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ZELEZNICNE VYHYBKY - OD MERANIA

PO INFORMACNY SYSTEM

RAILROAD TURNOUTS - FROM SURVEYING TO INFORMATION SYSTEM

Zeleznicné vwhybky a kriZovatky sii neoddelitelnymi prvkami
Zeleznicnej infrastruktiry na zabezpecenie plynulej vlakovej cesty,
ktoré byvajii spravidla zlucované v urcitych skupindch kolajiska. Infor-
madcie o ich umiestneni v kolajisku je potrebné registrovat. V nasom
pripade poukdzeme na vytvorenie informacného systému, ktory by
sliZil na vykondvanie stavebnych prdc pri udrzbe uvedenych kons-
trukcii v prevdadzkovom stave. Informacny systém je vytvoreny pre
nezdvislhi Zeleznicénii spolocnost, ktord vlastni kolajisko vo svojom
obvode.

1. Uvod

Plynulost a bezpecnost Zelezni¢nej dopravy je uzko spita
s pevne zabudovanymi stavebnymi prvkami v kolajisku. Ich pocia-
to¢ny navrh ma za ulohu riesit projektova dokumentacia. Pozname
rozne typy Casti kolajiska, ktoré si vyZaduju Specifické pristupy pri
budovani ich infrastruktary. Napriklad moze ist o kolajové zhlavie
v zelezni¢nych staniciach a podnikoch, zriadovacich staniciach,
rozpustacie zhlavia a pod., kde sa nachadza mnozstvo Zeleznicnych
vyhybiek, krizovatiek, oblukov a inych objektov. Dalsim faktorom
je prejazdova rychlost v danej konstrukeii. Cim je rychlost pre-
jazdu cez vyhybky a krizovatky vySSia, tym je poZadovana vysSia
kvalita zabudovanych objektov, ktorti zabezpecime aj jeho projek-
tovym navrhom a naslednou cyklickou udrzbou.

Prejazdom vlakovych stprav dochadza k deformaciam tychto
uvedenych objektov (rozjazd, brzdenie, bo¢né razy, vodorovné
a zvislé posobiace sily, zataZenie trate a dalsie faktory). Objekty sa
dostavaju do nového aktualneho stavu, ktory mézZe neraz ohrozit
bezpecnost prejazdu vlakovych suprav. Zakladnou ulohou je uve-
denie polohy a vysky vyhybiek, krizovatiek a kolaji do projektova-
ného stavu, objekty by mali spifat parametre uréené priamo pri
ich vyrobe. V niektorych pripadoch moze ist o rekonStrukciu
celého kolajiska, Casti kolajiska alebo o optimalizovany stav za
ucelom minimalizacie posunov a zdvihov pri cyklickej udrzbe
objektov.

Na tento ucel bol navrhnuty informacny systém, ktory je
vypracovany na stavebné ucely a v ktorom su uloZené povodné
informacie o vyhybkach a krizovatkach. Zakladné informacie su
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Railroad turnouts and crossings are inseparable elements of railway
infrastructure for providing the fluent train traffic which are as a rule,
Jjoined into certain trackage groups. The information registration of
their position in the railway lay-out is necessary. In our case we will
point out the design of the information system which could be employed
in the railway engineering works during the maintenance of the above
mentioned objects in operation. This information system was created
for the independent railway society which owns the railway yard in its
railway system.

1. Introduction

Continuity and safety of the railway transport is closely con-
nected with the fixed built-in construction components of the rail-
road trackage. The project documentation is to solve their initial
design. Various types of the railway yard parts are known requi-
ring specific access during their infrastructure construction. For
example, they can be presented by the gridiron at railway stations
and companies, the shunting yards, the marshalling yards, etc.
where a large number railroad turnouts, crossings, curves, etc are
located. The next determinant is train speed along these objects.
The higher the speed along turnouts and crossings is, the higher
quality of built-in objects is required. This can be ensured by the
design and the post cyclic maintenance.

The movement of train carriages causes spatial deformations
of these objects (acceleration, braking, lateral strokes, influence of
horizontal and vertical forces, density of traffic and other facilities).
The objects are changed to a new state which can menace the
safety of the running train carriages. The main task is the position
and elevation corrections of turnouts, crossings and tracks to the
design state. The object should have parameters which are directly
determined by their manufacture. In some cases we can speak about
the maintenance of the whole railway yard, the parts of the railway
yard or the optimisation state for the purpose of the position and
elevation minimisation during the cyclic object maintenance.

For this purpose the information system was designed which
was finished for construction purposes and in which the original
information of the railroad turnouts and crossings is registered.
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prevzaté z projektovej dokumentacie alebo optimalizovaného stavu
z merania priamo v kolajisku, alebo udaje z rekonstrukcie daného
useku.

Hlavnym prvkom daného systému bude zaregistrovanie infor-
macii infrastruktury vyhybiek a krizZovatiek, oblukov a priamych
usekov. Informacény systém ZH-CAD/IS je vytvoreny na baze
AUTOCAD-u pre ucelenu eviden¢nu jednotku, napriklad stani¢ny
obvod, samostatné kolajiska v roznych podnikoch. Vyhodou spo-
locnosti, ktora vlastni kolajisko priamo vo svojom obvode je, ze
bude mat potrebné informacie o svojom kolajisku (vratane vyhy-
biek a krizovatiek). Na zaklade uvedenych informacii méze byt
kolajisko udrziavané v projektovanom stave.

2. Geodetické prace v kolajisku

Prvoradou ulohou je ziskanie potrebnych informacii o jednot-
livych objektoch kolajového zhlavia. Pociatoéné dopinanie data-
bazy sa uskutocnuje na zaklade projektovej dokumentacie alebo
geodetického merania. Zaregistrované informacie by mali repre-
zentovat trvaly stav, ktory by bol zavdzny pre nasledné cyklické
upravy objektov v kolajisku.

Geodetické merania si vykonavané za ucelom ziskania infor-
macii pre naslednu optimalizaciu kolaji a naplnenie informacného
systému udajmi, ak nie je k dispozicii dokumentacia objektov.
V poéiatoénej fazy je vhodné spojit obidva tieto tcely. Merané
body su hlavné body Zelezniénych objektov ako su zaciatky, stredy,
konce vyhybiek, kriZovatiek a pod.
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The basic information is assumed from the design documentation
or the optimisation state of the direct measurement in the railway
yard or date of the reconstructed railway division.

The main element of this system will be the infrastructure
information registration of the turnouts and crossings, curves and
direct tracks. The information system ZH-CAD/IS was created on
the base of the AUTOCAD product for the particular registered
unit, for example the station track yard, the separate railway network
of the miscellaneous companies. The advantage of this railway
company which owns the railway system in its area, is the estate
of the necessary information of their railway network (including
turnouts and crossings). On the base of this information the track-
age can be maintained according to the design state.

2. Geodetic survey in the railway yard

The first step is to acquire necessary information about parti-
cular objects of the railway gridiron. The initial updating of the
database is performed on the basis of the design documentation
or geodetic surveying. The required information should be repre-
sented by a fixed state which would be obligatory for the conse-
cutive cyclic maintenance of the railway yard.

Geodetic measurements are executed for the purpose of acquir-
ing information for the consecutive track optimisation and updat-
ing of the information system by data, if there is no object
documentation at our disposal. The observed points are the main
points of the railway objects as beginnings, midpoints, ends of tur-
nouts, crossings and alike.
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Obr. 1. Vykres skupiny vyhybiek v informacnom systéme

Fig. 1. The turnout lay-out of the information system

Presnost meraéskych prac ovplyvnime vyberom vhodného
pristrojového vybavenia, metodou merania a poftom opakovani
v skupinach merania. Vzhladom na skuto¢nost, Ze ide o meranie
posunov radovo v ,mm*, je potrebné vybrat zodpovedajice vyba-
venie. Na zaklade ziskanych skusenosti, mdéZzeme odporucit elek-
tronické univerzalne meracie stanice so strednou chybou merania
uhlov 0,15™, dizok 1 aZ 2 mm a pre meranie vysok 0,7 mm/km.

Vlastnému podrobnému meraniu musi predchadzat vybudo-
vanie kvalitnej meracskej siete, aby nedoslo k vnasaniu chyb zo
siete do merania hlavnych bodov objektov.

We can influence the measurement precision by the choice of
the suitable surveying instruments, surveying methods and number
of repetitions in the surveying rounds. With regard to the reality
of the position measuring of “mm” it is necessary to choose proper
equipment. Owing to the acquired experience, we can recommend
the electronic universal surveying instruments with the mean
error of angles of 0.15™¢, distances of 1 to 2 mm and elevations of
0.7 mm/km.

The building of a high-quality surveying network has to
precede the proper detailed measurement to prevent the infiltra-
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Vysledkom meracskych prac je spracovany vykres aktualnej
situacie, ktory je prepracovany do optimalizovaného stavu osi
kolaji (obr. 1). Uvedeny druh vykresu v nasom pripade sluzi ako
zakladny podklad pre informacny systém kolajového zhlavia.

3. Spracovanie udajov

Informacny systém je vypracovany ako nadstavba ZH-CAD/IS
v grafickom prostredi AUTOCAD [ 1], ktory dokaze priradit infor-
macie k vykreslenym objektom umiestnenim v celkovej situacii
(obr. 1) vo vykrese v tvare *. DWG. Prvym krokom pri priprave
technoldgie bolo vytvorenie ,*.SLD® snimok pre jednotlivé
skupiny objektov (typy vyhybiek, krizovatiek, mirov a dalsich objek-
tov), ktoré sa zobrazuju spolu s udajmi objektov.

Dal§im krokom pri tvorbe uvedeného informaéného systému
je vypracovanie prazdnych ,,*.DCL" kniZnic s jednotlivymi polic-
kami na ich vyplnenie. Tabulky DCL kniZnic st vytvorené pomo-
cou VisualLISP-u v AUTOCAD-e (obr. 2). Zakladnym podkladom
tohto informacného systému je vypracovany DWG vykres, ktory
vznika na zaklade projektovej dokumentacie alebo z merania v kola-
jisku. Po vybere danej konstrukcie z vykresu sa vyhladaju infor-

KOMNIKOCIe

C O M MUNICATI ON:S

tion of errors from the network to the measurement of the main
object points.

The result of surveying works presents the lay-out of the
actual state which is transformed to the optimal state of the track
axes (fig. 1). In our case the presented type of the layout serves
as a main base for the information system turnouts.

3. Data processing

Information system is elaborated as the ZH-CAD/IS applica-
tion of the AUTOCAD environment [1] which knows how to
assign the information to the drawn objects by the positioning in
the total layout (fig. 1) of the *. DWG drawing. The first step
during the technology preparation was to create the *.SLD slides
of the individual object groups (types of railroad turnouts and
crossings, walls and other objects) which are displayed together
with the object data.

The next step during the information system creation is to ela-
borate the empty *.DCL libraries including the gaps for their
filling. The DCL panels of the libraries are created by VisualLISP
of the AUTOCAD (fig. 2). The main base of this information
system is the elaborated DWG layout which originated from the
base of the design documentation or surveying in the trackage.
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Fig. 2. Basic information of the turnout - from the DCL library
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macie o objekte, napriklad suradnice a vysky hlavnych bodov
konstrukcii, ktoré porovname s hodnotami ziskanymi geodetickymi
meraniami. Pri zjednoduSenej kontrole objektov v kolajisku
mozeme pouZzivat vzdialenosti od zaistovacich znaéiek kolaji
(ZZK) za ucelom spravneho vysmerovania osi kolaji a osi pred
objektom (prechadzajuca vyhybka alebo krizovatka).

4. Vyuizitie v praxi

Praktické vyuZzitie vidime vo vyuZivani uvedeného informac-
ného systému pre vybratu Zeleznicnu spolocnost alebo podnik,
ktory vlastni kolajisko na zabezpecenie svojich dopravnych vykonov.

Ako priklad uvadzame upravu objektu v kolajisku zhlavia do
projektovanej polohy (obr. 3), ktory znazorfuje priecne a pozdizne
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After the choice of the certain structure, information about objects
is searched from the layout, for example coordinates and eleva-
tions of the main object points which is compared with the values
obtained by geodetic surveys. During the simplified control of the
railroad objects, we can use the distances from the object axes to
the track reference points (ZZK) for the purpose of the correct
positioning of the track axes and the axes in front of the object
(previous turnout or crossing).

4. Utilisation in practice

We can see a really practical utilisation of this information
system for the chosen company or enterprise which owns the
railroad network for the support of their traffic capacity.

As an example we present the object adjustment of the rail-
road turnout according to the designed position (fig. 3) which
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Obr. 3. Uprava vwhybiek do projektovaného stavu - priecne a pozdlZne vyrovnanie
Fig. 3. The modification of turnouts to the designed state - lateral and longitudinal adjustment
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posuny hlavnych bodov vyhybkovej Casti zhlavia pri vyrovnani
vyhybiek do zakladného tvaru a re§pektovani osovych vzdialenosti
kolaji (celkova situacia je na obr. 1). Dovodom deformacnych
zmien boli opakované podbijacie prace a prejazd vlakovych stuprav,
v uvedenom pripade ide o podrubané izemie a deformaéné zmeny
su do 150 mm. Nesmieme zabuidat na okolité pridruzené objekty,
ktoré su zaclenené v kolajisku, priCom konstrukcie vyhybiek a kri-
Zovatiek mozu byt ovplyvnené aj deformaciou oblukov pred a za
objektom. Obnovovat je potrebné celi skupinu objektov naraz.

Vyrovnanie deformacii kolaji je potrebné vykonat nielen
smerovo a vySkovo v priamych usekoch a oblukoch, ale aj doplne-
nim alebo skratenim diZok uvedenych tsekov pred a za objektmi.
Vyskova uprava je spracovana v samostatnom vykrese.

Kolajové zhlavie bolo vyrovnané ako celok, pricom za rozho-
dujuce posuny sa povazovali priecne posuny osi kolaji. Pozdizne
posuny v smere osi maju vplyv na dodrZanie stredovych uhlov jed-
notlivych vyhybiek.

Uvedieme si niektoré dovody, pre ktoré je potrebna obnova
polohy a vysky objektov a ich uprava geometrickych parametrov:

- neziaduci prejazd suprav cez objekt, opotrebovanie Casti kons-
trukcii,

- vzdialenosti osi kolaji od pevnych prekazok (stoziare, mosty,
oporné a zarubné mury a pod.),

- uprava parametrov konstrukcii do povodného stavu (projekto-
vany stav, vyrobné parametre, uhol odboéenia, dizky a pod.).

Geodet vykona merania skutoCnej polohy hlavnych bodov
objektov (vyhybiek, krizovatiek, oblikov a pod.). Ak je potrebné
odstranenie vodorovnych a zvislych deformacii, tak v sucinnosti
s projektantom navrhne opravu polohy a vysky objektu. Pri merani
odporticame vytvorit zaistenie polohy a vysky hlavnych bodov na
zaistovacie koliky alebo znacky kolaji (obr. 2).
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shows the lateral and longitudinal shifts of the main points of the
turnouts parts during the adjustment of the objects into the basic
shape and the observance of the railway track axes distances
(detailed plan is shown in fig. 1). The cyclic tamping works and
train running were the cause of the deformation changes, in our
case we can speak of undermined area and the deformations are
to 150 mm. We cannot forget the surrounding adjoined objects
which are included in the trackage, because the structure of turn-
outs and crossings can be influenced by the curve deformations in
front of or behind the objects. It is necessary to renovate the
whole object group at once.

It is necessary to execute the track deformation adjustment
not only horizontally and vertically in direct sections and curves,
but also by adding or shortening the distances of the presented
sections in front of and behind the objects. The elevation adjust-
ment is processed in an independent plan.

The turnouts were adjusted as a whole unit in which we con-
sidered the lateral shifts of the turnout axes as determined shifts.
The longitudinal shifts along the track axes have their influence
on the adherence of the central angles of particular turnouts.

We will present some reasons due to which the renewal of the
object position and elevation and the adjustment of their geome-
tric parameters is necessary:

- the undesirable running of the trains along the objects, the
abrasion of the structure parts,

- the distances of the track axes according to the fixed barriers
(masts, bridges, abutment and retaining walls, etc.),

- the modification of the object parameters to the original state
(design state, production parameters, branching angle, distan-
ces, etc.).

A surveyor carries out measurements of the present position
of main points (railroad turnouts, crossings, curves, etc.). If it is
necessary to eliminate horizontal and vertical deformations so he
designs the adjustment of the objects position and elevation in
cooperation with a designer. During the surveying we recommend
the referencing of the position and elevation of the main object
points to the reference poles or witness track marks (fig. 2).
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