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ovob

Cldnek dopliiuje prispévek kolegii Petra Lapise a Libora Marika
zIKP CE, s.r. 0, uverejnény v Cisle 4/2011 casopisu Tunel, o pohled
na pripravu stavby tunelu Hosin, ktery je soucdsti projektové doku-
mentace tiseku 4. Zeleznicniho koridoru v liseku Nemanice — Sevétin.
Zdmerem neni podrobnéji popsat vybér variant, ale spiSe sezndmit
Ctendre s rozsahem tivah, které musi projektanti podobnych staveb
preZit.

Koncepce rozvoje zelezniéni infrastruktury CR vychdzi z potieby
kompatibility Zelezni¢nich trati evropského vyznamu, na které nase
republika pfistoupila v rdmci prijeti dohod AGC a TER a jednou
z rozhodujicich Zelezni¢nich magistrdl je i transevropskd ESS5, na
naSem Uzemi definovdna jako IV. Zelezni¢ni tranzitni koridor
(obr. 1). Cilem modernizace je vytvoreni kvalitniho systému Zelez-
niéni dopravy Ceské republiky, ktery by v integraci a navaznosti s jiz
vybudovanou siti CR a s Zelezni&ni siti sousednich stdtd mohl obstat
v silné konkurenci predevsim silni¢ni dopravy. Stavba modernizace
obsahuje soubor ¢innosti, jejichZz vysledkem bude zvySeni vykon-
nosti, Zivotnosti a pohodli nové dvojkolejné trati spolu se zvySenim
bezpecnosti Zelezni¢niho provozu. Rozhodujicim pfinosem je dosa-
Zeni prichodnosti kolejovych vozidel tratové tiidy D4 UIC, prosto-
rové pruchodnosti — prujezdného prufezu UIC — GC, zaji§téni poZa-
dované propustnosti a zvySeni maximalni tratové rychlosti az do
hodnoty 160 km/h, kdyZ tunely budou stavebné pfipraveny na rych-
lost do 200 km/h. Obsahem stavby Nemanice I — Sevétin, je prede-
v§im zdvojkolejnéni celého dseku trati. DosaZen{ cilovych paramet-
ra vSak neni moZné bez vedeni Zeleznice mezi stanici Nemanice
I a Sevétin v nové stopé s tim, Ze v dseku mezi Zst. Hlubokd nad
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INTRODUCTION

The paper complements the contribution of colleagues Petr Lapis
and Libor Marik from IKP CE, s. r. o, published in issue 4/2011 in
TUNEL journal, by adding some information on the preparation of
the construction of the Hosin tunnel, which is part of the design
documentation for the Nemanice — Sevétin section of the rail corri-
dor No. 4. Instead of describing the selection of variants in more
detail, it is rather intended to acquaint readers with the extent of
deliberations designers developing similar designs have to survive.

The concept of the development of railway infrastructure in the
Czech Republic is based on the need for the compatibility of railway
lines of European importance, which were approved by our republic
within the framework of signing the AGC and TER agreements,
where one of railway priority axes is the Trans-European E55, which
is defined as Railway Transit Corridor No. 4 (see Fig. 1). The objec-
tive of the modernisation is to develop a high-quality system of rail-
way transport in the Czech Republic, which could, in integration and
connection with the network developed in the CR in the past and
railway networks in neighbouring states, succeed in the strong com-
petition with, first of all, road transport. The construction and moder-
nisation consists of a complex of activities the result of which will
be the increased capacity, life length and comfort along the new
double-track line, together with improved safety of the railway traf-
fic. The deciding benefit is the fact that transitivity of rail vehicles of
D4 UIC track class and the passing space for UIC-GC loading gauge
will be achieved, the required carrying capacity will be secured and
the speed limit over the track will be increased up to 160 km/h,
whilst tunnels will be structurally prepared for the speed of
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Obr. 1 Mapa IV. koridoru severné od C‘eskjgh Budejovic
Fig. 1 Map of the Corridor No. 4 north of Ceské Budéjovice
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Obr. 2 Situace tunelu Hosin

Fig. 2 Hosin tunnel layout

Vitavou — Zamosti a Sevétinem dojde k oputéni stavajici tratd.
Realizaci stavby dojde k vyraznému zkrdceni dosavadni délky trati,
coZ spolu s umisténim ¢dsti trasy do tunela bude mit i pozitivni vliv
na snizeni udrZovacich ndkladu (obr. 2). Projekt Zelezni¢ni stavby je
v oblasti severné od krajského mésta koordinovén s pripravou délni-
ce D3 Sevétin — Borek a severni spojkou a tangentou obchvatu Ces-
kych Budgjovic.

Nov4 prelozka vychdzi jiz ze stanice Nemanice I s tim, Ze je nutnd
uprava navazujiciho kolejového feSeni ve sméru na Plzen, tj. do sta-
nice Nemanice II, a feSeno je i napojeni ponechané tratové koleje
smér Hlubokd nad Vltavou — Zamosti. Nov4 trasa je vedena do pro-
storu mezi obce Nemanice a Hrdejovice, kde kiizi silova vedeni
VVN 110 kV a 400 kV a stavajici komunikaci (ulice Nemanickd),
ktera bude preruSena Zelezni¢nim télesem. V tomto prostoru se uva-
Zuje i o budoucim mimotroviovém kiiZeni tzv. Severni tangenty.
V misté kiiZeni se stdvajici spojovaci komunikaci mezi Borkem
a Hrdé&jovicemi (silnice I1I/10576) je navrZeno nové mimotroviiové
ktiZeni formou silni¢niho nadjezdu. Z takto upravené komunikace je
navrZena nova pristupovd komunikace k jiznimu portdlu prvniho
Zelezni¢niho tunelu. Hosinsky tunel je situovdn do lokality mezi
letisté Hosin a vlastni obec Hosin. Severni portél tohoto tunelu je
situovan do prostoru za kifzeni se stdvajici koleji mezi stanici
Hlubokd nad Vltavou — Zamosti a Choty¢any. K tomuto portdlu je
navrzena novd pristupovd komunikace. Trasa prelozky je ddle vede-
na vétsinou formou ndspu kolem Dobrejovic, kde mimotroviove
kiizi silnici 11/146. Tato je vedena pomérné dlouhou preloZzkou
a kfiZuje Zelezni¢ni trasu v podjezdu pod Zelezni¢nim mostem.
Souddsti prelozky silnice je i lokdlni doCasnd prelozka v misté kii-
zeni s zelezniCni trasou, kterd umozni realizovat na této komunikaci
silnou stavenistni dopravu nezbytnou pro realizaci stavby. Z ni je
navrZena novd pristupovd komunikace k jiznimu portdlu dal§iho
nového tunelu Chotycany.

UVAHY

Préce projektanta dopravnich staveb je krdsna v tom, Ze ,,vidi* do
budoucnosti. Tam, kde je ted pole a les, bude za pér let Zeleznién{ trat’
nebo silnice a jak bude ddle popsano, neni vyloucen i opak. Na upl-
ném zacdtku projektanti Zelezni¢ni traté uloZi do prostoru linii kole-
jovych pdst a déle ,,namaluji“ zéfezy, ndsypy, mosty, stanice a také
tunely (ty moc vidét nejsou). Specialisté, tuneldfi musi spole¢né
s geology sprdavné vyhodnotit nejenom geotechnické podminky
masivu, ve kterych jsou vedeny tunely, a k nim prifadit optimaln{
metodu vystavby, ale vyhodnotit také SirSi souvislosti realizace stav-
by. Porovndvani moznych variant pfi¢ného fezu a postupu vystavby
tunell je podrobné popsédno v prispévku kolegu z IKP CE, my vSak
chceme poukdzat na souvislosti, které také vyznamné ovliviiuji
kone&ny tvar stavby, a tim i jednotlivych objektd této mozaiky.

Jednou z nejdulezitéjsich dloh projektantu je stanoveni takového
postupu vystavby, ktery nezrusi, nebo prinejmensim zdsadnim
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250 km/h. The content of the Nemanice I — Sevétin construction lot
is, first of all, adding of one track throughout the entire section
length. However, reaching the target parameters is not possible wit-
hout leading the rail line between Nemanice I and Sevétin stations
within a new footprint, abandoning the current alignment in the sec-
tion between Hlubok4 nad Vitavou Zamosti station and Sevétin sta-
tion. Once the construction is finished, the current length of the line
will be significantly reduced. This, together with the placement of
a part of the rail line into tunnels, will have a positive influence on
reducing the maintenance costs (see Fig. 2). The design for the rail-
way construction is coordinated in the area north of the district-town
with the preparation of the D3 motorway section Sevétin — Borek
and the northern connecting road and tangential road connecting to
the Ceské Bud&jovice bypass road.

The new diversion route starts from Nemanice I station, but it
requires the adaptation of the design of the connecting yard in the
direction of Plzen, i.e. to Nemanice II station. In addition, the con-
nection of the running track in the direction of Hlubokd nad Vltavou
— Zamosti, which is left in place, is solved. The new alignment leads
to the area between the villages of Nemanice and Hrdéjovice, where
it crosses EHT 110 kV and 400 kV power mains and an existing road
(Nemanicka Street), which will be interrupted by the railway emban-
kment. A grade-separated intersection with the so-called Northern
Tangential Road is also under consideration for future for this space.
A new grade-separated intersection in the form of a fly-over is desig-
ned for the location of the intersection with the existing connecting
road between Borek and Hrdéjovice (road No. III/10576). A new
access road to the southern portal of the first rail tunnel is designed
to lead from the road adapted in the above-mentioned way. The
Hosin tunnel is designed to be built in a location between the Hosin
airfield and the village of Hosin itself. The northern portal of this
tunnel is located in the area behind the crossing with the existing rail
track between the Hlubokd nad Vltavou Zamosti station and
Chotycany station. A new access road to this portal is designed. The
alignment of the diversion is further led mostly on an embankment
past Dobrejovice, where it crosses the road 11/146 (grade-separated
crossing). This road is led along a relatively long diversion and cros-
ses the railway line under a railway bridge. Part of the road diversi-
on is a temporary local diversion in the location of the intersection
with the rail line, which will make the busy site traffic, which will
be necessary for the construction, possible. A new access road to the
southern portal of another new structure, the Choty€any tunnel, is
designed to branch from this diversion.

DELIBERATIONS

The work of a designer designing transport-related structures is
nice in the ability to “see into the future”. Where there is a field or
a forest, there will be a railway track or a road in several years and,
as it is described below, nor is a reverse option excluded. At the very
beginning, railway designers place railroad lines to the area and
“draw” cuttings, embankments, bridges and also tunnels (they are
not too much visible). Specialists, tunnel designers, must, jointly
with geologists, assess not only geotechnical conditions of ground
masses through which the tunnels are led and assign an optimal con-
struction method to them, but also assess wider relationships of the
implementation of the construction. The process of comparing the
possible variants of the cross-section and the techniques of the con-
struction of the tunnels is described in detail in the paper by collea-
gues from IKP CE. Our intention is to point out the relationships
which so significantly affect the final shape of the structure as well
as the shapes of individual structures forming this mosaic.

One of the most important tasks for designers is to design such
a construction procedure which will not damage, or at least will not
upset in a principal way, the traditional course of the life of the soci-
ety both in the immediate vicinity of the construction and also in the
whole region. All (or possibly nearly all) of us remember the time
when the Prague metro was being developed in the very centre of the
city. Wenceslas Square with the wider surroundings from Karlin to
Pankrdc and Prague was reminiscent of a city after bombardment,
with temporary crossings for pedestrians, trams and cars. Virtually
everything was subordinated the development of the metro and
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zpusobem nenarus$i zab€hnuty kolobéh Zivota spolecnosti jak
v bezprostirednim okoli stavby, anebo také celého kraje. VSichni
(tedy mozna skoro vSichni) si pamatujeme dobu vystavby prazského
metra v samém centru mésta, kdyZ koncem Sedesdtych a na zacatku
sedmdesdtych let pfipominalo Vaclavské namésti a jeho §irsi okoli
od Karlina az za Pankrdc vybombardované mésto s provizornimi
prechody pro lidi, tramvaje i automobily. Vystavbé metra bylo pod-
fizeno prakticky vSe a v centru mésta se skoro nedalo Zit. JenZe 50
let po tomto prukopnickém ¢inu nasich otcu je jind doba a timto zpu-
sobem se jiz stavet nedd, natoZ pak v tak romantické krajiné, jakd je
mezi Nemanicemi a Sevétinem. I kdyZ jsou ekonomické propocty
nedilnou soucdsti kazdé projektové pripravy a jsme jiZ schopni se
pomeérné presné pribliZit redlné cené stavby, jsou i parametry, které
nejde jednoduchym vypoétem ocenit. A mezi né je mozné zaradit
i celkovy vliv vystavby na obyvatele, pfirodu a osidlend mista, vet-
né naprt. dopravni infrastruktury, jmenovité silnic vSech tiid, které
vystavbou té€chto rozsaht vyrazné trpi.

Pii projektové piipravé je jednim z nejtézSich dkola projektantu
najit vhodné misto pro uloZeni neupotiebitelnych zemin a hornin
z vykopu, pfi raZenych tunelech samoziejmé vletné rubaniny.
Idedln{ je mit rovnitko mezi plusy a minusy a kromé samotné trasy
nové ZelezniCni linie nic nikde ,,vedle* neukladat anebo zisk ,,dobré
skdly hospoddrné zpracovat a prodat. JenZe to je idedl a ten, jak
vime, se nedd dosdhnout, protoZe neexistuje. Pfi vyhodnocovani
moZné kubatury rubaniny z tuneld Hosin a Chotycany se objemy
pohybovaly v intervalu od 826 000 aZ po 1 355 000 m3, a to preva-
zilo celkovou bilanci ,,velké* stavby na vyrazny prebytek. Proto roz-
hodnuti o jeho hospoddrném uloZeni bylo jednim z nejdulezitéjsich
podind této Cdsti projektové dokumentace, kdyZ vhodné zvolend
technologie vystavby raZenych tuneld, v tomto pfipad€ variabilng;jsi
NRTM, umoznila zdsadnim zpusobem omezit naruSovani Zivotniho
prostredi nejenom v bezprostfednim okolf stavby, ale dovolujeme si
tvrdit, Ze i v rdmci JihoCeského kraje. Vhodnym vyskovym vedenim
trasy se mezi oba tunely umistil dva tisice pét set metrd dlouhy a aZ
deset metra vysoky nédsep pro dvoukolejnou Zelezni¢ni trat, do kte-
rého je mozné uloZit aZ 75 % celkového vyrubu z obou tuneld.
PrebyteCny objem se uloZi na doasnou meziskldadku mezi Hosinem
a Dobfejovicemi a po opusténi Zelezniéni traté se zdrezy zasypou
vytéZenou horninou a prostor se rekultivuje napfiklad zalesnénim.
Tim, Ze vyrubanou horninu nenf nutné prevézet na vzddlenosti desi-
tek kilometru, tfeba ndkladnimi auty nebo Zeleznici a piipadné
dopravnikovymi pédsy a pritom ji nékolikrat naklddat, preklddat,
urovndvat, ale je mozné ji prakticky pred nosem (tedy pred portély)
ulozit trvale i doCasné, se uSetfilo nejenom vyznamné procento
investi¢nich nakladu, ale i hodné nervu nejen obyvatel, ale i stavitela
a nepochybné i investora.

Hosinsky tunel je spolu s Choty€anskym tunelem v soucasné dobé
zpracovévén ve stupni pripravné dokumentace. Tunely byly navrho-
vany jako unifikované, nicméné rozdilné mistni podminky si vynu-
tily i specifickd feSeni. Parametry Hosinského tunelu jsou uvedeny
v nésledujici kapitole.

VEDENI[ TRASY

Trasa tunelu Hosin se nachézi pod plochou elevaci vychodné az
severovychodné od obci Hrdéjovice a Hosin, v blizkém jihozdpad-
nim predpoli letisté Hosin. Nadmorskd vyska terénu pozvolna stou-
pa od mista jizniho vjezdového portalu z hodnoty cca 400 m n. m.
na nejvyssi kétu cca 499 m n. m. u letisté Hosin a poté se svazuje
relativné prud$im svahem k mistu severniho portalu s povrchem teré-
nu na drovni cca 420 m n. m. (vyska nadlozi nad TK 14-85-20 m).
Trasa Zelezni¢n{ traté v tomto tseku je vedena ve dvou protismér-
nych obloucich, levého s polomérem 2000 m a déle pravého
s polomérem 2504 m v koleji ¢. 1 (pfevySeni 90 a 106 mm). Trasa
ve sméru staniceni stoupd 1110 m 4,6 %o, ddle 1977 m 6,5 %o
a v posledni ¢asti hloubeného tunelu v délce 33 m 10 %o. PrevySeni
mezi vjezdovym a vyjezdovym portdlem je cca 18,5 m.

Povrch dzemi je porostly lesy & zemédélsky obhospodarovén
(pole, louky).

Obr. 3 Situace vjezdového portdlu
Fig. 3 Entrance portal layout

living in the city centre was nearly impossible. But today, nearly 50
years after this pioneer deed of our fathers, the time is different and
it is no more possible to build in this way, let alone do it in such
a romantic landscape as the landscape between Nemanice and Sevé-
tin is. Even though economic calculations are an inseparable part of
every project preparation and we are already capable of relatively
exact approximating the real cost of the construction, there are also
parameters which cannot be estimated by simple summing up. The
overall impact of a construction project on inhabitants, nature and
populated towns, including, for instance, transport infrastructure,
namely roads of all classes, which seriously suffer from the deve-
lopment of such large-scale construction projects, can be counted
among them.

The most difficult task for designers during the project enginee-
ring stage is to find a space suitable for the deposition of unusable
soil and rock from the excavation, of course including the muck in
the case of mined tunnels. It is ideal if plusses are equal to minuses,
without the necessity for depositing anything along the sides of the
route of the new railway line (with the exception of the route footp-
rint itself) or if the gain of good quality rock is economically treated
and sold. But this is an ideal which, as we know, can never be achi-
eved because it does not exist. When the possible volumes of muck
from the Hosin and Chotycany tunnels were being assessed, they
ranged within the interval from 826,000 to 1,355,000 m?3, which
meant that there was muck surplus in the overall balance of the
“large” construction project. For that reason the decision on its eco-
nomic disposal was one of the most important deeds in this part of
the design documentation. The suitably selected tunnelling techni-
que (the in this case more variable method, the NATM) made it pos-
sible to restrict disturbing of the environment not only in the imme-
diate surroundings of the construction site but, we dare maintain,
even within the South Bohemian region. Owing to the appropriate
design of the vertical alignment it was possible to place a two thou-
sand five hundred metres long and up to ten metres high emban-
kment for the double-track rail line, capable of accommodating up to
75 per cent of the total volume of muck from both tunnels. The volu-
me in excess will be disposed of to a temporary stockpile between
Hosin and Dobrejovice. When the rail track is abandoned, cuttings
will be backfilled with the excavated material and the space will be
reclaimed, for example by foresting. Significant percentage of
investment costs are saved and not only inhabitants but also con-
tractors and, undoubtedly, the client are spared lots of stresses thanks
to the fact that it is not necessary to transport the muck to distances
of tens kilometres by lorries, by rail or on conveyor belts and load,
reload and level it several times during the process and, instead of it,
it is possible to deposit it permanently or temporarily virtually just
on the spot (in front of portals).

For more technical readers, not to be swindled of parameters of
the Hosin tunnel, we present them in the following chapter.

The work on the design for the Hosin tunnel, as well as the
Chotycany tunnel, is currently in the conceptual stage. Structures of
the tunnels were proposed to be unified, but different local condi-
tions required some specific solutions.




Obr. 4 Situace vyjezdového portdlu
Fig. 4 Exit portal layout

INZENYRSKOGEOLOGICKY PRUZKUM

Na zékladé vysledku geofyzikdlniho a vrtného pruzkumu lze kon-
statovat, Ze horninovy masiv predstavuje z inZenyrskogeologického
hlediska velmi heterogenni téleso. Zastizeny byly rizné horninové
typy s rozdilnym stupném zvétrani, a tim i s rozdilnymi mechanic-
kymi vlastnostmi. Také podle dloZznych poméru lze horninovy masiv
hodnotit jako zna¢né komplikovany.

Stru¢ny souhrn zji§ténych poznatki:

RaZba tunelu bude realizovédna ve velmi pestrém a sloZitém geo-
logickém prostiedi, kdy jednotlivé zastizené horninové typy maji
velmi odli$né a proménlivé geotechnické vlastnosti.

Zastizeny budou horniny jednotvarné série moldanubika, které
jsou zastoupeny predev§im pararulami, ortorulami a migmatity
s Zilnym doprovodem, déle slabé zpevnéné sedimentdrni horniny
kiidového stari zastoupené piskovci s polohami jilovet a prachoveu,
a nakonec nezpevnéné jilovité panevni uloZeniny terciérniho starf
charakteristické jily, hlinami, diatomity a lignity.

Z tuneldrské klasifikace RMR plyne, Ze kvalita horninového pro-
stiedi je velmi proménliva — ve velké &ésti useku je kvalita stfedné
priznivd az dobrd, v ¢asti tseku je Spatnd aZ velmi $patnd.

Razba bude probihat prevdzné v technologickych tfidich NRTM 2
az 4; jizni vjezdovy portdlovy usek je hodnocen ve tiidach 4 az 5a;
severni vyjezdovy tsek je v terciérnich zeminach planovany jako
kompletné hloubeny — v ptipadé razby dsti dseku by byl hodnocen
ve tride 5b.

Horniny budou muset byt v prevazné ¢asti rozpojovany pomoci
trhacich praci.

Charakter hornin a jejich rozpukani povede k tvorbé nadvylomu.

Predev§im v jiZznim portdlovém tseku Ize predpoklddat zvySené
pritoky podzemni vody, a to z kiidovych piskovcu, pri¢emZ jejich
velikost bude &dste¢né zdvisld na intenzité atmosférickych srazek.
V severnim portdlovém useku predpokladdme pouze mensi pritoky
podzemni vody z propustnéjsich poloh zemin. V horninovém masi-
vu v trase tunelu budou pritoky velmi nepravidelné. ZvySené prito-
ky budou soustfedéné predevs§im do lokdlnich tektonicky poruse-
nych zén o inicidlni vydatnosti a7 v jednotkéach 1.s'!; voda miZe byt
slab¢ tlakovd. V hornindch mirné porusenych budou pfitoky spiSe
ojedinélé o nizkych vydatnostech.

Soucdsti hydrogeologického pruzkumu byla pasportizace vybra-
nych jimacich objekti podzemni vody. V severovychodni &ésti
Hrdéjovic, v jihozdpadni ¢asti Borku a u Hosina bylo vytipovano
nékolik oblasti a vodnich zdroju, u kterych je moZzné ocekdvat jejich
ovlivnéni co do vydatnosti, tak i kvality podzemnich vod.
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ROUTE LOCATION

The Hosin tunnel route is located under a flat elevation, east to
north-east of the villages of Hodéjovice and Hosin, in the foreland
of the Hosin airfield found in the vicinity. The terrain elevation gra-
dually rises from about 400 m a.s.l. at the entrance portal to the hig-
hest level of about 499 m a.s.l. at the Hosin airfield. Then it relati-
vely steeply declines to the location of the northern portal, where
the terrain surface is at the level of about 420 m a.s.l. (the overbur-
den height above the rail top of 14 — 85-20 m). In this section, the
rail track alignment is led on two reverse curves, the left-hand one
(track #1) with the radius of 2000 m and the subsequent right-hand
one with the radius of 2504 m (the superelevation of 90mm and
106 mm respectively). The vertical alignment rises at 4.6 %o along
a 1100 m long section and 6.5 %o along a 1977m long section; in the
last, 33 m long cut-and-cover section, it is on al0 %o gradient. The
difference between the entrance and exit portal levels is about
18.5 m.

The terrain surface is covered by woods or is cultivated (fields,
grass-land).

ENGINEERING GEOLOGICAL SURVEY

It is possible to state on the basis of results of geophysical and dril-
ling survey that, from the engineering geological point of view, the
rock mass is a very heterogeneous body. Various rock types with
various degree of weathering resulting in different mechanical
properties were encountered. According to modes of deposition, the
rock mass can be assessed as significantly complicated.

A brief summary of pieces of knowledge obtained by the survey:

The tunnel will be driven through a very varied and complicated
geological environment, where particular rock types encountered
have different and variable geotechnical properties.

Tunnellers will encounter rocks of the monotonous development
series of the Moldanubic formation represented above all by parag-
neiss, orthogneiss and migmatites (accompanied by veins), weakly
solidified sediments of the Cretaceous age represented by sandstone
with claystone and siltstone interbeds and, finally, loose silty basin
deposits of the Tertiary age, characterised by clay, loams, diatomites
and lignites.

It follows from the tunnelling Rock Mass Rating (RMR) that the
quality of the rock environment is highly variable. It is medium
favourable to good in the major part of the section, whilst it is poor
to very poor in a part of the section.

The excavation will pass mostly through the rock with the NATM
excavation support classes ranging from 2 to 4; the southern (ent-
rance) portal section is categorised as class 4 to 5a; the tunnel in the
northern (exit) section, passing through Tertiary soils, will be a cut-
and-cover structure (if a part of the section is mined, the NATM
excavation support class would be 5b).

The rock will have to be broken by blasting in the major part of
the tunnel.

The character of the rock and its cracking will lead to overbreaks.

It is first of all in the southern portal section that it is possible to
expect increased inflows of ground water from Cretaceous sandstone.
Their magnitude will partly depend on the intensity of atmospheric
precipitation. As far as the northern portal section is concerned, we
expect only smaller groundwater inflows from more permeable lay-
ers of soil. The inflows from the rock mass along the tunnel route will
be very irregular. Increased inflows will be concentrated first of all to
local tectonically disturbed zones, where the initial rates in 1.s™! will
even reach single-digit values. In slightly broken rock the inflows
will by rather isolated with low yields.

One of the parts of the hydrogeological survey was the condition
survey of selected groundwater abstraction structures. Several areas
and water sources where it is possible to anticipate that their yield
and quality of ground water will be affected by the construction were
determined in the NE part of Hrdéjovice, the SW part of Borek and
near Hosin.
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Obr. 5 Pohled na vjezdovy portdl
Fig. 5 A view of the entrance portal

NAVRZENE RESENI

Celkova délka dvoukolejného tunelu je 3120 m. RaZeny tusek
tunelu je 2820 m dlouhy, dvojice tnikovych chodeb v&etné 6 propo-
jek md délku 2825 m. Hloubeny tsek je na jiznim portdlu 144 m
(obr. 3) a na severnim 156 m dlouhy (obr. 4). Jizni hloubend cast
bude realizovdna v oteviené stavebni jamé vysvahovdnim docas-
nych stén (obr. 5). Na severnim portdlu jsou pro zabezpeCeni kon-
strukcf navrzeny svislé kotvené podzemni stény se zpevnénim pod-
loZi pomoci tryskové injektdze.

Odsazeni osy tunelu od osy koleji je konstantni 95 mm vlevo. Tim
je v celé délce tunelu zachovén konstantni pfi¢ny profil tunelu se Sit-
kami chodniku 940 mm vlevo a 750 mm vpravo. Toto usporadan{
umoZiuje prevedeni poZzadovaného po&tu kabelt a potrubi.

Jizni portdl bude realizovany v oteviené stavebni jamé
s vysvahovanim doCasnych stén. Na severnim portalu, kde se pod
tunelem nachazi nestabilni, az 6 m tlusta vrstva terciérnich uloZzenin
s polohami lignitu, jsou pro zabezpeceni konstrukci navrZeny svislé,
kotvené podzemni stény ve dvou etdzich a zpevnéni prostoru pode
dnem tryskovou injektdZzi.

Osa soub&Zné zdachranné chodby je vzddlena od osy tunelu min.
25 m, aby doslo k vytvoreni prirozeného horninového pilife mezi
tunelem a unikovou chodbou i v pripadé poruchovych pasem.
Zachrannd chodba je rozdélend na 2 &ésti, s délkami 1344 m na jihu
a 1352 m na severu, které jsou spojeny s tunelem vzdy 3 propojka-
mi. Vzdélenost mezi 3. a 4. propojkou, které nejsou propojeny uni-
kovou chodbou, je 453.5 m.

Podélné sklony chodby koresponduji s podélnym sklonem tunelu.
Pii¢ny prufez soubéZné zdchranné chodby umoZiiuje prijezd
zachranného vozidla — sanitky (svétld Sitka/vyska je 2,25/2,25 m).
Svétly tunelovy prufez chodby je 7,5 m?. Teoreticky vyrub zéchran-
né chodby je cca 13,5 m?. V poloviné délky propojek jsou kiizové
rozrazky pro technologické mistnosti. U 2. a 5. propojky jsou umis-
tény mistnosti trafostanic. VeSkeré profily, mimo trafostanice,
s roz§fienym profilem 25 m? a prostor pro otd&en{ zdchrannych vozi-
del 1ZS na konci tnikovych §tol jsou identickych rozméru.

Pii predpokladu razeb §tol v predstihu pred razbou velkého profi-
lu tunelu budou moci byt vyuzity jako geologické prizkumné §toly
a jizni ¢ast i jako odvodnovaci §tola.

Névrh technického feSeni dvoukolejného tunelu a tnikové Stoly
respektuje predevs§im geologické podminky vystavby, moZnosti
a dobu predpoklddané vystavby, zdsah zachrannych jednotek véetné
&innosti provozovatele Zelezni¢ni pfepravy v pripadé ohroZeni ces-
tujicich nehodou nebo pozarem a také moznosti samozachrany ces-
tujicich, odporu vlakové soupravy pfi jizdé tunelem, a tim i redlné
dosazené cestovni rychlosti Zelezni¢ni prepravy.

Ve shodé s CSN 73 7508 Zelezni¢ni tunely a rozhodnutim komi-
se ze dne 20. prosince 2007 o technické specifikaci pro interopera-
bilitu subsystému Bezpecnost v Zeleznicnich tunelech v transevrop-
ském konvencnim a vysokorychlostnim Zeleznicnim systému
(2008/163/ES), jsou pied vjezdovy i vyjezdovy portdl privedeny
poZarni pristupové komunikace, spole¢né s vybudovdnim ndstup-
nich a zdchrannych ploch a vybudovanim poZarniho vodovodu.

PROPOSED SOLUTION

The total length of the double-track tunnel reaches 3120 m. The
mined section of the tunnel is 2820 m long; two escape galleries inc-
luding 6 cross passages are 2825 m long in total. The cut-and-cover
sections at the southern and northern portals are 144 m long (see
Fig. 3) and 156 m long (see Fig. 4), respectively. The southern cut-
and-cover part will be built in an open trench with sloped sides (see
Fig. 5). Vertical anchored diaphragm walls with the sub-base rein-
forced by jet grouting are designed for the protection of structures at
the northern portal.

The offset of the axis of the rails from the tunnel axis is constant,
95 mm to the left side. As a result, a constant cross section with
walkways on the left-hand and right-hand sides 940 mm and
750 mm wide, respectively, is maintained throughout the tunnel
length. This configuration allows the required number of cables and
pipelines to pass along the tunnel.

The southern portal will be constructed in a sloped construction
trench. At the northern portal, where there is an up to 6 m thick layer
of Tertiary deposits with lignite interbeds, the structures will be pro-
tected by two stages of vertical anchored diaphragm walls and by
reinforcing of the space under the bottom by jet grouting.

The centre line of the parallel rescue gallery runs at the minimum
distance of 25 m so that a natural rock pillar can develop between the
two underground workings even in the case of encountering zones of
fracture. The rescue gallery is divided into two parts with the lengths
of 1344 m in the south and 1352 m in the north. Each of them is
interconnected with the tunnel by 3 cross passages. The distance bet-
ween cross passages No. 3 and 4, which are not interconnected by
the escape gallery, is 453.5 m.

The longitudinal gradients of the gallery follow the longitudinal
gradient of the tunnel. The cross-section of the parallel rescue galle-
ry (net width of 2.25 m and net height of 2.25 m) allows a rescue
vehicle (an ambulance car) to pass through. The net cross-sectional
area is 7.5 m2. The theoretical excavated cross-sectional area of the
rescue adit is about 13.5 m?. In the middle of the lengths of the cross
passages there are cruciform side stubs for equipment rooms.
Transformer stations are at the cross passages No. 2 and 5. The
dimensions of all cross-sections, with the exception of cross-sections
for transformer stations, cross-sections enlarged to 25 m?2 and cross-
sections providing space for turning of the Integrated Rescue System
vehicles at the ends of escape galleries, are identical.

Under the assumption that the galleries are driven in advance of
the excavation of the large tunnel profile, it will be possible to use
the galleries as geological exploratory adits and, in addition, the
southern part will be usable as a drainage gallery.

The proposal for the technical solution for the double-track tunnel
and the escape gallery regards first of all geological conditions for
the construction, the possibilities and expected duration of the con-
struction, an intervention of rescue units including activities of the
provider of railway transport services in the case of threatening of
passengers by an accident or a fire, as well as the possibility of self-
rescue of passengers and the resistance of the train when running
along the tunnel (thus also the really achieved travelling speed of
railway traffic).

Access roads for fire fighters and hard-surfaced assembly and res-
cue areas are provided at the entrance and exit portals and a fire main
is installed in compliance with requirements of CSN 73 7508 Rail
Tunnels standard and the decision of the Commission of the
European Communities dated 20 December 2007 on the technical
specification for the interoperability of the sub-system entitled
Safety in rail tunnels existing within the Trans-European conventio-
nal and high-speed rail system (2008/163/ES).

CROSS SECTIONS

The design for the net cross-section of the double-track tunnel is
identical for both tunnels. It started from the newly in force standard
sheet issued by the Railway Infrastructure Administration “Single-
track tunnel net cross section” (2010), which was applied to

a double-track tunnel (see Fig. 6, 7).
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PROFIL S PATKAMI
CROSS-SECTION WITH FOOTINGS
technologické tridy I, II, lll

excavation support classes I, II, lll

No oW =

ZAKLADNi VYMERY KONSTRUKCI

BASIC QUANTITIES OF STRUCTURES

vyrub 107,47 m? - excavated cross-sectional area 107.47 m?
dogasné osténi 6,81 m? - temporary lining 6.81 m?

trvalé ZLB osténi 12,02 m? - permanent RC lining 12.02 m?
svétly tun. prostor 76,10 m? - net tunnel space 76.10 m?

LEGENDA / LEGEND
1 obrys vyrubu — excavation contour line
2 docasné osténi SB25 tl. 0,25 m — temporary lining
3 prostor pro dotvarovani kce max. 0,10 m
space for max. creeping of up to 0.10 m
4 foliova izolace tl. 0,003 m — waterproofing membrane 0.003 m

5 trvalé osténi beton C25/30 XC1 XF1 tl. 0,40 m
permanent lining concrete C25/30 XC1 XF1 0.40 m thick

6 pojistny prostor tl. 0,30 m — safety margin space 0.30 m thick
7 hraniéni obrys prljezdného profilu — boundary contour of clearance profile
8 vyzafovaci kabel - radiating cable

PROFIL SE SPODNi KLENBOU
CROSS-SECTION WITH INVERT
technologické tfidy IV, V

excavation support classes IV and V

k - 12340 : ;
9 nouzové osvétleni — emergency lighting
10 bocni tunelova drendz DN 150 — side tunnel drainage DN 150
11 stfedni tunelova drendz DN 350 — central tunnel drainage DN 350

12 trvalé osténi — patky beton C25/30 XA1 XC1 XF1 tl. 0,40 m
permanent lining — footings concrete C25/30 XA1 XC1 XF1 0.40 m thick

13 podkladni beton C12/15 XO tl. 0,10 m
blinding concrete C12/15 XO 0.10 m thick

ZAKLADNI VYMERY KONSTRUKCI

BASIC QUANTITIES OF STRUCTURES

vyrub 120,13 m? - excavated cross-sectional area 120.13 m?
dodasné osténi 11,39 m? - temporary lining 11.39 m?

trvalé ZLB osténi 17,20 m? - permanent RC lining 17.20 m?
svétly tun. prostor 76,10 m? - net tunnel space 76.10 m?

14 trvalé osténi - protiklenba beton C25/30 XA1 XC1 XF1 tl. 0,40 m
permanent lining — invert — concrete C25/30 XA1 XC1 XF10.40 m thick
15 podkladnibeton C12/15 XO tl. 0,10 m
2 blinding concrete C12/15 XO

Obr. 6 Vzorové pricné rezy tunelem
Fig. 6 Typical tunnel cross-sections

PRICNE REZY

Navrh svétlého profilu dvoukolejného tunelu je pro oba tunely
stejny. VySel z nové platného vzorového listu SZDC Svétly tunelovy
prurez jednokolejného tunelu (2010) a byl aplikovan na dvoukolej-
ny tunel (obr. 6, 7).

Svétly tunelovy prurez dvoukolejného tunelu z roku 2004 byl upra-
ven v souladu s rozhodnutim komise ze dne 20. prosince 2007 o tech-
nické specifikaci pro interoperabilitu subsystému Bezpecnost v Zelez-
nicnich tunelech v transevropském konvencnim a vysokorychlostnim
Zeleznicnim systému (TSI SRT, 2008/163/ES). Jednad se o udpravu
chodnikt, zvétieni jejich miniméln{ $itky z puvodnich 500 mm na
750 mm, zmirnéni sklonu povrchu ze 3 % na 1 % a ke sniZen{ vys-
kové polohy vzhledem k TK. Tunelovy profil byl zvétSen z drive
standardniho poloméru 5,7 m na 5,8 m. Tim do$lo po predbéZném
posouzeni programem SEALTUN ke splnéni tlakového komfortu pro
cestujici i pfi rychlostech mijejicich se vlaka 200 km/h.

Tunelovy prijezdny prifez vychazi z ustanoveni CSN 73 7508
(kap. 6.3.4.1) pri respektovéni osové vzddlenosti koleji 4000 mm, plo-
cha STP je 76,10 m>. Definitivn{ osténi dvoukolejného tunelu je kru-
hového tvaru, s mirnym ndbéhem v dolni Casti patky klenby.
V dokumentaci je predloZeno technické feSeni 2 typu konstrukce: pro
dobré geologické podminky kruhova klenba zaloZend na patkdch a pro
$patné podminky uzavieny profil s protiklenbou. Tloustky osténi se
méni podle geologickych podminek po trase obou tuneli. Plocha
vyrubl se podle technologickych tfid pohybuje od 105 do 120 m?.

The net cross-section of the double-track tunnel developed in
2004 was modified to comply with requirements of the decision of
the Commission of the European Communities dated 20 December
2007 on the technical specification for the interoperability of the
sub-system entitled Safety in rail tunnels existing within the Trans-
European conventional and high-speed rail system (TSI SRT,
2008/163/ES). The modification dealt with the walkways, increasing
their minimum width from original 500 mm to 750 mm, reducing the
surface gradient from 3 % to 1 % and increasing the depth of the
cross-section with respect to the top of rail level. In addition, the tun-
nel cross-section diameter was increased from the previously stan-
dard of 5.7 m to 5.8 m. As a result, a preliminary assessment using
the SEALTUN software showed that the required pressure comfort
for passengers was maintained even in the case of trains passing
each other in the tunnel, running in the opposite directions at the
velocities of 200 km/h.

The tunnel clearance profile is based on requirements of CSN
73 7508 standard (par. 6.3.4.1). Complying with the requirement for
the track centre distance of 4000 mm, the net cross-sectional area of
the tunnelis 76.10 m?. The geometry of the final lining of the doub-
le-track tunnel is circular, with a mild taper in the bottom part of the
vault toe. The design documentation contains technical solutions for
2 types of the structure: a circular vault founded on footings for good
geological conditions and a closed cross-section with an invert for
unfavourable conditions. The thickness of the lining varies depen-
ding on geological conditions along the routes of both tunnels. The
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Technologicky prostor vyuzivany
pro umisténi podzemnich trafostanic
a dalSich technologickych zafizeni
zabezpeduijicich zelezniéni provoz
Equipment space used for the
installation of underground
transformer stations and other
equipment securing railway traffic

Prostor pro shromazdéni
evakuovanych, otaceni vozidel
IZS a oSetfovani zranénych
Space for gathering evacuated
persons, turning of Integrated
Rescue System vehicles and
treatment of injured persons
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Obr. 7 PFi¢ny Fez tunelem, spojovaci a iinikovou $tolou

Fig. 7 Cross sections through the tunnel, the connecting adit and the escape gallery

Odvodnéni tuneld za provozu je uvazovdno pomoci mezilehlé
féliové izolace a podélnych tunelovych drenazi (systém destnik).
Uprostred tunelu je umisténa centrdlni tunelova stoka s profilem DN
350 mm. Voda je odvddéna gravitatn€ ve sklonu proti sméru trasy
tunelu. Pro ¢isténi drendZ{ jsou navrzeny po 60 m Sachty.
Predpokldddme standardni vybaveni tunela. Kabelovody jsou situo-
vany pod chodniky po obou strandch tunelu, tunel je vybaven osvét-
lenim a madly. Na portdlech jsou osazeny protidotykové zdbrany.
Nedilnou soucdsti vybavent je i suchovod.

DELKA DOBY REALIZACE

Délka vystavby tunelu véetné hloubenych ¢asti (razby se dvéma Cel-
bami, docasného i trvalého osténi provedeného po dokonéeni razeb,
dnikovych $tol, portéla, vystrojen{ tunelu) je odhadnuta na 2,5 roku.

Pro celkovou dobu stavby je rozhodujici trvani realizace del§tho
Choty¢anského tunelu (3 roky za predpokladu razby od obou porta-
10). Jednim z rozhodujicich objektu stavby jak z hlediska celkového
objemu praci, tak vlivu na hmotnici (kubatury), na rozvozy vytéZe-
nych zemin a hornin s ekonomickym dopadem na razby a také na
potfebny Cas pro realizaci, je az 10 m vysoky nasyp mezi severnim
portalem tunelu Hosin (obr. 8) a jiznim portdlem tunelu Chotycany
v délce cca 2,50 km. Celkovy objem ndsypu je 635 882 m3 a za pred-
pokladu, Ze minimdlné z poloviny obou tuneld muiZe byt vykop
v objemu 519 750 m3 (447.700/2+591.800/2) uloZen prakticky
piimo pred portdl, se doporucené technické feSeni raZenych tunelu
stdvd nespornou vyhodou. Resenf nevyvoldvd nutné projednavani
dlouhych odvoznich tras se zasaZenymi obcemi a prakticky bezpod-
mine¢nou tpravu uzivané silni¢ni sité, kdyZ se dd opravnéné pred-
poklddat, Ze frekvence prajezdu dopravnich prostiedki obcemi by
byla v intervalu n¢kolika mdlo minut.

VARIANTNI NAVRHY

Piipravnd dokumentace navazuje na studii Modernizace trati
Nemanice I — Sevétin, ve varianté C2, zpracovanou fy IKP CE
v 11/2007.

Soucasti zadan{ bylo, pro pocdtecni faze projekénich praci, zpra-
covat nékolik variantnich feSeni. Z nich byla posléze v rdmci tech-
nicko-ekonomického posouzeni vybrdna jedind varianta pro zavé-
recné dopracovani.

Jako zékladni byly navrzeny dvé varianty:

« dvojice soubéznych jednokolejnych tunelu,

e dvoukolejné tunely.

Dile se porovnévaly varianta klasického Stérkového loZe nebo pevné
jizdni drdhy, vliv zvySeni rychlosti ze 160 km/h na 200 (230) km/h
a u jednokolejnych tunelt i varianta razby pomoci tunelovaciho stroje
¢i NRTM.

excavated cross-sectional area ranges from 105 to 120 m?, depen-
ding on the NATM excavation support classes.

The drainage of the operating tunnels is considered to be by means
of an intermediate waterproofing system and longitudinal drains (the
umbrella system). A central DN 350 mm tunnel drain is located in
the tunnel centre. Water is drained by gravity, against the direction
of the tunnel alignment. Cleaning manholes are proposed to be
installed at intervals of 60 m. We expect that standard tunnel equip-
ment will be used. Cable ducts are placed under walkways along
both sides of the tunnel. The tunnel is equipped with lighting and
handrails. Power-line contact prevention barriers are installed at
portals. A dry fire main is also an inseparable part of the equipment.

CONSTRUCTION WORK DURATIONE

The duration of the period of the construction of the tunnel inclu-
ding the cut-and-cover parts, driving the tunnel at two headings,
installing the temporary and final linings after the completion of the
excavation, escape galleries, portals and installing the tunnel equip-
ment is estimated to take 2.5 years.

The construction of the longer of the tunnels, the Chotycany tun-
nel, is the deciding factor in terms of the total construction time
(3 years under the assumption that the tunnel is excavated simulta-
neously from both portals). One of crucial structures of the project,
both from the aspect of the total volume of the work and the aspect
of the influence on the cut and fill volumes (the mass haul diagram)
on the distribution of excavated soils and rocks with the economic
impact on underground excavations and also on the time required for
the construction, is the up to 10 m high and about 2.5 km long
embankment between the northern portal of the Hosin tunnel (see
Fig. 8) and the southern portal of the Chotycany tunnel. The total
volume of the embankment reaches 635,882 m3 and, assuming that
the volume obtained minimally from a half of the length of both tun-
nels, reaching 519,750 m3 (447,700/2 + 591,800/2) can be disposed
off virtually in front of the portals, the technical solution recom-
mended for the mined tunnels becomes an undisputable advantage.
The solution requires no negotiations over long haul routes with
affected municipalities and virtually no improvement of the existing
road network because it is reasonable to expect that the frequency of
the passage of vehicles through villages would be within the interval

of several few minutes.

DESIGN DRAFT VARIANTS

The conceptual design documents are based on variant C2 of The
modernisation of the Nemanice — Sevétin rail line study, which was
carried out by IKP CE in November 2007.




Obr. 8 Pohled na vyjezdovy portdl
Fig. 8 A view of the exit portal

Proveéfovanymi podvariantami tGniku osob z tunelu zasaZeného

poZirem nebo nehodou byly:

 soubéznd zdchranna Stola spojend s tunelem kratkymi spojova-
cimi chodbami (vyusténi u portdlt),

e dvojice kratSich soub&znych zachrannych §tol s raznymi moz-
nostmi pristupt (vstup od portélu, pfistup bo¢ni $tolou, piistup
svislou Sachtou a jejich vzdjemné kombinace),

e spojovaci chodby téchto $tol byly uvazovany ve vzddlenostech
do 500 m podle TSI, tj. v téchto pfipadech celkem 6 chodeb po
cca 450 m,

e zdchranné cesty vedouci na povrch tzemi pomoci 3 vertikdlnich
Sachet (hloubek 29 a 2x80 m), tj. samostatnych nouzovych vychodu
vedenych ze shromazdovacich prostor napojenych pfimo na tunel.
Tato varianta byla vyhodnocen4 jako nevyhodnd kvali provoznimu
hledisku, i kdyz z hlediska ekonomického vysla jeji realizace o néco
levnéji nez predchozi moznosti. Toto feSeni v8ak vyrazné prodrazu-
je udrzba vsech technologif (kontroly a revize evakuacnich vytaht
a technologie svislych Sachet a jejich pripadné opravy, zajisténi pri-
jezdu v zimnich mésicich). Dochdzi k zdborum dalSich ploch
u vystupu z kazdé Sachty (pfistupovd komunikace, ndstupni
a zdchrannd plocha, pozemni objekt). Zabezpeceni svislé evakuace
pri sebezédchrané cestujicich a po schodisti je vyrazné ndro¢néjsi nez
ve zhruba vodorovnych Stolach.

ZAVER

Névrh technického feSeni dvoukolejnych tuneli a jejich dniko-
vych cest vychdzi z konfigurace terénu, respektuje predevsim geolo-
gické podminky a dobu predpoklddané vystavby. Volba tunelovaci
metody souvisela s geotechnickymi poméry v trase obou tuneld,
logistikou odvozu rubaniny a doddvkami materidlu na vystavbu, har-
monogramem vystavby a v neposledni fadé s vysi investi¢nich
nékladu. NavrZené technické feSeni bere v tivahu moZnosti zdsahu
zachrannych jednotek a ¢innosti provozovatele Zelezni¢ni prepravy
v pripadé ohroZeni cestujicich nehodou nebo pozdrem véetné moz-
nosti zdchrany samotnymi cestujicimi. Vybrané varianty razby tune-
1u i feSeni dnikovych cest jsou nejen ekonomicky nejvyhodnéjsi, ale
i ekologicky nejprijatelnéjsi.

Realizaci stavby dojde k vyraznému zkrdceni dosavadni délky
trati, coz spolu s umisténim vyrazné &dsti trasy do tuneld bude mit
pozitivni vliv na sniZzeni udrZovacich ndkladu trati.
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Part of the task for the initial phases of the design work was to
develop several variant solutions. Subsequently, a single variant was
selected among them within the framework of the technical-econo-
mic assessment to be completed in the detailed way.

Two variants were selected as basic solutions:

e pairs of parallel single-track tunnels,

 double-track tunnels.

Further on, variants dealing with a classical gravel ballast or slab
track, the influence of increasing of the speed from 160 km/h to 200
(230) km/h) and, for the single-track tunnels, variants comprising the
excavation using full-face tunnelling machines and the NATM.

The following sub-variants of the escape of persons from the tun-
nel in the case of a fire or an accident were examined:

e a parallel rescue gallery connected with the tunnel through short

cross passages (ending at portals);

* a pair of shorter parallel rescue galleries with various options
for the access (access from the portal, access via a side gallery,
access through a vertical shaft and their combinations);

* cross passages to these galleries were assumed to be at intervals
of 500 m to comply with the TSI, which means the total of 6
passages spaced approximately at 450 m;

* rescue routes leading to the ground surface through 3 vertical
shafts (the depth of 29 m and 2 x 80 m), providing independent
emergency exits leading from assembly areas and directly con-
necting to the tunnel. This variant was assessed as inconvenient
from the operational standpoint, despite the fact that its applica-
tion was assessed as slightly cheaper than the above-mentioned
options in terms of the economy. On the other hand, this soluti-
on is made significantly more expensive due to the needs for the
maintenance of all equipment (inspections and checks of evacu-
ation lifts and the equipment of the vertical shafts including
contingent repairs, maintaining the access during winter
months). The acquisition of additional land is necessary at the
exit from each shaft (an access road, an assembly and rescue
area, an underground structure). The self-rescue of passengers is
significantly more demanding in the case of vertical evacuation
via a staircase than in the case of approximately horizontal adits.

CONCLUSION

The proposal for the technical solution for the double-track tunne-
Is and escape routes from them takes into consideration the terrain
configuration and complies, first of all, with the geological conditi-
ons and the expected length of the construction period. The selecti-
on of the tunnelling technique was associated with the geotechnical
conditions along the routes of the two tunnels, the muck removal and
construction material supply logistics, the works schedule and, at
last but not least, the amount of investment costs. The proposed tech-
nical solution takes into account the possibilities of the intervention
of rescue units and activities of the rail traffic operator in the case of
threats to passengers due to an accident or fire, including self-rescue
possibilities. The selected variants of the tunnel excavation techni-
que and the solution for escape routes are not only economically
more beneficial but they are also most acceptable from the environ-
mental point of view.

Owing to the implementation of the project the today’s length of
the track will be significantly reduced. Together with the placement
of a substantial proportion of the route into tunnels, it will have
a positive influence on reducing the track maintenance costs.
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