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EKOTECHNOLOGIE PRI OPRAVACH KONSTRUKCIE

PODVALOVEHO PODLOZIA

ECOTECHNOLOGIES FOR THE RECONSTRUCTIONS

OF RAILWAY SUBGRADE CONSTRUCTION

V sucasnosti sa v spojeni s modernizdciou Zeleznicnej siete na
nasom tizemi dostdva do popredia otdzka trvalej stability geometrickej
polohy kolaje. Tito je podmienend dodrzanim predpisanej inosnosti
celej konstrukcie podvalového podloZia. Preto sa zriadujii konstrukcné
vrstvy, ktoré sa podielajii na celkovom zvyseni jeho kvality.

Stavebnd a prevddzkovd cinnost Zeleznicnej dopravy musi byt

riadend s ohladom na pravidlda ochrany Zivotného prostredia. Ich
respektovanie je dosiahnutelné vyuzivanim recyklovanych materidlov
ale aj technologii, ktoré co najviac stistredujii pracovné ¢innosti priamo
do osi kolaje.

1. Uvod

Kvalita klasickej konstrukcie jazdnej drahy s kolajou ulozenou
v kolajovom 16Zku, najma stabilita geometrickej polohy kolaje, je
zavisla predovsetkym od spravania sa materialov Zelezni¢ného telesa
prevadzkovanej trate v nepriaznivych klimatickych podmienkach.
Na zaklade pdsobenia tychto vonkajsich faktorov nastava zhorso-
vanie vlastnosti (najma zniZovanie unosnosti) materialov konstruk-
¢nych vrstiev podvalového podlozia. V stucasnej dobe je aktualnou
otazka zvySovania inosnosti zemnej plane pri vyuziti materialov
ziskanych pri samotnych sanacnych pracach.

2. Stav konstrukcie podvalového podlozia
pred opravnymi pracami

Z hladiska spravania sa materialov v Zeleznicnom telese je
nutné vykonat opravné prace konstrukcie podvalového podlozia
z tychto dévodov:

- material pod kolajovym l6Zkom je tvoreny nepriepustnymi namr-
zavymi zeminami
« nastava premena zeminy (vplyvom posobenia zrazok a strie-
dania zapornych a kladnych teplot);
« nasleduje deformacia zemnej plane;
« a zatlaCovanie zfn kolajového l6Zka do zeminy;
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Nowadays the question of the constant stability of the geometry
position of the track in connection with modernization of the railway
network in our territory is relevant. That is conditioned by the com-
pliance of the rated carrying capacity of the whole subgrade con-
struction. Therefore construction layers are built, which take part in
the total increase of its quality.

The building and operating work of the railway transport has to
be managed with regard to the protection of the environmental rules.
Observing the rules is available by the implementation of recycled
materials. It’s possible to accomplish it by using the technologies,
which focus on working activities directly to the center track line.

1. Introduction

The quality of the standard construction of railway with track
bedded in the ballast (especially geometric position of track sta-
bility) depends, first of all, on behavior of railway track formation
materials on operation line in unfavorable climatic conditions.
Negative impact of external factors results in deterioration of prop-
erties (mainly decrease of carrying) of subgrade construction
materials layers. To raise the carrying capacity of formation at use
of acquired materials by reconstruction works is a topical issue
nowadays.

2. Condition of a subgrade construction before
reconstruction works

From the point of view of behavior of railway track formation
materials it is needed to realize the reconstruction works in sub-
grade construction on the basis of the following reasons:

- if material under ballast is composed of watertight congeal soils
« the change of parameters in soil (by precipitation influence
and changing temperatures above or below zero) starts there;

« the formation deformations followed;

« and ballast grains are pushed to soil;
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- materidl podlozia je vyhovujuci, ale §trk kolajového 16Zka ma
nepriazniva zrnitost (velké mnoZstvo Castic nizkej frakcie)
« dochadza k premiesaniu drobného strku s Casticami hmot
prepravovanych drahovymi vozidlami a so zrazkovou vodou;
« zmes je vyplavovana na spodnu Cast kolajového 10Zka;
« a vytvori niekol'kocentimetrovu nepriepustnui vrstvu.

Vonkajsim prejavom obidvoch moznosti je znecistenie kolajo-
vého 16zka, pokles unosnosti celej konstrukcie a nasledny rozpad
geometrickej polohy kolaje.

S ohladom na vyber pracovného postupu zvySenia unosnosti
celej konStrukcie Zelezniéného telesa sa stava smerodajnou dlho-
doba kvalita materialu kolajového 16zka. Tento material je v dosta-
tocnom predstihu pred vlastnymi sana¢nymi pracami testovany
nielen z hladiska pouzitelnosti v novom kolajovom 16zku, ale aj
pre pouzitie v novej konstrukénej vrstve, ktora sa vyznamnou
mierou podiela na zlepSeni vlastnosti zrekonstruovaného Zelez-
ni¢ného telesa a tym samotnej jazdnej drahy.

3. Prevadzkova diagnostika

Diagnostika konStrukcie kolajového 16zka sa ¢leni na:

- prevddzkovii diagnostiku - zakladna zlozka komplexného systému
diagnostiky, hodnoti celkovy stav konstrukcie kolajového 16zka
pod vplyvom prevadzkového zatazenia;

- vstupnii diagnostiku - hodnoti technické a ekologické parametre
materialu kolajového 16zka uz vo forme vyziskového materialu
pri vstupe do komplexného regeneraéného procesu mimo osi
kolaje;

- vystupnii diagnostiku - hodnoti technické a ekologické parametre
vyrobkov ako materialu do konstrukcie kolajového 16zka.

Prevadzkova diagnostika materialu kolajového 16zka zistuje
a hodnoti technicku kvalitu materialu na zaklade vysledkov labo-
ratornych analyz vzoriek hodnotiacich parametrov: zrnitost, tvar
zin, zaoblenost hran, cudzorodé Castice a odplavitelné Castice.

Hodnotenie materialu kolajového 16zka urcuje z hladiska jeho
kvality tri kvalitativne stupne technologického spracovania mate-
ridlu:

- 0. kvalitativny stupen hodnotenia - bez regeneracie;

- I kvalitativny stupen - Ciastocna regeneracia v osi kolaje (strojné
Cistenie);

- II kvalitativny stupen - uplna regeneracia mimo osi kolaje (recyk-
lacia);

- III kvalitativny stupen - Giplna regeneracia v osi kolaje (recykla-
cia).

Zaclenenie jednotlivych stupnov diagnostiky konstrukcie kola-
jového lozka a kvalitativnych stupnov technologického spracovania
materialu kolajového 10zka do obehového systému hospodarenia
s materialom je na obr. 1.
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- if material under ballast is convenient but ballast’s gravel has
unfavorable granularity (there is a lot of fine elements)
« the mixing of tiny gravel with elements of material transport-
ed by rail vehicles and surface water occurs here;
« the mixture is washed up to the bottom part of ballast;
« and it creates a few centimeters of thin non-permeable layer.

Contamination of ballast, decreases of carrying capacity of
the whole construction and consequent next destruction of geo-
metric position of track is an external attribute of both possibili-
ties.

The long - term quality of ballast material becomes decisive
with respect to the choice a working procedure for raising the
whole railway body construction carrying capacity. This material
is checked well ahead before self-reconstruction works. It’s checked
from the point of view of applicability in new ballast and for usage
in a new construction layer too. This construction layer takes part
in attributes innovation of restored railway track body with major
importance. That takes part a in railway line as well.

3. Operating diagnostic

Diagnostic of ballast construction is divided into:

- operating diagnostic - it is the basic component of a global diag-
nostic system; it evaluates the total condition of ballast con-
struction under the thumb of load in a running order;

- start diagnostic - it evaluates technical and ecological parame-
ters of ballast material in the recycling acquired material form
by start to global regenerative process outside track center line;

- output diagnostic - it evaluates technical and ecological parame-
ters of products like the material used for ballast construction.

Operating diagnostic of ballast material finds and evaluates
technical quality of material on the basis of results from a labora-
tory analysis. The following evaluation parameters are detected:
granularity, form of grain, chamfers of grain edge, strangeness ele-
ments and washed away elements.

Evaluation of ballast material determines three qualitative
levels from technological processing quality materials point of
view:

- the qualitative level 0. - without regeneration;

- the qualitative level I. - partial regeneration in track center line
(machine cleaning);

- the qualitative level II. - complete regeneration outside track
center line (recycling);

- the qualitative level IIl. - complete regeneration in track center
line (recycling).

Incorporation of several degrees of ballast construction of the
diagnostic and qualitative degrees of ballast material technology
processing to system of cycle of material economy is in the Fig. 1.
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4.2 Uplna regeneracia materialu kolajového lozka
mimo osi kolaje

Pri uplnej regeneracii materialu kolajového 16zka mimo osi
kolaje (recyklacii) je material spracovavany dostupnymi technolo-
giami s vyslednym efektom prinavratenia, resp. pribliZzenia a v niekto-
rych pripadoch dokonca vylepSenia povodnych vlastnosti mate-
rialu. Hodnotenie v ramci vstupnej diagnostiky kvality materialu
rozhoduje, ¢i prislusny technologicky postup recyklacie obsahuje
len mechanické, alebo aj chemické technologické operacie.

4.3 Uplna regeneracia materialu kolajového lozka
v osi kolaje

Material kolajového 16zka je pri Uplnej regeneracii v osi kolaje
komplexne spracovavany priamo v ramci zostavy mechanizmov
nasadenych na sanaciu konstrukénych vrstiev podvalového podlozia.

Ziskany recyklovany material je podla vyslednej frakcie pouzi-
telny ako pridavny materidl do novozriadovanej konStrukcnej
vrstvy. Niektoré technoldgie tplnej regeneracie v osi kolaje vyuzi-
vaju regenerovany material pre znovuzriadenie kolajového 16zka.

Obr. 1. Zaclenenie kvalitativnych stupriov technologického spracovania
materidlu kolajového l6zka do obehového systému hospoddrenia
Fig. I The incorporation of the qualitative degrees of ballast material
technology processing to the system of cycle of material economy

tion of machine clean-
ing process in laboratory
conditions and the valu-
ation of this operation
are needed.

4.2 Complete regeneration of ballast material outside
track center line

There is a material processed by available technologies. The
resulting effect of these technologies is original attributes of mate-
rial return or upgrading. Valuation quality of material intro-system
start diagnostic decides relevant technological procedure of recy-
cling includes mechanical technological operations only or chem-
ical technologies too.

4.3 Complete regeneration of ballast material
in track center line

Ballast material is globally processed in complete regenera-
tion in a track center line directly in a; configuration of machines,
which work by reconstruction of subgrade construction layers.

The acquired recycling material is used as an inserted mater-
ial to a newly built construction layer (formation protective layer)
according to the final fraction. Some technologies of a complete
regeneration in track center line use regenerated material for
ballast rebuild.
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Pri veI'mi vyrazne zneCistenom kolajovom 16Zku je vhodné
pred uplnou regeneraciou v osi kolaje vyuzit moznosti regeneracie
Ciastocnej. Material kolajového l6Zka je tymto spésobom upra-
veny pre efektivnejsie vyuZitie v systéme uplnej regeneracie.

5. Ekotechnologie

5.1 Hlavné poziadavky na moderné pracovné postupy
oprav zelezni¢ného spodku

V sti¢asnej dobe sa popri potrebe ekonomickej a ¢asovej efek-
tivity sanaénych prac dostava do popredia aj ich ¢o najmensi
vplyv na Zivotné prostredie. V Zelezni¢nej doprave je vzhladom na
sposoby vystavby, prevadzkovania a oprav rieSenie tejto proble-
matiky esSte nalichavejSie. Preto je vhodné vykonavat sanacie
takymi pracovnymi postupmi, ktoré reSpektuju poziadavku na
- ¢o najkratSie vylucenie sanovanej kolaje z prevadzky;

- minimalizaciu vplyvov ¢innosti sivisiacich s opravnymi pracami
na prevadzku v ostatnych kolajach;

- ¢o najmenej naro¢nu manipulaciu s jednotlivymi konstrukénymi
prvkami a materialmi telesa Zeleznicnej trate;

- kvalitny vysledny ,,produkt” s naslednymi racionalnymi prevadz-
kovymi a udrziavacimi nakladmi.

Takéto naroky najviac spifaju ucelené pracovné linky, ktoré
su schopné komplexne vykonat vsetky operacie suvisiace s opravou
konstrukcie podvalového podlozia bez nutnosti znesenia kolajového
rostu. Tieto Specializované strojné zostavy pracuju s vysokou ¢aso-
vou ucinnostou. Pri projektovej priprave vlastnych sana¢nych prac
je preto vhodné zvazit vyhodnost ich nasadenia oproti nasadeniu
konvencnych technoldgii (so znesenim kolajového rostu).

5.2 Ekotechnologie uplnej regeneracie materialu
kol'ajového 10zka v osi kolaje

Z hladiska suvislosti prac pri sanacii podvalového podlozZia
sa javi prelomovou technologia realizovana pracovnou linkou
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Before complete regeneration in a track center line a partial
regeneration is applicable in case of very expressively contamina-
tion ballast. Ballast material is reconditioned for more effective
utilization into the system of complete regeneration this way.

5. Ecotechnologies

5.1 Main requirements for modern work procedures of
a subgrade reconstruction

Nowadays the smallest influences on the environment are
important apart from economic and time effects of reconstruc-
tion. In the railway transport it is even more urgent (considering
process of building-up, operation and reconstruction) to solve this
problem. Therefore it is appropriate to carry out reconstruction by
work operations, which respect request for
- the shortest closing time of line under reconstruction;

- minimalization of influences from operation connected with
reconstruction works for operation in other trail railway activity;

- the least difficult manipulation with railway track’s body ele-
ments and materials;

- qualitative final product with subsequent rational operating and
maintenance costing.

Those requirements are realized by integrated operating for-
mations, which are able to entirely make all operation related with
subgrade’s construction reconstruction without necessity of track
removal. These special machine formations work with high time
effects. Advantages of this formation employment compared with
conventional technologies (with track removal) need to be con-
sidered at project preparation of reconstruction’s work.

5.2 Ecotechnologies for complete regeneration
of ballast material in track center line

In term of reconstruction subgrade compactness technology
realized by configuration AHM 800 R (fig. 2) appears to be upheaval.

Fig. 2. Technology configuration AHM 800 R
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AHM 800 R (obr. 2). Tato kompaktna pracovna linka je schopna
vykonaf sanaciu bez znesenia kolajového rostu. Sucastou zostavy
AHM 800 R je priamo recyklacna linka pre material starého kola-
jového 10zka, ktory je po regeneracii pouZity (po zmieSani s novym
materialom) do novej konstrukénej vrstvy podvalového podlozia
v ma-teriali s poZzadovanou krivkou zrnitosti (tzv. mineralbeton).

Integrovana recyklacia materialu kolajového 16Zka a jeho racio-
nalny pohyb vo vnutri pracovne;j linky zarucuje:
- zniZenie nakladov na dopravu a spotrebu materialu;
- ekonomické vyuZzitie vytazeného materialu;
- bezprostrednu separaciu znecCisteného a zneéistujuceho materialu
od materialov novej konStrukcie Zelezni¢ného telesa;
- minimalnu dobu, pocas ktorej je zemna plan odkryta;
- minimalne ovplyviiovanie Zelezni¢nej prevadzky na druhej kolaji.

Casova naroénost technologie komplexnej rekonstrukcie Zelez-
nicnej trate s vyuzitim klasickych postupov (Uiplna regeneracia
materialu kolajového 16Zka mimo osi kolaje) a technolégie AHM
800 R (uplna regeneracia materialu kolajového 16zka v osi kolaje)
je zobrazena na obr. 4 a 5.

Vzorovy rekonstruovany usek dizky 500 m sa nachadza na
dvojkolajnej trati. Podvalové podloZie sa navrhuje s geotextiliou
a podkladnou S§trkopieskovou vrstvou hrubky 0,60 m (klasicka
technologia), resp. 0,55 m (technologia AHM 800 R).

Z grafov vyplyva, ze postup rekonstrukcie priamo v osi kolaje,
ktorého sucastou je technoldogia AHM 800 R, ma asi polovi¢nu
Casovu narocnost klasickej rekonStrukcie zahfiiajucej znesenie
kolajového rostu a uplné odstranenie kolajového 16Zka a sanova-
nych vrstiev podvalového podlozia.

Princip pracovnej ¢innosti zostavy RPM 2002 (obr. 3) nadva-
zuje na technologicky rad, do ktoré¢ho patri AHM 800 R.
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This compact formation of machines is able to realize the recon-
struction without track removal. Component part of formation
AHM 800 R is directly recycling formation for old ballast mater-
ial used for new formation protective layer after regeneration
(after its mixture with new material) in material with requisite line
of granularity (so-called mineralbeton).

Integrated recycling of ballast material and its rational move-
ment into formation assure:
- reduction of cost for material transport and consumption;
- economical utilization of acquired recycling material;
- immediate separation of contaminated material from new sub-
grade construction material;
- minimal period subgrade is open during it;
- minimal influence on the second track railway activity.

Time consumption of the complex reconstruction of railroad
technology using standard methods (complete regeneration of
ballast material (BM) outside the track center line) and technol-
ogy AHM 800 R (complete regeneration of ballast material in the
track center line) is displayed in Figs. 4 and 5.

The model reconstructed part of railway with the length of
500 m is laid in the double track. Subgrade is designed with geo-
textile and new formation protective layer (FPL) with the thickness
0,60 m (standard method) or 0,55 m (technology AHM 800 R).

The reconstruction directly in the track center line - by the
technology AHM 800 R - has the half time consumption from the
standard method, which includes the track removal and complete
removing of ballast material and material of subgrade reconstruc-
tion layers, results from graphs.

Work operation principle of formation RPM 2002 (Fig. 3)
fasten on technology sequel, including AHM 800 R.

Obr. 3. Technologickd zostava RPM 2002
Fig. 3. Technology configuration RPM 2002

Tak isto vyuziva vyhody sanacie bez znesenia kolajového rostu
a regeneracie materialu kolajového 16Zka priamo v pracovne;j linke.
Posun k lepSiemu sa prejavuje vo vyuZiti recyklatu. Regenerovany
material kolajového 16zka je rovnako ako pri AHM 800 R prida-
vany do novozriadovanej podkladnej vrstvy podvalového podlo-

It uses advantages of regeneration without track removal and
ballast material regeneration directly in machine formation as
well. Advancement is shown in recycling acquire material utiliza-
tion. Regenerated ballast material is as well as in AHM 800 R
added to new formation protection layer, but part of its is returned
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PREHLADY / REVIEWS

Zia, ale Cast sa tiez vrati spét do kolajového 16zka. Takto sanované
useky ZelezniCnej trate su prevadzkyschopné uz po prislusnej sme-
rovej a vyskovej uprave kolajového rostu.

6. Zaver

Zvysené naroky v spojeni s plynulym nasadenim technologii
vyuZivajucich regeneraciu materialu priamo v osi kolaje st kladené
na pripravné prace pred zacCiatkom sanacie. V useku, na ktorom sa
uvazuje s ich nasadenim, je potrebné:

- vykonat adekvatny geotechnicky prieskum, ktorého vystupom je
« uceleny prehlad o materialoch pod kolajovym 16Zkom:;
« detailny navrh parametrov konstrukénych vrstiev podvalo-
vého podlozia;
- posudif priechodnost s ohladom na priechodny prierez zostavy
v prepravnej i pracovnej polohe;
- zaznamenat polohu miest obmedzujucich moznosti ¢innosti celej
pracovnej linky, a to
« umelych stavieb (mosty, priepusty);
« uroviovych krizovani;
« zakladov stoZiarov a navestidiel zasahujucich do pracovného
zaberu;
- kvalitativne zhodnotit a kvantitativne odhadnut material kola-
jového 16Zka pre
« vyrobu novej podkladnej vrstvy (mineralbeton) - AHM 800R,
RPM 2002;
« jeho spatné vratenie do nového kolajového 16zka - RPM
2002.

Aj na zaklade zistenia tychto vstupnych podmienok a ich
vplyvu na celkovu ¢asovu, ekonomicku, materialovu a ekologicku
efektivitu je mozné rozhodnut sa pre pouZitie technoldgie opravy
podvalového podloZia bez znesenia kolajového rostu (AHM 800R,
RPM 2002) alebo technologie klasicke;.

7. Literatura - References
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to ballast. Such reconstruction distances of railway are able to
operate after track is adjusted in its longitudinal alignment.

6. Conclusion

Increased demands in connection with continuous technology
employment using material regeneration directly in track center
line, are bestowed on preparation works before the reconstruction
starts. In a distance where these technologies are under consider-
ation is needed:

- to carry out an adequate geotechnical prospecting the result of
which is
« integrated view of materials under ballast;
« detailed parameter design of subgrade construction layers;
- to take measure of capacity with reference to structure gauge of
machine formation - in transfer and operating position;
- to register a position of places, which restrict operation possi-
bilities of the whole machines formation, namely
« subgrade’s buildings (bridges, pass filters);
» overheads;
« concrete foundations of masts and semaphores (if they inter-
fere with a machine’s operation area);
- to evaluate quality and to estimate quantity of ballast material
for
« making a new formation protective layer (mineralbeton) - by
AHM 800R and RPM 2002;
« return this one to the new ballast - by RPM 2002.

Following this detection of the start conditions and their
influence on total time, economical, raw material and ecological
effects it is possible to decide on technology usage of subgrade
reconstruction without track removal (AHM 800 R, RPM 2002)
or for usage of the standard technology.
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