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Abstract: The focused effort of European Union in a formsefety improvement as one of the essential quality
attributes of a transport system was reflectedeireral legal norms governing the conditions forhealement of this
system. Road infrastructure is no exception, wheles and principles of safety shall be appliedhia process of its
preparation, implementation and within the operag well. The Directive 2008/96/EC on road infraciure safety
management has defined the basic framework foropaence of individual procedures, which was trassgdainto
national legislation and gained detailed outlifesugh adoption of the Act on road infrastructweitety management
and related decrees.

1 Introduction through the safety inspection shall be applied iwithe

Based on the provisions of the legislation, follogi Performance of the safety audit and impact assessme
procedures are considered as elements of rodfis fact presents the safety inspection as a fuedéal

infrastructure Safety management: issue as the quallty of its OUtpUtS affects thellt;uaf
- road safety impact assessment (heremaﬂ@ther safety management procedu_res. Therefc_)resttye _
Impact Assessment), needs to be given more attention and this artisle i

- road safety audit (hereinafter Safety Audit), considering what could contribute to improvementhaef

- safety management and inspection on road ffatus quds], [4].
operation[1], [2]. . .
2 Approaches to implementation of safety
Impact assessment means a comparative analysis of inspection
the impact of a new road or a planned substantial The content and form of implementation of safety
modification to the existing network on the safetyinspection depend on the choice of approach apjfiied
performance of the road network. The impact assessmassessing the safety level of existing roads. Basic
shall be carried out within the investment plae, before attribute, which affects the decision about theiahof
the development of detailed project documétifg2]. approach, is the difference between perceived and
Safety audit’ means an independent, systematic antiserved level of safety. Preventive approach ® th
technical safety check relating to the desigperformance of safety inspection is aimed at théogie
characteristics of a road infrastructure projeca ptanned detection of deficiencies (perceived level of sgfet
substantial modification to the existing road hgveifect which are present on the entire considered network
on the traffic flow. Procedures related to the gerfance without a detailed analysis of accidents occurmedhie
of safety audit shall be carried out from the phafsad past. This type of safety inspection is mandatory,
planning to the phase of its operat{eh conducted at least once every three years on ctibse
Safety management and inspection of road iof road corridors that are part of the TEN-T networ
operation is a procedure comprising of regulaActive approach to the implementation of the safety
verification of characteristics and deficiencie$iigh due inspection lies in the identification of shortcomn
to the safety reasons require maintenance wo(kbserved level of safety) resulting from the asislyof
(hereinafter Safety Inspection) and classificationfs the accident rate and from the outcomes of theetrtgm
sections with high accident rate, or classificatioof at black spots, which are based on the classidicabf
network safety3]. sections with high accident rgg, [5].
The classification of high accident rate sectioss i
Each element of the road infrastructure safetgresently carried out by the Slovak Road Admintsira
management represents an independent procedung, b&n motorways, expressways and on the I. and Ikscla
understood that the knowledge and principles ifledti roads as well. Procedures for the management and
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inspection of road safety do not apply to road @élsinit is  indicates that the list is also including the sitgkere the
necessary to distinguish between the safety ingmeahd high number of accidents (or a smaller number of
maintenance, or repairs on roads. Maintenanceepadrs  accidents with a higher severity) was recorded @y
mean regular process of checking of equipment amdsult of seasonal variation. In other words, tbepe of
elements of roads and their subsequent repairexifisd  actions includes also road sections, where the eumb
in technical regulations. The maintenance and repdi accidents in the past and likely in the future &l will
roads may be performed by persons, who do notfgualinot be that high. The second reason is that trer@ni
for the performance of safety inspections refetoeith the absence of a procedure allowing the prioritisatmi
regulationg4, [5]. sections and measures with the greatest expecteitse

Active approach to the performance of the safetiyn terms of social costs savings. It is becaustheflack
inspection starts with a systematic collection aftad of resources why there is a need for optimisatwmich
enabling the identification of problem areas. Theseould allow to implement a set of measures withhbij
problem areas include sections with high accidete r benefits. Based on the latest knowledge in thisl fithe
(hereinafter black spots), which are characterisfith mathematical modelling is being preferred, which
high concentration of accidents compared with otheliminates the shortcomings of the current procesiii,
sectiongs). [6].

In Slovakia, the evaluation of the safety of thado
network is presently carried out by the Slovak Roa8 Definition of black spots
Administration, which annually processes and ptielsa First of all, for the purpose of formulation of the
list of black spots on motorways, expressways anthe problem it is necessary to determine criteria $piag an
I. and Il. class roads. The identification is basedthe appropriate definiton of a black spot. Research
assumption that accidents are homogeneously digtdb institutions are dealing with the determination tbése
all over the road network. They are using one patem criteria for more than 25 years. One of presentyaasa
Poisson probability distribution characterized objythe (Madsen, 2005) suggests following criteria for kevant
mean value calculated as the arithmetic averageef definition of a black spot:
number of accidents in previous year per standamdth 1. Checking of random variations in the number of road
(e.g. 1 km) of the roaf). accidents.

Based on the presently used method, the defingd Considering as many known factors affecting thelroa
frequency distribution will return the value of a safety as possible.
cumulative probability of exceeding a certain diser 3. Identification of sites with extremely high sharé o

number of traffic accidents, a so-called criticafber of fatalities and severe injuries.
accidents at a particular level of significancethé value 4. |dentification of sites with local risk factors agtd to
of the distribution function of a Poisson distrilomt construction layout and traffic control significhnt
beyond the critical level of the number of roadideots contributing to accident rate.

exceeds the level of significance, the methodology
evaluates the section as a black spot. For their The first criterion implies that the identificatioof
classification they are also using the recordedvemof plack spots should be based on the expected nuaiber
accidents and their consequences in a form ofuheaf traffic accidents, as opposed to actually recorded.
products of the number of fatalities, heavy anditlig practice, however, it appears to be much morecditfito
injuries and corresponding values of economic Bssese the expected number of accidents, since itatae
from damage to life and health and the overall nalte recorded but only estimated. Nevertheless, at ptese
damage estimated by the pol[&g [6]. there are methods that make it possible to prodde
After the process of selection of high risk roadyualified estimate (empirical Bayesian method).
sections measures are implemented, depending on the
funds available and their cost. A specific typemafasure The second (or the fourth) criterion also assurhes t
is based on recommendations of experts from thgeseb utilisation of Bayesian method for the identificati of
road managers or other entities (e.g. Police)ahaaware black spots, which is supported by a multi-dimenalo
of the conditions at risky road sectidék model of accident rate forecast. The developmena of
The efficiency of measures is not examined in a wayiodel can consider several factors to explain syastie
to be able to estimate benefits in a form of sasimg variations in accident rates (volume of traffic,
socioeconomic costs (e.g. reduction of the numbevaal  characteristics of the construction arrangement and
accidents, emissions, noise, etc.), but to solve tklements of traffic control). Of course, it is ualistic to
problem. Whereas the funds available for this psepare expect the model to produce exactly accurate estsna
low, typically it is concerning low cost measuresg( since it does not include all the factors (locadks)
modification / renewal of road markings). This aggmh because of their specific nature. The third criteron
cannot be considered as systematic for two maisorea assessing the severity of the accident clearlestétat
The current method for determining risk sections
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the decision-makers are trying to eliminate acdisl&ith number of accidents each year due to extreme tatatis
serious consequences. fluctuations. Therefore the definition of a blackos
should read as follows: Black spot is a locatiorthwi

The systematic use of empirical Bayesian method faxpected higher number of accidents than at sirsitas

estimating the safety of an infrastructure cursentlas a result of local risk factors. Black spots identified

represents the pinnacle of the state-of-the-amréieal from a known sample set of sites representing the

knowledge focused on the management of black spmts monitored road network in the Slovak Republic.

on the management of road network safety. Following The condition of similarity of sites is assessetkims

important elements arise from the latest knowledge: of interpretative values of models for the foreaafsthe

- Black spots should be defined on the basis of éggdec accident rate. Two sites can be regarded as siinikase

and not recorded number of road accidents. that thgy _have, for example, the_ same traffic vcdam
- Black spots should be identified by a clearly dedin speed limits, same number of driving lanes, etahWvi
core set of sites, the identification of black spots, the comparisoithw

- It discourages the use of continuous validatiofther similar sites ensures that the interpretafaators

approach, which artificially increases the variatin ~ included in models for forecasting may be regulated
the number of road accidents. Regulation of these factors is important because fitot

— In order to estimate the expected number of actiglenth® purpose to identify a black spot only becadsegher
multi-dimensional models for the forecasting of thdraffic volumes. It is logical that the risk of atcident
accident rate should be developed. grows with the increasing traffic. - o

- The best estimate of the expected number of traffic The above mentioned theoretical definition of ackla
accidents for each site is derived by combining thgPOt Shows that the method that can reliably idgtiiese
recorded number of traffic accidents with the moddPcations is only the one that allows to determihe
estimates for this site. Empirical Bayesian methotfnPact of the three main factors on the expectedes
should be applied within this procedure. of accidents. The empirical Bayesian method mdwtset

- Interpretation of alternative critical values fonet requ_l(;emednts, but it is p035|ble” that r:)therh procesiu
expected number of accidents, which further specifi Provide adequate outputs as well. On the other hiaed
the site as a black spot should be investigatéerins empirical Bayesian method allows to relativize #fifect

of sensitivity and special characteristics, wheraas ©f Stochastic fluctuations, general and local fexto
optimal criterion should be selected. Empirical Bayesian approach was developed by Ezra

— Traditionally used criterion for black spots, which Hauer and it can be used for estimation of ObJeCt'\.’
the trend in the accident rate, has not been coafir estimates of a long-term expected number of traffic

Analysis of accidents at black spots is best comcki accidents for the individual elements of the rogsten,

in terms of making hypotheses about the factor%UCh as specific intersections or road sectionds Th
contributing to accidents method allows elimination of systematic errors thet

~ The black spots analysis should consider th%ttrlbutable to random fluctuations in the recorded

possibility that the result of a random option i number of road accidents (errors due to a phenomeno

. X . Yvhen each variance returns back to normal). Theee a
an apparent behaviour pattem. Binomial tests Shouseveral variants of empirical Bayesian approach thed
be applied to determine the probability that aaert P Y pp

; . : most sophisticated of them estimates the number of
number of a particular type of accident is merely a_ . I
accidents through the combination of knowledge

result of a chance. .

_ The black i vsis should the blind iest extracted from two sources:
€ i ac‘thSEc)r?S analysis s ouf useh .Gf[ In .t:ﬁ ’f . The multidimensional model for the forecast of
count wi € companson ot such sites with Saf€ ..;qent rate, which describes the normal level of

sections. The aim of the analysis is to identifgkri

factors for th f dent d th safety and the effects of variables that are affgat.

actors tor the occurrence of accidents and theqoer The most common form of the forecasting model is

performing this analysis should not be familiar the negative binomial regression model

whether. itis concerning a black spot or not, . Recorded number of accidents for a specific site
— Evaluation of the effects of black spots treatment during the same period as used within the setting o

should be based on empirical Bayes scheme before .o model for forecasts of accident rate

and after the implementation. '

Current definition of a black spot is insufficiantthe .
P 4  Conclusions

theoretical point of view because it is based oe th c ¢ rends i hoin thi d
recorded number of road accidents (history of asbver urrént trends in research in this aréa are drawn
towards the prediction of expected effects of the

events on short sections of road infrastructurewéver, . | tati ¢ acti b ¢ math tical

it is considered as effective to identify thosesitwhere implementation of actions by means of matnématca

there is expected (estimated) an abnormally highbeu statistical methods and on the basis of relevata. dene

of accidents and not the sites with a presenceigi h estimate Of. effects of a particular measure can be
quantified if we know the costs related to its

~3~

Copyright © Acta Tecnologia, www.actatecnologia.eu



& Acta Tecnologia - International Scientific Journal about Technologies

S
g.? 4 Volume: 1 2015 Issue: 1 Pages: 1-4 ISSN 2453-675X
> ;

&

EMPIRICAL APPROACHES OF ROAD INFRASTRUCTURE SAFETY MANAGEMENT
Roman Ondrejka; Pavol Kajanek; Lenka Moravcikova

implementation as well as the benefits in the fafra on the other hand, more complex and thorough. Bhe s
reduction in social costs, which represent a mayetacalled full Bayesian method can be also considered,
effect of the accident rate at given site / roadtise, which an extension of the empirical Bayesian meikod
where that measure is being implemented.
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The group of sites without implemented measure can
be identified retrospectively and used for the
consideration of changes in the level of safety tue
factors other than the measure itself. In this mgtnere Review process
are several types of observational effectivenesdiest, Single-blind peer reviewed process by two reviewers
which differ from each other by the usage of a nt
group for consideration of confounding factors. \Kai
effectiveness method includes a simple compari$oheo
frequency of traffic accidents before and after the
implementation of the measure without considering t
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deficiency is the reason why the method is not iciemed
credible. There are two methods - comparing group’s
method and full Bayesian method - for the derivatid
the modifying factor of the accident rate from theasure
effectiveness study. The method of comparing grasijps
simpler way compared to the empirical Bayesian ihat
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