is a basic means of warning, regulating, guiding and 

informing traffic participants. The importance of traffic signals for 
the safety of the traffic system is especially evident in conditions of 

reduced visibility when drivers almost completely rely on traffic 
signals as the main source of information. Modern road traffic 

demands safe movement of users under normal circumstances and 
especially at night and/or in circumstances of reduced visibility. 

Quality solutions in the field of traffic signalization, especially 
traffic sings and road markings, can be achieved with relatively 

small investments and continuous maintenance.  

In Croatia, retroreflection measurement of road markings and 

traffic signs are conducted by the Department for Traffic Signaling 
at the Faculty of Transport and Traffic Sciences for more than ten 

years. Methodology of measurement is based on the European and 
National standards and specifications. Benefits of this whole system 

are numerous. Some of them are, that this kind of system provides 
are reduction of maintenance cost, optimization of road 

maintenance activities, it provides up-to-date database, optimization 

of road maintenance patrol schedule, new information generated by 
maintenance patrol. System is useful in legal disputes, property 

protection and provides increase regarding of the road safety. Thus 
affects the safety of drivers, especially when driving in adverse 

weather conditions. Proof of this are the results of measuring the 
quality of road markings on state road as well as on motorways in 

Republic of Croatia. According to the presented results, it is visible 
that the level of retroreflection of road markings is continuously 

increasing during the measurement years. Several studies have 
shown a positive effect of quality maintenance of traffic signs and 

road markings on general road safety. The United Kingdom's 
Traffic Safety Foundation has issued a report on road safety 

monitoring on main roadways in 2013. The analysis has shown that 

traffic signs and road marking are one factor contributing to 
increased safety on seven out of ten analysed roads, leading to an 87 

% reduction in overall number of injured. [12] 

The collected results show that systematic road markings and 
traffic signs control plan can lead to the increase in their quality and 

thus results in more efficient maintenance system and improved 
visibility which ultimately leads to safer roads. In accordance with 

that, it is safe to say that constantly quality testing of road markings 

and traffic signs, can increase road safety. In addition, the lack of 
proper maintenance effectively cancels the safety benefits that can 

be gained through new vehicle technologies like ADAS systems, for 
instance Lane Departure Warning Systems (LDWS). Also, it is 

estimated that by 2025 at least half of the vehicles on Europe’s 
roads will have some ability to “read” the road ahead. These 

vehicles will not work properly if the road markings and lines upon 
which they rely are not maintained to a high standard. 
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