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IMPACT OF TRAFFIC NOISE ON RAILWAY TRAFFIC SAFETY

Summary. Traffic noise is one of the dominant factors ofeassessment. The
harmful impact of traffic noise on the engine driwes target group can be studied in
isolation from other ergo-assessment factors omlyhe initial phase of research. The
simultaneous action of several related factorshen gystem of ergo-assessment factors
has cumulative effect on the perception and psycharic status of the railway traffic
participants in the appropriate traffic situatidime initial partial research of traffic noise
by a combination of several scientific methods setul be eventually upgraded by
studying the relations among several concurrenpitapt or dominant ergo-assessment
factors.

WPLYW HALASU NA BEZPIECZENSTWO RUCHU KOLEJOWEGO

Steszczenie.Hatas jest jednym z domiragych czynnikbw oceny ergonomicznej.
Szkodliwy wplyw hatasu na maszyrisiako docelow grupge, maze by rozpatrywany
jako wyodgbniona czs¢ oceny ergonomicznej tylko w patkowej fazie prowadzenia
bada. Jednoczesne dziatanie wielu pamdanych czynnikbw w systemie oceny
ergonomicznej posiada kumulgy si wptyw na postrzeganie i status psychomotoryczny
uczestnikow ruchu kolejowego w konkretnej sytuaajchowej. Wstpne badania
czsciowe nad hatasem poprzez grrenie kilku metod naukowych muszby¢
ostatecznie zaktualizowane, poprzez zbadanie rganjiedzy wieloma jednoczesnymi,
waznymi lub dominugcymi czynnikami oceny ergonomicznej.

1. INTRODUCTION

The general characteristic of the traffic audibdésa which is generated mainly by mobile sources
is that it is of very intensive and different spaticomposition. The carried out analyses show that
audible noise caused by the operation of engineallofypes, regarding other noise generators,
occupies the third place on the scale of endangédmiman environment (following water and air) [1].
Special emphasis is on the variable character efatidible traffic noise with short, quite sudden
intensive jumps that causes various physiologibahges and the feeling of discomfort. Besides, the
influence of traffic noise as a stressor shoul@fphasised since it significantly increases the ety
impacts of other stressors frequently presenterlitles of modern people.

Should the usual approach to the study and resedirtte phenomenon of traffic and transport
“effectiveness — efficiency — ecology” according ttee world trends be substituted by the recent
approach “effectiveness — efficiency — ergonomits&n the hypothesis may be set that audible ¢raffi
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noise can be studied from the position of the damirfactor of ergo-assessment in the system of
several simultaneous ergo-assessment factors. arpet tgroup of subjects in this paper are engine
drivers, since they suffer from the cumulative effend change in the perception and psycho-motoric
status due to simultaneous action of several facbérergo-assessment, which also results in the
reduction of safety and reliability of traffic flawin the transportation of goods and/or passengers,
which is the classical example of the environmeintgdact on the procedures of traffic participants.
This immediately raises the question of the intgnsind the scope of impact of the working
environment on the engine drivers, which requiresaers to the following questions: which scientific
method should be used to determine which factoergd-assessment are present, and how to divide
them into dominant, important and negligible onespecting the interrelations that make the set a
system of ergo-assessment factors.

Through the research of subjective factors of digtunce and permanent physiological and
psychological changes in engine drivers, the cognérgo-assessment will determine the direction of
further ergo-assessment and will not immediatedady and unambiguously detect the scope of the
set of ergo-assessment factors and the intensityeahfluence of individual ergo-assessment fagtor
since individual subjective disturbances may besedulirectly or indirectly by several single ergo-
assessment factors, and the subjective experieéncanaulative effect is individual differing from
engine driver to engine driver, among other thirgisp because of the differences in individual
endurance. Besides, before the concrete researghaiscientific method it is necessary to verifg t
justification of the abovementioned hypothesis tit audible traffic noise is one of the dominant
factors of ergo-assessment. Therefore, cognitige-assessment is only one of the scientific rebearc
methods which should be implemented in the injpiladse of ergo-assessment, in combination with
other scientific research methods. The expectedribation of cognitive ergo-assessment includes:
fast detection of dominant ergo-assessment facaoid,orientational insight into the scope of the se
of ergo-assessment factors and the intensity oifitipact of certain factors of ergo-assessment en th
overall ergo-assessment within the system of esgessment factors. Cognitive ergo-assessment
cannot measure exactly the intensity of the infb@eaf single ergo-assessment factors on the overall
ergo-assessment, but the ergo-assessment factorbecaanked among themselves regarding the
intensity of one in relation to the other.

2. RESEARCH ALGORITHM OF ERGO-ASSESSMENT FACTORS SYSTEM

The authors of this paper have planned the follgwésearch algorithm:

1) Interviewing physiological-psychological changes anbjective factors of perceiving disturbance
as typical representative of target group of engiieers with several years of experience, and in
order to acquire basic knowledge about the sysfeengm-assessment factors, because of the need
of forming the questionnaire and designing theedatfor results processing.

2) Trial survey of physiological-psychological changasd subjective factors of perceiving
disturbance on a smaller number of engine driverarder to test the contents of the survey, the
very procedure of survey and procedure of resutisgssing.

3) Surveying the physiological-psychological changewl asubjective factors of perception of
disturbance in a greater number of engine drivaard,in order to make partial conclusions that in
the later phase of research need to be includéteisynthesis of results of all the simultaneously
applied scientific and research methods.

4) Study of the influence of technical and technolabjareconditions on the total psycho-physical
load of engine drivers: influence of different secs in operation of the same locomotive or the
same composition, running regime, types of locomestior compositions, dominant sources of
noise in single types of locomotives or compositioork of the engine driver in different driver’s
cabs in the same locomotive or composition, midmuate in the driver’s cab, etc....
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5) Concrete measurements of equivalent level of aediblfffic noise in dB for frequency filter A in
real situations in driver's cabs of single locomes driver’'s cabs, respecting the work - rest
interval stipulated by valid ordinances. The leeélaudible noise is objective physical value
measurable by means of acoustic instruments itotimenotive driver's cab.

6) It should be determined whether the engine dringhe driver’'s cab of the studied locomotive is
exposed to potential traffic noise of a differepestrum, e.g. simultaneously audible traffic noise
and infrasound. The infrasound can cause permatzenage of the hearing at levels in excess of
150 dBA [2]. The interaction between the factorgndfasound and safety is interesting for further
research, since in the case of half of the drieéraotor vehicles at infrasound level of 105dB and
frequency range of 2-15Hz there is a 10-percemease in the reaction time [3].

3. RESEARCH METHODOLOGY OF ERGO-ASSESSMENT FACTORS SYSTEM

Past research, as well as the interview of thaitrmmstructor in Chapter 4 of this paper confirms
the justification of the hypothesis that the domingactor of ergo-assessment of traffic noise & ju
one of several simultaneous factors of ergo-assa#sim the system of ergo-assessment factors, but
that there are also clear and provable interactant relations with other simultaneous important
and/or dominant factors of ergo-assessment, ariddifferent intensity of influence on the total erg
assessment of the studied traffic system.

In railway composition of a passenger train thailtesof measurements of the level of audible
noise in the passenger spaces in coaches show efendence on the running speed of the
composition and on the position of measurementimithe composition and coach, then on the
structure of the passenger coach and the mateseal$ for dampening or absorption of audible noise,
and finally on the type of propulsion. Diesel erggirat all frequencies cause higher level of audible
noise than Otto engines, and the same differeneeeis more intense in the absence of regular gervic
maintenance during exploitation [4]nlike Diesel engine compositions, where the domtimeise is
observable in standing due to continuous operatfdhe propulsion engines, in electric railcars¢he
is observable audible noise of the auxiliary devife braking and cooling of propulsion engines [5]
Unlike during the standing period, in traffic flothe dominant source of audible noise for all the
speeds of rail vehicles is the noise caused bwttezls rolling along the tracks.

Apart from the running speed, the noise of wheeals thacks depends also on the geometrical
configuration of the railway line, because in négjoig curves the wheels generate greater noige, no
only due to rolling but also due to wheel slididgray the tracks. The noise level is increased WB20
when the train passes over the bridges and othlmrateld structures, caused by the vibrating
components of these structures [6]. By analyzimgrtieasurement results of the level of noise in the
settlement Retkovec in Zagreb, situated immediagédtyng the Zagreb-Vinkovci railway line, the
conclusion was made that the highest levels oftdeidioise along the railway line occur in the cafse
cargo trains passage [7]. Similar statements haee Qiven by the interviewed examinee, so that this
means that the most threatened group in the tapgetp of engine drivers for the study of the
influence of audible noise are the engine drivarsiriver's cabs of Diesel and electric locomotives
when these are used for the traction of cargo casitipns, since they feature the highest influenfce o
the audible noise factors on the ergo-assessmetot fsafety with increase in the train running shee
both on their own safety, and on the safety oftedlother participants in the overall traffic prese
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The set of ergo-assessment factors can be congidetgnamic system of ergo-assessment factors
in space or time, according to expression (1), beeeaof the existence of relations among single
factors of ergo-assessment.

S = (KR (1)

where:

S — dynamic system of ergo-assessment factors,

K — components of the set of ergo-assessment actor

R — relations (interactions) among components @&ttt of ergo-assessment factors,
s,t — space-time frame.

All this complicates greatly the concrete studsace ergo-assessment of the considered traffic
system needs to be studied by means of the ergssament factors system, which is difficult to
achieve scientifically, and it is necessary toddtrce certain assumptions. According to the dédimit
of the system, the ergo-assessment factors have adble to have interaction over the relationden t
system. Thus, it is not completely effective toe@sh the partial influence of the dominant factor
ergo-assessment audible traffic noise, but sucar@apapproach is very efficient in the initial age
of research due to strong interactions of the dantifiactor of ergo-assessment with other dominant
and important ergo-assessment factors, resultitigeimeduction of the cumulative effect on theficaf
participants. There is no scientifically verifieddwn method by means of which the intensity of the
influence of individual ergo-assessment factor ataltergo-assessment of the traffic system can be
simply and quickly measured. However, by meansogfiive ergo-assessment and the research of
relations in the ergo-assessment factors systdnthalfactors can be roughly divided into three
groups: dominant, important or negligible ones. important factor of ergo-assessment that should
not be neglected is the speed of the traffic mesinsg, through the relations in the ergo-assessmen
factors system it changes the intensity of theusrite of several dominant ergo-assessment factors,
among others, also of the intensity of influencawdible traffic noise factors.

The level of noise on different positions accordiodg-igure 1 has been measured in the electric
railcar composition of passenger train HZ 6-111th®y Croatian Railways (HZ) operator, with a total
of two driver’'s cabs, one in section A and the ptimesection B, on the regular railway line from
Zagreb to Ogulin and back. The levels of audibls@avere measured on the railway line sections
with smooth curves, without tunnels and bridgegjstireducing the influence of geometrical
configuration of the line on the dominant noisentifeel rolling along the tracks at higher travelling
speeds.

amplifier

Fig. 1. Measurement points in electric railcar compositibtthe passenger train HZG-vlll. [5]
Rys. 1.Punkty pomiarowe w elektrycznych wagonach skladtiggu pasaerskiego HZ6-111. [5]

The measurements proved the interaction betweerddh@nant ergo-assessment factor of the
level of audible noise with the following importafactors: running speed of the composition and
positioning of the measurement point at variousitpos within the passenger space in the
composition.

The level of noise was measured by means of B&K12&3und level meter, for the frequency
filter of audible noise A, and the position of ma@snent at the seat level in the passenger spdice. A
the passengers were seated, and the contributitmegbassengers to the measured level of audible
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noise was minimal. The dominant partial emissiowarious sources of noise changes also the level
of the total emission of audible noise absorbethkypassenger at individual positions, and thishaan
made uniform by good sound insulation of the coasla whole. In the standing train the measured
level of audible noise is minimally 61.8dB at thesjtion A3 to maximally 65dB at position A2. It is
known that in extra-rural areas the influence dfible noise already at the level of 66dB starts the
narrowing of the blood vessels and prolongatiorthef engine driver’s reaction time, if exposed to
such noise [1]. Additionally, it is necessary toamare the equivalent level of audible noise in the
drivers’ cabs in section A and in section B, depegan the following criteria: running speed of the
train composition and geometrical configuratiorihed line, and to study the influence of audibleseoi
on the engine driver depending on the duratiorxpbsure. Good sound insulation of the drivers’ cabs
in all the traffic means would annul the negatimfiuience of audible noise on the safety of all the
traffic participants in the studied traffic procebgcause of the action of audible traffic noisethosn
engine driver in the driver’'s cab of the locomotivgh the worst sound insulation or with the source
of audible noise of the highest level in the vityini

4. INTERVIEWING OF A TYPICAL REPRESENTATIVE OF THE TAR GET GROUP OF
ENGINE DRIVERS

The interview was carried out in July 2008 partlythe form of free conversation with the
interviewee, and partly using in-advance preparegstions in the form of a questionnaire for the
subjective factors of disturbance regarding auditdéfic noise. The interview was structured on the
basis of written notes, and after being proofreegarding proper terminology it was given to the
interviewee for authorization. The objectives tha authors would like to achieve by surveying a
larger number of engine drivers include: partiajitive ergo-assessment of the influence of audible
traffic noise on the engine driver's actions, eagzessment of the cumulative effect due to
simultaneous action of several factors of ergosssaent on the engine driver, and setting of new
hypotheses as well as confirmation of the justiftcaof the existing ones.

The interview was carried out anonymously sinceittierviewee is still in active employment
(full data known to the authors). The interviewsaimale person, 47 years of age, with a totaPof 2
years of service, out of which 23 years workinguaengine driver with an experience in operatihg al
types of locomotives and compositions, and ovetabe6 years employed as a traction instructoe. Th
interviewee is in good physical condition, 183cthdad weighing 90kg. He has the secondary school
qualifications for the profession of the enginevdrifor all locomotives, and according to his peedo
subjective experience he says that the externbk@m-measures, and particularly the height of the
engine driver, do not influence significantly thisibility from the driver's cab of the locomotivaud
to multiple adaptability of the seat of the enginiver.

For the audible traffic noise the interviewee dhiat he found audible noise extremely disturbing
at his workplace in the driver's cab, most inteeBivregarding the subjective experience of the
intensity of disturbance in relation to other fastof disturbance according to Table 3, regardiéss
the type of the locomotive or composition. As segrof continuous and periodical audible noise that
disturbs him, he mentioned various sources accgrdin Table 4, depending on the types of
locomotives and compositions. He confirmed that suess are being undertaken for protection
against noise, and that he has been educated awltkese impact of audible noise on engine drivers.
He also confirmed the intensive subjective expegenf sleep disorder at home after work, as well as
when sleeping in the 8-hour rest interval in turmm, for the driving regime without shifts, of
passenger or cargo composition, according to iraack provided answers in Table 1.
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Table 1
Possible influence of audible traffic noise onithterviewee at the locomotive driver’'s cab

Provided answers:
Change of moodnterviewee's remarkduring rest and driving periods
Headache
Disorientation in the working space.
Reduced concentration in performing the tasks
Impossibility to perform the tasks
Difficult communication with colleagues, raisingtbe voiceInterviewee’s remarkin case of Diesel locomotivg
Worse audibility of the colleagues’ speech and daignals and messages
Partial loss of hearing after leaving the locomethaterviewee’s remarkin case of Diesel locomotive
Psychic fatigue and/or overwork
Longer time of reaction
Sleep disorder in 8-hour rest interval in turnrosee Table 2).
Sleep disorder in the rest interval at home, forig regime with no shifts (see Table 2).
Nothing mentioned

XXX ([X

XXX XX | XX

Table 2
Possible disturbances due to noise during sleapitite regime without shifts, in operating
a passenger i.e. cargo composition

Provided answers: Interviewee’s remark:
I have difficulties falling| X | in 16-hour rest interval, at home, and in the @isshift-less driving regime
asleep:

| wake up frequently] X | in 16-hour rest interval, at home, and in the adshift-less driving regime

| sleep restlessly

| cannot get any rest:

I do not sleep long] X | sleeping during the day maximally up to 3 hourthim8-hour rest interval in
turnround

All the subjective disturbances from Tables 1 ando2not have to be caused only by audible
traffic noise, because that influence of total emgeessment has been proven in nature according to
the existence of the system of several simultanémiers of ergo-assessment. However, according to
the knowledge from technical and scientific literat [9] subjective disturbances of the interviewee
can be, among other things, related also to pati@bn of audible traffic noise.
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Table 3
Structure of subjective disturbances and interddiggisturbance of interviewee, ranked from the most
intensive subjective experience to the least imtensne

Description of subjective disturbances, permanégsiological and psychological changes, technindl a
Ord. technological preconditions, driving regime, ang ather activities and events during and/or aftérig that
No. were subjectively strenuous for the interviewee

Continuous and periodical audible traffic noise, tegdi from different dominant sources dependinghentype of
1 locomotive or composition. The interviewee mentimubjective disturbance that among other factory b
caused also by audible traffic noise, accordingables 1, 2.

Intensive psychical effort and stress when pastengl crossings because of traffic accidents, dides. Almost
2 all the engine drivers known to the interviewee énémad such an experience in their careers, anddhenon
permanent or temporary physiological and psychchigihange due to such experience is high bloasspre.

3 Exhaust gases from engines and oil evaporation.

In shunting Diesel locomotive - dust, the enginealts head during driving is always outside thedmotive,
4 because of the open window. Besides, the drivebsoéshe shunting locomotive is fitted with air-abtioning.

Fog, rain and snow. Subjective perception of distnce and effort is more intensive if adverse weratbnditions
5 are in combination with night driving. The bigggebblem is fog, at high running speeds, or in simgntiesel
locomotives where the engine driver does not seslilanter with flag or shunting signals.

The problem of visibility from the engine drivengorkplace in case of Diesel locomotive. Diesel lmotive has
one driver's cab and two operator’s places (therendriver sits on the right, and the assistanthenleft), and the
6 change in the direction of the composition movenisndone without turning of the locomotive. Wheneggl
locomotive moves forward with the longer sectionfiant of the driver's cab, the engine driver ore thight
workplace does not see the left side and dependseovisual inspection of the signals done by #sistant sitting
on the left workplace.

Reporting for work at night, at three o’clock in theorning, after waking at two o’clock in the morgjnis
7 characteristic for suburban electric railcars igiéd.

Fatigue and sleepiness during night driving in idgvregime without shifts on open railway line secs. As a
younger engine driver with fewer years of workingerience he had more difficulty in coping with miglriving.
8 A special experience of the interviewee is thairduone ride outside Zagreb he could not remembersection of
the route, although he pressed and released withfooit at regular intervals the deadman control ggme
locomotives it has to be kept pressed by foot). ifterviewee claims that the engine driver can doffully
failing to perceive the environment, at the sanmetipressing and releasing the deadman control gatiare
intervals.

Permanent physiological and psychological changesngine drivers. On the traction instructor's waace in
communication with engine driver colleagues, asl wslfrom personal experience, he found out thatrttost
9 frequent professional diseases in engine drivezs @ioblems with spine and hemoroids because af &tting
posture, then stomach disorders because of drydongumption while travelling, and high blood pressbecausd
of suicides and/or traffic accidents at level chogs.
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Table 4
Subjective experience of intensity of disturbantthe interviewee because of audible traffic namse
the driver’s cab of the locomotive, depending antifpe of locomotive or compositions, assessed
from 1 to 4, with grade 1 for the highest subjexixperience of disturbance intensity

Type of Number of driver's Subjective
locomotive or cabs experience According to subjective experience of the intengew
composition and driving places of dominant sources of audible noise:
disturbance
intensity
- noise and vibrations from air compressor dominate
two driver’s cabs supportable level of audible noise. The interviewaygs
electric sets | with one driving place that it is more difficult to drive the train frorhe driver’s
each 4 cab in section A as compared to driver’s cab iniced®
for the train, and the results of measuring levelase in
the passenger cabin in section A indicate the same,
because of the increased noise due to the air @zsmr
installed in section A.
two driver's cabs - reduced load of compressor with 10 bars to thieiamh
electric with one driving place 2 pressure, discharge in the form of intensive pulse
locomotive each - ventilator for cooling the rheostat of electrordynic
brakes, continuous noise
single driver’s cab - powerful and noisy Diesel engine with turbo-coegsor
Diesel with two driving 1 in a very short locomotive
locomotive places (left and right) - switched on electric heating of the train incesaduel
consumption, as well as the level of audible noise
- audible noise of periodical character emitted mirdg
locomotive protection, sirens and signalling desice
two driver’s cabs - audible traffic noise is a much bigger problem in
Diesel engine | with one driving place 3 passenger spaces than in train driver’s cabs, nondmt
sets each source of noise that would be especially emphasised

It is indicative that the subjective experiencelaf intensity of driving complexity fully overlaps
with the subjective experience of intensity of dibance because of audible traffic noise, which
additionally confirms the justification of the hyjhesis about audible traffic noise as dominantofact
of ergo-assessment, with great influence on thialiéty and safety of the engine driver's work.
There is a hypothesis that there are differencéisdarsystem of ergo-assessment factors depending on
the type of locomotive or composition. It is reasole to set also the hypothesis that the Diesel
locomotive is the noisiest, with the poorest vilipifrom the driver’s cab, and that it is mostfai€ilt
to drive the composition in which it is the drivirghicle, so that it should be used in practicttihes
as possible as the driving means in the passengapasition, if this is allowed by the configuration
of the railway line. The justification of these Iogpeses needs to be confirmed by surveying
subjective factors of disturbance on a larger nunabeengine drivers, and this survey will provide
also a detailed insight into the structure of thgpeassessment factors system depending on the type
of locomotive or composition.

This imposes the need to research the hypothesishé subjective experience of the intensity of
total psycho-physical load for the engine drivethis highest when the noisy and hard-to-manoeuvre
Diesel locomotive with poorer visibility from therider's cab is used for the traction of the
composition intended for the transport of passesigdowever, the justification of this hypothesis
needs to be confirmed by surveying the subjectietofs of disturbance of a greater number of engine
drivers with many years of experience in driving.
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5. CONCLUSION

Because of the wide range of the influence of daditaffic noise on the engine driver and strong
interactions with many other simultaneous factdrergo-assessment we may consider the hypothesis
about the audible traffic noise as the dominantofacf ergo-assessment justified, independent f th
type of locomotive or composition. It is efficieint the initial phase to study the partial influerafe
audible traffic noise on the engine driver’s acsiofior different locomotives or different train
compositions, and at their different running spe&dth positioning of the engine drivers in diffate
driver's cabs of the same locomotive or the sanmepasition, or on the left or the right positiontire
same driver’s cab, and this is for realistic situa in realistic traffic sub-processes and proegss
very good step forward. However, from the aspedbta ergo-assessment this is not a recent enough
approach. In realistic situations, in the “enginiger — locomotive — traffic situation” system (der’'s
cab is only a narrower segment of the total traffination and we cannot treat it as an environjnent
most often along with traffic noise simultaneouatjditional more or less influencing factors and/or
different stressors occur, so that the recent @mbrto ergo-assessment understands, apart froral part
study of traffic noise also integral and systengsearch of the relations and connections among
several factors of ergo-assessment, as well aanhysis of the cumulative effect on the traffic
participants due to their simultaneous occurretias.effective after the detailed research of trefes
in the system to neglect only the unimportant fectuf ergo-assessment, if they feature a negligible
intensity of influence on the total ergo-assessimamd if they have no significant relations witte th
dominant factors of ergo-assessment. In the shoa@ther adequate scientific methods, surveying
and interviewing subjective perceptions of distmd®and physiological and psychological changes in
engine drivers in cognitive approach to researcie Im@ alternative, and in spite of all their dracksa
they are becoming important and irreplaceable. 3tientific method of measuring the level of
intensity of traffic noise by measuring instrumeistshe statement of the amount of physical value o
the level in dB as a consequence of the imposdthies and technological preconditions, and the
same is close to the behaviouristic approach t@tbelems of studying the traffic noise phenomenon,
since nothing tells us about the influence of ttadfit noise on the perception and psycho-motoric
status of the engine driver with adequate trafficagion.
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