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RAZBA KABELOVODU MIKROTUNELOVACIM STROJEM
POD ZELEZNICNI STANICI KOLIN
EXCAVATION BY A MICROTUNNELING MACHINE OF UTILITY
TUNNEL AT THE KOLIN RAILWAY STATION

MARKETA VENCLOVA, PAVEL CELIS, PETR HYBSKY, FILIP JIRIENY

ABSTRAKT

V prvni poloviné roku 2024 byly v Zeleznicni stanici v Koliné zahdjeny rozsdhlé prdce, jejich? cilem je zajisténi bezbariérového pristupu
pro cestujici od hlavni nddrazni budovy na jednotlivd ndstupisté. Soucdsti téchto praci je vybudovdni novych kabelovych tras a vedeni.
Pro prevedeni sdélovacich kabelii pod kolejistém ZST Kolin byl zhotoven novy kolektor. Ten byl raZeny metodou Fizeného protlaku pomocit
MTBM. Charakteristiku raZeného dila a pritbéh samotnych raZeb pribliZuje ndsledujici cldnek.

ABSTRACT

In the first half of 2024, extensive works at the railway station in Kolin began, which aimed at enabling barrier-free access for passengers
from the main station building to individual platforms. A constituent of these works is the construction of new cable lines and ducts. For
the rerouting of communication cables underneath the Kolin station railway yard a new utility tunnel was realised. It was excavated by
the controlled jacking method using an MTBM. The characteristics of the excavated work and the course of the excavations themselves are

outlined in the following article.

uvob

V soucasnosti maji cestujici vyuZivajici kolinské nadra-
Zi k dispozici pési podchod, z néhoZ se na nastupiSté vystu-
puje po pevnych schodiStich. SchodiStové rampy jsou vyba-
veny ploSinami pro dopravu imobilnich osob, ale vhledem
k dopravnimu vytiZeni kolinského nadraZi je tento zptsob kapacitné
nevyhovujici. Bylo rozhodnuto, Ze pro ucely bezbariérového
pristupu bude vyuZit jiz existujici paralelné¢ vedeny zavazadlo-
vy tunel. Ten vSak potfebuje rozsahlou rekonstrukci a prede-
v§im vymisténi sdélovacich kabeli vedenych v jeho utrobach.
Kabely budou premistény do nové razeného kabelovodu. Na
obr. 1 je znizornéna situace v podzemi ZST Kolin, zprava dole-
va: stavajici podchod pro pési, zavazadlovy tunel a novy raZeny
kabelovod.

INTRODUCTION

In the present time passengers using the Kolin station have
a pedestrian underpass at their disposal, from where they can
ascend to platforms via fixed staircases. Ramps are equipped
with platforms for the transport of disabled individuals however
due to the busy traffic of the Kolin station this method is not
satisfactory capacity-wise. It was decided that for the purposes
of barrier-free access, an already-existing parallel baggage tunnel
would be utilised. However, it needs an extensive reconstruction
and mainly a relocation of communication cables that are
routed within its insides. Cables will be relocated into the newly
excavated utility tunnel. Fig. 1 depicts the situation of the Kolin
railway station underground, from right to left: current pedestrian
underpass, baggage tunnel, and the newly excavated utility

tunnel.

zavazadlovy tunel
baggage tunnel

novy razeny kabelovod
new excavated utility tunnel

PROJECT DESCRIPTION
AND ITS DEVELOPMENT

The new utility tunnel beneath
the railway yard was from the very
beginning designed as excavated.
If it had been designed as cut-and-
cover, a large restriction of railway
transit would have occurred, as well
as the worsening of travel comfort.
Due to the geological environment
in which it is situated (sands with
a high groundwater level) the
selected method was excavation by
an MTBM (microtunnelling full-
face machine) machine with face
support using a slurry suspension.

Within the tender documen-
tation, the reception shaft of the

stavajici podchod pro pési
current pedestrian underpass

Obr. 1 Zndzornéni situace v podzemi v ZST Kolin
Fig. 1 Depiction of a plan of the Kolin railway station underground

utility tunnel was designed in
close proximity to a dispatch
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POPIS PROJEKTU A JEHO VYVOJ

Novy kabelovod pod kolejistém byl od pocatku navrZen jako ra-
Zeny. Pokud by byl realizovan jako hloubeny, doslo by k velkému
omezeni Zelezni¢ni dopravy a zhorSeni komfortu cestovani. Z da-
vodu geologického prostiedi, ve kterém je situovan (pisky s vyso-
kou hladinou podzemni vody), byla pro vystavbu vybrana metoda
razeni MTBM (mikrotunelovaci plnoprofilovy stroj) strojem se
zajisténim stability celby pomoci bentonitové suspenze.

V ramci zadavaci dokumentace byla cilova Sachta kabelovo-
du navrzena v té€sné blizkosti vypravni budovy. Toto uspotradani
prakticky vylucovalo instalaci jefdbu vysoké nosnosti pro vy-
taZzeni stroje. Dodatecny geofyzikalni prizkum navic prokézal
vyskyt zdkladd staré stani¢ni budovy s moznosti vyskytu nepied-
pokladanych ocelovych prvki (které predstavuji pro razbu MTBM
nepiekonatelnou prekazku). Z obou vyse uvedenych divodl byl
kabelovod posunut jak horizontdlné o cca 25 m smérem ku Praze
(do stanieni km 347,834), tak i vertikdln¢. Kabelovod byl vice
zahlouben, ¢imz se nadloZi zvysilo z ptivodnich cca 2,8 m na cca
5,0 m. Vnitfni svétly primér zlstal v porovnani se zadavaci doku-
mentaci nezménén a ¢ini 2,5 m, s tlousStkou osténi 0,25 m. Délka
kabelovodu v nové poloze je cca 87 m.

INZENYRSKOGEOLOGICKE A HYDROGEOLOGICKE
PODMINKY

Svrchni pokryv §ir§i oblasti nadraZi tvori prostorové rozsahla
vrstva navazek. Dle archivnich vrt z databize Ceské geologické
sluzby dosahuje jejich mocnost lokalné az 7 m. V podloZzi navazek
se nachazeji kvartérni fluvidlni sedimenty feky Labe, které jsou
tvofeny prevazné slabé soudrznymi, pisCitymi aZ Stérkovito-pis-
¢itymi zeminami, lokdlné se mohou vyskytovat polohy jemnozrn-
nych hlinito/jilovito-pisCitych zemin. Pod fluvidlnimi sedimenty
se nachdzeji metamorfované horniny — koufimské migmatity
a v oblasti kabelovodu pak prevazné ruly.

Hladina podzemni vody v misté startovaci jdmy zhruba odpovi-
dé hladin€ vody v Labi (194,70 m n. m.), s narustajici vzdalenosti
od Labe (v pripadé¢ razeného kabelovodu) napfic kolejemi smérem
k néadrazni budové mirné stoupa. V misté kabelovodu se hladina
podzemni vody pohybuje v hloubce cca 4,7 m pod povrchem teré-
nu, tj. nad vrchlikem tunelu.

Razba ze startovaci Sachty zacinala v prostfedi zemin. Pfiblizné
v poloviné trasy vstoupila do dna razeného profilu skalni baze rul,
ktera postupné tvofila stile vétsi podil plochy Celby s tim, Ze zave-
recnd Cast razeb (o délce priblizné 10 m) jiz probihala kompletné
ve skalnim prostfedi. PficemZ pevnostni zkousky prokdzaly, Ze
pevnost rul v prostém tlaku presahuje 180 MPa. Tunelovaci stroj
proto musel byt navrZen tak, aby byl schopen razit ve dvou zcela
rozdilnych horninovych prostiedich, véetné prostifedi smiSenych
geologickych podminek na celbé.

POPIS METODY RAZBY

Obecné se razba plnoprofilovymi tunelovacimi stroji (obr. 2)
s pramérem fezné hlavy mensim neZ 4 m oznacuje jako mikro-
tunelovani. Pri této metodé tlacna stanice (Ctverice listi), umisté-
na ve startovaci Sachté, zatlacuje do horninového masivu osténi
tunelu/Stoly (v ptipadé malého priméru potrubi), na jehoz po-
¢atku je tunelovaci stroj (nebo jen feznd hlava), ktery zajiStuje
rozpojovani horninového masivu. Stabilita Celby v prostiedi ne-
soudrznych materiald pod hladinou vody je zajiStovdna tlakem
bentonitové suspenze. Rozpojovany materidl se na Celbé misi

s bentonitovou suspenzi a vznikld smés je potrubim odcCerpédva-
na do separacni jednotky umisténé na povrchu, kde se rubanina
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building. This layout practically out-ruled the installation of
a high load-bearing crane for the retrieval of the machine.
A supplemental geophysical survey additionally proved the
presence of a foundation of an old station building with the
possibility of the presence of unexpected steel components (which
pose an insurmountable obstacle for MTBM excavation). For
both the above-mentioned reasons the utility tunnel was moved
horizontally by ca. 25m in the direction of Prague (to chainage km
347.834), and even vertically. The utility tunnel was dug in deeper,
which increased the overburden height from the original ca. 2.8m
to ca. 5.0m. The inner clear diameter remained unchanged in
relation to the documentation and amounts to 2.5m, with a lining
thickness of 0.25m. The length of the utility tunnel in the new
position is ca. 87m.

ENGINEERING GEOLOGY AND HYDROGEOLOGY
CONDITIONS

The upper cover of the broader station area is formed by
a spatially extensive layer of backfills. According to archival
boreholes from the database of the Czech Geological Survey
their thickness locally reaches up to 7m. In the underlying rock
of the backfills, Quaternary fluvial sediments of the Labe River
are located, which are formed mostly by weakly cohesive, sandy
to gravel-sandy soils, found locally can be layers of fine-grained
loam/clay-sandy soils. Beneath fluvial sediments lie metamorphic
rocks — Koufim migmatites, and in the area of the utility tunnel
mostly gneiss.

The groundwater level in the location of the launch shaft
roughly corresponds to the water level in the Labe River (194.70m
asl), with increasing distance from the Labe (in the case of the
excavated utility tunnel) across tracks in the direction of the
station building it rises slightly. In the area of the utility tunnel,
the groundwater level fluctuates at a depth of ca. 4.7m beneath the
surface, ie. above the canopy of the tunnel.

Excavation from the launch shaft began in a soil environment.
Approximately at the halfway point of the route, a gneiss rock base
entered into the floor of the excavated profile, which gradually
formed larger ratios of the surface of the face, with the final part
of excavation (at a length of approximately 10m) then already
taking place completely in a rock environment, whilst strength
tests proved that the strength of gneiss in compression exceeds
180MPa. The tunnelling machine therefore had to be designed in
such a way that it would be able to excavate in two completely
differing rock environments, including an environment of mixed
geological conditions at the face.

EXCAVATION METHOD DESCRIPTION

In general excavation by full-profile tunnelling machines
(Fig. 2) with a cutter head diameter less than 4m is referred to
as microtunnelling. With this method a jacking station (a quartet
of presses) located in the launch shaft pushes into the rock mass
of the tunnel/shaft lining (in the case of small diameter pipes)
on the beginning of which the tunnelling machine is located (or
only the cutter head), that secures rock massif breaking. Face
stability in the environment of non-cohesive materials beneath the
level of water is secured by the pressure of a slurry suspension.
Broken material mixes with the slurry suspension at the face and
the formed mixture is drained via piping into a separation unit
located on the surface, where excavated material is separated from
the slurry suspension. The separation unit consists of a system
of sieves and hydrocyclones (centrifuges). The slurry suspension
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startovaci jama betonové prstence osténi
launch pit concrete lining rings

tunelovaci stroj
tunnelling machine

betonové prstence osténi
concrete lining rings

cleaned of the excavated material
can be used repeatedly. Excavation
is carried out in strokes, which
correlate to the length of the jacked
lining rings.

Within the tunnelling cycle
takes place during
simultaneous jacking of a ring
into the excavation. After the
completion of a stroke, the slurry
circuit is halted and the disengaging
of all pipe and cable lines occurs.
Subsequently, all of the hydraulic
pistons of the jacking station are
retracted, thereby creating a space
to attach the following ring. After
a repeated connection of pipe
(Fig. 3) and cable lines it is possible
to commence the excavation phase

excavation

tlaén4 stanice
jacking station

Obr. 2 Schematické zndzornéni mikrotunelovdni
Fig. 2 A Schematic depiction of microtunnelling

oddé€luje od bentonitové suspenze. Separacni jednotka sestiva ze
soustavy sit a hydrocyklén (odstfedivek). Bentonitovou suspen-
zi vyciSténou od rubaniny je mozno pouzivat opakované. Razba
probiha po krocich, které odpovidaji délce prstenct zatlaCovaného
osténi.

V ramci tunelovaciho cyklu probiha razba za soucasného zatla-
Covani prstence osténi do vyrubu. Po dokonceni zabéru je zastaven
bentonitovy okruh a dochézi k rozpojovani veskerych trubnich
a kabelovych vedeni. Nésledné jsou stazeny hydraulické pisty
tlacné stanice, ¢imz vznika prostor pro osazeni dal$iho prstence
osténi. Po opétovném propojeni trubnich (obr. 3) a kabelovych ve-
deni je moZné zacit raZebni fazi dal§iho postupu.

Tunelovaci stroj byl nad ramec bézné konstrukce dodatecné vy-
baven pretlakovou komorou, kterd umoznovala pfipadné provede-
ni vymény feznych nastroji nebo udrzbu/opravu na fezné hlavé.
Pretlakova komora by v pfipadé€ potfeby umoznila pristup k fezné
hlavé a do prostoru stroje za podminek price v reZimu pfetlaku
vzduchu. Vyména feznych na-
stroji nebyla vSak pri realizaci
kabelovodu nutna.

Pro provedeni razeb mikrotu-
nelovanim je nutné v predstihu
vyhloubit jamy na zacatku (tzv.
startovaci Sachta) a konci (tzv. ci-
lovda Sachta) razeného dila
(obr. 4). V ptipadé kolinského
projektu byly obé jamy zajiSté-
ny kombinaci zdporového paZeni
a prevrtavanych sloupil z trys-
kové injektaze (TI). Sloupy z TI
tésnily stény jam proti pritokim
podzemni vody. Dno startovaci
jémy bylo proti prolomeni tla-
kem podzemni vody zajiSténo
sloupy z TI, dno cilové jamy bylo
situovano v ruldch, takZe nevyZza-
dovalo Zadné zajiSténi. Na porta-
lovych sténach startovaci a cilové
jamy byla osazena ocelova deska

of the following advancement.
The tunnelling machine was
additionally  equipped beyond
regular design with an overpressure chamber, which allows
the potential to carry out the replacement of cutting tools or
maintenance/service at the cutter head. The overpressure chamber
in case of need would facilitate access to the cutting face and to the
space of the machine in conditions of work in the air overpressure
regime. Replacement of cutting tolls was however not necessary
during the realisation of the utility tunnel.

In order to carry out excavations by microtunnelling it is
necessary to excavate a shaft in advance at the beginning (so-
called launch shaft), and at the end (so-called reception shaft)
of the excavated work (Fig. 4). In the case of the Kolin project
both pits were secured by a combination of braced timbering and
secant pillars from jet grouting (TI). Pillars from TI sealed pit
walls against groundwater inflows. The floor of the launch shaft
was secured against a breach due to groundwater pressure with TI
pillars, the floor of the finishing shaft was situated in gneiss, so it
did not necessitate any securing. On the portal walls of the launch

Obr. 3 Prepojovdni potrubi po vloZeni druhé Cdsti stroje
Fig. 3 Reconnecting of pipes after inserting the second part of the machine
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cilova Sachta
reception shaft

vypravni budova
dispatch building

razeny kabelovod
excavated utility tunnel

elektro kontejner

a kontejner fizeni stroje
electronics container

and machine command container

startovaci Sachta
launch shaft

jefab pro dopravu stroje
a prstenct do startovaci $achty
crane for transporting the machine
and rings into the launch shaft

separaéni jednotka

a bentonitové hospodarstvi
separation unit

and slurry treatment plant

Obr. 4 Situace stavenisté
Fig. 4 Construction site plan

s pryZovym tésnénim, které branilo pfitokiim vody a bentonitové
suspenze podél osténi kabelovodu do jam.

Razici §tit, ktery zrealizoval kabelovod pod kolejistém ZST Ko-
lin, dostal jméno Emilie (podle Emilie Bartoniové, odbojarce za-
pojené do podpory ¢lenli vysadku Silver A, zavrazdéné roku 1942
v Osvétimi). Razici stroj vyrobila firma Herrenknecht pod typo-
vym oznacenim AVN2000AH. Hmotnost raziciho $titu byla cca
112 tun, délka 11,6 m, pramér fezné hlavy 3,040 m a maximalni
protlacovaci sila, které mohla tlacné stanice dosahnout, 12000 kN.

OSTENI KABELOVODU

Kruhové prefabrikované segmenty (prstence) maji vnéjsi pru-
mér 3,0 m a tloustku stény 0,25 m. Prstence jsou vyrobeny z be-
tonu C 40/50-X0, CX1-4, XD1-3, XF1-4, XAl a XA3. Hmotnost
jednoho prstence je cca 15,5 tun. Kazdy tfeti je opatfen uzavira-
telnymi otvory pro mazani vnéjSiho povrchu prstenct bentonitem
pro sniZeni tfeni mezi prstencem a horninou. Mazéani vnéjsiho po-
vrchu sniZovalo potfebnou velikost protlacovaci sily.

Diky presunu kabelovodu do nové polohy s vyskou nadlozi
cca 5 m doslo k redukci zatiZeni od kolejové dopravy a betono-
vé prstence spliiuji poZadavky na mezni stav tinosnosti a pouZi-
telnosti i bez vyztuze. Z divodu zvySeni bezpecnosti (kabelovy
kandl se nalézd ve velmi exponovaném misté s prujezdem vice
nez 500 souprav denn€) jsou prstence vyztuzeny prutovou vyztuzi.
Hrdla prstenct — radidlni spary jsou tésnény dvojici pryzovych
tésnéni na sty¢né spare a tfetim dodateCnym tésnénim na obvodu
prstence. Hrdlo dopliiuje nerezovy plech spojeny s betonem prs-
tenctl pomoci sprahovacich trnti. Uspofadani hrdla, zpisob tésnéni
a materidly jsou béZné uzivané standardizované detaily.

and reception shafts a steel plate with rubber gaskets was attached
which prevented inflows of water and the slurry suspension along
the utility tunnel lining into the pits.

The shield, which realised the utility tunnel underneath the
railway yard of the Kolin railway station, was given the name
Emilie (Emilie Bartoriovd, a resistance fighter involved in the
supporting of members of the Silver A airdrop, murdered in the
year 1942 in Osvétim). The tunnelling machine was manufactured
by the Herrenknecht Company with the type designation
AVN2000AH. The weight of the boring machine was ca. 112 tons,
the length 11.6m, the diameter of the cutter head 3.040m, and the
maximum jacking force that the jacking station could achieve was
12,000kN.

UTILITY TUNNEL LINING

Circular prefabricated segments (rings) have an outer diameter
of 3.0m and a wall thickness of 0.25m. Rings are made from
concrete C 40/50-X0, CX1-4, XD1-3, XF1-4, XAl, and XA3. The
weight of one ring is ca. 15.5 tons. Every third one is equipped
with closable ports for lubrication of the outer ring surface with
slurry for the decrease of friction between the ring and the rock.
Lubrication of the outer surface decreased the required amount of
the jacking force.

Thanks to the relocation of the utility tunnel into the new
position with an overburden height of ca. 5m a reduction of
loads from rail traffic occurred and the concrete rings comply
with the requirements for ultimate and serviceability limit states
even without reinforcement. In order to increase safety (the
utility channel is located in a very exposed area with the transit
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BENTONITOVA SUSPENZE of more than 500 train sets daily) the rings are reinforced with
Bentonitovéd suspenze piedstavuje klidovy material pii razbé bar reinforcement. Ring necks — circumferential joints are sealed

bentonitovym §titem, nebof plni funkci materidlu pouZivaného | With a pair of rubber gaskets along the longitudinal joints and

pro podporu elby a zérovei funkci transportniho média pro t¢7- | With a third supplemental gasket on the perimeter of the ring.
bu rubaniny. Vyb&ru dodavatele smési pro pfipravu bentonitové | The neck is complemented by a stainless steel plate connected
suspenze byla vénovéna velka pozornost, kterd byla nutna i u pro- to the concrete ring with shear stud connectors. The neck layout,

voznich zkousek suspenze v prib&hu razeb (i n&kolikrat v prab&hu | sealing methods, and materials are commonly used standardized
jednoho zabé&ru). Jakékoli znehodnoceni suspenze vede ke snizeni | details.
jeji pazici funkce, coz by ve vysledku mohlo znamenat nezadouci

sedani povrchu ve velmi provozné exponované oblasti pod kolin- SLURRY SUSPENSION

skym nadrazim. The slurry suspension represents a key material during excavation
Zkouseny a sledovany byly nasledujici vlastnosti: with a slurry shield because it fulfils the role of a material used
* hustota (ovliviiuje Cerpatelnost suspenze); for face support and also the role of a transportation medium for

excavated material. The selection
of suppliers of a compound for the
preparation of the slurry suspension
was given a lot of attention, which
was also necessary with operation
suspension tests during excavation
(even several times over the course
of one advancement) since any kind
of damage to the suspension leads to
a decrease in its stabilising function,
which could as a result mean surface
settlement in a highly operationally
prominent area beneath the Kolin
railway station.

Tested and observed were the
following properties:

e density (affects the ability to

pump the suspension);

* viscosity (influences the be-
haviour of the filter cake on
the rock—suspension boundary,
with low viscosity, vanishing
of the filter cake and a loss/spill
of the suspension into the rock
massif is a threat);

e ratio of insoluble particles
(a high ratio of insoluble
particles (excavated material)
causes an increase in wear on
pumps, pipes, etc.);

* pH, chemism.

During excavation, a constant
supply of fresh suspension was kept
in an amount allowing a complete
replacement, since even a small
change in the geology of the rock
massif could have caused a need

for a fast replacement of the entire
suspension in active circulation
(separation unit, auxiliary tank,
pipes, tunnelling machine). And for
example, even the jet grouting pillar
material (a highly basic material)
instantly destroyed the suspension
(the suspension thickened to such
a degree that it was only pumped

Obr. 5 Razba kabelovodu pri minimdlnim ovlivnéni dopravy
Fig. 5 Utility tunnel excavation with minimal impact on operations with difficulties).
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* viskozita (ovlivituje chovéni filtracniho koldCe na rozhrani
hornina—suspenze, pfi nizké viskozité€ hrozi vymizeni filtra¢-
niho kolace a ztrata/unik suspenze do horninového masivu);

* podil nerozpustnych ¢astic (vysoky podil nerozpustnych ¢as-
tic (rubaniny) zptisobuje zvySené opotiebeni Cerpadel, potrubi
atd.);

* pH, chemismus.

Béhem razby byla udrZovdna stdld zdsoba Cerstvé suspenze
v mnozstvi umoziujicim kompletni vyménu, nebot i mald zmé-
na v geologii horninového masivu mohla vyvolat nutnost rychlé
vymeény veskeré suspenze v aktivnim obéhu (separacni jednotka,
pomocny tank, potrubi, tunelovaci stroj). A i naptiklad material
sloupts z tryskové injektaze (silné zasadity material) bentonitovou
suspenzi okamzité znehodnotil (suspenze natolik zhoustla, Ze byla
jen obtizné Cerpatelnd).

ZKUSENOSTI PRI RAZBE KABELOVODU

Razba byla podfizena zdkladnimu poZadavku bezpecnosti. Je-
likoz je nadrazi v Koliné jednim z dopravné nejvice vytiZenych
nadrazi v Ceské republice, jakakoli udalost, kterd by piipadng
omezila ¢i zcela zastavila provoz, by znamenala obrovské financni
ndklady, nemluvé o trestnépravni odpovédnosti zainteresovanych
osob.

Velky diraz byl proto kladen na pfipravu veSkerych detaild,
kdy napftiklad dodavatel tunelovaciho stroje zkonstruoval pro stroj
zcela novou feznou hlavu tak, aby co nejvice vyhovovala geolo-
gickému prostiedi v razené ¢ésti dila. Zaroven bylo rozhodnuto,
Ze stroj bude fizen zkuSenym operatorem poskytnutym od doda-
vatele tunelovaciho stroje a razby budou probihat pouze v dennich
sménach tak, aby nemohlo dojit k nedorozuméni pfi predavani
klicovych zprdv mezi sménami. Denni smény rovnéZ technikiim
zhotovitele — spolecnosti Metrostav TBR a.s. — umoZiiovaly ne-
pretrzité sledovani vysledki méfeni on-line monitoringu — posuntt
kolejnic v pribehu razeb s moZnosti okamzité reakce v ptipadé
jakéhokoli prekroceni varovnych stavi.

Tlak bentonitové suspenze zajistujici stabilitu c¢elby musel byt
béhem razby udrZovan v poZadovanych mezich. Dolni mez pred-
stavuje minimalni tlak zajiStujici stabilitu Celby v prostfedi ne-
soudrznych materiald pod hladinou podzemni vody, horni mez
reprezentuje maximalni pripustny tlak, pfi kterém jesté nemuze
dojit k prolomeni nadloZi. Mezni tlaky byly spoc¢itany dle doporu-
¢eni DAUB [1]. Z divodu minimalizace seddni nadloZi (a z toho
plynouci deformace koleji) byla vétsina trasy kabelovodu razena
s tlakem bentonitové suspenze na Celbé na horni mezi. Pri razbé se
ukézalo, Ze v daném prostfedi velikost tlaku na ¢elbé ovliviiovala
rychlost razby pouze minimalng. Daleko vétsi roli hrala sehranost
tymu pii osazovani prstencii a pfepojovani potrubi.

Postupné vybihani skalniho podloZi do prostoru razby vzbuzo-
valo obavy z moznosti ,,sklouznuti* tunelovaciho stroje po tomto
rozhrani vzhiru a odchyleni se od planované trasy. Aby se toto
nebezpeci minimalizovalo, byl v misté¢ nabéhu skalniho podloZi
do prostoru razby vybudovéan blok z tryskové injektaze (TI), do
kterého stroj najel kolmo a do skalniho podlozi pfi vyjezdu z to-
hoto bloku pronikl nardz cca spodni tfetinou stroje. Toto opatfeni
se ukdzalo jako uc¢inné a k odchyleni od navrzené trasy nedoslo.

PrestoZe byla razba kabelovodu provadéna za vySe popsanych
opatfeni, tedy s hodnotou podpurného tlaku na celbé na horni
mezi, doslo k poklesu terénu a potazmo i koleji o cca 20 mm. Po
dobu razby byla z divodu bezpecnosti (razby i kolejové dopra-
vy) na pojizdénych kolejich sniZena rychlost prijezda vlakt na
30 km/h. Po dokonceni razby bylo razbou ovlivnéné horninové
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EXPERIENCE DURING EXCAVATION OF THE UTILITY
TUNNEL

The excavation was subordinated to a fundamental requirement
of safety. Since the railway station in Kolin is one of the busiest
railway stations in the Czech Republic transportation-wise,
any incident that would possibly restrict or even entirely halt
operations would signify enormous financial costs, not to mention
the criminal responsibility of the involved individuals.

A lot of emphasis was also put on the preparation of all the
details, for example when the tunnelling machine supplier
constructed an entirely new cutter head for the machine such
that it would suit the geological environment in the excavated
part of the work as much as possible. It was also decided that the
machine would be operated by an experienced controller provided
by the supplier of the tunnelling machine, and that excavation
would only be carried out in daytime shifts so that eventually
a miscommunication during an exchange of key messages
between shifts would not happen. Daytime shifts also allowed
technicians of the contractor — the company Metrostav TBR a.s.
— continual observing of measurement results of the online rails
movement monitoring during the excavations with the option of an
instantaneous reaction in the case of exceeding any warning states.

The slurry suspension pressure securing the stability of the face
had to be kept within the required limits during excavation. The
lowerlimitrepresents aminimum pressure securing the face stability
in an area of cohesionless materials beneath the groundwater level,
and the upper limit represents a maximum acceptable pressure
during which a burst of overburden still cannot occur. Limit
pressures were calculated according to a recommendation from
DAUB [1]. For the purpose of minimising overburden settlement
(and the following tracks deformation), most of the route of the
utility tunnel was excavated with a slurry pressure at the face on
the upper limit. During excavation, it was proven that in the given
conditions the intensity of pressure at the face impacted the speed
of excavation only minimally. The coordination of the team whilst
attaching rings and reconnecting pipes played a much larger role.

A gradual protrusion of rock subsoil into the area of excavation
caused concerns about the possibility of a ,,slip” of the tunnelling
machine on this boundary upwards and a deviation from the
planned route. In order to minimise this danger in the area of
the rock subsoil protrusion a block from jet grouting (TI) was
constructed into the area of excavation into which the machine
drove perpendicularly and into the rock massif during an exit from
this block it broke at once with ca. the lower third of the machine.
This measure has shown itself to be effective and a deviation from
the designed route did not occur.

Even though the excavation of the utility tunnel was carried out
with the above-mentioned measures in place, which means with a
value of support pressure at the face on the upper limit, a settlement
of the terrain and even the tracks by ca. 20mm occurred. Over the
course of excavation due to safety (excavation and rail transit) the
passing speed of trains was lowered to 30km/h. After excavation
completion, the rock environment affected by excavations in the
immediate area of the utility tunnel was grouted (preventing the
following loosening and with that deformations of tracks), and the
tracks were rectified and undercut. Larger settlements occurred in
the area of excavations in mixed geological conditions at the face
— cohesionless soils in the upper section and tough gneiss in its
lower region. To break tough gneiss more rotations of the cutter
head were needed than what was needed to break the cohesionless
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prostiedi v bezprostfednim okoli kabelovodu proinjektovano (pre-
vence proti dalSimu rozvoliovéni a s tim spojenymi deformacemi
koleji), koleje rektifikovany a podbity. K vétsim poklesim doslo
v oblasti razby se smiSenymi geologickymi podminkami na celbé
— nesoudrzné zeminy v horni ¢asti a pevné ruly v jeji dolni ¢és-
ti. K rozpojeni pevnych rul bylo potieba vice otdcek fezné hlavy,
neZ bylo potfebné pro rozpojeni nesoudrZzné zeminy v horni ¢asti
Celby, ¢imz dochazelo k mirnému pretéZovani horni Casti Celby
a vétSim sedanim.

Meéfeni deformaci koleji bylo provadéno pomoci nivelace a na-
klonomérd umisténych na prazcich. Na prvnich 40 m kabelovodu
bylo méfeni ndklonoméry provadéno v intervalu 1 min, na zbyt-
ku trasy v intervalu 5 min. M¢éfily se sklony povrchu poklesové
kotliny v podélném i pficném sméru razby. Kromé méreni naklo-
noméry bylo provdadéno nivela¢ni méfeni povrchu terénu/koleji.
V oblasti aktudlni polohy Celby se méfeni provadélo 1x denné
a v ostatnich oblastech v intervalu 1x za tfi dny. V pfipadé dosaze-
ni pfeddefinovanych limita byly vybrané osoby o této skutecnosti
informovany automaticky zaslanou textovou zpravou. O postup
razby a vyvoji deformaci koleji byl denné informovén i vrchni
tratmistr ZST Kolin.

Prvotni hodnota tla¢né sily stanovena vypoctem (sila potiebna
pro prekondni tfeni na plasti prstenc kabelovodu plus velikost
odporu na celb€) vychazela vyrazné vétsi nez maximalni apliko-
vand tland sila pouZita pfi razbé kabelovodu. Pfi zpétné analyze
byl vypocet upraven tak, aby zahrnoval vliv pfefezu (primér fezné
hlavy je vétsi neZ primér prstenci kabelovodu) a redukéni sou-
Cinitel zohlednujici vliv mazani na rozhrani betonovych prsten-
clt — horninovy masiv. Redukce (zvyseného aktivniho) zemniho
tlaku na prstence kabelovodu z diivodu prefezu byla do vypoctu
zahrnuta hodnotou koeficientu 0,8. Nasledné byla stanovena hod-
nota soucinitele redukce teni vlivem lubrikace tak, aby si hodno-
ty spoctené a aplikované tlacné sily pfiblizné odpovidaly. Takto
stanoveny soucinitel redukce tfeni ma hodnotu 0,15 (sniZeni tfeni
0 85 %). Tato hodnota ptisobi az neuvéfitelné, nicméné v literatuie
[2] je uvadéna hodnota redukce tfeni vlivem lubrikace az 96 %.

ZAVER

Pti rekonstrukcich Zelezni¢nich stanic byvaji kabely dosud ve-
dené v zemi sdruzovany do kabelovodu, které umoznuji jejich lep-
§i adrzbu. Je-li potieba kabely prevést napfi¢ kolejemi, pouziva
se bézné kabelovodii budovanych v oteviené ryze, coz je resSeni
stavebné levné, ale vyZaduje preruseni provozu na dotcenych ko-
lejich. Usp&sné vybudovani kabelového kandlu napfi¢ kolejemi
v Zelezni¢ni stanici Kolin pomoci mikrotunelovani demonstruje
vhodnost této metody vystavby, jejiz hlavni pfinos spociva v mini-
malnim ovlivnéni provozu (obr. 5).
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soils in the upper part of the face, which caused a slight overload
of the upper part of the face and larger settlement.

Track deformation measuring was done thanks to levelling and
inclinometers placed on sleepers. With the first 40m of the utility
tunnel, measuring with inclinometers was carried out in a 1 min
interval, on the rest of the route in a 5 min interval. Measured
were the inclines of the surface of the settlement trough in the
longitudinal and transverse direction of excavation. Besides
measuring with inclinometers levelling measuring was carried out
on the surface of the terrain/tracks. In the area of the current face
location measuring was performed 1x daily, and in other areas
in an interval 1x every three days. In the event of reaching pre-
defined limits selected individuals were notified about this fact
by an automatically sent text message. About the advancement
of excavation and the development of rail deformation, even the
head track maintenance supervisor of the Kolin railway station
was informed daily.

The original value of the jacking force determined by
a calculation (force required to overcome friction on the skin of
the rings of the utility tunnel plus the amount of resistance at the
face) came out significantly larger than the maximum jacking
force applied during the excavation of the utility tunnel. During
retrospective analysis, the calculation was adjusted so it would
include the effect of overcut (the diameter of the cutter head is
larger than the diameter of the utility tunnel rings) and a reduction
coefficient that takes into consideration the impact of lubrication
on the concrete rings — rock massif boundary. Reduction (increase
of active) of earth pressure on the utility tunnel rings due to the
overcut was incorporated into the calculation with the coefficient
value of 0.8. Then the value of a coefficient for the reduction of
friction due to lubrication was determined as such that the values
of calculated and applied jacking forces approximately correlated.
The friction reduction coefficient determined this way has
a value of 0.15 (reduction of friction by 85%). This value seems
unbelievable, nevertheless in literature [2] the value for friction
reduction due to lubrication is stated as up to 96%.

CONCLUSION

During reconstructions of railway stations cables routed up to
now in the ground tend to be grouped together into utility tunnels
that allow better maintenance. If there is a need to transfer cables
across tracks, commonly used are utility tunnels built in an open
trench, which is an inexpensive solution construction-wise but
requires an interruption of operations on the affected tracks.
The successful construction of a utility channel across tracks at
the Kolin railway station using microtunelling demonstrates the
convenience of this method of construction, of which the main
contribution lies in the minimal impact on operations (Fig. 5).
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