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DEFINING AND ASSESSING THE LEVEL
OF RAILWAY TRAFFIC SECURITY

BuzHaueHo 1 moka3aHo MoJesb IHTeprpeTalii HaJ3BUYaiHUX CUTYalil sIK GakTopa Oe3MeKH 3ai3HUYHOTO PYXy
Ha IpUKIaai cepOChKUX 3ali3HUIb. CTaTTS MOXKe OyTH KOPHCHA yCiM, XTO IIIKaBUThCA MpodiieMamMu Oe3MeKH 3aii3-
HUYHOT'O TPaHCIIOPTY.

OmnpezeneHa U Moka3aHaT MOJIC]b HHTEPIIPETAI[MH YPE3BbIYAMHBIX MPOMCIICCTBUI Kak (pakTopa 0e30macHOCTH
YKEJIE3HOJJOPOKHOTO JABMIKEHHUSI Ha MpUMepe cepOCKHX kKelle3HbIX A0por. CTaThss MOXKET OBITh MOJIE3HA BCEM TEM,
KTO CTJIKHBAETCsl C MpobiieMaMy 0e30MaCHOCTH HKEIE3HOJOPOKHOTO TPAHCIIOPTA.

The paper defines and shows a model of interpreting casualty occurrence as a factor of operational safety and
risk of the rail traffic. A special emphasis is put on assessing the level of rail traffic safety on the example of the
Serbian Railways. The paper may be useful for all those who deal with the tasks of rail traffic safety.

Introduction to the problem

Every kind of traffic is connected with the oc-
currence of risk which can have grave conse-
quences for the security of people and material
resources. The risk increases with the increase of
speed at which the traffic operates. Outdated tech-
nical means, inadequate organization (regulation
and control) of traffic, incomplete knowledge and
application of legal and traffic-technical regula- Fig. 1. A set of different occurrences in a railway system
tions also contribute to the increase of risk.

The safety of railway traffic is further endan-
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gered by a number of different emergencies, which /—-__
are considered to be occurrences that cause at least By
one of the following consequences: death, serious
injury or risk to life, material damage to vehicles,
railway lines or goods, as well as interruption of

train operation. U
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The model of defining security of and risk t
of and risk to traffic in a railway system Fig. 2. The interrelation between safety

The safety of railway traffic is first of all condi- (Byg — the lower limit of the lowest allowed level)
tioned by reliable and safe train running and per- and risk (U g — the upper allowed level of risk)
forming a variety of traffic-technical operations in to traffic in which:
which a great number of both different technical V is a subset of emergences, i. e. unsafe state of individual
means (vehicles, railway lines, signaling and tele- elements of Sy, with corresponding m-cases of unsafe
communication means, etc.) and railway staff par- operation b is a sub-group of safe state occurrences
ticipate. All these factors are mutually linked in the of individual elements of Sy, with corresponding
process of transportation. (n—m) cases of safe state, n being a total number

Every human error or failure of a device (due to of occurrences (states) in Sy

its malfunction, faulty operation or improper use)
may break that chain process and cause an emer-
gency (V) which endangers safety (B) due to a risk
(V) to traffic in a railway system ( S, ), which can n

The probability of risk to security is

be presented by the model shown in fig. 1 and 2. while the probability of security is
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As B+U =1,i.e.

. n-m
B=1lim
Nn—o0 n

-1,
m—0

It is obvious that the security of traffic is en-
dangered, which leads to the theoretical assump-
tion that security increases with the decrease of
risk, and vice versa (fig. 2).

Causes of risk to railway traffic safety

As for the emergencies which endanger the
safety of railway traffic system, we can say that
those are occurrences which have a mutual cause-
and-consequence interrelation. It means that the
occurrence of an emergency is conditioned by the
existence of a certain cause (U, ) leading to certain

consequences (P,) in certain space and time,

which can be shown by the following functional
interdependence:

R, =f(U,)

in which the cause is the independent variable, and
the consequence is the dependent variable.

The causes are certain states of insecurity (risk)
within the elements of railway system or its sur-
roundings, which at certain points in space and
time represent the reason causing the occurrence
of an emergency.

According to their major characteristics, the
causes of emergencies can be shown in the form
of a set of four basic groups of causes

U, ={Ug.UnUp U, |-

U, — represents a subset of causes referring to

the human factor (the so-called «man» factor)
which originate from the personal mistakes of
workers performing their tasks irregularly and
badly within their work, i. e. the working process
in railway traffic.

U, —represents a subset of all technical causes

which originate from the condition of railway
technical means (tracks, cars, locomotives, signal-
ing, etc.) due to their different technical defects,
faults and malfunctions, which belongs to the
group of so-called technical factors.

U, — represents a subset of causes which

originate from the transportation items due to the
insecure condition of cargo in cars, or the danger-
ous actions of passengers aboard.

U, — represents a subset of causes which

originate from various harmful influences and ef-
fects of surroundings on the elements and compo-
nents of railway system, such as the so-called natu-
ral causes (earthquakes, floods, landslides, ex-
tremely high and low temperatures, etc.).

The consequences are harmful changes of con-
dition which occur in certain elements of railway
system, caused by the effect of certain factors ac-
companying emergencies.

According to their character and degree of se-
verity, consequences of emergencies are divided
into the following five basic types:

1. Deaths (of passengers, railway workers,
and other people) are the consequences with the
highest degree of severity.

2. Serious injuries.

3. Slight injuries.

4. Major breakdowns of traffic (disruption of
train movements, etc.) expressed by the duration of
disruption measured in hours.

5. Material damage (extensive or slight) done
to the track, vehicles, goods and other railway in-
stallations.

All elements or components of railway traffic
system influencing the state of its safety can be
called the factors of railway traffic safety.

The basic factors of railway traffic safety are
technical means with their technical and functional
possibilities (technical factor), and workers who par-
ticipate directly in railway traffic operation (human
factor). The other factors referring to the effects of
surroundings and transportation items may also have
an important influence on railway traffic safety.

Assessing the level of railway traffic security

The traffic is endangered if there are risks to its
functioning, if people’s lives are in danger, and if
there is damage to goods and railway technical means,
which leads to the occurrence of an emergency.

The assessment of railway traffic safety level
may be expressed by a certain set of safety pa-
rameters in railway exploitation; however, we are
going to mention only some of them.

The basic assessment of traffic safety level may
be expressed by a probability of emergency occur-
rence in train operation as

and should be as low as possible.
Sy (106 train kilometers) being the average

number of train kilometers covered between the
occurrence of two emergencies.
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Here are some of the parameters used for as-
sessing the level of safety:

1. Comparison of increments: the total num-
ber of emergencies (N,) and their increment

(£AN ) according to the basic types for a certain
time period compared with the previous period
(N,) in the form of:

Increment rate of emergencies

N
de ZN_TIOO%

where the total number of emergencies (Nq4)
is the sum of following emergencies:

N\,d:NquNn+N|O|O+Nen+NS

N, — accidents; N, — trouble; N — disturbance;
N pp

gency caused by a natural catastrophe due to the
effect of surroundings.

Coefficient of occurrence of individual emer-
gencies according to the severity of their risk:

— emergency at level crossings; Ny, — emer-

K :Nu+Nn+NpP+Nen+Ns

- N vd N vd Nvd N vd N vd

Ky =Ko + Kiyn + Ky + Ken + Kys =1

upp

where, according to the degree of risk, the most
severe coefficient of emergency occurrence is:

Frequency of emergencies:

G, - Nyg (emergencies)
L, \ train km
number of emergencies for each kilometer of ex-
ploited track length or railway network.
Degree of risk to railway traffic safety caused
by accidents:

B N, - accidents J

, -10°
Sugv_ ’ 6. -
~NL 10°train km

2NL — total number of covered train kilometers on
a line or in a railway network.

Degree of risk to safety caused by locomotive
defects ( Ny ):
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_ Ng -10°  locomotive defects
4 ML { 10°locomotive km )

Degree of risk to safety caused by car de-
fects (N ):

~ N '109( car defects j
uk — :

NS | 10°coach km

Degree of risk to safety caused by rail break-
age (Nis):

B N|s'106 rail breakage
“STSNL | 10%train km )

Degree of risk to passenger safety:

~ 10° - Nusp [killed passengersJ

S =
o AL | 10°passenger km

Nysp — total number of passengers killed in rail-

way transport; XAL (pkm) — total transport ex-
pressed in passenger kilometers on a line or in a
railway network.

Degree of risk to traffic safety at level crossings:

N pp 106 [ emergencies J

S =
Hbpp SNL {10%train km

Degree of risk to safety in relation to realized
transport in passenger traffic:

Ny -106(

prs =

emergencies
TAl '

10° passenger km

Degree of risk to safety in relation to realized
transport in goods (freight) traffic:

~ Nyg 10° ( emergencies j
o ZPI 10°ntkm /)

Degree of risk to traffic safety in relation to to-
tal realized exploitation (in train kilometers):

Ny -106[ emergencies j

Ubs TSNL 10%train  km

Degree of risk to traffic safety in relation to
train collisions:

B NSC-106(

S emergencies
usv ZAL *

106passnger km

Degree of risk to traffic safety in relation to
train derailments:



s N;, -10° [ derailments
o INL (10°train km )

Degree of risk to traffic safety in relation to
rail cracks:

SuIs

B Nrc'lO6 rail cracks
INL (10°train km )’

Degree of risk to safety in relation to realized
transport in gross kilometer tonnage:

usbr =

Ny -106(

emergencies
*QL '

10®gross km tonnage

On the basis of the above mentioned, as well as
some other, parameters of traffic safety, it is possi-
ble to assess the safety level, and to compare the
realized safety levels on individual railway lines or
railway networks, i.e. among the railway depart-
ments of national railways in individual countries.
Table shows the level of traffic safety realized in
Serbian Railways through some qualitative safety
parameters in the years of 2001 and 2002.

Table
Traffic safety in Serbian Railways
Parameter Unit Year
2001 2002
G, Emergencies, kilometers 0,188 0,167
Sugv Accidents, 10° train kilometers 2,500 1,760
Sibp Killed people, 10° train kilometers 5,020 5,120
S Locomotive defects, 10° locomotive kilometers 202,600 233,000
SuIDpp Emergencies at level crossings, 10° train kilometers 4,700 5,400
Shps Emergencies, 10° passenger kilometers 0,730 0,640
Sie Emergencies, 10° net kilometer tonnage 0,400 0,320
Sucor Emergencies, 10° gross kilometer tonnage 0,180 0,170
Suos Emergencies, 10° train kilometers 32,200 32,700
Susr Train collisions, 10° train kilometers 0,250 0,040
S Train derailments, 10° train kilometers 1,420 0,910
Sui Rail cracks, 10° train kilometers 20,100 16,600
Conclusion BIBLIOGRAPHY

Practice, facts and practical knowledge tell us
that solutions leading to the increase of railway
traffic safety level should be sought in decreasing
the degrees of risk that originate from individual
elements of the system, which may be achieved by
improving the working order of technical means,
establishing an adequate working organization,
introducing modern technical means for regulation
and safety, and, finally, by effective control and
supervision over the traffic process.

In the railway traffic process, safety should be
absolute. However, it 1s a well-known fact that
there is no absolute safety in general, let alone in
traffic, so we can talk only about a relative safety.
This results from the fact that emergencies occur
according to the law of random events occurrence;
thus, there will always be emergencies in traffic
under a certain set of conditions and circumstances
in which they occur.

The above mentioned parameters may be useful
in assessing the safety levels of individual railway
departments, as well as in their mutual comparison.
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