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NOVE ZELEZNICNI TUNELY NA TRATOVEM USEKU
VOTICE - BENESOV
NEW RAILWAY TUNNELS ON VOTICE - BENESOV TRACK SECTION
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Rozvoj Zelezni&ni infrastruktury patif jiz fadu let k prioritaim Ceské
republiky a dzce souvisi s potfebou kompatibility nasi Zelezni¢ni sité
s mezindrodnimi dopravnimi tahy v rdmci sjednocované Evropy.
Soucést transevropské trasy ES5 na tizemi naseho statu tvori IV. Zelez-
ni¢n{ tranzitni koridor D&in (stdtni hranice) — Praha — Ceské
Budéjovice — Horni Dvoristé (stdtni hranice). Modernizace Zeleznic-
nich koridort je motivovéna snahou o nalezeni ekologické alternativy
stdle rostouci tranzitni kamionové dopravy a zvySeni komfortu prepra-
vy zboZi i osob. K rozhodujicim parametraim modernizovanych trati
patfi dosazeni prechodnosti kolejovych vozidel tratové tridy D4 UIC,
lozné miry UIC-GC, zajisténi poZadované propustnosti traté a zvySeni
maximaln{ tratové rychlosti az na 160 km/h pfi splnén{ prisnych poza-
davku na bezpecnost dopravy. Na stévajici trati dosahuji nyni osobn{
vlaky prumérné cestovni rychlosti 49 km/h, spésné vlaky a rychliky 72
km/h, coz je z hlediska moderni pfepravy osob nevyhovujici.
Navrhové tratové rychlosti 100 km/h dosahuji vlakové soupravy pouze
na 63 % z celkové délky traté. PoZadovanych parametri modern{
Zelezni¢ni traté 1ze mnohdy dosdhnout pouze za cenu opusténi stavaji-
ciho drazniho télesa a nalezeni optimalizované polohy traté.
Optimalizaci provdzi vznik mnoha umélych stavebnich objektu, ke
kterym kromé Cetnych mostu patfi i tunely.

Na tratovém useku Votice — BeneSov u Prahy délky 18 km vzniklo
béhem zpracovavani jednotlivych projekénich fazi 5 novych dvouko-
lejnych Zelezni¢nich tunell. Vznik tseku se datuje k roku 1870, kdy
doslo k vystavbe jednokolejné trati Tdbor — BeneSov u Prahy. I kdyZ
byl tsek provozovén jako jednokolejny, jiz nasi predkové proziravé
pripravili drdznf téleso pro dvoukolejnou trat’ — samozfejmé na para-
metry odpovidajici dobé vystavby. V soucasné dobé vrcholi projekd-
ni faze dokoncenim projektu stavby a v nejblizsich mésicich lze oce-
kédvat vypsani soutéZe na vybér zhotovitele a ndsledné vlastni realiza-
ci stavby. Pfedmétem ¢ldnku je popis technického feSeni tunelovych
objektd, z nichZ jeden je navrZen jako hloubeny v oteviené stavebni
jdmé, zbyvajici Ctyfi budou raZeny pomoci NRTM. O projektovou
pripravu se déli 3 projekéni kanceldre, pri¢emz generdlnim projektan-
tem a zpracovatelem projektu tunelu Tomicky II. je firma SUDOP
Praha, zpracovatelem nejdelStho razeného Zahradnického tunelu je
firma Metroprojekt a piipravou projektu dalSich 3 tuneld Voticky,
Tomicky I. a Olbramovicky je povérena firma IKP Consulting
Engineers.

GEOTECHNICKE POMERY — SPOLECNE ZNAKY UZEMI

Zajmové tzemi se nachaz{ pfi jihovychodnim okraji stfedoceského
plutonu, v blizkosti vybé7ku moldanubika a je budovédno zejména
paleozoickymi, hlubinnymi a Zilnymi vyvfelinami. Horniny jsou velmi
variabilni a jsou charakteristické svou znacnou petrografickou pest-
rosti. Pfevazujicimi horninovymi typy jsou drobnozrnné Zilné granity
a aplity a v &dsti tzemi porfyrické, stiedné zrnité, amfibol-biotitické
Zuly a porfyrické, stiedné zrnité biotitické Zuly s amfibolitem sedl¢an-
ského typu. Lokdlné se v trase tunelu vyskytuji kontaktni metamorfity
zastoupené cordieritickymi rulami a migmatity.

Rozpukdni hornin je znalné, prevazuje velmi velkd az velkd husto-
ta diskontinuit (D4 — D5), pouze vyjime¢né byla zjisténa stiedni hus-
tota diskontinuit (D3). Pukliny jsou zpravidla vSesmérné, neprab&zné
a seviené, pripadné vyhojené Zilnym kfemenem. V okoli tektonickych
linif a poruchovych z6n jsou horniny intenzivné alterované a zpravidla
podrcené.

Kvartérni pokryv je v trase tunelu zastoupen deluvidlnimi
a fluviodeluvidlnimi sedimenty, jejichZ mocnost se pohybuje od 0,5 do
10 m. Jsou zastoupeny prevdzné nesoudrznymi pis¢itymi zeminami
(tfida S4/SM) s proménlivou pifmési dlomku hornin. Zeminy jsou

INTRODUCTION

The development of railway infrastructure has belonged among priorities
in the Czech Republic for many years. It is closely related to the need for the
compatibility of Czech railway network with international transport routes in
the process of European unification. The part of the Trans-European route
ESS5 which runs through the Czech Republic consists of the 4th railway tran-
sit corridor D&&in (the border with the FRG) — Prague — Ceské Budéjovice —
Horni Dvoristé (the border with Austria). The upgrading of railway corridors
is motivated by efforts to find an ecological alternative to the ever growing
transit haulage on roads and to increase the comfort of goods/passenger tran-
sport. Crucial objectives of the upgrading of tracks are, among others, to
reach the spatial passability for rail cars of the D4 UIC track loading class and
UIC GC loading gauge, to ensure the required carrying capacity of tracks and
allow the increase in the speed limit to 160 km/h while meeting stringent
requirements for the safety of traffic. Today, passenger trains and express/fast
trains running on existing railways achieve the average travelling speed of 49
km/h and 72 km/h respectively, which is unsatisfactory for modern passen-
ger traffic. The design speed of 100 km/h is achieved by trains only on 63%
of the aggregate length of tracks. The parameters which are required for
modern railway lines can be often achieved only at the expense of the aban-
doning of the existing track bed and finding an optimised track alignment.
The optimisation is associated with the origination of many artificial structu-
res — not only numerous bridges but also tunnels.

Requirements for 5 new double-rail tunnels originated during the indivi-
dual phases of the design for the 18km long track section between Votice and
Benesov. The origination of this track section goes back to 1870, when the
single-track railway line from Tébor to BeneSov u Prahy was built. Despite
the fact that the track was operated in a single-track mode, the track bed was
prepared by our ancestors to be able to accommodate a double-track line, of
course with the parameters adequate for the given time of the construction.
The design phase is currently culminating by the finishing of the final design;
the contract will go out to tender in the nearest months and the commence-
ment of the works will follow immediately. The subject of this paper consists
of the description of the engineering solution to the tunnel structures — one of
them being a cut-and-cover structure, the remaining three tunnels to be mined
using the NATM. The work on the design is divided among three firms of
consulting engineers, where SUDOP Praha a.s. is the general designer and is
responsible for the design for the Tomice II tunnel, Metroprojekt a.s. is res-
ponsible for the design for the longest mined tunnel, Zahradnice, and IKP
Consulting Engineers s.r.o. will carry out the designs for other three structu-
res, i.e. the Votice, Tomice I and Olbramovice tunnels.

GEOTECHNICAL CONDITIONS — COMMON FEATURES
OF THE AREA

The area of operations is found at the south-eastern edge of the Central
Bohemian pluton, in the vicinity of the Moldanubic; it consists mainly of
intrusive/dike Palacozoic rocks. The rocks are very variable, with a very che-
quered petrographical character. Finely-grained vein granites and aplites and,
within a part of the area, porphyritic, medium-grained amphibole-biotitic gra-
nites containing the SedlCany-type amphibolite dominate. Rocks produced
by contact metamorphism, represented by cordieritic gneiss and migmatites,
occur locally along the tunnel routes.

The rock mass is significantly fractured, with very close to close joint spa-
cing (D4 — D5); moderate joint spacing (D3) was determined only exceptio-
nally. The joints are usually omni-directional, closed and tight, somewhere
with vein quartzite infill. The rocks are intensely altered and usually sheared
in the vicinity of tectonic lines and weakness zones.

The Quaternary cover along the tunnel route, with its thickness varying
from 0.5m to 10m, is represented by diluvial and fluvial-diluvial sediments.
The sediments consist mainly of non-cohesive sandy soils (class S4/SM)
with a variable addition of rock debris. The soils are medium dense to loose.

The thickness of humic layers along the tunnel route fluctuates up to 0.5m.
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stfedné ulehlé az kypré. Mocnost huméznich vrstev se v trase tunelu It is possible to state on the basis of the knowledge gained by the research
pohybuje do 0.5 m. that, even though the rock mass appears to be variable, above all from
Na zdkladé poznatku, ziskanych z pruzkumu, lze konstatovat, Ze ac a petrographical point of view (granites, aplites, pegmatites, gneiss and mig-
se horninovy masiv predev§im z hlediska petrografického jevi jako matites), that all of the rock mass consisting of the above rocks is
ruznorody (granity, aplity, pegmatity, ruly a migmatity), z hlediska a “granitoid” or also “crystalline” complex. The rocks, if in sound forms, vir-
geotechnického maZeme tyto horniny ozna€it jako ,.granitoid”, nebo tually do not differ from each other and behave as a single rock type. What
také , krystalinikum®. Ve zdravé formé se od sebe prakticky nelisi really does affect the properties of the crystalline massif is the rock weathe-
a jevi se jako jeden typ horniny. To, co opravdu ovliviiuje vlastnosti ring and the degree of tectonic faulting. The rocks are affected by numerous
krystalického masivu, je jeho zvétrdn{ a stupen tektonického porusent. tectonic faults with variable thickness and degree of faulting and weathering,
Horniny jsou v zdvislosti na vySce nadlozi a morfologii terénu posti- depending on the height of the cover and the terrain morphology.
Zeny Cetnymi tektonickymi poruchami proménlivé mocnosti From a hydrological point of view, granitic rocks are, as a whole, relative-
a intenzity poruSenf a zvétrani. ly little permeable and display only limited degree of fissure permeability.
Z hydrogeologického hlediska jsou granitické horniny jako celek The degree of permeability mostly diminishes with depth, being the highest
pomérné mdlo propustné a disponuji jen omezenou puklinovou pro- in the zone of the surface disintegration of rock mass, i.e. at the future tunnel
pustnosti. Velikost propustnosti s hloubkou vétSinou klesd, nejvetsi je level or above. Water is supplied to the aquifer solely through the infiltration
Vv pasmu povrchového rozpojeni hornin, tj. v trovni nebo nad tGrovni of precipitation within the hydrogeological catchment area; the water which
budouciho tunelu. Dotace vody do zvodné je zajiStovana vyhradné is collected in morphological depressions is drained to local minor water
infiltraci atmosférickych srazek v hydrogeologickém povodi, COUTses.
k,odvodném’v flOChéZf v morfologickych depresich do mistnich drob- The above-mentioned characteristics cover the area as a whole. Separate
nych vodoteci. geotechnical surveys were conducted for each tunnel as parts of the work on

Uvedena charakteristika plati pro tizemi jako celek. Pro kazdy tunel
byl v rdmci zpracovani projektové dokumentace proveden geotechnic-
ky pruzkum, ktery podminky v trase tunelu a zejména portdlovych
usecich déle upfesnuje. Vzhledem k rozsahu ¢lanku vSak nelze geo-
technické poméry jednotlivych tunell bliZze specifikovat. Oekédvané
geotechnické poméry, chovani horninového masivu pfi razbé a zptsob
zajisténi stability vyrubu popisuji v projektu navrZzené technologické
tiidy vyrubu.

the final design. The surveys provided more details about the conditions
along the tunnel route, mainly in the portal sections. With respect to the
extent of this paper, the geotechnical conditions cannot be specified for each
tunnel in more detail. The anticipated geotechnical conditions, the behaviour
of the rock mass during the excavation and the method of the stabilisation of
the excavation are described by means of the excavation support classes
which are specified in the design documents.

ENGINEERING SOLUTION OF TUNNELS

In terms of the structural type, all of the tunnels can be divided into two
groups: cut-and-cover structures, which are built in an open trench, and struc-
tures constructed by mining methods, i.e. tunnels driven by traditional met-
hods, namely the NATM. A great asset to the construction of railway tunne-
Is in the Czech Republic is the Standard Sheet for a double-rail tunnel cross
section, which unifies the geometry of the internal contour of the lining for
both cut-and-cover and mined tunnels. It facilitates the administrator’s work
on the unification of the structural design, maintenance and contingent repa-
irs of tunnel lining and makes it possible for the contractor/contractors to use
only one type of travelling tunnel formwork. The use of the unified shape of
the lining even minimises potential errors in the design associated with spa-
tial relationships between the kinetic envelope and the surface of the lining.
All tunnels within the track section in question have, therefore, identical
shape of the upper vault lining; the shapes of safety recesses, emergency
walkways and the space for the ballast and trackwork are also identical.
A rigid connection (fixation) of the upper vault structure to footings or to the
bottom/inverted vault structure of a tunnel is a characteristic feature for cut-
and-cover tunnels. Regarding the mined tunnels, the connection of the final
lining has the form of a construction joint between the upper vault and foo-
tings or inverted arch, without the splicing of the reinforcement of the two
structures. While the thickness of the primary lining corresponds to the anti-
cipated geotechnical parameters and behaviour of the rock mass in indivi-
dual sections of the excavated tunnel route, the thickness of the final lining
is constant throughout the tunnel length. Changes in the rock mass behavi-

KONSTRUKCNI RESENI TUNELU

Z hlediska konstrukéniho typu 1ze vSechny navrhované tunely roz-
délit na konstrukce provadéné v hloubené stavebni jame a konstrukce
provddéné hornickym zpusobem, tj. raZené konvenné pomoci NRTM.
Velky ptinos pro provadéni Zelezni¢nich tuneld v Ceské republice
predstavuje Vzorovy list dvoukolejného Zelezni¢niho tunelu, ktery
unifikuje tvar vnitfniho lice osténi hloubenych i raZenych tunelu.
Sprévci usnadnuje sjednoceni konstrukéniho feSenf tidrzbu a pripadné
opravy osténi tuneld, zhotoviteli ¢i zhotovitelim umoZiuje napf. pou-
zit{ jednoho typu bedniciho vozu. Pouzitim unifikovaného tvaru osté-
ni se rovnéZ minimalizuji moZné chyby projektu zpusobené prostoro-
vymi vztahy mezi tunelovym prijezdnym prifezem a licem osténi.
Vsechny tunely na predmétném tratovém tseku maji proto identicky
tvar osténf horni klenby, tvar zdchrannych vyklenku, pochozi stezky
i prostoru pro uloZeni Stérkového loZze a Zelezni¢niho svrsku.
Charakteristickym rysem hloubenych tseku tunelt je tuhé napojeni
(vetknut{) konstrukce horn{ klenby do patek, resp. do konstrukce spod-
ni klenby tunelu. V razenych tsecich tunelu je napojeni definitivniho
osténi provedeno pouze kontaktnim uloZenim horni klenby na patkach
nebo na spodni klenbé bez propojeni vyztuze obou konstrukei.
Zatimco tlouStka primdrniho osténi odpovidd predpoklddanym geo-
technickym parametrim a chovani horninového masivu v jednotlivych
tsecich razby, tloustka definitivniho osténi se po délce tunelu neméni.
Pripadné rozdilné chovéni horninového masivu bude zohlednéno pri
dimenzovéni definitivniho osténi aZ na zakladé vysledka geotechnic-

kého monitoringu provadéného béhem razby tunelu. To umozni efek- our, if any, are allowed for in the struf:tural 'dl’l'c.llyS.iS of thf: final liningZ on the
tivni ndvrh osténi na zdkladé skutednd zastienych geotechnickych bas¥s of the results of th? geotef:hmcal monitoring which was Farrled out
podminek. Pfi potvrzeni predpokladd geotechnické progndzy during the tunnel excavation. This approach allows the engineering consul-
a deformaéniho chovani horninového masivu béhem razby lze oceké- tant to design the lining in compliance with the requirements of the actually
vat provadéni vétsi &asti raZzenych tsekd tuneld z nevyztuZeného defi- encountered geotechnical conditions. When the assumptions contained in
nitivniho osténi. Definitivni osténi tunelu standardné tvoii monolitic- the geotechnical prognosis are confirmed and the actual deformational beha-
ky beton C25/30 XF2. Pouze portdlové bloky tuneld jsou na Zadost viour of the rock mass during the excavation does not differ from the anti-
objednatele provedeny z betonu C30/37 XF3. cipations, it can be expected that the majority of the mined sections of the
Geometrii vnitiniho lice osténi uréuje v celém rozsahu horni klenby tunnel will be provided with an unreinforced concrete final lining. The final
kruznice o poloméru 5700 mm se stfedem v ose tunelu v drovni lining of a tunnel is cast using C25/30 XF2 unreinforced concrete as
1900 mm nad temenem kolejnice (TK). Tloustka definitivniho osténi a standard. Only the portal blocks of tunnels are in C30/37 XF3 — grade
razenych tunelu se pohybuje od 350 mm a smérem k boku tunelu se concrete, if the client wishes so.
mirné rozsifuje. Minimdlni tlouStka hloubenych udseku tunelu je The geometry of the inner contour of the whole upper vault lining is deter-
600 mm a smérem k bokim tunelu narustd. Na rozdil od raZenych mined by a circle with the radius of 5700mm and the centre on the centre line
tunell, jejichZ rub osténi je i v bocich kruhového tvaru, jsou boky of the tunnel and at a level of 1900mm above the top of rail. The thickness of
hloubenych tunelt svislé. the final lining of mined tunnels is 350mm in the crown and it slightly incre-
Osa tunelu se v dsecich leZicich ve smérovém oblouku odsazuje od ases toward the tunnel sides. The minimum thickness of the lining of cut-and-
osy koleji v zdvislosti na poloméru oblouku a hodnoté prevyseni. cover tunnels is 600mm and it increases toward the tunnel sides. In contrast
Odsazeni osy tunelu od osy koleji umoziuje optimalizovat polohu to mined tunnels, where the outer contour of the lining is circular even on the

sdruzeného tunelového prujezdného prafezu (STPP) tak, aby nedoslo sides, the side walls of cut-and-cover tunnels are vertical.
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Osa kolej €. 1
No. 1 track axis
Osa kolej €. 2
No. 2 track axis
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Obr. 1 Vzorovy priény rez hloubeného tunelu
Fig. 1 Typical cross section for a cut-and-cover tunnel

k dotyku STPP a hranice pojistného prostoru tunelu, resp. aby bylo
maximélné vyuZito toleranci mezi STPP a pojistnym prostorem tune-
lu. Podrobnéjsi informace o tvaru osténi viz obr. 1 a 2.

Systém odvodnéni a drendZi tunelt se sklddd z kombinace destniko-
vé foliové izolace v razenych dsecich tuneli a vodonepropustného
osténi hloubenych tuseku tuneld. V celé délce je navrZena podélnd
boéni a stiedni tunelovd drendz, kterd vodu stékajici po izolaci nebo

osténi sbird a gravitalné odvadi smérem k vyjezdovym portdlim.

TECHNOLOGICKE VYBAVENI TUNELU

SloZitost technologického vybaveni Zelezniénich tuneld zdaleka
nedosahuje drovné technologického vybaveni silni¢nich tuneld. Piesto
vyzaduje bezpecny provoz i bezproblémova tdrzba Zelezni¢niho tune-
lu instalaci fady prvka vybaveni tunelu. U novostaveb tunelt plati
zdsada o umistovani kabelt a trubnich vedeni do kabelovodi pod
pochozi stezkou, nebo do chréanicek v osténi. Vedeni kabell po osténi
se zejména z divodu vandalstvi a moZnosti zcizeni nedoporucuje.
K jiz témér standardnimu feSen{ kabelovych tras v Zelezni¢nich tune-
lech patii umistovéani deviticestnych multikandli do vypliiovych beto-
nu pod drovni pochozi stezky. Pro instalaci kabeli a moZnost jejich
odboceni k osvétleni nebo zdsuvkdm jsou na kabelovodu umistény
Sachty. Poloha $achet koresponduje s polohou zédchrannych vyklenku
a jejich vzddlenost neprekraCuje 25 m. Pouziti multikandlu spolu
s kabelovymi Sachtami umoZnuje snadnou revizi stdvajicich veden{
nebo pripadné doplnéni dalich siti pfi provozovdn{ tunelu. Zdchranné
vyklenky situované v zdvislosti na délce bloku betonaze ve vzdile-
nosti 20 m nebo 24 m nabizeji dostatek prostoru pro umisténi Sachet
na ¢iSténi bo¢ni tunelové drendZe nebo vytokovych ventila pozdrniho
suchovodu. Suchovod je nezavodnéné potrubi, které v pripadé pozaru
v tunelu slouzi k vedeni vody co nejblize k ohnisku pozdru. Zdroj
pozdrn{ vody poskytuje bud pfipojend poZirn{ cisterna, mistni vodo-
vodni fad nebo pozdrni nadrZ situovand v blizkosti portdlu. Suchovod
neni nutno chrénit proti promrzan{ a je instalovdn ve vSech popisova-
nych tunelech tratového tseku Votice — BeneSov. Osvétleni tunelu lze
zapnout v pifpadé pochuizky na obou portédlech. Kromé osvétleni umis-
téného po obou strandch v kazdém tunelovém pdsu lze pri ddrzbé tune-
lu pouZit zdsuvkovy okruh. K bezpe¢nostnim prvkum patii protidoty-
kové zdbrany nad trakénim vedenim na portdlech, madlo umisténé na
bocich tuneld podél pochozi stezky, znaceni nejkratSiho dniku
k zéchrannému vyklenku nebo smérem k portdlu. Lokalizaci ptipad-
nych poruch usnadnuje ¢islovani tunelovych pasu, které odpovidd blo-
kum betonéZe tunelového osténi. Do osténi tunelu jsou osazeny méfic-
ké body pro méfeni prostorové pruchodnosti trati.

VOTICKY TUNEL

Tunel délky 588 m pojmenovany podle nedalekého mésta Votice je
jako jediny navrZen v celém rozsahu hloubeny v otevrené stavebn{
jdmé. Vznikl v prubéhu zpracovani jednotlivych stupfii projektové
dokumentace v mist€ puvodné navrhovaného hlubokého skalniho
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Osa tunelu — Tunnel axis
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Obr. 2 Vzorovy pri¢ny rez raZeného tunelu
Fig. 2 Typical cross section for a mined tunnel

The centre line of a tunnel in the sections which are on a horizontal curve
is offset from the centre line of rails, depending on the diameter of the curve
and the value of superelevation. The offset from the centre line of the tunnel
allows the designer to optimise the position of the combined tunnel clearan-
ce profile (CTCP) so that a contact between the CTCP and the border of the
safety space in the tunnel is avoided or that the tolerances between the CTCP
and the safety space in the tunnel is used to a maximum extent. For more
detailed information on the tunnel lining geometry see Figures 1 and 2.

The tunnel drainage system consists of a combination of umbrella-type
membrane waterproofing in the mined sections of tunnels and water-retai-
ning concrete lining in the cut-and-cover sections of tunnels. Longitudinal
drains run along both side walls and along the centre line of the tunnels. They
collect water running down the surface of the membrane or the surface of the
lining and evacuate it gravitationally toward tunnel portals.

TUNNEL EQUIPMENT

The complexity of railway tunnel equipment is far from the level of road
tunnel equipment. Even then the safety of traffic and trouble-free maintenan-
ce of a railway tunnel require that a number of elements of tunnel equipment
be installed. A rule applies to newly built tunnels that cables and pipelines
must be placed in cableways embedded under emergency walkways or in
tubes cast into the lining. The mounting of cables on the surface of the lining
is not recommended, above all because of vandalism and the possibility of
theft. One of nearly standard solutions to the cableways in railway tunnels is
the embedment of 9-way ducts in non-structural concrete under the emergen-
cy walkway level. There are manholes on the cableways allowing the instal-
lation of cables and branching to lighting fixtures or sockets. The locations of
the manholes corresponds to the locations of safety recesses; the shaft spacing
does not exceed 25m. The use of multiple-way ducts together with cable shafts
allows easy inspection of existing lines or, if necessary, the addition of new
networks during the tunnel operation. Safety recesses, which are located at
20m or 24m spacing (depending on the length of the block of the tunnel lining)
offer sufficient space for inspection manholes on the side drains or outlet val-
ves of the dry fire main. The dry fire main is an empty pipeline which is used
for the delivery of water as close to a seat of fire in the case of an accident as
possible. The source of fire-fighting water is either a fire-fighting tank conta-
iner connected to the pipeline, a local water main or a fire reserve located near
the tunnel portal. The dry fire main does not have to be protected against fre-
ezing; it will be installed in all of the above described tunnels in the Votice —
Benesov track section. The tunnel lighting can be switched at both portals in
the case of an inspection. In addition to the lighting fixtures, which are instal-
led on both sides of each tunnel block (concrete casting block), a socket
branch circuit is available for maintenance purposes. There are other safety
elements in tunnels, such as a touch-prevention system over the contact lines
at tunnel portals and a hand rail installed on tunnel walls along emergency
walkways or signs marking the shortest escape way to a safety recess or to
a portal. Defects are easier to locate owing to the system of the numbering of
tunnel blocks (i.e. blocks which correspond to the casting blocks of the tunnel
lining). Monitoring points are fixed in the tunnel lining for the purpose of the
monitoring of the spatial passability of the track.
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VOTICE TUNNEL

This 588m long tunnel, which was named
after the nearby town of Votice, is a cut-and-
cover structure throughout its length. This
solution originated during the individual stages
of the design work as a result of a gradual inc-
rease in the depth of the track in a location
where the initial design proposed a deep open
rock cut. Structural, operational and environ-
mental reasons led to the replacement of the

A deep cut by a tunnel structure. The solution
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containing the tunnel significantly reduces the
excessive volume of excavation as a result of
steeper slopes on the sides of the temporary
construction trench and the use of the excava-
ted material for backfilling. The excavation
volume reaches nearly 150,000 m?. The back-
fill volume of 85,000 m? will reduce the excess
of material more than by half. The solution
based on a tunnel simplifies the long-term, dif-
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-

Obr. 3 Vzorovy pricny rez Votického tunelu
Fig. 3 Typical cross section for the Votice tunnel

zéfezu jako dusledek postupného zahlubovani nivelety traté. Z davoda
konstruk&nich, provoznich i ekologickych vedlo technické feSeni
k nahrazeni hlubokého zdrezu tunelem. Tunelové feSen{ vyrazné sni-
Zuje prebytky vykopu zestrmenim docasnych svahl stavebni jamy
a provedenim zpétnych zdsypu. Objem vykopu dosahuje bezméla
150 000 m3. Zpétny zdsyp o objemu 85 000 m* sniz{ prebytek materi-
dlu o vice nez polovinu. Tunelové feseni zjednodusuje dlouhodobou
obtiznou ddrzbu vysokych skalnich svahi. Ma proto pozitivni dopad
jak do investi¢nich, tak i provoznich ndkladia. Nezanedbatelnym,
i kdyz obtizné finan¢né vycislitelnym hlediskem, je i pozitivni dopad
na réz tzemi. Zohlednovéni ekologickych aspektd vSak hraje stdle
VELST roli a patif ke znakiim vysp€lé spolecnosti.

Jednoplastové osténi tunelu tvoii Zelezobetonovd monolitickd kon-
strukce z betonu C 25/30 odolného proti prusakim. Jednd se o prvni
pouziti tohoto zplisobu zajisténi vodotésnosti osténi v Ceské republi-
ce. Zvlastni pozadavky na vodonepropustnost osténi stanovuji TKP 20
— Tunely. BetondZ sekundédrntho osténi probiha do bedniciho vozu po
blocich betonaZe délky 10 m. Tloustka osténi hloubené Cdsti tunelu je
min. 500 mm, v paté zdkladd 800 mm. Délka bloku betondZze 10 m je
volena s ohledem na pozadavek vodotésnosti konstrukce a typizaci
blokl betondZe pfi vzddlenosti zdchrannych vyklenka 20 m. V trase
tunelu se paradoxné vyskytuji velmi dobré geotechnické podminky jiz
v malé hloubce pod povrchem. Jedingm divodem, pro¢ tunel neni
razen, je nedostatecnd vyska nadlozi. Kvalita horninového masivu
viak umoznuje v dolnich partiich stavebni jamy provadeét svislé stény,
které slouZi jako opora tunelového osténi a umoziuji do celkového sta-
tického chovani konstrukce plné zapoditat tuhost horninového masivu.
To vede k ndvrhu subtilnéj$i konstrukce neZ v ptipadé tunelu obsypa-
ného z boku zpétnym zdsypem, jehoZ tuhost je fddoveé mensi.

Utelem zajisténi vodotésnosti tunelu bez pouziti fliové izolace je
snaha vyloudit riziko jejtho poskozeni pfi provddéni zpétnych zdsypu
velkého rozsahu. V pripadé prasaki lze sanaci na rozdil od féliové izo-
lace provést cilené v mist€ lokdlniho poruseni celistvosti betonu, coZ
vyrazné zvySuje Sance na uspeéSnost provedeni sanace. Spary mezi
bloky betondZe jsou t€snény pomoci vnitfnich t€snicich past. Pojistny
systém tvori hadi¢ky umozniujici dodate¢né doinjektovéni spar v misté
tésnicich pdsu. Dalsi opatfeni, snizujici riziko prusaku vody osténim,
je noppova félie instalovana ve vrchliku horni klenby tunelu. Vodu
volné stékajici po osténi tunelu, resp. noppové folii, jimaji podélné
tunelové drendZe, které vodu gravitaéné odvadéji k portdlu tunelu.
Propustnost zdsypového materidlu i drendzni systém vylucuji tlakové
pusobeni vody a minimalizuji nebezpe&i prusaki vody osténim.
V kazdém druhém zéchranném vyklenku je po 40 m umisténa Sachta
na &isténi boéni tunelové drendze DN 200. Zpétny zasyp zdfezu sta-
vebni jamy je odvodnén po obou strandch tunelu dal$i podélnou dre-
ndzi DN 250 mm. Tuto drendZ nelze po provedeni zpétného zdsypu
Cistit. Proto je navrzen vétsi prumér drendZe, proveden obsyp filtrac-
nim materidlem a od vrstev zpétného zasypu je filtracni material odde-
len geotextilif. Technické feSen{ viz obr. 3.

ficult maintenance of high rock slopes. It, the-

refore, positively affects both the investment
costs and operating costs. Even the positive impact on the nature of the count-
ryside is not negligible, even though its financial benefit is hard to evaluate.
Anyway, due consideration for environmental aspects plays ever more impor-
tant role and belongs among attributes of an advanced society.

The single-pass tunnel lining is a reinforced concrete, cast-in-situ structu-
re (C 25/30 — grade, water-retaining concrete). This is the first case of appli-
cation of this method of ensuring waterproofness of a tunnel lining in the
Czech Republic. Special requirements for the waterproofing capacity of
a lining are contained in technical specifications TKP 20 — Tunnels. The
secondary lining will be cast in 10m long blocks, using travelling formwork.
The lining of the cut-and-cover tunnel is 500mm as the minimum; it is
800mm thick at the level of foundation. The length of the casting block of
10m is selected with respect to the requirement for the waterproofness of the
structure and standardisation of the blocks, taking into consideration the
distance between safety recesses of 20m. Paradoxically, the geotechnical
conditions which exist along the tunnel route are very good even at a shallow
depth. The only reason why mining methods are not used for the tunnel con-
struction is the insufficient height of the overburden. Owing to the good qua-
lity of the rock mass, it is possible to excavate the construction trench with
the side walls vertical in lower levels so that they support the tunnel lining;
as a result, the rigidity of the rock mass can be fully counted with in the ove-
rall structural analysis of the tunnel. The resulting design of the structure is
then slenderer than it could be in the case of a tunnel covered on both sides
by backfill, the rigidness of which is lower by an order of magnitude.

The objective of the system which provides the tunnel waterproofing wit-
hout a waterproofing membrane is the effort to eliminate the risk of damage
to the membrane during the course of large-scale backfilling operations. If
a leak appears, the repair can be carried out exactly in the particular location
where the integrity of concrete was compromised. The chance of success is
then much higher. Joints between casting blocks will be sealed using inner
waterstops. The back-up system will consist of tubes allowing additional
grouting into the joints, near the waterstops. Another measure which reduces
the risk of seepage through the lining is a dimple sheet membrane, which will
be installed in the crown of the tunnel vault. The water which freely runs
down the tunnel lining, which may be covered by the dimple sheet membra-
ne, will be collected by longitudinal drains, to continue gravitationally to the
tunnel portal. The permeability of the backfill material and the drainage sys-
tem will prevent the pressure action of water on the lining and minimise the
risk of water leakage through the lining. An inspection shaft will be installed
on the DN200 longitudinal drains in every other safety recess. The backfill
of the construction trench will be provided with additional DN 250mm lon-
gitudinal drains on both sides of the tunnel. Once the trench is backfilled, the
clearing of the drains will not be possible. For that reason, the design requi-
res a larger diameter of the drains, backfilling with a filtering material and
separation of the filtering material from the backfill by geotextile. For the
engineering solution see Fig. 3.

OLBRAMOVICE TUNNEL

The name of the tunnel is after the nearby village of Olbramovice, which
originated in the middle of the 12th century. The track section which runs
through the tunnel consists of 60m long cut-and-cover sections at both portals,
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OLBRAMOVICKY TUNEL

Tunel nese jméno nedaleké obce Olbramovice, jejiZ historie sahd aZ
do poloviny 12 stoleti. Trat' vedenou v tunelu tvoii 60 m dlouhé hlou-
bené dseky u obou portdli provadéné v oteviené svahované stavebni
jame a tsek délky 360 m razeny pomoci NRTM. Celkova délka v ose
tunelu dosahuje 480 m. Podélny sklon tunelu 10,50 %o klesd ve sméru
staniCen{ trat¢ smérem od vjezdového k vyjezdovému portdlu.
Smérovy oblouk v koleji €. 1 o poloméru R = 1204 m umoznuje doséh-
nout pozadované prepravni rychlosti. Osa tunelu je pii prevySeni
122 mm odsazena od osy koleji o 200 mm smérem ke koleji ¢. 2.
Svahy stavebn{ jamy hloubenych tseku zajiStuje proti povrchové erozi
stfikany beton se siti. Celkovou stabilitu svahu zvySuji kotvy typu SN
osazované do cementové zdlivky. Trvale obnazené svahy portdlového
zarezu, které nebudou zpétné zasypané, zajistuji proti opadavani uvol-
nénych kamenu plastové sité. Stifkany beton v této &dsti svaha neni
pouzit, aby byl minimélné narusen rdz krajiny i chemismus vod prosa-
kujicich vrstvami pokryvu.

Primdrn{ ostén{ ze stfikaného betonu C20/25 X0 tloustky 150, 200
a 250 mm déle tvori ocelové prihradové rdmy, vyztuzné sité, kotvy
a v oblasti ohrozené nestabilitou piistropi predrdzené ocelové jehly.
Pro stabilizaci Celby Ize podle potieby pouZit pritéZovaci ¢elbovy klin.
Na celkové stabilité dila se vyrazné podili prokotveny horninovy
masiv. Ndvrh technologického postupu praci a zajistén{ stability vyru-
bu vychdzi z uritych predpokladi o chovéni horninového masivu
a predepisuje standardni postup razby a zajisténi vyrubu v takto defi-
novaném prostiedi pomoci technologické tiidy vyrubu. Béhem vystav-
by muZe dojit k nepfedvidanym situacim, které vyZaduji okamzZitou
reakci na stavajici vzniklé podminky. Pokud by doslo k zdsadnimu
lokdlnimu zhorSeni geotechnickych podminek, je nutné pouzit dalsi
adekvétni opatieni pro zaji$tén{ stability vyrubu a bezpe&nosti razby.

Jedna se zejména o:

— dal3{ ¢lenéni dil¢ich vyruba (pfedevsim v kaloté);

— dpravu délky zabéru;

— dpravu délky, rozméru, typu a poctu kotev jak na Celbé, tak

v osténf;

— dpravu vzdalenosti Celeb dil¢ich vyrubu.

Piislu$né rozhodnuti o zméné standardniho postupu ucini kompe-
tentni zdstupci zadavatele a zhotovitele pfimo na stavbé. V pripadé
ohroZeni bezpecnosti osob nebo majetku zhotovitel provede opatren{
ihned bez projedndvani a pouZitd opatfeni projednd dodate¢né. Razeny
usek je podle prognézy geotechnickych podminek rozdélen do 5 tech-
nologickych tfid vyrubu oznaCenych II. az VI. Charakteristické udaje
pro razbu a zajiSténi stability vyrubu v jednotlivych technologickych
tiidach viz tab. 1.

Technologické tridy vyrubu se ddle 1isi schématem kotveni lice
vyrubu, zpusobem stabilizace Celby, jehlovdnim apod. Jednotlivé
prvky zajisténi stability vyrubu byly posouzeny podle metodiky
rakouské normy ONORM B2203.

V rdmci projektové dokumentace pripravil zpracovatel vzorové
pricné fezy hloubenych i raZenych dseku tunelu se spodni klenbou
a s uloZenim horn{ klenby na patkdch. I kdyZ je na zdkladé prognézy
urceno rozdéleni na tseky provddéné se spodni klenbou nebo patkami,
definitivni rozhodnuti padne aZ béhem realizace na zdkladé skute¢né
zastizenych geotechnickych podminek.

Pristupova komunikace pro prijezd zachrannych jednotek v pripadé
havdrie v tunelu je situovédna do prostoru zdfezu mezi tunely Votickym
a Olbramovickym. Diky vzdélenosti portdld 100 m komunikace obs-
luhuje soucasné oba tunely.

ZAHRADNICKY TUNEL

Tunel pojmenovany podle obce Zahradnice celkové délky 1044 m je
navrZen jako raZeny s hloubenymi portdlovymi tdseky. Smérové vede-
ni trasy v tunelu prechdzi z primé do prechodnice a ndsledné kruhové-
ho oblouku o poloméru 1404 m. Tunel v celé délce klesd ve sméru sta-
ni¢eni ve sklonu 9,00 %o. Osa tunelu v pfimé je totoznd s osou drahy,
v prechodnici a v oblouku je odsazena od osy drdhy smérem dovnitf
oblouku.

Konstrukce hloubenych dseku tunelu je provddéna ve svahované
stavebni jamé, kterd je s ohledem na svou hloubku vertikdlné ¢lenéna
prevazné na 3 etdze. Jednotlivé etdZe jsou oddéleny horizontdlnimi
lavicemi §itky 1 m. Stény stavebni jamy jsou zajistény stifkanym beto-
nem vyztuZenym ocelovou siti a kotveny hrebiky. Délka hloubeného
vjezdového dseku je 48 m, délka vyjezdového dseku je 60 m. Na

Tuel

where an open trench with sloped sides will be excavated, and a 360m long
mined section, where the NATM will be used. The total length on the centre
line of the tunnel will reach 480m. The tunnel will be on a longitudinal gradi-
ent of 10,50 %o, falling, in the direction of the track chainage, toward the exit
portal. Rail # 1 will be on a horizontal curve with the radius R = 1204 m,
which is sufficient for the required travelling speed. At the superelevation of
120mm, the centre line of the tunnel will be offset from the centre line of the
rails by 200mm toward rail #2. The slopes of the construction trench in the
cut-and-cover tunnel section will be protected against surface erosion by
sprayed concrete with mesh. The overall stability of the slope will be impro-
ved by SN anchors which will be inserted in cement mortar. The falling of sto-
nes from the slopes of the portal cut which will not be backfilled and will
remain permanently bare will be prevented by means of a plastic net.
Shotcrete will not be used in this part of slopes so that the nature of the count-
ryside and the chemistry of water seeping through the layers forming the cover
are corrupted as little as possible.

The primary support will consist of a 150mm (alternatively 200mm or
250mm) thick layer of shotcrete (C20/25 X0 grade concrete), lattice girders,
mesh, anchors and, in the area threatened by instability at the top heading,
forepoling. The use of a supporting rock wedge for the stabilisation of the
excavation face will be possible, if necessary. The rock mass which will be
stabilised by anchors will be a significant factor regarding the overall stabili-
ty of the works. The design of the means and methods is based on certain
assumptions about the behaviour of the rock mass. It defines standard met-
hods for the excavation and excavation support in relation to the particular
environment by means of excavation support classes. Unexpected situations
which require immediate responses to new conditions may be encountered
during the construction. If the geotechnical conditions locally significantly
deteriorate, other adequate measures must be implemented to improve the
stability of the excavation and safety of the excavation operations.

The following measures belong among them:

— sub-division of the partial excavation faces (mainly in the top heading)

— adjustment of the excavation round length

— adjustment of the length, dimension, type and number of anchors, both

at the heading and in the lining

— adjustment of the distance between the faces of partial headings

The particular decision on the change in a standard procedure will be made
by authorised representatives of the client and contractor directly on site. In
the case of emergency where people or property are threatened, the contrac-
tor must implement the measures immediately; the discussion with the client
will take place subsequently. The mined section of the tunnel is divided, in
accordance with the anticipated geotechnical conditions, into 5 excavation
support classes marked II to VI. For characteristic data on the tunnel excava-
tion and excavation support relevant to individual excavation support classes
see Table 1.

The excavation support classes further differ from each other in the pattern
of the face anchors, the method of the face stabilisation, method of the fore-
poling installation etc. Individual elements of the excavation support were
assessed according to an Austrian standard ONORM B2203.

The author of the design prepared, as a part of the design package, typical
cross sections for both cut-and-cover and mined tunnels, both with inverted
arches and upper vaults supported by footings. Despite the fact that the divi-
sion of the tunnel length into sections provided either with the invert or with
footings has been made on the basis of a prognosis, the definite decision will
be made later, during the work, on the basis of actually encountered geo-
technical conditions.

The access road for the arrival of rescue forces in the case of an accident
in the tunnel will connect the railway in the area of the open cut between the
Votice and Olbramovice tunnels. Owing to the distance of 100m between the
portals, the road will be able to serve both tunnels.

ZAHRADNICE TUNNEL

This tunnel, which is named after the nearby village of Zahradnice, is
a 1044m long structure consisting of a mined part and two cut-and-cover por-
tal sections. The horizontal alignment of the track running through the tunnel
passes from a straight part to a transition curve and, subsequently, to a curve
on a 1404m radius. The gradient falls at 9,00 %o in the direction of the chai-
nage, throughout the tunnel length. The centre line of the tunnel in the stra-
ight part is identical with the centre line of the track; it is offset toward the
centre of the curve in the transition curve and curve section.

The cut-and-cover tunnels will be built in an open trench with sloped sides.
Because of the depth of the trench, the excavation will be divided vertically,
mostly into three stages. The individual stages will be separated by horizon-
tal, Im wide berms. The sides of the construction trench will be stabilised by
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Sledovany parametr
Observed parameter

Svétla vyska Kkloty / Top heading — net height

Plocha vyrubu kaloty/ Top heading — excavated cross section
Svétla vyska lavice / Bench — net height

Plocha vyrubu lavice / Bench — excavated cross section
Svétla vyska poévy / Invert — net height

Plocha vyrubu pocvy / Invert — excavated cross section
Celkova plocha vyrubu / Total excavated cross section

Predpokladana deformace vyrubu / Anticipated deformation of excavation

Doporucené nadvySeni vyrubu / Recommended crown overcutting
Tloustka primarniho osténi / Primary lining thickness

Délka zabéru kaloty (max.) / Top heading advance length (max.)
Délka zdbéru lavice (max.) / Bench excavation advance length (max.)

Tab. 1 Zdkladni parametry technologickych trid vyrubu NRTM
Table 1 Basic parameters of the NATM excavation support classes

vyjezdovém portdlovém udseku jsou provedeny po obou strandch
gabionové zdi stabilizujici strmé svahy zdrezu. Definitivni osténi
hloubené ¢dsti je navrZeno z vyztuZeného betonu C30/37, se zdkla-
dovymi patkami, resp. se spodni klenbou.

Délka c¢asti tunelu razeného pomoci NRTM je 936 m. Konstrukce
ostén{ razeného tunelu je dvouplastova s mezilehlou féliovou hydro-
izolaci tl. 2 mm v rozsahu horni klenby a opér. Primdrni osténi ze
stifkaného betonu C16/20 X0 je navrZzeno v tloustkdch 100 az
250 mm. Déle jsou pouZity vyztuzné piihradové oblouky, svarované
sit¢, kotvy a predrazené ocelové jehly. Definitivni osténi je navrZeno
z monolitického betonu C25/30 XF2 a C30/37 XF3. Ve vytipovanych
usecich se predpokladd pouziti osténi z nevyztuZzeného betonu.

Vzhledem k délce tunelu a s ohledem na poZdrnébezpe&nostni
feSeni je na pravé strané navrzena unikovd cesta. Tato unikovd
cesta je vedena Stolou podkovovitého tvaru délky 58,35 m
a ndsledné Sachtou kruhového profilu hloubky 26,1 m. Osténi uni-
kové Stoly a Sachty je dvouplastové s mezilehlou féliovou hydro-
izolaci tl. 2 mm.

V blizkosti obou portdlu a u vystupu z dnikové Sachty je navrze-
na pristupovd komunikace s ndstupni plochou. V tunelu je po levé
strané situovdno nezavodnéné poZdrni potrubi, tzv. suchovod.
Piipojné misto suchovodu se nachédzi v Sachté pred portdlem na
vjezdovém i vyjezdovém portdle tunelu.

TUNEL TOMICKY I.

Trasu tunelu tvori dva portdlové dseky délky 48 m a 60 m navr-
Zené ve svahované stavebni jaimé a dsek délky 216 m raZeny pomo-
ci NRTM. Celkovd délka v ose tunelu je 324 m. Podélny sklon tune-
Iu 10 %o klesd smérem od vjezdového portdlu k vyjezdovému. Osa
tunelu je od osy koleji odsazena o 170 mm smérem ke koleji ¢. 1
a md polomér smérového oblouku 1281,830 m. SdruZeny tunelovy
prijezdny prufez je konstruovan pro prevySeni 108 mm. Diky
obdobnym geotechnickym pomérim se tunel konstruk&né priblizu-
je tunelu Olbramovickému. I kdyZ tunely na dseku Votice — BeneSov
patii obecné k tunelam s nizkym nadloZim, pro tunel Tomicky 1. to
plati zvlasté. Pfi vySce vyrubu 10 m dosahuje vySka nadloZi jen
max. 15 m. Vzhledem k malé délce razeného dseku definuji zptsob
zajiSténi stability vyrubu a technologicky postup vystavby jen 4
technologické tridy vyrubu. Instalaci pozdrniho suchovodu vyzadu-
je norma na Zelezni¢ni tunely CSN 737508 az od 500 m délky.
V pripadé tunelu Tomicky I. vyZadoval objednatel umistit do tunelu
pozérni suchovod i pri délce tunelu jen 324 m. Pro prfijezd vozidel
v pfipadé havérie v tunelu slouZi v rdmci stavby nové zfizend pri-
stupova komunikace, kterd navazuje na upravenou stavajici polni
cestu a ddle na silnici I/3 spojujici Prahu a Tédbor.

TUNEL TOMICKY II.

Poslednim a zdroven z hlediska projektovani nejnovéj§im tunelem
mezi BeneSovem a Voticemi, bude pripravovany tunel Tomicky II.
Trasa Zelezni¢ni trati v tomto tseku vyrovnava oblouk, ktery ve std-
vajici stopé znemoznoval vyuziti vyssich tratovych rychlosti. Proto se
na SUDOP Praha, a. s., dodatené pristoupilo k projektové pripravé
i tohoto tunelu, v dne$ni dobé je zpracovdn ve stupni pripravné doku-

mentace. UrCitou Casovou ztritu v pripravé projektové dokumentace
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Jednotky Technologicka trida NRTM
Units NATM excavation and support class
1I. III. V. V. VI.
[m] 6,065 6,115 6,185
[m?] 59,48 60,45 61,83
[m] 3,55 3,00
[m?] 41,42 41,78 42,29 38,89
[m] - - - - 1,90
[m?] - - - - 17,84
[m?] 10090 102,23 104,12 118,56
[mm] 30 50
[mm] 115 135
[mm] 150 200 250
[m] 2,5 2,0 1,5 1,0
[m] 5,0 4,0 30 2,0 1,0

shotcrete, mesh and dowels. The entrance and exit cut-and-cover sections are
48.0m and 60.0m respectively. Gabion walls will be erected along the exit
pre-portal section to stabilise the steep slopes of the cutting. The C30/37-
grade reinforced concrete final lining within the cut-and-cover section will
have footings or an inverted vault.

The NATM mined tunnel section is 936m long. The tunnel is a double-
pass structure with intermediate waterproofing (a 2mm thick membrane)
covering the upper vault and sidewalls. The C16/20 X0 sprayed concrete pri-
mary lining will be 100 to 250mm thick. The excavation support will further
consist of lattice girders, mesh, anchors and steel forepoles. The final lining
will be in C25/30 XF2 and C30/37 XF3 cast-in-situ concrete. The use of
unreinforced concrete is expected for selected sections.

With respect to the tunnel length and the fire design of the tunnel, an esca-
pe route will be provided on the right side. The escape route passes through
a 58.35m long horseshoe-profile gallery and, subsequently, through a 26.1m
deep, circular-profile shaft. The lining of the escape gallery and of the shaft
is a double-pass structure with a 2mm thick intermediate waterproofing
membrane.

Access roads with assembly areas will be provided in the vicinity of both
portals. A dry fire main will be installed on the left side of the tunnel. The
points of connection for the fire main will be in manholes, in front of both the
entrance and exit portals.

TOMICE | TUNNEL

The tunnel route consists of two portal sections (48m and 60m long, built
in a construction trench with sloped sides) and a 216m long section where the
tunnel will be driven by the NATM. The tunnel will be 324m long in total.
The longitudinal gradient of 10,00 %o falls from the entrance portal toward
the exit portal. The centre line of the tunnel is offset from the centre line of
rails by 170mm toward the rail #1; the diameter of the horizontal curvature
of the tunnel centre line is 1281.830m. The combined tunnel clearance profi-
le is designed for the superelevation of 108mm. Owing to similar geotechni-
cal conditions, the tunnel structure is similar to that of the Olbramovice tun-
nel. Even though the tunnels on the track section between Votice and
BeneSov belong, in general, among shallow-cover tunnels, this characterisa-
tion applies especially to the Tomice I tunnel. The height of the cover reaches
a mere 15m at the height of the excavated cross section of 10m. As a result
of the short length of the mined tunnel section, the means and methods of the
excavation and the excavation support are defined only by 4 excavation sup-
port classes. The installation of the dry fire main is required by CSN 737508
(a standard for railway tunnels) when the length is in excess of 500m.
Regarding the Tomice tunnel, the client required that the dry fire main be
installed even if the tunnel length is only 324m. The access of vehicles in the
case of an accident in the tunnel will be possible via a new access road, which
will be linked to an existing dirt road, which will be paved, and then to the
1/3 road connecting Prague with Tébor.

TOMICE Il TUNNEL

The last, and, in terms of the work on the design, the newest tunnel bet-
ween BeneSov and Votice will be the Tomice II tunnel. The route of the track
in this section is designed to straighten an existing curve, which has made the
increasing of the speed limit over the track impossible. For that reason,
SUDOP as. started to prepare this tunnel construction; as of today, the preli-
minary design documents have been completed. It is still possible to reduce
a certain delay in the design preparation so that all tunnels are opened to traf-
fic at the same time.
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je jesté mozné snizit tak, aby vSechny tunely byly do provozu uvede-
ny soucasne.

Tunel Tomicky II. bude vyraZen v obdobnych geotechnickych
podminkéch, jako jeho bezprostfedni sousedé. Zdjmové dzemi lezi
pfi jihovychodnim okraji stfedofeského plutonického komplexu,
jehoz skalni podklad je budovan souborem hlubinnych a Zilnych
vyvielin paleozoického stdfi. Regiondlni tektonické procesy se
v horninovém prostied{ projevily zvyraznénim nékterych predispo-
novanych smérl oslabeni horniny, s nejvyraznéji vyvinutym smé-
rem poruseni Z-V. Hladina spodni vody neni souvisld, spiSe se jednd
o lokdln{ zvodné, vdzané na izolované systémy puklin, které prostu-
puji zcela nepropustnym masivem. Celkova délka tunelu je 252 m,
z toho 204 m bude vyraZeno za pouziti trhacich praci pomoci
NRTM, oba portdly budou realizovany v hloubenych stavebnich
jdmdch délek 24 m. Zacdtek tunelu je situovdn do km 125,372,
konec tunelu pak do km 125,624. Zelezni¢ni trat'v celé délce tune-
lu prochdzi v oblouku R = 1471,805 m s prevySenim p=108 mm, osa
tunelu je pak od osy koleji odsazena o 195 mm. PodéIny sklon méfe-
ny v ose tunelu je 10 %o. Svahy stavebnich jam hloubenych dseka
jsou v dolnich partiich zajiStény stfikanym betonem se siti
a horninovymi kotvami. VySs{ partie jsou zajiStény proti opadavan{
tlomka horniny sit€émi. Prvni etdZ hloubend ve vrstvdch pokryvi
a silné zvétralych granitoidech je bez dalsiho zajisténi lice svahu
pouze vysvahovdna. Minimalizace portdlovych dsekl je ve shodé
s prirodnim prostredim, kde bude stavba probihat. Zajimavosti obou
portéll jsou ochranné valy proti privalovym srdzkdm.

Primérni osténi ze stifkaného betonu tloustky 150 az 200 mm
tvori déle ocelové prihradové rdmy, sité, kotvy a v oblasti ohrozené
nestabilitou pristropi predrdZené ocelové jehly.

Definitivni osténi z monolitického betonu minimélni tloustky
350 mm trvale zajiStuje stabilitu vyrubu. Pfedpokldddme, Ze kromé
priportdlovych dsekti bude moZné ve znalné &4sti tunelu pii realiza-
ci pouzit nevyztuzeného definitivniho osténi.

Vzhledem k pomérné malé délce dvoukolejného tunelu nen{ navr-
hovdno 7ddné mimorddné zabezpeleni Zelezni¢ni dopravy. Pred
portdl bude privedena komunikace a spoleéné s ndstupni
a zéchrannou plochou, bezpe¢nostnim znaenim a dalSimi prvky
technologického vybaveni dvoukolejny tunel vyhovi v§em pozadav-
kum pro zaji§téni poZdrni ochrany a bezpe&nosti provozu.

ZAVER

Modernizaci trati Votice — BeneSov u Prahy dojde k vyraznému
zkrdceni stdvajici délky traté. Zdvoukolejnéni trati, modernizace
zabezpeCovaciho zafizeni a dal$i navrhované dpravy povedou ke
zkrdceni doby jizdy a k celkovému zkvalitnén{ Zelezni¢ni dopravy.
Podle dostupnych zdroju ¢inf investi¢ni naklady 4483 mil. eur, pri-
¢emz prispevek z Evropské komise predstavuje 2,2 mil. eur. V rdmci
zpracovani projektové dokumentace tunelovych objektd navrhl pro-
jekéni tym celou fadu modernich technickych feseni, kterd bud
nejsou v Ceské republice dosud obvykld, nebo nebyla pouZita
vubec. Jednd se napft. o provddéni definitivniho osténi bez vyztuZe,
které bylo jest¢ doneddvna nemyslitelné. Postupnym ziskdvanim
zkuSenosti s aplikaci NRTM a pozitivnim pfistupem vSech dcastni-
ki vystavby se ekonomicky ndvrh dimenzi definitivniho ostén{
pomalu zabydluje i u nds. V soufasné dobé je nevyztuzené defini-
tivni osténi dopravnich tuneld pouZito pouze na silni¢nim tunelu
Pisdrky v Brné, ddlni¢nim tunelu Libouchec a na Zelezni¢nich tune-
lech Nového spojeni v Praze. Poprvé je dosaZeno vodotesnosti osté-
ni tunelu aplikaci betont odolnych proti prusakum s tésnénim spér
mezi tunelovymi pédsy. Na dodavatelskych firméach a kvalité prove-
deni navrZenych technickych feSeni nyni zélezi, zda se nové tech-
nologie stanou béznou souddsti Ceského tunelového stavitelstvi,
nebo zapadnou jako nespolehlivé a obtizné realizovatelné.
Vzhledem k pozitivnimu vyvoji, kterym u nds vystavba dopravnich
tunelt za poslednich 15 let prosla, lze pfedpoklddat dspé$nou reali-
zaci dila a efektivni vyuZiti investi¢nich ndkladu Cerpanych jak
z Ceskych, tak evropskych zdroju.
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Tuel

The Tomice II tunnel will be driven through conditions similar to those
existing for its neighbours. The area of operations is found at the south-eas-
tern edge of the Central Bohemian pluton, where the bedrock consists of
a complex of intrusive/dike Palacozoic rocks. Regional tectonic processes
affected the rock environment in the form of the accentuation of some pre-
disposed rock weakness directions, with the most distinctive discontinuities
being W-E. The water table is not continuous; it is present rather in the form
of local aquifers, which are bound to isolated systems of fissures penetrating
the, otherwise absolutely impervious, rock mass. The tunnel is 252m long in
total; of this length, 204m will be driven using the NATM and drill-and-blast
techniques. Both portals will be built in 24m long construction trenches. The
beginning and end of the tunnel are located at km 125.372 and km 125.624
respectively. The whole railway route passing through the tunnel is on
a curve R = 1471.805m, with the superelevation p = 108mm. The centre line
of the tunnel is offset from the centre line of rails by 195mm. The longitudi-
nal gradient, measured on the centre line of the tunnel, is 10,0 %o. Bottom
parts of the slopes of construction trenches in the cut-and-cover tunnel secti-
ons will be stabilised with shotcrete, mesh and rock anchors. The higher parts
will be covered with nets preventing rock fragments from loosening. In the
first stage, where heavily weathered granites will be encountered, the slopes
on the trench sides will require no other stabilisation measures. The minimi-
sation of the portal sections is consonant with the natural environment where
the construction will be implemented. A special feature of the tunnel are
dykes protecting the portals against storm rainfalls.

The primary support of the excavation consists of a 150 to 200mm thick
layer of shotcrete, lattice girders, mesh, anchors and, in the area threatened
by the instability of the top heading, forepoles.

The cast-in-situ final lining, which will provide permanent support of the
excavation, will be 350mm thick as a minimum. We expect that it will be pos-
sible to use unreinforced concrete during the construction for the lining in the
major part of the tunnel, excepting the portal sections.

No exceptional railway operation safety measures are designed, with res-
pect to the short length of the tunnel. A road, ending in front of the tunnel por-
tal, will be built. With an assembly and rescue area, safety marking and other
elements of tunnel equipment, the tunnel will meet all fire safety and operati-
onal safety requirements.

CONCLUSION

The upgrading of the railway line between Votice and BeneSov will
result in a significant reduction in the current length of the line. The addi-
tion of the second rail, upgrading of the interlocking equipment and the
other modifications which are contained in the design will lead to
a reduction in the travel time and overall improvement of railway traffic.
According to available sources, the investment costs amount to EUR 4483
billion, while the European Commission’s contribution is EUR 2.2 billion.
During the work on the design for the tunnel structures, the designing team
introduced a number of state-of-the-art engineering solutions, which have
not become commonplace or have not been used yet in the Czech Republic,
for example the unreinforced concrete final lining, which was unthinkable
until quite recently. Owing to the gradually increasing experience in the
NATM application and the positive attitude of all parties responsible to tun-
nelling projects, the economic design of final lining dimensions has been
slowly settling in the Czech practice. For the time being, there are only
several cases of the application of unreinforced concrete to final lining of
transport-related tunnels, i.e. the Pisdrky road tunnel in Brno, Libouchec
motorway tunnel and the railway tunnels in Prague which are part of the
New Connection Project. It has been for the first time that the waterproo-
fing of tunnel liners is achieved by means of water-retaining concrete and
sealing of joints between the blocks of lining. Now it depends only on con-
tractors and the quality of the implementation of the designed engineering
solutions whether the new technologies will become common parts of
Czech tunnel construction processes or will disappear as unreliable and
hard to use ones. Considering the positive development the construction of
transport-related tunnels has experienced during the past 15 years, we can
expect that the whole project will be successfully implemented and the
investment funds, which will be provided both from Czech and European
sources, will be used effectively.
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