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ABSTRACT. Condition of roads in Poland, despite the on-ganuglernisation works is still unsatisfactory. Onasen is
the excessive wear caused by overloaded vehiclgs. pfoblem also applies to rail transport, altfoug a much lesser
extent. One solution may be the system of automegight control of road and rail vehicles. The detidescribes the legal
and organizational conditions of oversize vehidlespection in Poland. Characterized current prastiveighing road
vehicles, based on measurements of static techyoldrg article includes the description of the gsgs applications of the
automatic dynamic weighing technology, known asesys WIM (Weigh in Motion). Additionally, the weigig technology
and construction of weighing stands in road andar& characterized. The article ends with authmmstlusions indicating
the direction and ways of improving the weighingirol systems for vehicles.
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INTRODUCTION

The periodic analyses of technical condition of tbad and rail infrastructure in Poland indicate
the annually increasing maintenance needs. Dealbiieating enormous financial means, which come
mainly from the EU programmes it, has been unssfakeso decrease the number of roads and
railways needing repair. In the road transport readace repairs of interventional character are
continuous especially where the surface conditioectly poses danger to road safety. Planned repair
of periodic character are carried out thereaftdictv causes that the line of roads awaiting reromnat
gets longer and longer. A similar situation is presin the rail transport, though there the lack of
finances for renovation and regular maintenancates closure of a particular railway.

The main reason for the gradual deterioration efritad and rail infrastructure is its operational
wear. In the road transport the dynamic increaseesns of transport may be taken into account. The
growth often exceeds the forecast values of traffiensity for which a particular road was designed
The operational wear of roads and railways is ptatlle and directly proportional to the number of
assisted means of transport. However, there istarfavhich was not considered by designers while
scheduling, according to the regulations, subsdgegair periods. It is the additional wear caulsgd
the passage of overloaded means of transport witieb weight than the permissible one or bigger
than the allowed pressure on the axles. A numbasuci non-standard vehicles which move legally
after obtaining an appropriate licence, or illegalithout such a licence is very big both in thado
and rail transport. This is due to those overloadat cars and road trailers that the transport
infrastructure undergoes the relevant and abnoweat in Poland.
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The statistical data relating to the technical étimal of roads in Poland are alarming: 25% of roads
require the planned repair and 21% of roads requineediate repair. Research demonstrates that the
exceeding of the permissible pressure on the diegs about a hundred times bigger result of the
road surface damage. For example, if the pressutbeaxles of about 10% vehicles moving along
the examined road were 145 kN instead of the alfowmximum 115 kN, which is in force for
selected domestic roads and motorways, the raseExpectancy would be shortened by 25%.

The standard control of loaded means of transpdrampered by its nature. Vehicles are in motion
and even random checking requires assistance of ramployees from appropriate supervision
services. Especially in the road transport the robrdf a hundred thousand heavy vehicles, which
move along all kinds of road beginning with motopwaand ending at communal roads, is very
limited in practice. Such factors as enormous edati of subjects offering road transport services,
a significant participation of foreign cars, theltnlevel management and ownership structure ag wel
as the complicated division of responsibility amdhg state and local administration bodies do not
simplify the task. Such impediments have not affd¢he rail transport, yet.

The system of automatic control of vehicles musalelution to these problems. It would be best
if the weighing process was carried out in motidtheut the introduction of restrictions in transpor
liquidity.

Certainly, a number of questions arises involviaghhological and economic conditions of such
a system. These can be already answered. Mordbeeg,are outlets of automatic technical inspection
of vehicles both in road and in rail transport wldnd. It is worthwhile analysing the examples and
possible solutions to evaluate their usabilitytfer future domestic system of vehicle control.

LEGAL REGULATIONS IN THE SCOPE OF VEHICLE TECHNICAL CONTROL

The regulations referring to the process of tedin@ontrol of wheel and rail vehicles impose
obligations on shipping agencies and they grantpstemces to the infrastructure managers and to
a number of outward institutions to make them penfgpecific actions in this scope. Road and rail
carriers are obliged to obey the appropriate reégula referring to the technical inspection of \oéés,
the way of distribution and fastening of cargo adlvas the organization of non-standard transport.
Road and rail administrators should protect theastfucture from excessive wear though, on one
hand, they have restricted control competencespasdibility of imposing administrative fines and,
on the other hand, they regulate the market ofstandard shipment by granting appropriate permits.
Depending on the range of roads the road admitossrén Poland include: the General Directorate for
National Roads and Motorways (Generalna DyrekcjagDKrajowych i Autostrad - GDDKIA),
voivodship governors, poviat and village adminigrs. The rail infrastructure administrator is the
PKP Polish Railway Lines S.A. (PKP Polskie Liniel&gowe S.A. - PKP PLK S.A)). In Poland
security of the road and rail transport is provitdgdhe Police, which is in charge of control ofane
of transport, cargo as well as drivers or engineeds. In addition, the Inspection of Road Transpor
(Inspekcja Transportu Drogowego - ITD) has beenldished which deals only with supervision of
road shipment.

In the road transport legal regulations refer ® $b called non-standard vehicles, that is vehicles
which exceed the permissible maximum measurementgight. According to the Road Traffic Act
a non-standard vehicle is a vehicle or a groupetficles whose pressure on the axles with cargo or
without it is bigger than the permissible ones saged for a given road in the regulations of the ac
on public roads, or, whose dimensions and weighh wargo or without it are bigger than the
permissible ones, envisaged in the regulationsoad traffic with exception of buses in the scope of
the axle pressure. Polish regulations comply wite EU law in this aspect, especially with the
Directive 96/53:

1) maximum permissible vehicle lengths:
—motor vehicle or trailer - 12,00 m,
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—articulated vehicle - 16,50 m,
—road train - 18,75 m;
2) maximum permissible vehicle widths:
—all vehicles - 2,55 m,
—superstructures of conditioned vehicles - 2,60 m.
—maximum permissible vehicle height - 4,00 m.
3) maximum permissible vehicle weights:
—road trans or articulated vehicles - 40 t,
—articulated vehicles carrying 40-foot containedigl .

The application of automatic measurement equipnerthe road transport causes a number of
legal controversies referring to supervisory powefscontrol bodies, legality of measurement
equipment and precision of registered data angbdissibility of sanctions on their basis. Most df al
legal limitations refer to punishing offenders be basis of the registered data by the WIM (Weiight
Motion) measurement device. Currently, the Police,Inspection of Road Transport (ITD) and other
supervisory bodies can use equipment of this kmdhe road traffic on condition that they are
authorized. Then they are subject to the legal ategical control which includes validation of the
type along with the original legalization and théme relegalizations. The lack of an appropriate
legalization or an excessive measuring error ferWiM devices excludes their practical use in the
road transport.

In the rail transport non-standard cargo is cabeédcial shipment, which means it may cause
difficulties in rail carriage and, according to thdministrator of the rail infrastructure, it rerps
special techno-movable conditions due to its:

- shape, dimensions or weight,

— method of loading, distribution and carriage protetg
- used means of transport,

- route of shipment.

The special shipment was defined in the InstrustiohPKP PLK S.A., according to which they
are among others:

— objects which exceed the determined loading gaugerhich are loaded with this gauge's
surpass,

— objects where one item weighs over 60 t,

— objects which cause that the load staying on theage axle or the current meter of the rail is
bigger than the permissible one even at a secfitheaoute,

— specialist rail vehicles e.g. cranes, rail and noaghines,
- rail vehicles of exceeded rolling stock,

— objects that require a specialist carriage, equigmprotection or special organization of
transport due to the position of the centre of flyaer other reasons related to the safety of
carriage,

— objects which require shipment in the hollow flgor
- rails, steel rods for concrete reinforcement agsifille metals of the length of over 36 m.

In the rail transport the law enforcement body whieuld be entitled to punish dishonest shipping
agencies has not been appointed, yet. In casélufef@f meeting conditions of safe carriage otig t
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units of the Rail Traffic Management and the Raidfiic Administration Centre are authorized to halt
the carriage.

SYSTEMS OF CONTROL IN THE ROAD TRANSPORT

At present the technical inspection of vehiclesirdurshipment requires an appropriate stand
equipped with a statistic measuring device makingoissible to check such parameters as: total
weight, pressure on the axles, length, width anghtef a vehicle. Such stands are located by major
roads and their construction is prepared to instadbile measurement equipment. Stands of such
a type are equipped in stationary measuring deweeg rarely. At the beginning of 2010 no more
than ten stands located by Polish domestic roadsrartorways were equipped with stationary scales
for over 120 stands. Unfortunately, often thoseupesvised roadside stands are devastated to such
extend that they cannot play its function of cohtiRtans are being made of a considerable increfase
control stands, especially on the newly built egpreads and motorways.

Stationary scales are often concrete platforms tasmos embedded in the ground so that the
weighed vehicle is at the same level as the roaubillel scales are sloping steel constructions it lig
mats laid out onto a flat surface of the road. 4 kale in the stationary and mobile scales beldngs
piezoelectric and magnetoelastic detectors asasetlial extensometers. The measurement is a static
one or a vehicle can move with the maximum speefl kin/h. The accuracy of the measurement
depends on the applied metrological technologyiangp to 0,1%. Due to the electric properties of
scales it is possible to connect them to a comparterprinter. As a rule a measurement is conducted
by two people, usually the ITD inspectors or thdid@ofunctionaries. In the present state of law
representatives of the road administrator, e.g.ioqed guard services are not entitled to stop,cars
which limits their control possibilities.

The system of control of vehicles in motion whigguires the dynamic measurements is only at
the initial stage of construction. At present thare only a few stands for weight preselection thed
leader city is Wroctaw which has 5 such standsrtfer to measure the force of vehicle pressure on
the road surface different systems of weighingfptats, piezoelectric or quartz detectors are agplie
Platforms or detectors are installed on the road's and they enable to measure a vehicle's speed u
to 140 km/h. It is significant since such a metlbdheasurement does not hinder the flow of vehicles
in the slightest degree. The information on pressur the axles and the total weight is transfetoed
the management system. Nowadays it is impossiblexézute fines on the basis of measurements
conducted in this way because there is a big émkaived. External conditions have a big influence
on the measurement accuracy and they are: raintdimwerature, wind as well as a vehicle's velocity
and acceleration. Producers claim that the scade®d on modern quartz detectors exhibit the
maximum measuring error at the level of 10% anBatand the condition to authorize such vehicles
is the maximum error at the level of 2% [DoupalZ010].

The lack of possibility of penalties execution be basis of the dynamic measurement caused that
scales of this type are used only for vehicle geesien. On the basis of the remote monitoringhaf t
dynamic measurement records vehicles are selestatid specific measurements carried out on the
static scales. As a rule, stands for static wemlaire located at a distance of nearly a kilometmf
the dynamic scales so that it should be possibleftectively stop the selected vehicle. Such
a preselecting system works at the tollgates indfsimo and it effectively protects municipal roads
from overloaded vehicles.

The nowadays existing system of weight preseled@anbe easily extended by adding modules of
external measurement of vehicles, that is theigtlerand height. The accuracy of the dynamic
measurements is much bigger. The extended preselsystem for technical inspection of vehicles in
motion comprises the following elements: (fig. 1):

1) camcoder for vehicle height and length measungme
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2) induction loops for connecting/disconnectingvedight detectors (depending on the applied
technology)

3) pictorial camcoder,

4) camcoder for recognition of vehicle number Eate
5) weight platform or detectors ,

6) information boards of changeable contents fiweds.

Source: Neurosoft promotional materials

Fig. 1. The preselection system of vehicles iniomot
Rys. 1. System preselekcji pojazdéw w ruchu

The passage of every vehicle through the presetestction is registered and then the data are
recorded as the XML files. The files include reagdifirom detectors as well as two photographs, from
the measurement camcoder and the pictoral camcotbese data enable to read the vehicle number
plates, to determine the make, model and colaikglocity, length and height as well as the vetscl
top inspection (along with its cargo) [Karp W., BD1The system is characterized by a considerable
accuracy of readings, for instance, in good lighhditions the module for recognition of vehicle
number plates correctly recognizes over 95% vehicldne processed data can be transmitted and
presented on monitors of the control services enréhal time and they are filed in archives. In this
way, the established data base can undergo atistdtianalysis in the scope of, among others:
intensity and the average velocity of traffic degieg on time and type of vehicle, the structure of
transit and local motion with respect to time. Astoday, data from several points of vehicle
preselection are transmitted to the GDDKIA andIiie servers.

Nowadays in Poland it is impossible to execute hiesaautomatically on the basis of the systems
measuring in motion. There is a barrier of quitdgerror of the measuring equipment in the scdpe o
reading of pressures on the road surface. Howévsrerror was accepted by legislation in the Czech
Republic where the WIM systems will be a basisifoposing administrative penalties as early as
2010. In fact, the road administrators and thedeatif the country fear that numerous appeals will b
lodged by drivers, which will undermine reliabiliof measurements due to the weather conditions of
the surface condition. Aware of the fact that aacyrof the measurement deteriorates dramatically
while braking or accelerating drivers may deliberaaffect the measurement quality. Therefore,gher
is an opportunity for the Government and the pubpmion in Poland to watch effectiveness of the
application of the new measuring equipment and i@t of penalties at our neighbour's in the South
in order to draw suitable conclusions. The undadibietues of the systems of automatic control of
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vehicles in motion which are measurement continugtgat possibility of analysis of the collected
data, reliability of the system, relatively low t®slue to the elimination of personal costs, imraens
prevention significance must be adjusted to letli@aestrictions.

THE SYSTEMS OF CONTROL IN THE RAIL TRANSPORT

Along with the increase of the number of rail staskners, there is a bigger need for control of
overload of such transport particularly of the emttpressure between the wheel and the rail. The
current data collection on the line and axle owatland on the speed control of vehicles is to ensur
safety of this kind of transport but also allows &tetection of the above mentioned parameters. As
a result, it allows obtaining a real picture of th&astructure condition and the transport limdas
involved.

Relatively recently the safety of rail carriageereéd to the load of rails only as long as it helpe
determine the pressure on the axle or the vehielight: At present it seems to be crucial to detect
ovality in the wheels of rail vehicles with relatido the velocities which are used by rail carriers
they would like to move with.

The systems for identification of dynamic load le trail transport have long been the object of
interest and they indicate the need for collecbbmore and more reliable data in conditions which
will restrict transport the least.

Initially, in the road transport there were onlydge structures where extensometers or light pipe
detectors were used for measurement. They are ewunside the bridge structure during its
construction or they are installed outside [ChateP. and others 2006, Karoumi R. and others 2005]
Examples of such a type of measuring equipmentalecales made with the use of prefabricated
concrete elements like a platform or a foundatsmk({(fig. 3). The weighing electronic engineeririg o
rail static scales, dynamic scales and static-dynawmales consists of extensometers inserted into
special elastomer beds as well as control eleatsomhich uses specialist weighing PC software.

Fig. 2. The platform scales (top left), in theridation tank (top right) and in the rail beams {twi)
Rys. 2. Wagi kolejowe pomostowe (u gory z lewajlvannie fundamentowej (u gory z prawej) i w poditeh
kolejowych (u dotu)
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The latest technological solution in the scope eifght control of rail carriages is scales which use
concrete ground beams with embedded extensometers.

The scales do not require foundation since the higgbeams are positioned directly on the
ground of stabilized breakstone. Moreover, as todyxrer claims," a rail in the control zone must be
isolated from the rails at the entering sectionbjctv causes elimination of the transit velocity
restriction”. Due to this solution it is possibte ¢ontrol pressure on the axles of rail vehicled &n
conduct inspection on the wheels of rail vehiclketha speed of up to 240 km/h (fig. 2).

Nowadays complex solutions are offered on the markehe scope of automatic weighing and
identification of rail vehicles of the RAIL WIM (RlawWeight in Motion) type. For Polish lines the
equipment of the DSAT (detection of emergency ef il rolling stock) type is used . Such devices
allow for:

— assessment of the pressure exerted by rail vehicles

— detection of overheated , blocked brakes of raiictes,

— detection of overheated axle bearings of rail vekic

— detection of deformities of wheel raceway of rahicles .

Consequently, the application of the DSAT equipmglalys its role in the safe realization of
carriage services, that is, in reduction of risksaccidents, reduction of costs connected with the
rolling stock's maintenance and in the extensiotheflifespan of the infrastructure.

The temperature measurements are realized intgngiith the use of detectors working in the
infrared band. Measurements of pressure and owkduoalities are performed by light pipe detectors,
which considerably allow avoiding the influenceetéctromagnetic interferences on the measurement
value. The information obtained in this way is awddically processed by the electronic systems
located in the by-rail compartment and transmittethe operator stands of the PKP PLK S.A. which
monitor rail vehicle movements, that is to theftcagéngineering and technical services. Regulagy n
equipment of this type is installed on the main lines in Poland, on average twice a year in each
region of particular rail agencies.

CONCLUSIONS

One of the most important objectives of the vehiedéght control systems is the elimination of the
excessive damage of infrastructure by overloadducles, which move along public roads and
railways with exceeded permissible total weightwith big load pressure on the axles. The number of
the road and rail infrastructure users is stillr@asing. The means of transport unsuitable for the
carried shipment and in bad technical conditionepasrisk not only for the state of the rail
infrastructure but also for other users.

The WIM automatic systems for vehicle weighing sderbe a very good tool in the hands of the
administrators of the transport infrastructure ammhtrol institutions. The previous experience is
favourable in this respect. In the road transppigood example is the system of automatic dynamic
scales installed mainly on the main access roadsetaity centre of Wroctaw. In the rail transport,
there are efficient systems of automatic vehicléghiag and control as well as the DSAT system for
emergency detection of the rail rolling stock. Uifioately, the systems displace the hitherto used
systems of stationary or mobile static scales. lhee there are over thousand different kinds of
weight control systems used in Poland and frequéhéy are analogue and require different kinds of
interfaces which enable to interact with moderntdigsystems. These systems, mainly static ones,
require continuous technical supervision along waitithorization of scales, technical inspection and
service repairs. These necessary activities arensie and cause temporary disconnection of
particular equipment and systems.
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On the basis of the conducted analysis of the iagistystems of weight control in road and rail
transport in Poland a number of conclusions otetyia character can be formulated:

1) at present the vehicle weighing appliances hhee limitations in the scope of measurement
accuracy, therefore they can be used for vehidsgbection,

2) the improved WIM systems of the approved levél nteasurement should replace the
conventional systems based on static measurement,

3) investment in new equipment and systems of lehieight control, though considerable, is
profitable when compared with the costs of recamsion of the transport infrastructure
destroyed by overloaded vehicles,

4) additional advantage connected with replacenwnthe existing systems is the lack of
increasing maintenance costs and adjustment t@therements of the present digital systems,

5) the monitoring and control systems should béntdrmodal character, that is, rail and road
systems should interact and a common data baseimgféo overloaded vehicles should be
accessible for all involved institutions and seegién the real time

6) it is necessary to implement a number of chaoféagislative character , especially to include
statutory provisions which will enable to execuenalties on carriers by using the data bases
from the systems of automatic weight control ofigkds in motion.
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SYSTEMY AUTOMATYCZNEJ KONTROLI WAGOWEJ POJAZDOW
W TRANSPORCIE DROGOWYM | KOLEJOWYM W POLSCE

STRESZCZENIE. Stan drég w Polsce pomimo trgeych prac remontowych jest w dalszymgi niezadawalagy.
Jedny z przyczyn jest nadmierne zcie nawierzchni spowodowane przgoinymi pojazdami. Problem ten dotyczy ek
transportu kolejowego, cliow dwo mniejszym zakresie. Jednym z rogzan systemowych mie by automatyczna
kontrola pojazdéw w transporcie drogowym i kolejowyArtykut podaje uwarunkowania prawne i organigaeykontroli
nienormatywnych pojazdéw w Polsce. Scharakteryzovedrecnie stosowane praktyki iemia pojazdéw drogowych, oparte
na technologiach pomiaréw statycznych. Opisandeigte maliwosci zastosowania technologii automatycznegaema
dynamicznego, ok&ane, jako systemy WiM (Weigh in Motion). Scharaki#swano technologie pomiaru i stanowiska
pomiarowe w transporcie drogowym i kolejowym. Amiykkoncza autorskie wnioski wskazage kierunki i sposoby
udoskonalania systemoéw kontroli wagowej pojazdéw.

Stowa kluczowe:transport drogowy, systemy ienia pojazdéw, weenie dynamiczne i statyczne

DER AUTOMATISCHEN GEWICHTSKONTROLLE DER FAHR-
ZEUGE IN DEN STRASSEN- UND SCHIENENVERKEHR IN POLEN

ZUSAMMENFASSUNG. Der Zustand der Stralen in Polen, trotz der laildenModernisierungsarbeiten, ist noch
unbefriedigend. Die (lbermaRige Abnutzung der Oéehit von liberladenen Fahrzeugen ist einen von @nldafiir. Dieses
Problem betrifft auch den Schienenverkehr, abewésentlich geringerem Umfang. Eine Losung kann Sgstem der
automatischen Gewichtskontrolle von Stralen-undieBenfahrzeuge sein. Der Artikel beschreibt diehtiemhen und
organisatorischen Bedingungen fiur die Inspektion den (bergrofen Fahrzeugen in Polen. Die derzeifRgaktiken der
Wiegen von StraBenfahrzeugen, die auf die Techieioder statischen Messungen basieren, wurden tieiseh. Der
Artikel enthélt die Beschreibung der vorhandenen émséungen der automatischen dynamische Wiegetechigkals
Systeme WIM (Weigh in Motion) bekannt sind. Zusiétzl wurden die Messtechnik und Wiegenstelle ina@¢ und
Schienentransport gekennzeichnet. Der Artikel enuét Schlussfolgerungen von Autoren Uber die Richam und
Methoden zur Verbesserung der Kontrollsysteme zueg@éh der Fahrzeuge.

Codewdrter: StralBenverkehr, Wiegesysteme von Fahrzeuge, dgoheniind statische Wéagung.
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