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TUNEL CHOTYCANY - VARIANTY TECHNICKEHO RESENI
A ZPUSOBU RAZBY NEJDELSIHO ZELEZNICNIHO TUNELU
NA IV. KORIDORU

CHOTYCANY TUNNEL - VARIANTS OF THE TECHNICAL
SOLUTION AND OF THE TECHNIQUE OF DRIVING
THE LONGEST RAILWAY TUNNEL ON CORRIDOR IV
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Vyznam tranzitnich Zelezniénich koridort pro zaélenéni nasi
republiky do evropské dopravni infrastruktury je dnes jiz kaz-
dému zfejmy a neni tieba jej zvld§té zduraznovat. I kdyz reli-
éf dzemi v naSich podminkdch nelze srovndvat s alpskymi
zemémi, pro zaji§téni pozadovanych parametra traté, které
ovliviuji jak rychlost, tak energetickou ndro¢nost Zelezni¢ni
dopravy, je vystavba tuneld nezbytna. Ctvrty Zelezniéni kori-
dor tvori spolu se severni vétvi prvniho koridoru severo-jizni
dopravni osu a umoziuje propojit pfes nase dzemi Némecko
s Rakouskem. Na jedné trase se tak ocitnou tak vyznamnd
mésta, jako jsou Berlin, Drazdany, Praha, Ceské Bud¢jovice
a Linec. Po kompletnim dokonceni koridoru nabidne Zeleznice
velmi atraktivni ekologicky a v porovnani se silni¢ni dopravou
i vyrazné bezpednéjsi zpusob osobni i ndkladni dopravy. Podle
usneseni vlddy CR &. 885/2005 ze dne 13. 7. 2005 je termin
dokonceni modernizace IV. tranzitniho Zelezni¢niho koridoru
stanoven na konec roku 2016. Trasa z Prahy na stdtni hranici
CR/SRN v celkové délce 187,3 km je rozdélena do 12 trato-
vych tseku, které jsou postupné modernizovdny. V soucasné
dobé je jiz 92 km uvedeno do provozu a na tratovém tseku
Votice — BeneSov u Prahy délky 18,4 km pravé probiha vystav-
ba 5 tunelt v celkové délce 2678 m. K technicky i ekonomicky
nejnaro¢néjiimu patii tratovy tisek ¢. 4203 Nemanice — Sevé-
tin, na kterém se nachdzeji dva dlouhé tunely Hosinsky (3120
m) a ChotyCansky (4810 m). Prave technické feSeni del$iho
z obou tuneld, ktery je zdroven nejdel$im projektovanym tune-
lem na IV. tranzitnim koridoru, je predmétem tohoto ¢lanku.

GEOTECHNICKE POMERY V TRASE TUNELU

Zajmové tzemi lezi na rozhrani tfebonské a cEesko-
budéjovické kotliny. Obé kotliny jsou charakteristické svym
plochym pédnevnim reliéfem s nevyraznymi elevacemi a te-
rénnimi depresemi a od sebe je oddéluje vyrazna morfologic-
ka linie hrbetu krystalinickych hornin oznacovand jako
LiSovsky prah. Souc¢asnou modelaci znaén¢ ovlivnila slozita
zlomova tektonika a dale sedimentace kvartérnich, eolickode-
luvidlnich, deluvidlnich a fluvidlnich sedimentt. Dnesni reli-
éf je vysledkem selektivni eroze a denudace. Povrch terénu se
generelné svaZuje asi v prvni tretiné smérem k zdpadu az
severozdpadu smeérem k udoli Vltavy. Zbyvajici ¢dst tzemi
ma generelni sklon terénu smérem k jihovychodu az vychodu,
smérem k fece LuZnici.

Tunel ChotyCany se nachazi pod plochym pdnevnim relié-
fem s nevyraznymi elevacemi vychodné od obce Dobrejovice.
Trasa tunelu prochdzi metamorfovanymi horninami moldanu-
bika (jemnozrnnymi az stfedné zrnitymi pararulami misty

INTRODUCTION

The importance of railway corridors for the incorporation of
our republic into the European transport infrastructure is today
clear to everybody and does not need special emphasising. Even
though the relief of our country in our conditions cannot be
compared with Alpine countries, constructing tunnels is neces-
sary for achieving of required parameters of the alignment
affecting both the speed and the energy demands of railway
transport. Railway Corridor IV, together with the northern
branch of the first corridor, forms the north-southern transport
axis, making the connection between Germany and Austria pos-
sible. There will be such important cities along one route as
Berlin, Dresden, Prague, Ceské Budéjovice and Linz are. When
the corridor is completely finished, the railway will offer very
attractive environmentally friendly solution for personal and
freight transport, which will be at the same time significantly
safer in comparison with road transport. According to the
Decree of the Czech government No. 885/2005 dated 13 July
2005, the completion date for the modernisation of the Railway
Transit Corridor IV is set for the end of 2016. The 187.3 km
long route from Prague to the border between the CR and the
FRG is divided into 12 track sections, which are being gradual-
ly modernised. At the moment, 92 km have been brought into
service and, on the 18.4 km long track section between Votice
and BeneSov u Prahy, there are currently 5 tunnels under con-
struction at the aggregate length of 2,678 m. One of the techni-
cally and economically most demanding sections is the track
section No. 4203 between Nemanice and Sevétin, containing
two long tunnels: the Hosin tunnel (3,120 m) and ChotyCany
tunnel (4,810 m). This paper deals with the technical solution
for the longer of the two tunnels, which is, at the same time, the
longest tunnels designed for the Transit Corridor IV.

GEOTECHNICAL CONDITIONS ALONG
THE TUNNEL ROUTE

The area of operations is located at the border between the
Treboni Basin and Ceské Budé&jovice Basin. Both basins are
typified by their flat basin relief with indistinct elevations and
terrain depressions. They are separated by a marked morpholo-
gical line formed by the crest of crystalline rocks referred to as
the LiSov Threshold. The current modelling was significantly
affected by complex fault tectonics and the sedimentation of
Quaternary, aeolian-deluvial, deluvial and fluvial sediments.
Today’s relief is the result of selective erosion and denudation.
The terrain surface generally descends, in the approximately
first third, toward the west to north-west, in the direction of the
Vltava River valley. The terrain in the remaining part of the area




20. rocnik - €. 4/201

Obr. 1 Vzorovy pri¢ny rez dvoukolejnym tunelem se spodni klenbou
Fig. 1 Typical cross-section through a double-track tunnel with an inverted arch

lokdlné zbridli¢natélymi), hlubinnymi vyvielymi horninami
Sevétinského granodioritu a pri vyjezdovém portdlu mohou byt
v hloubené ¢dsti tunelu zastizeny i silné zvodnélé jilovitopis-
Cité a piscitojilovité sedimenty svrchni kiidy a horniny klikov-
ského souvrstvi. V oblasti vjezdového portdlu je mozno oce-
kéavat sedimenty, resp. poloskalni horniny mydlovarského sou-
vrstvi (max. 3 m mocné pis¢ité jily az slabé stmelené piscité
jilovce az jilovité piskovce). Tunel prochdzi severné nad obci
Chotyc¢any a koné&i jihovychodné od obce Vitin. Vyska nadlo-
z{ nad TK se pohybuje od 15 do 77 m. Povrch dzemi je
v soucasnosti zemédélsky vyuZivdn a na ¢dsti izemi jsou lesni
porosty a louky.

VEDENI TRASY A VAZBA NA OBJEKTY V NADLOZ{

Tratovy tsek Nemanice — Sevétin na severu navazuje na
stavbu 4204/ Sevétin — Horusice a na jihu na stavbu 4202
Ceské Bud&jovice — Nemanice. Trat’ je navrhovana jako dvou-
kolejnd s osovou vzdalenosti 4 m a tratovou rychlosti 130
km/h az 160 km/h. Smérové i vy§kové vedeni trasy umoznuje
v budoucnu v nékterych dsecich pripadné zvySeni rychlosti az
na 200 km/h., coZ je na koridorovych stavbdch spiSe nadstan-
dardni feSeni 200 km/h.

Zvl1astni konstrukéni feSeni vyZzaduje dsek v prostoru sever-
niho portdlu v mist¢ mimourovinového kiizeni traté s ddlnici
D3 v iiseku Sevétin — Borek, ktery bude pravdépodobné reali-
zovan diive neZ Zelezniéni trat. Po dohodé se zdstupci RSD
CR bude vybudovén v piedstihu pfed vystavbou Zeleznice spo-
le¢né s planovanym rozsifenim délnice specidlni objekt, ktery
umozni podchod Zeleznice v misté roz§iteni ddlnice bez preru-
Senf provozu. Pujde o specialni mostni konstrukci skrytou do
nasypového dalni¢niho télesa. Pod stavajici provozovanou dal-
nici v8ak vzhledem k vy$kovému feSeni obou tras v miste kii-
Zeni nebude mozné tunelem podejit bez preruSeni provozu.
Dilnici bude nutné pri vystavbé tunelu svést na jiz podchyce-
né teleso a po vystavbé a zasypdni tunelu opét prevést do
puvodni stopy. Za kiiZzenim s délnici je tunel ddle navrZzen
v oteviené stavebni jamé, nebot’ vyska nadloZi nedovoluje
tunel razit.

oy

Obr. 2 Vzorovy pricny fez dvoukolejnym tunelem bez spodni klenby
Fig. 2 Typical cross-section through a double-track tunnel without an inver-
ted arch

generally descends in the south-eastern to eastern direction
toward the LuZnice River.

The ChotyCany tunnel is located east of the village of
Dobrejovice, under the flat basin relief with insignificant eleva-
tions. The tunnel route passes through Moldanubic metamorp-
hic rocks (fine grained up to medium grained paragneiss, local-
ly affected by schistosity), the Sevétin igneous granodiorite and,
at the exit portal, in the cut-and-cover tunnel section, even hea-
vily water-bearing Upper-Cretaceous clayey-sandy and sandy-
clayey sediments and the Klikov Formation will be encounte-
red. In the entrance portal area, it is possible to expect sedi-
ments or semi-rock ground of the Mydlovary Formation (sandy
clay up to weakly cemented sandy clay up to clayey sandstone
layers maximum 3 m thick). The tunnel runs north of the villa-
ge of Chotycany and ends south-east of the village of Vitin. The
height of the overburden above the top of rail ranges from 15 m
to 77 m. The terrain surface has been exploited for farming and
a part of the area is covered by woods and meadows.

TRACK ALIGNMENT; RELATIONSHIP TO STRUCTURES
ABOVE THE TUNNEL

The Nemanice — Sevétin track section links the Sevétin —
Horusice section, construction lot No. 4204/1, in the north and
the Ceské Budéjovice — Nemanice section, construction lot No.
4202, in the south. The route is proposed to have two tracks,
with the distance between track centres of 4 m and the speed
limit over the track of 130 km/h up to 160 km/h. The horizon-
tal alignment and vertical alignment allow the speed to be inc-
reased up to 200 km/h in some sections, which solution is rat-
her above-standard on some Corridor stretches.

The section in the area of the northern portal in the location
of the grade-separated intersection of the rail line with the D3
motorway in the Sevétin — Borek section, which probably will
be constructer earlier than the railway track, requires a special
structural solution. According to the agreement concluded with
representatives of the Road and motorway directorate of the
Czech Republic, a special structure allowing the passage under
the location where the planned enlargement of the width will be
carried out will be constructed in advance of the construction of
the rail track, concurrently with the enlargement of the motor-
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Tab. 1 Porovndni variant z hlediska teoretické plochy vyrubu pro rychlost do 230 km/h

Table 1 Comparison of variants in terms of the theoretical excavated cross-sectional area for the speed of up to 230 km/h

Varianta Teoreticka plocha vyrubu [m?]
Variant Theoretical excavated cross-sectional area [m?]
Jedna kolej Dvé koleje Porovnani
Single-track Double-track Comparison
David NRTM do 230 km/h, spodni klenba / David, NATM, up to 230 km/h, inverted arch 86 172 164 %
David NRTM do 230 km/h, patky / David, NATM, up to 230 km/h, footings 75 150 143 %
David TBM do 230 km/h / David, TBM, up to 230 km/h 75 150 143 %
Golias NRTM do 230 km/h, spodni klenba / Golias, NATM, up to 230 km/h, inverted arch - 121 115 %
Golias NRTM do 230 km/h, patky / Golias, NATM, up to 230 km/h, footings - 105 100 %

Tab. 2 Porovndni variant z hlediska teoretické plochy vyrubu pro rychlost do 160 km/h

Table 2 Comparison of variants in terms of the theoretical excavated cross-sectional area for the speed of up to 160 km/h

Varianta Teoretickd plocha vyrubu [m?]
Variant Theoretical excavated cross-sectional area [m?]
Jedna kolej Dvé koleje Porovnani
Single-track Double-track Comparison
David NRTM do 160 km/h, spodni klenba / David, NATM, up to 160 km/h, inverted arch 78 156 153 %
David NRTM do 160 km/h, patky / David, NATM, up to 160 km/h, footings 69 138 135 %
David TBM do 160 km/h / David, TBM, up to 160 km/h 72 144 141 %
Golias NRTM do 160 km/h, spodni klenba / Golias, NATM, up to 160 km/h, inverted arch - 118 116 %
Golias NRTM do 160 km/h, patky / Golias, NATM, up to 160 km/h, footings - 102 100 %

Porovndni objemu vyrubu pro jednotlivé varianty ukazuje graf na obrdzku 5.

The comparison of the excavated volume for individual variants is shown in the chart in Figure 5.

DVOUKOLEJNY TUNEL, NEBO DVA JEDNOKOLEJNE
TUNELY?

Pfi ndvrhu tunelu v poéate¢nich stupnich projektové doku-
mentace je nutno vzdy velmi peclivé zvazovat koncepci
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way width, without interrupting the traffic. It will be a special
bridge structure hidden in the motorway embankment.
Nevertheless, with respect to the vertical alignments of both
routes in the crossing location, the passage of the tunnel under
the existing operating motorway will not be possible without
interrupting the traffic. During the course of the tunnel con-
struction, the motorway will have to be diverted to the previ-
ously underpinned embankment. When the tunnel structure is

Obr. 3 Vzorovy pri¢ny fez konvenéné raZenym jednokolejnym tunelem
Fig. 3 Typical cross-section through a conventionally driven single-track tunnel

Obr. 4 Vzorovy priény rez jednokolejnym tunelem razenym pomoci TBM
Fig. 4 Typical cross-section through a TBM-driven single-track tunnel
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Porovnani variant — objem vyrubu (tis. m)
Comparison of variants - excavation volume in thousands of m3

completed and backfilled,
the motorway will be relo-
cated to the original align-
ment. Beyond the crossing
with the motorway, the tun-
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nel is further designed to be
built in an open trench
because the overburden
height does not allow the
tunnel to be driven.

DOUBLE-TRACK
TUNNEL OR A PAIR OF
SINGLE-TRACK
TUNNELS?

When initial stages of
a tunnel design are being
prepared, it is always neces-
sary to pay very careful
attention to the concept of

1l

David - NATM  David - TEM David - NATM  David - TBM
230 kmih 230 kmih 160 kmih 160 km/h

the technical solution. In the
case of a nearly 5 km long
tunnel a question comes for-

Golids - NATM  Golias - NATM
230 km/h 160 km/h

Obr. 5 Graf porovndni variant z hlediska objemu vyrubu
Fig. 5 Chart of the comparison of variants in terms of the excavated volume

technického feSeni. V pripadé tunelu délky témer 5 km se
nabiz{ otdzka, zda je vyhodnéjsi smerové rozdélend varianta
dvou jednokolejnych tunelu, nebo tunelu dvoukolejného pro
vedeni protismérného provozu v jedné tunelové troubé. Pri
rozhodovani nehraje roli pouze technicko-ekonomické po-
rovndni vlastnich tunela, ale i zohlednéni investi¢nich a pro-
voznich ndkladu souvisejicich objekta. Jedna se predev§im
o splnéni pozédrnébezpe&nostnich pozadavki z hlediska
zajisténi dnikovych cest, ndstupnich ploch jednotek integro-
vaného zdachranného systému (IZS), prijezdovych komunika-
ci, zajisténi zdroje vody pro haSeni v pfipadé pozaru atd.
Podrobnéj$imu zpracovani projektové dokumentace proto
investor vénoval ndleZitou pozornost a predchdzela mu stu-
die variant pracovné oznaCovanych jako ,,David“ a ,,Golids".
Varianta ,,David® predstavovala technické reSeni dvou jed-
nokolejnych tuneli a jeji jméno odpovidalo mensi plose
vyrubu. Varianta ,,Golid$“ oznacovala dvoukolejny tunel
s vetsi plochou vyrubu. Vzorové fezy dvoukolejného tunelu
se spodni klenbou a na patkdch ukazuji obrazky 1 a 2.
Varianta ,,David* se ddle délila podle zptisobu razby pomoci
TBM a NRTM. Vzorové fezy pro obé varianty ukazuji
obrazky 3 a 4.V pripadé varianty ,,Golia§* se pocitalo vzhle-
dem k velikosti profilu tunelu pouze s konvencni razbou.
Dalsim sledovanym parametrem, ktery pocet variant dale
zvySoval, byla ndvrhova rychlost. Jak jiZz bylo feceno, sta-
vebné umoznuji nékteré dseky trati dosahovat rychlosti az
200 km/h. Tunely navrZené na standardni rychlost 160 km/h
by v trase predstavovaly prvek, ktery by do budoucna para-
metry traté degradoval. Ceskd norma na projektovani
a provadéni Zelezni¢nich tuneld sice hovofi o poZadované
Zivotnosti tunelu 100 let, jednd se vSak pouze o Zivotnost
nevymenitelnych &asti tunelu, nikoli o Zivotnost ,,mordlni*,
kterd by pri ndvrhu technického FeSeni zohlednovala progné-
zu vyvoje zelezni¢ni dopravy i s ohledem na predpoklddané
ndvrhové rychlosti. Pistovy efekt vlakovych souprav
a zvySovani tlaku vzduchu s narustajici rychlosti vede k nut-
nosti zvétSeni svétlého profilu tunelu. V této souvislosti byl

ward whether the variant

comprising two single-track

tunnels with the traffic
directions separated or a double-track tunnel carrying traffic in
the bi-directional operation through one tunnel tube is more
advantageous. When the decision is being made, the technical-
economic comparison of the tunnels themselves is not the only
criterion. Investment costs and operating costs to be incurred
due to associated structures have also to be taken into conside-
ration. Among those, there are, first of all, the necessity to meet
fire safety requirements as far as escape routes, mustering areas
for the Integrated Rescue System units, approach roads or fire
water sources necessary in the case of a fire are concerned. This
was why the project owner paid due attention to more detailed
work on the design, which was preceded by conducting a study
of variants, which were marked for the working purposes as
“David” and “Golias” (Goliath). The “David” variant represen-
ted a technical solution for two single-track tunnels. Its name
corresponds to the smaller excavated cross-sectional area. The
“Golids” variant was for a double-track tunnel with a larger
excavated cross-sectional area. Typical cross-sections for the
double-track tunnel with an invert and footings are presented in
Figures 1 and 2. The “David” variant was further divided accor-
ding the excavation technique using a TBM or the NATM.
Typical cross-sections for the two variants are shown in Figures
3 and 4. A conventional excavation method was the only met-
hod counted with for the “Golid$” variant. Another parameter
taken into consideration, which further increased the number of
variants, was the design speed. As mentioned above, the struc-
tural design of some track sections allows the speed of up to 200
km/h to be reached. Tunnels designed for the standard speed of
160 km/h would become an element on the route which would
degrade the track parameters in the future. On the one hand, the
Czech standard for designing and construction of railway tun-
nels speaks about the required design life of 100 years, on the
other hand, this is the durability of non-replaceable parts of the
tunnel, not the “moral” lifetime, which would allow for the pro-
gnosis for the development of railway transport even with res-
pect to the expected design speed, while preparing the technical
solution. The piston effect of trains and increasing of the air
pressure with the increasing speed leads to the necessity for
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Tab. 3 Porovndni variant z hlediska objemu betonu def. osténi pro rychlost do 230 km/h
Table 3 Comparison of variants in terms of the final lining concrete volume for the speed of up to 230 km/h

Varianta Objem betonu [m?] pro blok betonaze 12 m
Variant Volume of concrete [m3] for a 12 m long casting block
Jedna kolej Dvé koleje Porovnani
Single-track Double-track Comparison
David NRTM do 230 km/h, spodni klenba / David, NATM, up to 230 km/h, inverted arch 192 384 307 %
David NRTM do 230 km/h, patky / David, NATM, up to 230 km/h, footings 115 230 184 %
David TBM do 230 km/h / David, TBM, up to 230 km/h 122 244 195 %
Golias NRTM do 230 km/h, spodni klenba / Golias, NATM, up to 230 km/h, inverted arch - 202 161 %
Golias NRTM do 230 km/h, patky / Golias, NATM, up to 230 km/h, footings - 125 100 %

Tab. 4 Porovndni variant z hlediska objemu betonu def. osténi pro rychlost do 160 km
Table 4 Comparison of variants in terms of the final lining concrete volume for the speed of up to 160 km/h

Varianta Objem betonu [m®] pro blok betonaze 12 m
Variant Volume of concrete [m3] for a 12 m long casting block
Jedna kolej Dvé koleje Porovnani
Single-track Double-track Comparison
David NRTM do 160 km/h, spodni klenba / David, NATM, up to 160 km/h, inverted arch 178 356 285 %
David NRTM do 160 km/h, patky / David, NATM, up to 160 km/h, footings 109 218 174 %
David TBM do 160 km/h / David, TBM, up to 160 km/h 119 238 190 %
Golia$ NRTM do 160 km/h, spodni klenba / Golias, NATM, up to 160 km/h, inverted arch - 200 160 %
Golias NRTM do 160 km/h, patky / Golias, NATM, up to 160 km/h, footings - 125 100 %

proto v ramci studie zkouman i vliv zvySeni rychlosti na 230
km/h na velikost pri¢ného fezu tunelu, a to i s védomim, Ze
soucasny ndvrh zabezpecovaciho zarizeni tuto rychlost pou-
Zit neumoznuje. Studie variant se tim rozsitila na kone¢ny
pocet 6. Jednalo se o varianty:

1. David s razbou NRTM a rychlosti do 230 km/h
. David s raZzbou TBM a rychlosti do 230 km/h
. David s razbou NRTM a rychlosti do 160 km/h
. David s razbou TBM a rychlosti do 160 km/h
. Golids s razbou NRTM a rychlosti do 230 km/h
. Golias s razbou NRTM a rychlosti do 160 km/h

Pri¢ny fez jednokolejnym tunelem razenym pomoci TBM
i NRTM urcuje vzorovy list Svétly tunelovy prurez jednoko-
lejného tunelu, ktery byl vypracovan pro SZDC v roce 2010
a splnuje vSechny pozadavky vyplyvajici z platnych norem
a predpisu. Jind situace je v pripadé ndvrhu dvoukolejného
tunelu, nebot’ stdvajici vzorovy list byl zpracovdn pouze pro
rychlost do 160 km/h, a to pred uvedenim v platnost predpisu

A

TSI SRT. Geometricky nevyhovuje §itkou chodniku, kdy pu-
vodni ndvrh predpoklddal §itku 500 mm, zatimco v soufasné
dobé je podle predpisu TSI SRT §itka chodniku min. 750 mm.
Proto bylo nutné v rdmci projektu pri¢ny fez tunelu upravit
podle stdvajicich pozadavku a posoudit i zvétSeni svétlého
profilu na zvySenou rychlost do 230 km/h.

V pripadé varianty ,,David“ je u razby pomoci NRTM navr-
Zen podkovovity pri¢ny fez tunelem se spodni klenbou, dest-
nikovym systémem izolace a podélnou tunelovou drendZi. Pro
rychlost do 230 km/h je plocha vyrubu se spodni klenbou
86 m2, pfi snizeni rychlosti na 160 km/h se plocha vyrubu
sniZi o cca 10 % na 78 m2. U pfi¢ného fezu uréeného do lep-
Sich geotechnickych podminek, kde spodni klenba neni nutna
a klenba je zaloZena na patkdch, je plocha vyrubu 75 m2 pro

rychlost do 230 km/h, resp. 69 m? pro rychlost do 160 km/h.

AN AW

enlarging the net cross-section of the tunnel. In this context,
even the effect of increasing of the speed to 230 km/h on the
size of the tunnel cross-sectional area was analysed within the
framework of the study, even though it was known that the cur-
rent interlocking system design does not allow this speed to be
applied. As a result, the study of variants was expanded to the
final number of 6. The following variants were solved:
1. The David variant with the NATM excavation, with the
speed of up to 230 km/h
2. The David variant with the TBM excavation and the speed
of up to 230 km/h
3. The David variant with the TBM excavation and the speed
of up to 230 km/h
4. The David variant with the NATMN excavation and the
speed of up to 160 km/h
5. The David variant with the TBM excavation and the speed
up to 160 km/h
6. The Golia$ variant with the NATM excavation and the
speed up to 230 km/h
The cross section through the single-track tunnel driven by
the TBM or the NATM is prescribed by the Standard Sheet Net
cross-section through a single-track tunnel, which was develo-
ped for the Railway Infrastructure Administration, state orga-
nisation, in 2010. It meets all requirements following from
applicable standards and regulations. Another situation is in the
case of the design for a double-track tunnel because of the fact
that the current Standard Sheet had been developed only for the
design speed up to 160 km/h, before the TSI SRT regulation
came into force. Its geometry is inadequate as far as the walk-
way width is concerned; the original proposal expected the
width to be 500 mm, whereas the minimum width prescribed
by the current TSI SRT regulation is 750 mm. For that reason
it was necessary for the design to modify the cross-section to
comply with the current requirements and to assess the enlar-
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Porovnani variant - investi¢ni naklady
Comparison of variants — investment costs

gement of the net cross-sec-
tion for the increased speed
up to 230 km/h.

In the case of the “David”

180%
160%

166%
154% 157% 150%
140%
120% 102% 100%
1 I I

variant using the NATM,
a horseshoe-shaped tunnel
cross-section with an inver-
ted arch, an umbrella-type
waterproofing system and
a longitudinal tunnel drai-
nage system is proposed.
The excavated cross-sectio-
nal area with the invert
designed for the speed of up
to 230 km/h amounts to
86 m2, whilst this area is
reduced by approximately

2 8388E

230 km/h 230 km/fh 160 km/h

David - NATM David - TEM David - NATM David - TBEM Golias - NATM Golias - NATM
160 km/h

10 % to 78 m? when the
speed is reduced to 160
km/h. The cross-section
designed for better geotech-

230 km/h 160 km/h

Obr. 6 Graf procentudlniho porovndni celkovych investicnich ndakladi
Fig. 6 Chart of the percentage comparison of total investment costs

V podobném poméru lze uvaZzovat i plochy pii¢nych feza
v dalSich variantdch, coZ pro rychlosti do 230 km/h a do 160
km/h ukazuji tabulky 1 a 2. Pfi porovndni plochy pri¢ného
fezu je jako zdklad uvazovdna nejmensi teoretickd plocha
vyrubu. U varianty ,,David® je nutno pro porovnani secist plo-
chy obou tunelt. Z vysledku je zfejmé, Ze z hlediska velikos-
ti obestavéného prostoru nebo mnoZstvi vytéZeného materidlu
se jako vyhodnéjsi jevi varianta ,,Golids“. Dva jednokolejné
tunely maji oproti dvoukolejnému tunelu plochu vyrubu
o vice nez 40 % vetsi.

Dalsim faktorem vyrazné ovliviiujicim vyslednou cenu dila
je krom¢ objemu vyrubu i objem betonu definitivniho osténi.
V ptipadé razby pomoci NRTM je v razenych tsecich tunelu
uvazovéano s monolitickym osténim tloustky 350 mm z betonu
C25/30 betonovanym do posuvného bednéni. V hloubenych
tsecich tunelu se tloustka klenby pohybuje v piipadé dvouko-
lejného tunelu od min. 600 mm, u jednokolejného tunelu od
min. 350 mm. U tunelu razeného pomoci TBM je navrzeno
prefabrikované osténi tloustky 350 mm. Porovnani variant
z hlediska ndroCnosti spotfeby betonu je prehledné usporada-
no do tabulky 3 pro rychlost do 230 km/h, resp. tabulky 4 pro
rychlost do 160 km/h. Vymeéry jsou vypocteny pro blok beto-
ndZe délky 12 m. Z divodu moZnosti porovndni vysledka je
i v pripadé razby pomoci TBM vyméra betonu osténi vypo-
Ctena pro tsek tunelu délky 12 m.

Zatimco v pripadeé porovndni z hlediska teoretické plochy
vyrubu vyznélo hodnoceni 40 % v neprospéch varianty
,David“, pfi porovnani z hlediska objemu betonu definitivni-
ho osténi se jiz jednd o vice nez 70 %. Pfi komplexnim hod-
noceni je v§ak nutno zohlednit skute¢nost, Ze pfi razbé pomo-
ci NRTM je osténi dvoupldstové a vyrub zajiStuje po razbé
zpocatku primarni osténi ze stiikaného betonu. Jeho tloustka
je zéavisla na technologické tfidé vyrubu a skutené zastiZe-
nych geotechnickych podminkdch pfi razbé. Pro raZeny tsek
tunelu bylo navrzeno 5 technologickych tfid vyrubu a sta-
novena prognéza jejich vyskytu s ohledem na predpoklddané
geotechnické podminky. Z vypo&tu provadénych pro stanove-
ni vymér vyplyvd, Ze na 1 bm raZzeného dvoukolejného tunelu
varianty ,,Golids* pro rychlost do 230 km/h v geotechnickych
podminkdch nevyZadujicich pouZiti spodni klenby je potfeba
cca 6,7 m? stifkaného betonu, v misté se spodni klenbou se

nical conditions, where the

inverted arch is not necessa-

ry and the vault is founded
on footings, the excavated cross-sectional area is 75 m?2 for the
speed up to 230 km/h or 69 m? for the speed up to 160 km/h.
Similar proportions can be applied to the cross-sectional areas
contained in the other variants. The areas for speeds up to 230
km/h and up to 160 km/h are presented below in Tables 1 and
2. The smallest theoretical excavated cross-sectional area is
used as a basis for the purpose of the comparison of the cross-
sectional areas. In the case of the “David” variant it is necessa-
ry to sum up the cross-sectional areas of both tunnels. It is
obvious from the results that the “Golid§” variant looks more
advantageous as far as the magnitude of the wall-in space or
the volume of the excavated material are concerned. The exca-
vated cross-sectional area of the pair of single-track tunnels
compared with the double-track tunnel is larger by over 40 %.

Another factor significantly affecting the resultant cost of the
Works is, apart from the excavated volume, the volume of conc-
rete for the final lining. C25/30-grade concrete cast behind tra-
veller formwork is assumed for the 350 mm thick lining in the
case of the NATM excavation in the mined tunnel sections. In
the cut-and-cover tunnel sections, the thickness of the vault ran-
ges from the minimum 600 mm for the double-track tunnel to
the minimum 350 mm for the single-track tunnel. A 350 mm
thick segmental lining is proposed for the TBM-driven tunnel.
The comparison of variants as far as the consumption of conc-
rete is concerned is summarised in Table 3 for the speed of up
to 230 km/h and Table 4 for the speed of up to 160 km/h. The
quantities are calculated for a 12 m long casting block. The
quantity of concrete for the lining of the TBM-driven tunnel is
also calculated for the 12 m long tunnel section so that the com-
parison of results is possible.

While the assessment ended up 40 % against the “David”
variant in the case of the comparison in terms of the theoretical
excavated cross-sectional area, the difference reaches over 70 %
in the case of the comparison in terms of the volume of the final
lining concrete. Although, if the assessment is to be performed
comprehensively, it is necessary to take into consideration the
fact that two-shell lining is required when the NATM is used,
where the excavation is supported at the beginning by a primary
shotcrete lining. The thickness of the primary lining depends on
the excavation support class and the geotechnical conditions
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objem zvétSuje na 9,7 m3. U konvenéné raZené varianty
,David“ je primarni osténi kalkulovdno vymérou 59 m3
u tunelu bez spodni klenby a 8,1 m3 u tunelu se spodni klen-
bou. Po pripoéitani tohoto objemu do hodnoceni variant
z hlediska spotieby betonu se méni pomér podle tdaju uvede-
nych v tabulce 5.

Obdobnym zpusobem je upravena kalkulace pro varianty
tuneld pro rychlost do 160 km/h, kde je uvazovano u varianty
,Golids* s vymérou 6,6 m> pro profil bez spodni klenby, resp.
9,6 m? pro profil se spodni klenbou. U varianty ,,David* zvy-
Suje primdrni osténi spotiebu betonu o 5,6 m? u profilu bez
spodni klenby a o 7,7 m? u tunelu se spodni klenbou.
Vysledné porovndni ukazuje tabulka 6.

Vzhledem k predpoklddanym geotechnickym podminkdm
bylo pro celkové hodnoceni variant po¢itdno u razby pomoci
NRTM se 70 % délky razeného tseku zajiSténého osténim na
patkdch a 30 % délky raZeného useku zajisténého osténim se
spodni klenbou. V pfipadé razby pomoci TBM je konstrukéni
feSeni osténi ddno kruhovym profilem stroje a navySeni spo-
treby betonu definitivniho osténi je oproti NRTM v dsecich se
Spatnymi geotechnickymi poméry cca 20 %. V dtsecich
s dobrymi geotechnickymi poméry se vSak nérust zvySuje az
0 90 % objemu betonu definitivniho osténi.

Pro celkové porovndni variant bylo nutné provést kalkula-
ci az na droven jednotkovych cen a do porovnani zahrnout
nejen vlastni tunely, ale i tunelové propojky, tinikové Sachty
a Stoly i dal$i vyvolané investice, jako jsou napf. nadzemni
technologické objekty, pristupové komunikace, ndstupni plo-
chy slozek integrovaného zdchranného systému (IZS) atd.
Vysledky cenového porovndni variant ukazuje ndzorné graf
na obrazku 6, ktery neuvadi skutecné investi¢ni ndklady, ale
pomér vysledné ceny k nejlevnéjsi varianté. Ta predstavuje
srovnavaci cenovou hladinu a je hodnocena jako 100 %.
Cena vSech ostatnich variant je k této cené vztazena. Z grafu
je zfejmé, Ze u konven&né raZenych tunelu je rozdil v cené
jednoho dvoukolejného tunelu a dvou jednokolejnych tunela
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Obr. 7 Standardni profil iinikové stoly
Fig. 7 Standard profile of an escape gallery

actually encountered during the excavation. There were 5 exca-
vation support classes designed for the mined tunnel section
and a prognosis of their incidence was determined with respect
to the anticipated geotechnical conditions. It follows from cal-
culations conducted with the aim of determining the quantities
that about 6.7 m> of shotcrete are required for 1 linear metre of
the mined double-track tunnel of the “Golid§” variant for the
speed of up to 230 km/h, driven in conditions requiring no
inverted arch. This amount increases to 9.7 m? in the locations
where the invert is required. In the case of the conventionally
driven variant “David” requiring no invert, the volume of pri-
mary lining concrete is calculated at 5.9 m3, whilst the volume
of 8.1 m3 is calculated for the tunnel with the inverted arch.
When this volume is added to the assessment of variants in
terms of the consumption of concrete, the percentages change
as shown in Table 5.

The calculation for the tunnel variants for the speed of up to
160 km/h is carried out in a similar way. The volumes of 6.6 m3
and 9.6 m? are assumed for the “Golid3” variant, for the profile
without the invert and with the invert, respectively. In the case
of the “Golid$” variant, the primary lining increases the con-
sumption of concrete by 5.6 m? and 7.7 m? for the cross-secti-
on without an inverted arch and tunnel with the invert, respec-
tively. The resultant comparison is presented in Table 6.

Taking into consideration the anticipated geotechnical condi-
tions, the overall assessment of the variants was carried out
assuming that 70 % of the NATM mined section length would
be provided with the lining founded on footings and 30 % of the
mined section length would be provided with an inverted arch.
In the case of the TBM-driven tunnel, the structural design is
predetermined by the circular profile of the machine and the
increase in the volume of concrete for the final lining, compa-
red with the NATM, is about 20 % in the case of poor geotech-
nical conditions. But in sections with good geotechnical condi-
tions the increase in the final lining concrete volume grows by
up to 90 %.

The overall assessment of the variants required the calculati-
on to be broken up to the level of unit prices, with cross passa-
ges, escape shafts and galleries and other induced investment
structures, such as at-grade services buildings, access roads,
mustering areas for the Integrated Rescue System units incor-
porated into the comparison. The results of the cost-related
comparison of the variants are clearly presented on the chart in
Figure 6, which shows the proportion between the resultant cost
and the cheapest variant instead of showing real investment
costs. The cheapest cost provides the reference level, which is
assessed as 100 %. The cost of all other variants is referred to
this cost. It is obvious from the chart that the difference betwe-
en the cost of the single double-track tunnel and the cost of two
single-track tunnels is about 60 %, even if the induced invest-
ment costs are counted with. The structural modification of the
tunnel carried out with the aim of increasing the speed from 160
km/h to 230 km/h means the increase in the cost by approxima-
tely 2 %. The construction of two single-track tunnels using
TBMs means, in the case of the ChotyCany tunnel, an increase
in the investment costs by approximately 50 % compared with
conventional driving of the double-track tunnel. The above-
mentioned quantities cannot be generally used as a scale becau-
se they are associated with geotechnical conditions particular
for the ChotyCany tunnel, i.e. with the geological structure of
the area, the overburden height, the solution of escape routes
leading to the surface etc.




Obr. 8 Rozsireny profil dinikové Stoly
Fig. 8 Enlarged profile of an escape gallery

i se zapocitdnim vyvolanych investic cca 60 %. Konstruk¢ni
Uprava tunelu pro zvySeni rychlosti ze 160 km/h az do
230 km/h predstavuje navyseni ceny o cca 2 %. Razba dvou
jednokolejnych tuneld raZenych pomoci TBM predstavuje
u Chotycanského tunelu v porovndni s konvencni raZzbou
dvoukolejného tunelu navySeni investi¢nich nakladu o cca
50 %. Uvedené hodnoty nelze brat obecné za méritko, nebot’
souviseji s konkrétnimi geotechnickymi podminkami
Chotycanského tunelu, tj. s geologickou stavbou dzemi, vys-
kou nadloZi, zpasobem feseni tnikovych cest na povrch atd.
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Obr. 9 PFicny Fez schodistbvou tinikovou Sachtou
Fig. 9 Cross-section through an escape stair well
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THE ROLE OF THE FIRE DESIGN IN THE SELECTION
OF VARIANTS

The fire design plays a significant role in the process of desig-
ning a tunnel. It can substantially influence not only the techni-
cal solution itself, but also the amount of investment costs.
When the design is being prepared, it is necessary to pay due
respect to all requirements for the rescue of persons in the case
of a fire or an incident in the tunnel. Nevertheless, above-stan-
dard solutions must be eliminated with respect to funding pos-
sibilities for such the demanding structure as a tunnel undoub-
tedly is. From the constructional point of view, this applies first
of all to the possible variants of the escape routes design.

In the case of the “David* variant, it was no substantial pro-
blem to provide escape routes. The designer unambiguously
chose 9 cross passages installed at the maximum spacing of
500 m for the escape of persons from a tunnel tube affected by
a fire. Every other cross passage serves, apart from escaping, to
installing tunnel equipment, first of all transformers forming
parts of the power distribution system. The intervals between
the cross passages comply with requirements of the TSI SRT
European regulation on safety in tunnels. It is planned that pas-
sengers in the case of a rescue action will escape via the tunnel
tube unaffected by the fire, where the traffic is stopped in the
case of an incident and which at the same time serves to muste-
ring of the Integrated Rescue System units. Access roads and
mustering areas with the area of 500 m? are in this case desig-
ned to be provided only at both tunnel portals. With respect to
the relative position of the two tunnel tubes, the terrain confi-
guration and the height of the overburden, the technical soluti-
on proposed for the escape routes did not need other variants.
On the other hand, the solution for escape routes for the
“Golias$” variant, consisting of a single tunnel tube, required
a completely different approach.

In the case of the “Golid$” variant, the designer even propo-
sed three variants of the escape routes design to be subjected to
the technical and economical comparison. The following vari-
ants were proposed:

e an escape gallery running in parallel with the tunnel tube,
which would be interconnected with the tunnel tube by
cross passages at the maximum intervals of 500 m, similar-
ly to the “David” variant;

e vertical escape shafts connected to the tunnel by escape gal-
leries provided at the maximum spacing of 1000 m so that
the length of escaping does not exceed 500 m;

e a combination of the parallel escape gallery with cross pas-
sages leading to the tunnel tube and vertical shafts provided
in the section with the shallower overburden.

In the case of the first variant of escape routes, the distance of
25 m between the axis of the parallel escape gallery and the tun-
nel axis makes the creation of a safe natural rock pillar possib-
le. The length of the gallery roughly corresponds to the length
of the double-track tunnel. The longitudinal gradient of the gal-
lery corresponds to the longitudinal gradient of the tunnel and
the horseshoe shaped cross-section of the gallery with the theo-
retical excavated cross-sectional area of 13 m? makes it possib-
le to inscribe a square cross-section with the net width of 2.25 m
and the height of 2.25 m (see Fig. 7). The gallery clearance
allows a rescue vehicle to intervene at the connection of the
cross passage to the escape gallery and, if necessary, to tran-
sport injured persons to the closer portal. A 12 m long enlarged
cross-section with the net width of 4.8 m and the height of 3.1 m
is proposed to be established in the escape gallery in the locati-
ons where the 15 m long cross passages are connected to it (see
Fig. 8). It serves to passing of rescue vehicles or gathering of
immobile persons. The design for mustering areas for the
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ROLE POZARNEBEZPECNOSTNIHO RESEN(
PRI VOLBE VARIANT

Pozdrnébezpelnostni feSeni hraje pfi ndvrhu tunelu
vyznamnou roli a muZe vyrazné€ ovlivnit nejen vlastni tech-
nické feSeni, ale i vysi investi¢nich ndkladd. Pfi ndvrhu je
nutno respektovat vSechny poZadavky na zdchranu osob
v pripadé poZaru nebo havdrie v tunelu. Nadstandardni feSeni
v8ak musi byt eliminovéna s ohledem na moZnosti financova-
ni tak narocné stavby, jakou tunel bezesporu je. Ze stavebni-
ho hlediska se jednd predev$im o mozné varianty navrhu dni-
kovych cest.

U varianty ,,David“ nepfedstavovalo zajisténi dnikovych
cest vétsi problém a projektant pro tinik osob z poZzarem zasa-
7ené tunelové trouby jednoznaéné zvolil 9 tunelovych propo-
jek vzdalenych od sebe max. 500 m. Kazd4 druhd tunelova
propojka slouzi kromé udniku i k umisténi technologického
vybaveni tunelu, zejména transformétora rozvodu elektrické
energie. Vzdalenost tunelovych propojek odpovidd poZadav-
kam evropského predpisu TSI SRT o bezpeénosti v tunelech.
Pri zdchrané cestujicich se poéitd s inikem do poZdarem neza-
sazené tunelové trouby, kde je v pripade havdrie zastaven pro-
voz a kterd zdroven slouZi i pro ndstup jednotlivych sloZzek
1ZS. Prijezdové komunikace a ndstupni plochy o vymére 500
m? jsou v tomto piipadé navrZeny pouze u obou tunelovych
portald. Vzhledem k vzdjemné poloze obou tunelovych trub,
konfiguraci terénu a vysSce nadloZi nevyzadovalo navrzené
technické feSeni unikovych cest dal$i varianty. Zcela jiny pri-
stup vSak vyzadovalo feSeni unikovych cest varianty ,,Golias*
s pouze jednou tunelovou troubou.

U varianty ,,Golias* navrhl projektant pro technicko-ekono-
mické porovndni hned tfi varianty reSeni unikovych cest.
Jednalo se o:

e tinikovou §tolu vedenou paralelné s tunelovou troubou

a obdobné jako v pripadé varianty ,,David“ propojenou
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Obr. 10 Pri¢ny Fez tinikovou Sachtou s vytahem
Fig. 10 Cross-section through an escape lift well

Integrated Rescue System units and access roads is in this case
identical with the “David” variant design, to be provided only at
the two portals.

The second variant of the solution for escape routes is also
based on the requirement for the maximum length of escaping
to be 500 m. According to this requirement, with respect to the
configuration of the terrain above, the designer places the total

Tab. 5 Porovndni variant z hlediska celkového objemu betonu osténi pro rychlost do 230 km/h
Table 5 Comparison of variants in terms of the total concrete volume for the speed of up to 230 km/h

Varianta Objem betonu [m®] pro blok betonaze 12 m
Variant Volume of concrete [m3] for a 12 m long casting block
Jedna kolej Dvé koleje Porovnani
Single-track Double-track Comparison
David NRTM do 230 km/h, spodni klenba / David, NATM, up to 230 km/h, inverted arch 192+97=289 578 282 %
David NRTM do 230 km/h, patky / David, NATM, up to 230 km/h, footings 115+71=186 372 181 %
David TBM do 230 km/h / David, TBM, up to 230 km/h 122 244 119 %
Golias NRTM do 230 km/h, spodni klenba / Golias, NATM, up to 230 km/h, inverted arch 202+116=318 155 %
Golias NRTM do 230 km/h, patky / Golias, NATM, up to 230 km/h, footings 125+80=205 100 %

Tab. 6 Porovndni variant z hlediska celkového objemu betonu osténi pro rychlost do 160 km/h

Table 6 Comparison of variants in terms of the total concrete volume for the speed of up 160 km/h

Varianta Objem betonu [m®] pro blok betonaze 12 m
Variant Volume of concrete [m3] for a 12 m long casting block
Jedna kolej Dvé koleje Porovnani
Single-track Double-track Comparison
David NRTM do 160 km/h, spodni klenba / David, NATM, up to 160 km/h, inverted arch 178+92=270 540 265 %
David NRTM do 160 km/h, patky / David, NATM, up to 160 km/h, footings 109+67=176 352 173 %
David TBM do 160 km/h / David, TBM, up to 160 km/h 119 238 117 %
Golias NRTM do 160 km/h, spodni klenba / Golias, NATM, up to 160 km/h, inverted arch 200+115=315 154 %
Golias NRTM do 160 km/h, patky / Golias, NATM, up to 160 km/h, footings 125+79=204 100 %
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s tunelovou troubou propojkami ve vzddlenosti max.
500 m;

e vertikalni inikové Sachty s napojenim na tunel inikovymi
Stolami ve vzdjemné vzdalenosti max. 1000 m, aby délka
uniku nepresdhla 500 m;

e kombinace paralelné vedené tnikové Stoly s propojkami
do tunelové trouby v useku s vysokym nadloZim a ver-
tikdlnich Sachet v dseku s niZ§im nadloZim.

V pripadé prvni varianty dnikovych cest umoZnuje osa sou-
bézné tnikové Stoly vzdédlend od osy tunelu 25 m mezi obéma
podzemnimi dily bezpe¢né vytvoreni prirozeného horninové-
ho pilite. Délka $toly pfiblizné odpovidd délce dvoukolejného
tunelu. Jeji podélny sklon koresponduje s podélnym sklonem
tunelu a podkovovity tvar Stoly o teoretické ploSe vyrubu
13 m? umoziiuje do profilu vepsat &tvercovy prifez o svétlé
Sifce 2,25 m a vySce 2,25 m (obr. 7). Prijezdny prufez Stoly
umoznuje zasah zachranného vozidla v tusti tunelové propojky
do tnikové $toly a pripadné odvoz ranénych k nejbliz§imu
portdlu. V misté zadsténi tunelovych propojek délky 15 m do
unikové Stoly je ve Stole navrzen roz§iteny pri¢ny profil délky
12 m o svétlé $itce 4,8 m a vySce 3,1 m (obr. 8), ktery slouzi
pro vyhybani zdchrannych vozidel nebo shromazdovani imo-
bilnich osob. Nastupni plochy slozek IZS a prijezdové komu-
nikace jsou v tomto pripadé navrzeny stejné jako u varianty
,,David“ pouze k obéma portdlum.

I druhd varianta feSeni tnikovych cest vychdzi z poZa-
davku na maximdlni délku tniku 500 m. Podle tohoto poZa-
davku a s ohledem na situaci na povrchu tdzemi situuje pro-
jektant celkem 4 vertikdlni dnikové Sachty do mist, kde lze
zajistit prijezd vozidel k tusti Sachty a vybudovani nastupni
plochy jednotek IZS. Vzdjemnd poloha moZného vyudsténi
Sachty na povrchu tzemi a polohy tunelu ovliviiuje délku
spojovaci tnikové Stoly. Zatimco hloubka Sachet se pohybu-
je v zavislosti na vySce nadloZi od 25 m az do 78 m, délka
Stol je od 35 m do 100 m. Celkovd hloubka Sachet dosahuje
177 m, celkova délka §tol je téméf 260 m. Unikové §toly jsou
od tunelu oddéleny poZarnimi uzdvéry (dvefmi). Vnikani{
koufe do dnikovych $tol a Sachet je zabranéno pretlakem
vzduchu. Pfi otevfeni dvefi pretlak zajisti, Ze dnik osob smé-
fuje vzdy do prostoru s Eerstvym vzduchem. Stola za poZar-
nim uzdvérem je v délce 12 m roz§ifena na profil o svétlé
Sifce 4,2 m a vySce 3,6 m. Pri¢né fezy schodistovou a vy-
tahovou Sachtou ukazuji obrazky 9 a 10. Z hlediska vySe
investi¢nich ndkladu profil raZenych podzemnich dél opti-
mélné odpovidd minimdlnim poZadavkiim norem a predpisu,
aby nedochdzelo ke zbyte¢nému navySovédni ceny dila.
U Sachet hlubsich neZ 30 m se predpoklddad instalace vytahu.
V téchto Sachtdch musi byt z konstrukénich divodu polomér
kruhové Sachty zvétSen z 4,1 m na 4,6 m, coZ predstavuje
néarlist objemu vyrubu o 3.4 m? na b&%ny metr Sachty. Ke
kazdému dusti Sachty na povrchu je privedena pristupova
komunikace napojend na mistni silniéni sit. Pfistupova
komunikace navazuje u usti Sachty na ndstupni plochu jed-
notek IZS.

Predchozi varianta s vyuzitim udnikovych Sachet vede
v tseku tunelu s vysokym nadloZim k hloubce Sachty az 78
m, coZ se jevi z hlediska pristupu i dniku nevyhodné. Proto
je tfeti variantou mozného diniku kombinace paralelné situo-
vané zdchranné S$toly s vyudsténim u jizniho portdlu
a zdchrannych Sachet situovanych v tseku tunelu s niz§im
nadloZim v oblasti bliZe severnimu portdlu. Zachrannd Stola
v délce 1905 m konstrukéné odpovida feSeni popisovanému
v prvni varianté s paralelné razenou Stolou a tunelovymi pro-
pojkami, a to vCetné zausténi propojek do zachranné Stoly.
Tim dojde k eliminaci nejhlubSich Sachet druhé varianty.
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of 4 vertical escape shafts to locations where it is possible to
secure the approach of vehicles to the shaft mouth and
a mustering area for rescue units can be established. The relati-
ve position of the possible shaft mouth on the surface and the
tunnel affects the length of the connecting escape gallery.
Whilst the depth of the shafts varies from 25 m up to 78 m,
depending on the overburden height, the lengths of the galleri-
es leading to the shafts vary from 35 m to 100 m. The aggrega-
te depth of the shafts reaches 177 m; the aggregate length of the
galleries amounts nearly to 260 m. The galleries leading to the
escape shafts are separated from the tunnel by fire doors. Smoke
is prevented from entering the escape galleries and shafts by
a positive pressure of air. When the doors are opened, the posi-
tive pressure ensures that persons always escape to spaces con-
taining fresh air. The net cross-section of the gallery is enlar-
ged behind the fire door along a length of 12 m to a 4.2 m wide
and 3.6 m high profile. Cross-sections through the stair and lift
well are shown in Figures 9 and 10. As far as investment costs
are concerned, the profile of the mined underground structure
optimally complies with minimum requirements of standards
and regulations, so that the project price is not needlessly incre-
ased. The installation of lifts is assumed for shafts deeper than
30 m. The radius of these circular shafts must be increased from
4.1 to 4.6 m for structural reasons. This increase represents an
increase in the volume of excavation by 3.4 m3 per a linear
metre of the shaft. An access road linking to the local road net-
work is brought to the mouth of each shaft on the surface. The
access road is connected to the mustering area for rescue units
provided at the mouth of the shaft.

The previous variant comprising escape shafts leads to the
depth of shafts up to 78 m in the tunnel section driven under
high overburden. This solution therefore appears to be disa-
dvantageous in terms of the access and escape. For that reason
there is the third variant of the potential escape, combining
a parallel rescue gallery having the mouth at the southern portal
with rescue shafts located in the tunnel section with shallower
overburden in the area closer to the northern portal. The 1905 m
long rescue gallery structurally corresponds to the solution
described in the first variant, comprising a gallery driven in
parallel with the tunnel and cross passages, including connecti-
ons of the cross passages to the rescue gallery. Owing to this
solution the deepest shafts contained in the second variant will
be eliminated. The remaining shafts in the tunnel section run-
ning under a shallower overburden correspond to the solution
proposed in the second variant. Mustering areas for rescue units
with surface areas of 500 m? will be provided at both portals
and in the locations of the mouths of the shafts on the surface.
Access for vehicles to the mustering areas will be secured along
newly built roads, which will be connected to the existing road
network.

The simplest criterion, which gives the best evidence of the
cost, is the comparison in terms of the volume of the excavati-
on of spaces for escape routes, which are carried out as conven-
tionally driven galleries or shafts. The comparison results are
summarised in Table 7. The variant with the smallest excavati-
on volume is used as the basis of the percentage comparison.

It is obvious from the comparison that the volume of excava-
tion is more than three-times larger in the case of the parallel
gallery and cross passages than the volume in the case of the
third variant comprising shafts and access galleries. The second
variant was chosen as the most advantageous after the financial
assessment which took into consideration the induced invest-
ment costs (access roads, mustering areas etc.). When the vari-
ants were being assessed, this variant of escape routes was

Z\9y

added to the solution according to the “Golids” variant in terms
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Zbyvajici Sachty v dseku tunelu s niz§im nadloZim odpovi-
daji feSeni navrzenému ve druhé varianté. Ndstupni plochy
1ZS o vyméfe 500 m?2 budou vytvofeny u obou portild
a v misté vyusténi Sachet na povrch tizemi. K ndstupnim plo-
chdm bude zajistén prijezd vozidel po nové zfizenych komu-
nikacich, které budou napojeny na stavajici silni¢n{ sit.

Nejednodussim a nejlépe o cené vypovidajicim kritériem je
porovndni z hlediska objemu vyrubu prostoru tnikovych cest,
které jsou provadény jako konvenéné razené Stoly nebo Sach-
ty. Vysledky porovnidni prehledné ukazuje tabulka 7.
Zakladem procentudlniho porovnani je varianta s nejnizSim
objemem vyrubu.

Z porovnani je zfejmé, Ze objem vyrubu u paralelné raZzené
Stoly a spojovacich propojek je vice nez 3x vétsi, nez
u varianty se Sachtami a pristupovymi Stolami. Po provedeni
finan¢niho ohodnoceni se zapoclitinim vyvolanych investic
(pristupové komunikace, nastupni plochy atd.) byla jako nej-
vyhodné€j$i zvolena druhd varianta. Tato varianta tnikovych
cest pak byla pripo¢tena prfi hodnoceni variant k feSeni podle
varianty ,,Golids* jak z hlediska vymeér, tak ndsledné po
zohlednéni jednotkovych cen i z hlediska vySe investi¢nich
néklada. Porovnéni variant ukazuje prehledné graf na obr. 6.

ZAVER

Nédvrh technického feSeni dvoukolejnych tuneli a jejich
unikovych cest vychdzi z konfigurace terénu, respektuje pre-
devsim geologické podminky a dobu predpoklddané vystavby.
Volba tunelovaci metody souvisela s geotechnickymi poméry
v trase obou tuneld, logistikou odvozu rubaniny a doddvky
materidlu na vystavbu, harmonogramem vystavby a v ne-
posledni fadé s vysi investi¢nich ndkladu. NavrZzené technické
feSeni bere v uvahu moZnosti zdsahu zachrannych jednotek
a Cinnosti provozovatele Zelezni¢ni prepravy v pripadé ohro-
Zeni cestujicich nehodou nebo pozirem vcetné moznosti
zachrany samotnymi cestujicimi. Vybrané varianty raZby
tunelt i feSeni dnikovych cest jsou nejen ekonomicky nejvy-
hodnéjsi, ale i ekologicky nejprijatelnéjsi.

Pfi projedndvéni pozarnébezpecnostniho feseni stavby je ze
strany sloZek hasi¢ského zachranného sboru vétSinou kladen
tlak na navrh nejkomfortnéjsiho zajisténi pristupu i evakuace
osob. Je tfeba si uvédomit, jaké dopady na vysi investi¢nich
ndkladi ma napiiklad preference dvou jednokolejnych tunela
spojenych propojkami pred dvoukolejnym tunelem a tni-
kovymi vychody na povrch. Jak ukdzalo posouzeni variant
unikovych vychodu, i zde muZe dojit ke znaénym materidlo-
vym, a tim i finanénim rozdilim v néro¢nosti navrzeného
feSeni. Proto je nutno pfi dosaZzeni pozadované drovné bez-
pecnosti vZdy najit vhodny kompromis i z hlediska vySe
investi¢nich ndkladd. Pokud zvdZime, Ze cena 1 m> obestavé-
ného prostoru se pohybuje od 8 do 10 tis. K&, jsou rozdily
znaéné. Investor vénoval maximdlni pozornost volbé optimal-
niho technického feSeni a doprovodné studie, zpracovavané
v ramci projektu pro tzemni rozhodnuti poskytly potfebné
informace pro rozhodovani o vybéru varianty.
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Tab. 7 Porovndni variant FeSeni tinikovych cest
Table 7 Comparison of escape routes design variants

Varianta Objem vyrubu [%]
Variant Excavation volume | [%]
1. Paralelni $tola 60 300 340
1. Parallel gallery 60 300 340
2. Sachty a spojovaci §toly 17 700 100
2. Shafts and connection galleries 17 700 100
3. Kombinace $achet a Stoly 33000 186
3. Combination of shafts and a gallery 33000 186

of the quantities and, subsequently, after taking the unit prices
into account, even in terms of the magnitude of investment
costs. The comparison of the variants is summarised in Fig. 6.

CONCLUSION

The proposal for the technical solution for double-track tun-
nels and their escape routes is based on the terrain configurati-
on, pays respect first of all to geological conditions and the anti-
cipated construction time. The selection of the tunnelling met-
hod was associated with geotechnical conditions along the route
of both tunnels, the logistics of transporting the muck and supp-
lying construction materials, the works schedule and, at last but
not least, the amount of investment costs. The proposed techni-
cal solution takes into consideration the necessity of providing
access for the intervention of rescue units and for the railway
transport operator’s activities in the case of an accident or fire
endangering passengers, including the opportunity for passen-
gers to save themselves on their own. The selected variants of
the excavation of the tunnels and the solution for escape routes
are the most advantageous economically and the most accep-
table ecologically.

When the fire design for a project is being negotiated, the Fire
Rescue Service units mostly place stress on the proposal to pro-
vide the most comfortable access and evacuation of persons. It
is necessary to be aware of the impacts on the amount of invest-
ment costs due to, for example, preferring a pair of single-track
tunnels interconnected by cross passages with a double-track
tunnel and escape exits to the surface. The assessment of the
variants of escape exits proved that significant differences in
consumption of materials and differences in financial demands
following from them can exist even in this area. For that reason
it is always necessary while reaching the required level of safe-
ty to find an acceptable compromise even as far as the invest-
ment costs are concerned. If we take into account the fact that
the cost of 1 m3 of a walled-in space ranges from 8 to 10 thou-
sand CZK, the differences are huge. The project owner paid
maximum attention to the selection of the optimum technical
solution. The accompanying study, which was carried out wit-
hin the framework of the design for issuance of the zoning and
planning decision, provided information required for the pro-
cess of making decisions on the selection of the variant.

ING. PETR LAPIS, petr.lapis@ikpce.com,
ING. LIBOR MARfK, libor.marik@ikpce.com,
IKP CONSULTING ENGINEERS, s. r. o.




