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POSUDENIE VHODNOSTI POUZITIA NETRADICNEHO
MATERIALU NA SANACIU ZELEZNICNEHO SPODKU

THE EVALUATION OF THE APPROPRIATENESS OF RAILWAY
SUBGRADE RESTORATION WITH AN UNCONVENTIONAL MATERIAL

Prispevok obsahuje vysledky dosiahnuté pri skitmani nového geo-
syntetického vystuzného materidlu - GEOWEB pouZitého na sandciu
Zeleznicného spodku. Nakolko pri stavebnych opravdach v ramci
modernizdcie Zeleznicnych trati a stanic nevystacime len s tradicnymi
- doteraz vdcsinou pouzivanymi materidalmi.

Uvod

Pri modernizacii zelezni¢nych trati a stanic sa ma postupovat
v stllade s parametrami odporucanymi v dohodach AGC a AGTC.
To znamena, Ze na vybranych tratiach pre modernizaciu je
potrebné zvysit tratovii rychlost na 160 km.h™', upravit prejazdny
prierez na UIC GC a triedu zatazenia na D4 UIC. Z toho vyplyva,
Ze pri stavebnych upravach v ramci modernizacie na koridorovych
tratiach, nevystacime len s klasickymi tradiénymi, doteraz vacsi-
nou pouzivanymi materialmi. Je potrebné pouzivaf aj mate-
rialy nové, netradicné, ktoré moézZu vyrazne ovplyvnit kvalitu
Zelezni¢nych trati a stanic.

Tyka sa to aj Zeleznicného spodku, kde od kvality navrhu
a stavby zavisi zabezpeCenie dlhoroCnej, dostatoCne unosnej
a bezpecnej jazdnej drahy pre zelezni¢né vozidla. NajcastejSimi
metodami sandcie Zeleznicného spodku na koridorovych tratiach
je zlepSovanie zemin s pojivami, ako napr. vapno, cement a vystu-
Zovanie zemin a konStrukcénych vrstiev geosyntetickymi materi-
almi. Jednym z takychto novych materialov je aj bunkovy systém
GEOWERB, ktory patri do technologie vystuzovania zemin geo-
syntetickymi materialmi.

2.Vystuzovaci bunkovy systétm GEOWEB

Konstrukcia GEOWEB je bunkovy speviiovaci systém, ktory
bol vyvinuty koncom 70. rokov ako sucast kooperacného vyskum-
ného usilia s US Army Corps of Engineering. Je dostupny v dvoch
odlisnych druhoch povrchovej Gpravy: hladkej a textirove;j.

Systétm GEOWEB moze byt vyuZity pre granularnu vypln
pomocou materialov dostupnych priamo na mieste sanacie pod-
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This paper deals with the results achieved during the testing of
a new geosynthetic reinforcing material - GEOWEB, which was used
Jor the restoration of railway subgrade. Conventionally used materials
are no longer sufficient for reconstruction works within the
modernisation of railway tracks and stations.

Introduction

When modernising railway tracks and stations, we must keep
the parameters recommended by agreements AGC and AGTC.
That means it is necessary for modernised tracks to increase track
speed up to 160 km.h! and to accommodate the structure gauge
according to UIC GG and the class of load according to D4UIC.
It follows that the classical, conventional materials used so far are
not sufficient for reconstruction works within the modernisation
of the corridors. It is also necessary to use new materials which
are unconventional. This can significantly influence the quality of
railway tracks and stations.

It also concerns railway subgrade where long - time, sufficiently
supported load and safe running line for railway vehicles depend on
the quality of the design and reconstruction of this railway
subgrade. The most frequently used methods of railway subgrade
restoration on the corridor tracks are the improvement of soil by
such materials as lime and cement, and the reinforcing of soil and
construction layers by geosynthetic materials. One such new
material is the cellular confinement system GEOWEB, using the
technology of reinforcing soil with geosynthetic materials.

2. Cellular Confinement System GEOWEB

GEOWEB construction is a cellular confinement system
which was developed at the end of the 70s as part of a cooperative
research effort with the US Army Corps of Engineering. It is
available in two different superficial forms - smooth and textured.

The GEOWEB system can be utilised for granular filler by
using the materials accessible right at the area of restoration of

Department of Railway Engineering and Track Economy and Management, Faculty of Civil Engineering, University of Zilina, Komenského 52,
01026 Zilina, Slovak Republic, Tel: 00421-89-43374, fax:00421-89-7233502, e-mail: gombit@fstav.utc.sk

4) ¢ KOMUNIKACIE / COMMUNICATIONS 2/99



valového podlozZia (neunosny materidl zemnej plane, vyzisk
z Cistenia kolajového 16Zka), ako nahrada za drahé dovazané
materialy (Strkopiesky). Vysokopevnostné polyetylénové sekcie st
pre dopravu zloZzené do lahkych kompaktnych balikov, s ktorymi
sa da Tahko manipulovat, priCom pocas instalacie zostavaju flexi-
bilné. Pri plneni sekcii sa tieto prisypavaju ochrannou vrstvou
hrubky 50 - 100 mm a mdzu byt ihned prechadzané aj velmi
tazkymi mechaniza¢nymi prostriedkami. Podla udajov vyrobcu,
zabudovanim systému GEOWEB do neunosného Zelezni¢ného
spodku, sa mechanizmom gene-
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railway subgrade (unbearable material of formation, exhausted
material from the cleaning of the railway bed) as a substitute for
expensive imported materials (gravel and sand). High-strength
polyethylene sections are folded for transport into light compact
packets which can be easily manipulated. During the installation,
they remain flexible. During the filling of the sections, they are
scattered as a protecting layer with the thickness of 50 - 100 mm and
they can be immediately used even with very heavy construction
machines. According to the data provided by a manufacturer,

building the GEOWEB system into

racie silnej laterarnej zvizujucej
sily a trenia na styku zemina -
stena bunky vytvara tzv. mostova
roznaSacia Struktura s vysokou
flexuralnou pevnostou a tuhos-
tou. Tento systém sa k nam
dovaza s rozmerom buniek 244

an unbearable subgrade, the
mechanism of strong lateral binding
force and friction on the contact
soil/cell wall creates the so-called
> bridge distribution structure with
high flexural strength and stiffness.
This system is imported to Slovakia

x 203 mm v Styroch vyskach

with dimensions of the cells 244

stien buniek, a to 75, 100, 150
a 200 mm a rozmerom celych
vostinovych sekcii 2,44 m x 6,10
m v roztiahnutom tvare. Na obr.
1 je znazornena cela sekcia
a tvar buniek.
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X 203 mm in four heights of cell
sides: 75, 100, 150, and 200 mm and
dimension of whole perforated
sections 2.44 m x 6.10 m in a distend
form. Fig. 1 shows one whole section
and the shape of the cells.

Tato mostova Struktira ma
zlepsovat dlhodobu charakteris-
tiku u deformacie vplyvom zata-
Zenia u beznych granulovanych vypliovych materialov
a dovolovat vyrazne (az 50 %) zredukovanie hriibky konstrukcénych
vrstiev Zelezni€ného spodku v porovnani s tradi€énymi metodami
zvySovania jeho inosnosti.

3. Sanacia zelezni¢ného spodku vo vyhybke

Po prvykrat pouzit vystuzovaci bunkovy syst¢ém GEOWEB na
Slovensku na zvy$enie unosnosti zemnej plane sa rozhodli Zelez-
nice Slovenskej republiky. Aby sa preukazala predpokladana ucin-
nost technologie zvySovania unosnosti Zeleznicného spodku
pomocou tohto materialu, bol v r. 1996 na ZelezniCnej trati
Bratislava-Zilina v Zelezniénej stanici Puchov zaloZeny pokusny
usek. Tento pokusny usek bol zriadeny v ramci komplexnej rekon-
strukcie vyhybiek €. 1 - 8 na zilinskom zhlavi za sticasnej sanacie
Zelezni¢ného spodku. Vo vyhybke €. 3 bola zistena nevyhovujiica
usnosnost zemnej plane (E, < 15 MPa) a pocas Zeleznicnej pre-
vadzky opakujuce sa chyby vo vySkovej polohe kolaje, takze tu
bolo potrebné zvysit inosnost podlozia.

V predstihu pred budovanim pokusného useku v Zst. Puchov
na jej zilinskom zhlavi, bola zhodnotena situacia a stav konstruk-
cie podvalového podlozia pod vyhybkami €. 3, 4 a 5. Predbezny
geotechnicky prieskum bol uskutocneny v siedmich kopanych
sondach. Na zaklade ich vyhodnotenia bolo mozné konStatovat
roznorodost v konstrukénom usporiadani vrstiev podvalového
podlozia. Charakter zemnej plane bol velmi premenlivy a predo-
vsetkym pod vyhybkou €. 3 boli z pohladu inosnosti zistené naj-

Obr. 1. GEOWEB
Fig. I GEOWEB

This bridge structure shall
improve the long-term characteris-
tics of the deformation due to the
load in the usual filler granular materials and permit substantial
(up to 50 %) reduction in the thickness of the construction layers of
railway subgrade in comparison with other conventional methods
of increasing its load support.

3. Restoration of Railway Subgrade in a Turnout

The first use of the GEOWEB cellular confinement system was
performed by the Railways of the Slovak Republic. The purpose
was to increase the load support of the formation. To prove the
assumed effectiveness of the technology for increasing the load
support of railway subgrade by using this material, a trial section
was established at the railway station Puchov on the railway track
between Bratislava - Zilina in 1996. This experimental section was
established within the process of the complex reconstruction of
turnouts No. 1 - 8 together with the reconstruction of the railway
substructure. In turnout No. 3, an unsatisfying load support of the
formation (E, < 15 MPa) was found as well as repeated faults in the
height position of the rail during railway operation. It was necessary
to increase the load support of the subgrade here.

Before the experimental section was built at the Railway Station
Puchov - Zilina head, the situation and condition of the railway
subgrade construction under the turnouts No. 3, 4 and 5 had been
evaluated and the preliminary geotechnical research had been
performed with seven dugged probes. The evaluation of these
preliminary works showed a variety in the construction arrangement
of the railway subgrade layers. The nature of the formation was
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horsie vysledky. V tomto mieste je zemnd plan tvorena ilom
mikkej az tuhej konzistencie.

Pre zvySenie unosnosti podlozia pod vyhybkou ¢.3 bolo roz-
hodnuté vykonat sanaciu zeleznicného spodku podla vzorového
listu Z 4.3 - N 4, kde betonova doska bola nahradena konstrukciou
GEOWEB. GEOWERB bol neperforovany, §irky 4,2 - 4,5 m o vySke
buniek 0,10 m. Podkladova vrstva sa navrhla o hrubke 0,30 m a na
zemnu plan bola ulozena
netkana geotextilia o plosnej
hmotnosti 400 g.m>. Zriadenie
pokusného useku nam doku-
mentuje obrazok ¢. 2

Tymto rieSenim oproti
povodnému rieSeniu  bola
potrebna mensia hibka vykopu,
¢o znamenalo mensSiu potrebu
vykopov a taku istu usporu
hrubky sanacnej vrstvy pod-
kladu, vratane nakladov za
manipulaciu a odvoz. V ramci
sanacie Zelezni¢ného spodku
sa obnovilo aj odvodnenie
zhlavia.

Po jednom mesiaci prevadzky boli na pokusnom tseku vyko-
nané prvé statické zatazovacie skusky, kde bol zistovany ekviva-
lentny modul deformacie na dvoch miestach vyhybky ¢. 3 a pre
porovnanie vysledkov aj vo vyhybke ¢. 4. Tato bola sanovana kla-
sickym sposobom. Vo vyhybke €. 3 bola zistena hodnota modulu
deformacie E, = 91 MPa, ¢o je viac ako poZadovana unosnost na
tomto useku trate E; = 80 MPa. V zmysle predpisu CSD $4 Zelez-
ni¢ny spodok sa posudzuje celkové hodnotenie inosnosti viac-
vrstvovej konStrukcie podvalového podlozia, t. j. postupne
zriadenych jednotlivych konsStrukénych vrstiev ich ekvivalentnou
unosnostou E_,. Ekvivalentna

Obr. 2. Pokusny tisek
Fig. 2 The experimental section

very variable, and specifically in turnout No. 3, the worst results
regarding load support were found. The formation at this place
contained loam with consistency, varying from soft to solid.

To increase the load support of the subgrade under turnout
No. 3, it was decided to perform the reconstruction of the railway
subgrade according to the sample list Z 4.3 - N. 4, in which
a concrete slab was substituted with GEOWEB construction.
GEOWEB was not perforated, width of 4.2 - 4.5 m and cells
height of 0.10 m. The sub ballast was
proposed with a thickness of 0.30
m and on the formation an unweaved
geotextile of area 400 g.m™ was laid.
Construction of the experimental
section is shown in Figure 2.

Comparing this solution with the
original one, a lower depth of
excavation was necessary which
meant less excavations in the long run
and saved the same cubature of the
reconstruction layer of the subgrade,
including costs for manipulation and
removal. While restoring the railway
subgrade, dewatering of a head was
also renewed.

After one month of operation, the first static loading tests
were performed on the trial section. The equivalent deformation
modulus was being determined at two testing points of turnout No.
3 and also in turnout No.4 to make a comparison of the results.
The second turnout was restored in the classical way. In turnout
No. 3, the value of the deformation modulus (E, = 91 MPa) was
found which was higher than the required value of the load support
at this section of a track (E, = 80 MPa). In accordance with the
regulation CSD S4 Railway Substructure, the overall evaluation of
the support load of multi layer construction in railway subgrade is
determined by the equivalent load

GRAPH SZS1
unosnost je stanovena v zavis- support of these layers (E.,). The
losti od prevadzkového zafaze- Pressure P value of equivalent load support
nia kolaje. Pre nas sledovany 0.000 0.100 0.200 0,300 0,400 depends on the load being in running
kolajovy tusek v zst. Puchov - 0,00 order. The modulus (E, = 80 MPa)
Zilinské zhlavie, v hlavnej for our trial track section is given at
kolaji ¢. 2 je predpisany modul \ the Railway Station Puchov - Zilina
Ep = 80 Mpa 0.50 A p =040 MPa head, the main track No. 2.
-El < >

Dalsie sledovanie pokus- £ 1.00 X Up to now, the experiments at
ného useku bolo dosial v 3. £ € our section have been performed in 3
etapach vidy vo vyluke kolaje, 2 \ g phases, as well as during the closing
a to jedno meranie v roku 1997 E‘ 1,50 ] & of a line to traffic. The first

. ] ll> .
a dve merania v roku 1998. = \\ 2| measuremept was done in 1997 and
200 two others in 1998.

Na obr. ¢. 3 je pre nazor- ' Figure No. 3 gives a graphic
nost uvedené grafické vyhod- evaluation of the measured values at
notenie nameranych hodnot 2,50 the place SZS 1 of the experimental

v mieste SZS1, pokusného
useku v zst. Puchov vo vyhybke
¢. 3, dna 21. 4. 1998.

Obr. 3. Graf SZS 1
Fig. 3 Graph SZS 1

section at the Railway Station
Puchov in turnout No. 3 on April
21st, 1998.
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Na obr.c.4 - prieCny rez sanovanou vyhybkou su vysledky
nameranych hodnét ekvivalentného modulu deformacie v jednot-
livych etapach :

I. etapa-E, = 82,44 MPa

II. etapa-E_, = 90,18 MPa
III. etapa- E_, = 84,38 MPa

7
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Figure 4 is a cross section of the restored turnout and the
results of measured values of equivalent deformation modulus in
phases:

1** phase - Ey, = 82,44 MPa

2" phase - Eg, = 90,18 MPa
3 phase - E, = 84,38 MPa

1

N\
Ee =91 MPa 0.15
_ |. Ee2 = 82,44 Mpa
railway bed 1. Ee2=90,18 Mpa 035
lll. Eez = 84,38 Mpa Eu=28 Mpa
unsorted gravel and sand 0,70
N - O B
. unsorted gravel and sand /———_geotextile Eo=15MPa 0.10

low carrying capacity of subgrade

Obr. 4. Priecny rez sanovanou vyhybkou ¢. 3
Fig. 4 The cross section of the restored turnout No. 3.

Z vyhodnotenia vysledkov etapovych merani na zaklade prie-
mernych hodnét je mozné konStatovat, Ze vo vsetkych etapach
merania bol zisteny ekvivalentny modul deformacie Eez vacsi ako
pozadovana ekvivalentna tinosnost E, = 80 MPa.

Zaver

Na zaklade vykonanych 4 etapovych merani pokusného
useku rozloZenych na rézne ro¢né obdobia skumania, je mozné
posudif vhodnost nového materialu, vystuZovaciecho bunkového
systtmu GEOWEB na sanaciu Zelezni¢ného spodku ako materidl
vhodny. Avsak hodnoty namerané v porovnavacej vyhybke ¢. 4
sanovanej beznym spdsobom nie st vyrazne odlisné od namera-
nych hodnot vo vyhybke €. 3.

Preto v zavere je treba povedat, Ze novy material - vystuZovaci
bunkovy syst¢tm GEOWEB - je potrebné vyuzivat pri sanaciach
Zeleznicného spodku, hlavne v tych miestach, kde je to ekono-
micky vyhodné. Jedna sa hlavne o miesta, kde nie je mozné pri
sanaciach zasahovat do vicsej hibky, alebo v tych miestach, kde
je potrebné zmensit hribku konstrukénej vrstvy telesa Zeleznic-
ného spodku. Hlavna vyhoda tohto materialu je podla dosial
dosiahnutych vysledkov v tom, Ze je mozné hrubku konstrukcnej
vrstvy telesa Zeleznicného spodku urcenu na zaklade unosnosti
zemnej plane zmensit aZ o cca 30 %, pricom celkova hrubka kon-
struk¢nej vrstvy nesmie byt menej ako 0,15 m.

Evaluating the results of the phase measurements, we can
assume that the equivalent deformation modulus at all places of
measurement has been found to be higher than the required load
support (E, = 80 MPa).

Conclusion

On the basis of four phase measurements at the trial section
performed in various seasons of the year, it is possible to evaluate
the appropriateness of the new material (i.e. the cellular confine-
ment system GEOWEB) for the restoration of railway substructure
as an appropriate material. However, the measured values in the
comparable turnout No. 4, restored in the conventional way, are not
significantly different from the values measured in turnout No. 3.

Therefore, it is important to say that the new material -
GEOWERB cellular confinement system - should be used during the
reconstruction of railway substructure primarily at places where it
is economically attractive, specifically, at places where it is impos-
sible to get very deep during the restoration or at places where is
necessary to reduce the thickness of the construction layer of
a railway substructure unit. According to the achieved results, the
main advantage of this material is the possibility to reduce the
thickness of the construction layer of a substructure unit (determi-
ned on the basis of the load support of the formation) by about
30 % while the overall thickness of the construction layer can’t be
less than 0.15 m.
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Sledovany vystuzovaci bunkovy systém GEOWEB je mozné
odporucif k zvySovaniu Unosnosti plane telesa Zeleznicného
spodku, ako dalsi z geosyntetickych vystuzovacich materialov k uz
pouzivanym materialom, ako su vystuzné geotextilie a geomriezky.
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The tested cellular confinement system GEOWEB, which
together with geotextiles and geogrids belongs to the group of
geosynthetic reinforcing materials, can be recommended for
increasing the load support of a railway substructure unit.
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