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PROJEKT DVOUKOLEJNYCH ZELEZNICNICH TUNELU
MALA HUBA A HNEVKOVSKY I. NA TRATOVEM USEKU
ZABREH - KRASIKOV

DESIGN OF THE MALA HUBA AND HNEVKOV | DOUBLE-RAIL
TUNNELS ON THE ZABREH - KRASIKOV TRACK SECTION

Ing. Libor Marik, ILF Consulting Engineers, s. r. o.

uvob

Prispévek pojednava o technickém feseni dvoukolejnych Zelezni¢nich tuneld
lezicich na tratovém Useku Zabfeh na Moravé - Krasikov v Urovni projektu
stavby. Optimalizace tratového Useku patfi ke stavbam budovanym v ramci
modernizace zZeleznicnich koridorl a vedeni trasy v tunelu umoziuje zlepseni
jizdnich parametri pfipojné vétve Il. koridoru.

Projektovou dokumentaci zpracovala firma ILF Consulting Engineers, s. 1. 0.,
jako subdodavku pro firmu SUDOP Praha, a. s. Projekt predpoklada razbu

INTRODUCTION

This paper deals with the technical solution of double-rail tunnels lying on the
Zabreh na Moravé - Krasikov track section. The solution has been developed at
a final design level. The pr(?ec_t of this track section upgrading is one of the
projects being implemented within the scheme of modernisation of railway
corridors. The track alignment passing through tunnels allows the improve-
ment of driving parameters on the given branch line of the Corridor Il.

The design documents have been eve/%ped by ILF Consuting Engineers, s.r.o.
as a subcontract for SUDOP Praha, a.s. The design assumes the excavation of

ZAKLADNi PARAMETRY PROJEKTOVANYCH TUNELU BASIC PARAMETERS OF THE TUNNELS UNDER DESIGN
Popis Hnévkovsky I. Mala Huba Description Hnévkovsky |. Mala Huba
Délka tunelu 180 m 324 m Tunnel length 180 m 324 m
RaZenéa ¢ast + Zelva 132 m 300 m Mined section + “Turtle” section 132 m 300 m
Hloubena ¢ast 36+12=48m 12+12=24m Cut-and-cover section 36+ 12=48m 12+ 12=24m
Podélny sklon 0,24 %o - 0.89 %o 4,221 %o Longitudinal gradient 0,24 %o - 0.89 %o 4,221 %o
Polomér smérového oblouku 754 m 850 m Radius of horizontal curve 754 m 850 m
Polomér vyskového oblouku 11 000 m - Radius of vertical curve 11000 m -
Vlyska nadloZi 6-12m 6-40m Overburden depth 6-12m 6-40m

obou tunell s pouzitim NRTM. Projektova dokumentace zohlednuje poZzadavky
navrhu nové normy CSN 737508 Zelezni¢ni tunely i nové prepracovanych
technickych kvalitativnich podminek staveb Ceskych drah CD TKP 20 Tunely.

INZENYRSKOGEOLOGICKE POMERY

Tunel Hnévkovsky .

Trasa tunelu prochazi pod jiznim vybézkem vrchu Plechovec. Nadmofiska
vy$ka povrchu terénu v trase tunelu kolisa od 298 m n. m. do 325 m n.m. (viz
obr. 1). Horninovy masiv tvofi proterozoické metamorfované horniny zabrez-
ského krystalinika. Z petrografického hlediska se v horninovém masivu vysky-
tuji kvarcitické ruly, pararuly a fylity. Horniny v oblasti ovlivnéné razbou jsou
z vetsi Casti navétralé, pouze pfi povrchu a v okoli tektonickych linii misty
mirné zvétralé. Pukliny nepravidelné a vSesmérné rozpukaného masivu jsou
pfevéainé seviené.

Z hydrogeologického hlediska patii zabrezské krystalinikum k jednotkam
s puklinovymi vodami velmi malych vydatnosti. Jiz pomérné mélce pod povr-
chem jsou pukliny seviené a prakticky nepropustné. Vyjimku tvofi pouze
tektonicky poruSené zony. Vyznamnéjsi pfitoky do tunelu Ize pfi razbé ocekévat
pouze v oblastech rozsahlejSiho tektonického poruseni horninového masivu
a v priportalovych usecich, kde vydatnost pfitok( pfimo zavisi na mnozstvi
atmosférickych srazek a mize se pohybovat az v jednotkach I.s™.

Tunel Mala Huba

Trasa tunelu prochazi pod severnim vybézkem vrchu Mald Huba s nadmofr-
skou vyskou 415 m n.m. (viz obr. 2). Terénni elevace je soucasti ¢lenité
Zabiezské vrchoviny, kterd je v téchto mistech ze severu ohranicena prilo-
movym Udolim feky Moravska Sazava. Patu skalniho vybézku feka obtéka ze
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Obr. 1 Tunel Hnévkovsky |. - stavajici situace s vyznacenim projektovaného tunelu
Fig. 1 The Hnévkov | tunnel - existing layout with the designed tunnel

the two tunnels to be carried out by the NATM. The design documents respect
the requirements contained in the new standard CSN 737508 “Rail tunnels”
and newly rgwsed technical and quality specifications for Czech railway con-
structions “CD TKP 20 Tunely”.

ENGINEERING AND GEOLOGICAL CONDITIONS

Hnévkov | Tunnel ) )
The tunnel route passes under a southern spur of Plechovec Hill. The terrain
surface altitude along the tunnel route varies from 298 m a.s.l. to 325 m a.s.l.
(see Fig. 1). Proterozoic metamorphic rocks of the Zahfeb crystalline complex
form the surrounding rock mass. In petrographical terms, quartzite gneiss,
paragneiss and phylites are found in the rock mass. The rock encountered wit-
hin the area affected by the tunnel excavation is mostly little weathered, while
moderately weathered rocks are found locally, near the surface and in the
vicinity of tectonic lines only. Failure cracks in the irregularly and omnidirectio-
nally broken massif are mostly tight. . .
In terms of hydrpgeolo , the Zdbreh crystalline complex belongs among units
with very low yield of fissure water. Fissures are tﬂht and virtually imperme-
able already at a rather shallow depth under the surface. Tectonically disturbed
zones are the only exceptions. More significant inflows into the tunnel during
the excavation work can be expected in areas of more significantly disturbed
rock and in the vicinity of portals only, where the intensity of inflows is directly
depengent on the volume of rainfalls. It can vary within the order of litres per
second.

The Mala Huba Tunnel

The tunnel alignment passes under the northern spur of Mala Huba Hill with
an altitude of 415 m a.s.l. (see Fig. 2).This terrain elevation is part of the dis-
sected Zabfeh Upland, which is bordered on the north of the given location by
the Moravska Sazava River fault gap. The river flows around the rock spur on

Obr. 2 Tunel Mala Huba - stavajici situace s vyznacenim projektovaného tunelu
Fig. 2 The Mala Huba tunnel - existing layout with the designed tunnel
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zépadu, severu a vychodu. Udolni niva lezi v nadmofské vysce 316 az
317 m n. m. Horninovy masiv je v trase tunelu budovan proterozoickymi
metamorfovanymi horninami zébrezského krystalinika, které jsou zastoupeny
prevazné fylity. Z petrografického hlediska jsou v masivu zastoupeny kromé
fylitd i svory, metadroby, metaprachovce a metapelity. Pfevazujici muskovi-
ticko-biotitické fylity se na lokalité vyskytuji v rliznych odstinech Sedé az Sedo-
zelené barvy. Horniny maji vyvinutou vyraznou foliaci. Smér a sklon foliaénich
ploch se vsak ¢asto méni, coz je zplsobeno provrasnénim hornin. Vzdalenost
foliaénich ploch se méni od 3 do 10 mm. Horniny jsou nepravidelné a vSe-smér-
né rozpukané, pukliny jsou prevéiné seviené, casto vyplnéné oxidy Zeleza.
V okoli nékterych tektonickych poruch jsou horniny porusené az podrcené,
v ojedinélych poruchach byly dokumentovany i polohy tektonického jilu moc-
nosti az 0,4 m. Z hlediska pevnosti pfevazuji v masivu horniny se stfedni az
vysokou pevnosti tfidy R3 a R2. V jejich nadloZi, v zoné silné zvétralych, silné
rozpukanych a rozvolnénych hornin pak pfevazuji horniny s velmi nizkou az
nizkou pevnosti tfidy R5 - R4. Obecné Ize horninovy masiv v trase tunelu hod-
notit podle stupné zvétrani jako navétraly az zdravy a v blizkosti vychodniho
portalu navétraly az slabé zvétraly. Smérem k vychodnimu portalu se
v nadlozi metamorfovanych hornin zachoval relikt kfidovych sedimentl
v podobé piscitych slinovcd, které nezasahuji do prostoru budouci razby.

SMEROVE A VYSKOVE VEDENIi TRASY

Jako podklad pro vypracovani stavebni ¢asti objektu slouzilo dfive navriené
smérové a vyskové feSeni trasy. Oba tunely lezi ve smérovych obloucich,
které jsou vzhledem k vynalozenym investi¢nim nakladim nové budovanych
tunell a predpokladané Zivotnosti dila relativné malych polomérd. V pfipadé
tunelu Hnévkovsky 1. je polomér smérového oblouku R = 754 m, u tunelu Mala
Huba pak R = 850 m. Vzhledem k navrhové rychlosti 160 km/h a malému polo-
méru smérovych obloukd je nutno provést rozSifeni profilu tunelu.
Minimalizace plochy pfiéného fezu tunelu je docileno odsazenim osy tunelu
od osy koleji o 160 mm. Geometrické parametry tunelu jsou patrné ze vzoro-
vych pricnych fezl (viz obr. 3 a 4). Stupen rozpracovani projektové dokumen-
tace v dobé zahajeni praci na stavebni Casti tunelu jiz neumoznoval provést
korekci navrzeného smérového a vyskového feseni.

Z hlediska sklonovych poméru klesa v pripadé tunelu Hnévkovsky I. trat ve
sméru staniceni spadem 0,24 %o aZ 0,89 %o0. Nedostatecny sklon zna¢né kom-
plikuje situaci pfi odvodnéni tunelu a zvySuje néroky jak pfi vystavbé (pres-
nost provadéni tunelovych drendzi), tak zejména po celou dobu Zivotnosti
tunelu, kdy Ize vzhledem ke slozitosti odvodriovaciho systému ocekévat zvySené
riziko sedimentace jemnych ¢astic v potrubi. V pfipadé tunelu Malad Huba je
situace o malo lepsi a sklon 4,221 %o se z hlediska odvodnéni pohybuje tésné
nad poZzadovanym minimem, které ¢ini v zastizenych inZenyrskogeologickych
podminkach 3 %o.

POPIS KONSTRUKCNIHO RESENI

Na zakladé pozadavku investora byl tvar pficného fezu tunelu feSen podle
navrhu novely normy CSN 73 7508 Zelezniéni tunely, kterd definuje nové
poZadavky na prostorové usporadani pficného fezu tunelu a v dobé zpraco-

PrevySeni 127 mm
Rail superelevation of 127 mm

Trakéni vedeni
Overhead contact systems

Osténi tunelu Zelezobeton
odolny proti prisaku vody
Final lining waterproofing
reinforced concrete ¢ 25/30

Pojistny prostor 300 mm
Safety space 300 mm

Madlo
Handrail

Stérkove loze
Gravel Bed

A Suchovod K / Hean
Vyplfiovy beton h abelovy multikanal
Cy‘F/),5/1\£)y Fire duct Cable multichannel
Concrete fill s - -
C 7,510 Sachta na Gisténi drenaze

Definitivni osténi el @0 Sl

Zelezobeton C 25/30
Final lining reinforced
concrete ¢ 25/30

Odvodnéni stérkového loze
Rail bed dranaige

Obr. 3 Vzorovy pficny fez - hloubeny tunel se zachrannym vyklenkem
Fig. 3 Typical cross section - cut and cover tunnel with a safety recess

the west, north and east. The river plain lies at an altitude of 316 to 317 m a.s.|.
The rock mass along the tunnel route consists of proterozoic met_amolgph/c
rocks of the Zahfeb crystalline complex represented mostly by phylites. From
the petrographical point of view, also mica schists, metagreywacke, metasilt-
stones and metaphylites are present in the massif. Prevailing muscovite-bioti-
tic phylites are found in this location in various shades of grey to grey-green
colour. The rocks have developed marked foliation. The direction and dip of the

lanes of foliation change very frequently as a result of the rock mass folding.
The distance of the planes of foliation varies from 3 to 10 mm. The rock mass
is fractured irregularly and omnidirectionally, cracks are mostly tight, often
filled with iron oxides. In the vicinity of some fault zones the rock mass is dis-
turbed, even broken. In isolated cases, even interbeds of tectonic clay up to 0.4 m
thick have been documented. In terms of strength, rock types of medium to
high strength classes R3 and R2 prevail in the massif. Their cover, i.e. the layer
of heavily weathered, heavily fractured and loosened rock, consists mostly of
rock types with very low to low strength of R5 - R2 classes. In general, in terms
of the degree of weathering, the rock mass along the tunnel alignment can be
assessed as little weathered to sound, while little to moderately weathered rock
is found in the vicinity of the eastern portal. A relict of Cretaceous sediments in
a form of sandy siltstones remained in the overburden in the direction towards
the eastern portal. It does not extend to the area of the future excavation.

HORIZONTAL AND VERTICAL ALIGNMENT

An in advance elaborated design of horizontal and vertical alignment of the
route was used as a basis for the development of the design for the civil part of
the construction. Both tunnels are located on horizontal curves, whose radii are
relatively small. If we consider the capital expenditures to be §pent on the
newly built tunnels and the expectation of life of the structures. The radius of
the directional curve on the Hnevkov | tunnel and the Mala Huba tunnel is 754 m
and 850 m respectively. Due to the design Sf)eed of 160 km/h and the small dia-
meter of the directional curves, the tunnel cross section has to be enlarged.
A minimisation of the tunnel cross section was achieved by offsetting the tunnel
axis from the rail track centre line by 160 mm. Geometrical parameters of the
tunnel are shown in typical cross section drawings (see Fig. 3 and 4).
The high degree of completion of the design at the moment when the work on
the civil part of the tunnels was started did not allow corrections to be made in
the horizontal and vertical alignment design. .
Regarding the gradient, the track in the Hnévkov | tunnel descends in the
direction of chainage at a 0.24 %o to 0.89 %o.g,rade. This insufficient gradient
complicates the situation in terms of the possibility of its draining significantly.
It increases the demands both in the construction period (preciseness of the
drainage laying operations) and, above all, throughout the tunnel life period
when the risk of fine particles sedimentation in the pipeline due to the comple-
xity of the drainage system increases. The situation is slightly better on the
Mala Huba tunnel. Its gradient of 4,221 %o hovers, in terms of the drainage, just
above the minimum required, i.e. 3 %o for the engineering and geological
conditions encountered.

DESIGN DESCRIPTION

Based on client’s requirement, the tynnel cross section was designed_in accor-
dance with a_draft revision of the CSN 73 7508 “Railway tunnels”. This draft
standard revision defines new requirements for the configuration of a tunnel
cross section. The draft had been approved by the Czech Standardisation
Institute neither before nor during the design development. The structure has

Mezilehla izoalce véetné podkladni vrstvy jemnozrmného
stfikaného betonu tl 30 mm a ochranné geotextilie 500 g/m*
Waterproofing membrane plus fine graned shotcrete underlay.
Thiknes 30 mm plus pretective geotextile 500g/m’

Trakeni vedeni
Overhead contact systems Osténi tunelu Zelezobeton C 25/30
Final lining reinforced

concrete ¢ 25/30

Obrys teoretického

lice vyrubu

Theoretical

excavation line

Pajistny prostor 300 mm
Safety space 300 mm

T

TR

Madlo
Handrail

Stérkove loze
Gravel Bed

Suchovod

Fire duct Kabelovy multikanal

Cable multichannel

Vypliiovy beton

C 7,510

Concrete fill Definitivni osténi

C 7,5/10 Zelezobeton C 25/30
Final lining reinforced
concrete ¢ 25/30

Podélne odvodnéni tunelu
PVC DN 200 splochym dnem
Longitudinal tunnel drainage
PVC DN 200

with flat-bottom profile

Obr. 4 Vzorovy pficny fez - razeny tunel
Fig. 4 Typical cross section — mined tunnel
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vani dokumentace je$té nebyla schvalena Ceskym normalizanim institutem.
Konstrukce je navrzena tak, aby vyhovovala sdruzenému tunelovému pru-
jezdnému prlfezu pro elektrizovanou trat. Zasadni zménou ovliviujici veli-
kost plochy vyrubu, kterou novelizovana norma pfinasi, je zvétSeni pojistného
prostoru z pGvodnich 150 mm na 300 mm. K dal$im parametrim uréujicim
rozméry tunell patfi vyska prdjezdného prifezu 6 m a vzdalenost os koleji
4 m. Minimalni rozdil velikosti smérovych obloukd, a tim i pfevyseni koleji
umoznil pro oba tunely navrhnout totozny tvar konstrukce. Mala délka obou
tunell i pfizniva vzdalenost staveb nabizeji pfi betonazi definitivniho osténi
moznost pouziti jediného bedniciho vozu. Konstrukci tunelu razeného NRTM
tvofi primérni a sekundarni osténi s mezilehlou izolaci. Revidované TKP 20
nepfipoustéji u novostaveb Zelezni¢nich tunell prGsaky vody osténim.
Hydrogeologické poméry zajmového Uzemi umoziuji zajistit poZzadovanou
tfidu vodotésnosti systémem ,destnik”, a mezilehla plastova izolace je proto
navriena pouze v oblasti horni klenby tunelu. Voda je svéddéna k opéfi
a pomoci podélné tunelové drenaze dale k vyjezdovym portalim tunelG.
Maly podélny sklon tunelu Hnévkovsky I. neumoziuje odvadéni vody k por-
talu prubéznou podélnou drenazi. Nedostatecny spad je v pripadé bocni
drenaze feSen podélnym ,zazubenim” se sklonem vétsim neZ sklon traté.
Omezené prostorové moznosti za rubem definitivniho osténi v oblasti patek
umoziuji ndvrh minimalniho sklonu drenaze 3 %o pouze na vzdéalenost max.
24 m. To vede k zdvojnasobeni poctu Sachet na Cisténi drenéze, které jsou
umistény jak v kazdém zachranném vyklenku, tak i v prostoru kolejité v ose
tunelu. V misté Sachet je voda svedena pfi¢nou drenézi do stredni tunelové
stoky, jejiz sklon nekoresponduje se sklonem traté, a v podélném sméru
dochazi k jejimu zahloubeni az na uroven spodni klenby tunelu. Pidorysné
schéma odvodnéni je uvedeno na obr. 5.

Odvodnéni tunelu Mala Huba podélnou drenazi umoziuje odvedeni vody
z bocnich drendzi i stredni tunelové drenéze v jednotném sklonu k vyjezdovému
portalu tunelu. Oba systémy nejsou propojeny a stiedni tunelova drenaz slouzi
pouze k odvedeni vody pouzité napf. pfi zdsahu pozarnikd v tunelu.

Tloustka primarniho osténi ze stfikaného betonu C16/20 se pohybuje v zavis-
losti na technologické tfidé vyrubu NRTM od 150 mm do 250 mm.
Sekundarni osténi razenych Usekl z betonu C25/30 ma minimalni tloustku ve
vrcholu klenby 350 mm. Smérem k opéfi se tloustka zvétSuje aZz na cca
600 mm. Osténi hloubeného tunelu (portalovych past) minimalni tloustky 600
mm tvoii Zzelezobetonova konstrukce z betonu C25/30 odolného proti priisa-
kim vody. Betonaz konstrukce definitivniho osténi probiha po blocich délky
12 m do bedniciho vozu. Tunel Hnévkovsky |. je navrZen v celé délce se spod-
ni klenbou. Stabilitu stfedni ¢asti tunelu Mala Huba, razené v technologické
tridé vyrubu lll., zajistuje klenba definitivniho osténi zaloZena na patkach.
V ostatnich ¢astech tunelu je osténi navrzeno se spodni klenbou. V razené ¢asti
tunelu spojuje horni klenbu a spodni klenbu (resp. patky) kloubovy styk.
Portalové pasy tvofi ramova konstrukce s vetknutim horni a spodni klenby,
kterd lépe pfenasi nesymetrické zatizeni zpétnym zésypem.

K normou pozadovanym bezpecnostnim prvkum, které ovliviuji konstrukéni
feSeni, patri zachranné vyklenky umisténé v rastru 24 m (v kazdém druhém
tunelovém pasu). V misté vyklenkd jsou situovany dalsi prvky vybaveni tunelu.
Jednd se zejména o kabelove Sachty, Sachty na C¢iSténi drendze,
svételny a zasuvkovy okruh, hydranty pozarniho vodovodu nebo body pro
méfeni Ucinkd bludnych proudu. Pro zvyseni bezpecnosti pracovniki prova-
déjicich kontrolu tunelu slouzi kromé zachrannych vyklenkd pevna pochozi
stezka situovand na obou stranach tunelu. Osoby v tunelu jsou béhem
pochizky vystaveny Uucinkim pistového efektu projizdéjiciho vlaku.
Nezbytnou oporu poskytuje v této situaci madlo upevnéné k osténi ve vysce
1,1dm ngd trovni stezky. Pod drovni stezky vedou kabelové kanaly a pozarni
vodovod.

HLOUBENE USEKY TUNELU

Portalové Useky tuneld tvofi vyznamny krajinotvorny prvek a jejich feseni
vyzaduje citlivy pfistup jak z hlediska tvaru konstrukce, tak pouzitych materialt.
Proto jsou portalové svahy a zarezy pred tunelem stabilizovany gabionovymi
zdmi, které diky pfirodnimu materialu konstrukce |épe odpovidaji razu krajiny.
Pro posouzeni z estetického hlediska slouzi pocitacové 3D modely Gzemi, na
zékladé kterych je vytvorena vizualizace. Vizualizace uvedené na obrazcich
6 az 9 znazornuji umisténi stavby v krajiné i napojeni tunelu na mostni kon-
strukci pred portalem.

Oba tunely vchazeji do hory pod ostrym uhlem. Rozsah hloubenych useku
limituje takova vyska nadloZi, ktera zajiStuje moznost vytvoreni dostate¢né
Unosného horninového prstence v okoli vyrubu. U §ikmého vedeni trasy vznika
v pripadé hloubenych usekd problém nesymetrického zatizeni osténi, které
nepfiznivé ovliviiuje priibéhy vnitfnich sil a deformaci, zvySuje naroky na
dimenze osténi, a tim i celkovou cenu dila (viz obr. 10). Material zpétnych
zasypU je zpravidla vyrazné horsich geotechnickych parametrl nez stavajici
rostla hornina a neni schopen spolu s osténim plnit nosnou funkci. Pisobi
pouze jako opora s obtizné stanovitelnymi geotechnickymi parametry a ves-
keré zatiZeni pfenasi osténi hloubeného tunelu.

Z uvedenych ddvodi bylo v pribéhu projektu snahou zpracovatelti minimali-
zovat délku hloubenych usekd a nalézt takové reseni, které by v maximalni
mozné mire vyuzilo nosné funkce horninového masivu. K tomu pfistupoval
i poZzadavek omezeni rozsahu zemnich praci v obtizné rozpojitelném hornino-
vém prostiedi. Na vjezdovém portalu tunelu Hnévkovsky I. dosahuje délka
hloubené ¢asti 36 m, na ostatnich tfech portalech je rozsah hloubenych ¢asti
omezen pouze na portalové pasy délky 12 m. U vyjezdovych portall je pro-
blematika nizkého nadloZi feSena pouZitim metody ,zelva” (viz obr. 11).
Vlystavba vjezdového portélu tunelu Mald Huba je ztizena skute¢nosti, Ze kon-
strukce portalového pasu pfimo navazuje na nové budovany most pres feku
Moravskou Sazavu. Pfistup k portalu | vzajemné koordinace obou staveb
bude klast zvy$ené naroky na plan organizace vystavby i vlastni provadéni.

USEKY RAZENE POD OCHRANOU KLENBY

Useky tunelu s nizkym nadloZim je mozno budovat v oteviené stavebni jamé

been designed to suit the combined tunnel clearance profile prescribed for
electrified tracks. A fundamental chan%e affecting the dimensions of the exca-
vated cross section brought about by the revised standard is an increase in the
safety margm size from the original 150 mm to 300 mm. The clearance height
of 6 m and track centre distance of 4 m are another parameters def{.nlr}g the
dimensions of the tunnels. The minimum difference between the radii of hori-
zontal curves and between the superelevations of the tracks allowed an identi-
cal shape of the structure to be designed for both tunnels. The short length of
both tunnels and favourable distance between the two construction sites offer
a possibility of applying a single mobile shuttering set for the casting.
The structure of the tunnel excavated by the NATM consists of primary and
secondary liners with intermediate waterproofing. o
The revised specifications TKP 20 do not allow any leakage through the lining
for newly built rail tunnels. Hydrogeological conditions within the area in ques-
tion allow an application of an “umbrella” system ensuring achievement of the
watertightness class required. Therefore the intermediate watertight jacket was
designed for the area of the tunnel vault. Water is diverted to the side wall areas
and further, through lateral tunnel drainage, to the tunnel exit portals.

The small longitudinal gradient of the Hnévkov | tunnel does not allow water to
be diverted towards the portal through a continuous longitudinal drainage. The
lack of gradient in the side drainage has been resolved by a longitudinal
“indentation” having its bottom gradient greater than that of the track.
The limited space available behind the final lining in the springing area allows
the minimum drainage gradient of 3 %o to be designed for a maximum distance
of 24 m only. As a result, the number of drainage inspection shafts had to be
doubled. The shafts are located both in each safety recess and on the tunnel
centre line. Water is conveyed from each shaft to the central tunnel conduit
through transversal drains. The gradient of the conduit does not correspond
with the track gradient. The conduit continually deepens in the longitudinal
direction, down to the tunnel invert level. The drainage layout is shown in Fig. 5.
The longitudinal drainage system in the Mala Huba tunnel allows evacuation of
water through side drains and a central drain to the tunnel exit portal. All dra-
ins are laid at a uniform gradient. The two sub-systems are not interconnected.
The central drain is to be used for the evacuation of water needed for example
for a fire suppression purpose. ) ) . .

The thickness of the C16/20 shotcrete primary liner varies, depending on the
NATM excavation class, from 150 mm to 250 mm. .
Secondary lining of mined sections is made of C25/30 concrete. Its minimum
thickness at the crown is 350 mm. The thickness grows towards the arch sprin-
ging up to 600 mm. The minimally 600 mm thick lining of the cut-and-cover tun-
nel (portal sections) is a reinforced concrete structure built usmg C25/30 water-
reta/nmg concrete, The final lining casting is carried out in blocks, by means of
a 12 m long moving shutter. The Hnévkov | tunnel design contains an invert
structure for the entire length. The stability of the central part of the Mala Huba
tunnel, which is driven in excavation class Ill, is secured by a final lining vault
restm? on springers. A tunnel lining with invert has been designed for the other
tunnel parts. Hinge joints connect the tunnel vault and invert (i.e. the springers)
in the mined section. The portal sections consist of a frame structure with hin-
geless joints between the upper vault and invert. This design carries better the
asymmetric loading by the backfill. )

Safety recesses required by the standard, located in every other block at 24 m
spacing, also affect the design. Also other elements of the tunnel equipment
are situated close to the recesses, i.e. cable shafts, drainage inspection shafts,
lighting and receptacles installation, fire hydrants or stray current effect mea-
surement points. Apart from the recesses, permanent emergency walkways
leading along either side of the tunnel help enhance the safety of the tunnel
checking staff. Persons walking in the tunnel are exposed to the piston effect
induced by passing trains. A handrail fixed to the tunnel liner 1.1 m above the
walkway level ﬁrowdes the support necessary. Cable ducts and the fire main
are led under the walkway level.

CUT-AND-COVER TUNNEL SECTIONS

Portal sections of tunnels are a significant landscape feature. Therefore their
design requires a sensitive attitude both in terms of the structure’s shape and
materials used. For that reason the ﬁortal slopes and cuts in front of the tunnel
are stabilised by gabion walls, which better correspond with the landscape cha-
racter thanks to the natural material used for their construction. Computer visu-
alisation developed on the basis of 3D models of the area is used for assessing
the aesthetic impression. The visualisations shown in figures 6 to 9 depict the
positioning of the construction in the landscape and the connection of the tun-
nel to the bridge structure in front of the portal.

Both tunnels enter the mountain at an acute angle. The length of cut-and-cover
sections is determined by the thickness of the overburden, which must allow
the creation of a rock ring around the underground opening having a sufficient
load bearing-capacity. At an alignment coming to the mountain at an angle,
a problem exists in cut-and-cover solutions consisting in asymmetric loading of
the lining. The assymetry affects negatively the curves of internal forces and
deformations, increases the requirements for the dimensions of the lining and,
consequently, results in a higher total cost (see Fig. 10). Geotechnical parame-
ters of the backfill material are usually worse than those of the existing natural
rock, therefore the backfill is not capable of bearing the loads jointly with the
liner. It acts as a support only, whose geotechnical parameters are hard to
determine. The whole load is carried by the cut-and-cover tunnel’s lining.

For the above reasons the designers’ effort was to minimise the cut-and-cover
section length and find such a solution which would make maximum possible
use of the load-bearing function of the rock mass. This idea was also supported
by a requirement to _reduce the scope of earthwork in the hard-to-disintegrate
rock environment. The cut-and-cover section of the Hnévkov I tunnel is 36 m
long at the entrance portal side, while the extent of the other three cut-and-
cover sections is limited to 12 m long portal blocks. The issue of the shallow
overburden at exit portals has been resolved by the application of the “Turtle”
method (see Fig. 11). ) .

The construction of the Mala Huba entrance portal is made more difficult by the
fact that the portal block structure directly links to a newly built bridge over the
Moravska Sazava River. The access to the portal and co-ordination of the two
construction sites will put increased demands on both the construction organi-
sation plan and the work execution proper.

SECTIONS EXCAVATED UNDER THE PROTECTIVE ARCH

Tunnel sections where a shallow cover exists can be built in an open cut or they
can be driven applying special measures, bearing a lower or higher risk of the
overburden collapsing. Since neither buildings nor utility services are found
above the tunnels, no special technological procedures had to be designed and
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Obr. 5 Pidorysné schéma odvodnéni tunelu Hnévkovsky I.
Fig. 5 Ground plan of the drainage in the Hnévkov | tunnel

Obr. 6 Vjezdovy portal tunelu Hnévkovsky .
Fig. 6 The entrance portal of the Hnévkov I tunnel

Obr. 7 Vyjezdovy portal tunelu Hnévkovsky I. - zpevnéni portalového svahu
gabionovou zdi

Fig. 7 The exit portal of the Hnévkov | tunnel - the portal slope supported
by a gabion wall

Obr. 8 Vjezdovy portél tunelu Mala Huba - napojeni tunelu na most pres
Moravskou Sazavu

Fig. 8 The entrance portal of the Mala Huba tunnel - the connection of the
tunnel to the bridge over the Moravskéa Sazava River

Obr. 9 Vlyjezdovy portél tunelu Mald Huba - zajisténi zafezu gabionovou zdi
Fig. 9 The exit portal of the Mala Huba tunnel - stabilisation of the cut by
a gabion wall

Pricny fez, stani¢eni v km 33,840 - kolej ¢. 1
Cross section, chainage km 33,840 - track No. 1
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Obr. 10 Stavebni jama - nesymetricky zasyp konstrukce hloubeného tunelu
na vjezdovych portélech

Fig. 10 Construction pit — asymmetric backfilling of the cut-and-cover tunnel
structure at entrance portals
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lunel

nebo razit za zvlatnich opatfeni s vétsim éi mensim rizikem prolomeni nadloZi.
Vzhledem k tomu, Ze se v nadlozi tunelG nenachazeji objekty ani inZzenyrské
sité, nebylo nutno navrhovat zvlastni technologické postupy a vynakladat
dalsi financni prostfedky k razbé tunelu hornickym zplisobem. Vysoka pev-
nost a obtizna rozpojitelnost horninového masivu vedla k pozadavku snizeni
objemu zemnich praci. Metoda ,Zelva”, navriena na vyjezdovych portalech
obou tunell, umoznuje snizit hloubku stavebni jamy na Uroven kaloty tunelu
se véemi vyhodami, které tato skutecnost pfinasi (snizeni objemu vykopu
a zasypu, zajisténi svahl stavebni jamy, statické chovani konstrukce osténi
apod.). AZ do urovné vrcholu klenby budouciho tunelu probihd odtéZovani
stavebni jdmy bez omezeni a zvlastnich opatreni. Sklony jamy jsou navrieny
v souladu s geotechnickymi parametry zemin, resp. hornin v dané lokalité.
Pod drovni vrcholu klenby zaéind odtéZovani se soucasnou Upravou vykopu
do tvaru klenby tunelu. Hornina tvofi pfirozené bednéni klenby ,Zelvy”. Pfed
zahéjenim razby je konstrukce ,Zelvy” zasypéna a povrch uzemi je mozno
upravit do definitivni podoby. Razba probiha nasledné pod ochranou klenby.
Kromé jiz popsanych vyhod umoZniuje metoda poufZiti stejnych technologic-
kych postupu a zafizeni jako v razeném tunelu, vcetné tak nakladného
zafizeni, jakym je bednici vuz.

USEKY TUNELU RAZENE NRTM

Po prostudovani vysledkd inzenyrskogeologického prizkumu byly razené
useky roz€lenény do technologickych tfid vyrubu NRTM. Kazda technologicka
tfida vyrubu presné definuje zplsob ¢lenéni vyrubu, délku zabéru a zpusob
zajisténi stability vyrubu po Cas razby. Délka Useku se stejnou technologickou
tfidou i jeho poloha zavisi zejména na kvalité horninového prostiedi, vysce
nadloZi a vzdalenosti od portalu. Dobra kvalita horninového prostredi umoz-
fiuje s vyhodou pouzit hydraulicky upinatelné svorniky (HUS). Pouze v oblasti
portalu v technologické tridé vyrubu V. probiha stabilizace vyrubu kotvami SN
délky 4 m osazovanymi do vrtu s cementovou zalivkou, jejichz vlastnosti lépe
vyhovuji predpokladanému zplsobu poruseni masivu.

Pozadavky na obsah_projektové dokumentace i zplisob provadéni definuji
spolu s vyhlaskami Ceského bafiského Gfadu i zcela prepracované TKP 20
(zpracovatel ILF Consulting Engineers). Razba probiha u obou tunell od vyjez-
dového portélu s tim, Ze na vjezdovém portalu je proveden zarodek kaloty
a déle v kaloté vyraieno cca 10 m tunelu, aby prorazka probihala v hofe.
Upfesnéni technologického postupu a zplsobu zajisténi vyrubu provadi
primo na stavbé odpovédni zastupci stran zG¢astnénych na vystavbé. Zmény
maji zasadni vliv na ekonomicky vysledek celé stavby tunelu. Podil ¢innosti
spojenych s razbou a zajisténim vyrubu na celkové cené ukazuje nésledujici
gra]‘ (viz obr. 12). V obdobném poméru je i mira zodpovédnosti za pfipadné
zmeény.

Jako pfiklad je pouzit jiz realizovany tunel Veprek, jehoZ parametry (tvar pfic-

no other costs Sﬁent on the tunnel driving carried out by mining methods.
The high strength and difficult way of disintegration of the rock mass resulted
in a requirement that the earthwork volume be reduced. The “Turtle” method
designed for the exit portals of both tunnels allows a reduction of the con-
struction pit depth to the level of the tunnel calotte, with all advantages brought
about by this method (reduced volume of excavation and backfill, support of
the pit slopes, improved behaviour of the lining structure in terms of statics
etc.). The excavation of the construction pit progresses without restrictions and
special measures down to the level of the crown of the future tunnel. The ang-
les of the pit slopes have been designed to comply with the geotechnical para-
meters of the ground or rock in the given location. Under the vault crown level,
the excavation is carried out in another manner, forming a “rock mould” having
the shape of the future tunnel vault. Eventually, a “turtle mail”, i.e. the tunnel
vault is cast on this natural formwork. The vault is backfilled before the tunnel
excavation proper starting, then the ground surface can be restored. The tunnel
excavation is carried out subsequently, under the protection of the vault.
In addition to the above advantages, there is another feature of this method
consisting in the possibility to use the same technological procedures and equ-
ipment as for the mined tunnel section, including such costly equipment as the
mobile shuttering.

THE NATM DRIVEN TUNNEL SECTIONS

When the engineering and geological investigation results study had been
finished, the sections fo be mined were divided into NATM excavation techno-
logical classes. Each technological excavation class defines exactly the way of
the excavation sequencing, the round length and the method of the excavation
supporting during the excavation operations. The length and position of a sec-
tion for which a particular technological excavation class is defined depend
primarily on the rock environment quality, the cover thickness and the distance
from the portal. Good quality of the rock environment allows taking advantage
of the utilisation of hydraulic expansion shell rockbolts. SN anchors are used
for the stabilisation of the portal area excavation only, i.e. for technological
excavation class_V. Anchors 4 m long are inserted into boreholes filled with
cement mortar. Their properties suit better the expected manner of the rock
mass failure. ) .

Requirements for the content of the design documentation and for the con-
struction method are defined, apart from the r%gulatlons issued by the Czech
Bureau of Mines, also_by completely revised TKP 20 (elaborated by ILF
Consulting Engineers). The excavation of both tunnels starts from the exit por-
tals, with germs of top heading followed by 10 m of top heading excavation
carried out at the entrance portals so that the breakthrougs take place inside the
mountain. The technological procedure and the manner of the excavation sup-
porting are refined on the job site by responsible representatives of the project
participants. The modifications have an essential influence on economic results
of the overall tunnel project. How the activities related to the excavation and
excavation support account for the total tunnel construction cost is shown in
the following chart (see Fig. 12). The extent of responsibility for contingent
changes follows a similar distribution pattern.

ZASTOUPENI TRID VYRUBU V TUNELECH

DISTRIBUTION OF EXCAVATION CLASSES IN THE TUNNELS

Trida vyrubu V. IV. M. Zelva Excavation class V. IV. Il Turtle
Mala Huba 64 [m] 44 [m] 168 [m] 24 [m] Mala Huba 64 [m] 44 [m] 168 [m] 24 [m]
Hnévkovsky I. 60 [m] 36 [m] - 36 [m] Hnévkovsky . 60 [m] 36 [m] - 36 [m]

ného fezu, délka tunelu, zpUsob zajisténi vyrubu apod.) pfiblizné odpovidaji
popisovanym tuneldm. Uvedené hodnoty odpovidaji kontrolnimu rozpoétu
v urovni projektu stavby.

Tunel Hnévkovsky I.

V celé délce razeného Useku se jednd o pfipad tunelu provadéného s nizkym
nadlozim, jehoZ vy$ka se pohybuje v rozmezi od 6 do 12 m. Tomu odpovida
i zvoleny technologicky postup vystavby a zplsob zajisténi stability vyrubu.
RaZba probiha dovrchné proti sméru staniceni traté, tj. od zacatku razeného
useku v km 33,983 az do staniceni km 33,851. Pro vétsi prehlednost a moznost
snaz$i orientace v tunelu béhem stavebnich praci je osa tunelu stani¢ena ve
sméru razby v tunelovych metrech. Pocatek staniCeni je totozny se zacatkem
razeného uUseku.

Pro predpokladané geotechnické podminky byly stanoveny 2 zékladni tech-
nologicke tfidy vyrubu NRTM (TV-IV. a TV-V.). Technologicky postup praci
probiha podle zdsad NRTM. Stabilitu vyrubu pfi razbé kaloty zajistuje zpocatku
konstrukce Zelvy, ktera pIni funkci primarniho osténi. Razba jadra pod Zelvou
odpovida zdsadam platnym pro technologickou tfidu vyrubu V. Vzhledem
k zastizenym inzenyrskogeologickym pomeérim nelze provadét rozpojovani
hornin bez pouziti trhacich praci. Primarni osténi tvori stfikany beton se siti,
pfihradovymi nosniky a kotvami. Profil tunelu je horizontalné ¢lenén na kalotu,
jadro a poévu. V podélném sméru vzdalenost jednotlivych éeleb zavisi na
zastizenych geotechnickych podminkach a je urCena technologickou tfidou
vyrubu. Razba probiha dovrchné od vyjezdového portalu smérem k vjezdovému
portalu. Z hlediska odvodnéni po dobu vystavby je nutno zfizovat pracovni
jimky a vodu cerpat do usazovaci jimky pfed razenym portalem tunelu.
Prakticky nulovy podélny sklon tunelu neumoziiuje odvadét vodu samospa-
dem. Vzhledem k ocekdvanym malym pfitokim podzemni vody pljde zpravi-
dla o vodu technologickou, zejména z vrtani kotev a vrtl pro trhaci prace.
V technologické tfidé vyrubu V. zvySuje stabilitu pfistropi destnik z ,jehel”
(betonarska ocel & 25 mm délky 4 m) osazovanych do vrtl s rozteci 400 mm
v kazdém druhém zabéru. Navrzené opatieni rovnéz snizuje moznost vzniku
nadvyrubu, a tim i spotiebu stfikaného betonu na jejich vyplnéni. Trida vyrubu
IV. je uréena do stfedni ¢asti tunelu, tj. do oblasti s vy$§im nadlozim.

Tunel Mala Huba

Technologicky postup i princip vystavby odpovidéa zdsadam popsanym v ¢asti
tykajici se tunelu Hnévkovsky I. Vzhledem k vy$ce nadlozi, dosahujici az 40 m,
parametrdm horninového masivu a vétsi délce tunelu byl razeny usek
rozdélen do tfi technologickych tfid vyrubu. Doplnéna technologickd tfida
vyrubu Ill. je urcena do nejlepsich geotechnickych pomérd. Razba v tomto
Useku probihd bez provadéni spodni klenby a vyztuz priméarniho osténi
pfihradovymi rdmy je navrzena pouze v kaloté. To umoznuje spolu se zvétse-

The already completed tunnel Veprek, whose parameters (cross section shape,
tunnel length, excavation support method etc.) are roughly identical with those
of the tunnels described in this article, is used as an example. The values
stated correspond to a check estimate at the final design level.

The Hnévkov | Tunnel

This tunnel is along its overall length an example of tunnels excavated under
a shallow cover, whose thickness varies from 6 to 12 m. The technological pro-
cedure and the manner of the excavation support have been chosen to respect
this fact. The tunnel is excavated uphill, in the direction contrary to the track
chainage direction, i.e. from the starting point of the mined section at km
33.983 up to the chainage of km 33.851. For clearer arrangement and easier
orientation in the tunnel during the works execution, the tunnel chainage mea-
sured in metres of the tunnel follows the excavation direction. The chainage
beginning is identical with the mined section stan‘/nl__g 0int.

Two basic technological NATM excavation classes (EC-IV and EC-V) have been
used for the definition of the anticipated geotechnical conditions. The techno-
logical procedure corresponds to the NATM rules. The excavation stability
during the initial top heading excavation phase is secured by the “turtle”, i.e.
the vault, having the function of primary lining. The bench under the vault is
excavated according to the NATM rules valid for the technological excavation
class V. Due to the engineering and %eolqglcal conditions encountered it is
impossible to break the rock without Iast:ng. The primary lining consists of
shotcrete with mesh, lattice girders and anchors. The tunnel cross section is
divided horlgon_taj(l}/ into top heading, bench and invert. Longitudinally, the
distance of individual partial faces depends on the geotechnical conditions
encountered, and is determined by the technological excavation class.
The excavation is carried out uphill from the exit portal towards the entrance
portal. The evacuation of water during the works execution requires working
sumps to_be built with water being pumped from the sumps to a sedimentation
tank set in front of the mined tunnel portal. Virtually zero longitudinal tunnel
grade does not allow water to %rawtate out. The expected groundwater inflows
are small therefore water in the tunnel will usually come from technological
processes, mainly drilling for anchors and blasting. The crown stability in tech-
nological excavation class V is improved by spiles forming an umbrella (conc-
rete reinforcement bars 25 mm in diameter, 4 m long), inserted into boreholes
at 400 mm spacing in every other round. The designed measure also diminis-
hes the possibility of overbreaks and consequent consumption of shotcrete
used for backfilling of the voids. The excavation class IV is determined for the
central part of the tunnel, i.e. for the higher overburden section.

The Mala Huba Tunnel ) o

The technological procedure and the construction principle follow the rules
described above in the part concerning the Hnévkov I tunnel. Because of the
overburden depth reaching up to 40 m, the rock mass parameters and greater
length of the tunnel, the mined section of the tunnel was divided into three
technological excavation classes. The technological excavation class Ill added
is used for the best geotechnical conditions. This section is excavated without
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ZAKLADNI INFORMACE O TECHNOLOGICKYCH TRIDACH VYRUBU NRTM
BASIC INFORMATION ON TECHNOLOGICAL NATM EXCAVATION CLASSES

Popis Trida vyrubu llI. Trida vyrubu IV. Trida vyrubu V.
Description Excav. Class Ill Excav. Class IV Excav. Class V
Plocha vyrubu kaloty 57,978 m? 58,937 m? 59,903 m?
Top heading excavation cross section
Plocha vyrubu jadra 35,379 m? 35,598 m? 35,917 m?
Bench excavation cross section
Plocha vyrubu poévy 7.717 m? 19,005 m? 20,817 m?
Invert excavation cross section
Tloustka primarniho osténi 150 mm 200 mm 250 mm
Primary lining thickness
Délka zabéru v kaloté 20m 1,4m 1,0m
Top heading round length
Pouzité kotvy HUS,L=3m HUS,L=4m SN,L=4m
Anchors applied HES,L=3m HES,L=4m SN,L=4m
Vyztuz primarniho osténi 1 x sit, 2 x sit, 2 x sit,
Primary lining reinforcement ramy v kaloté rdmy h = 120 mm ramy h = 150 mm
h =100 mm
1 x mesh 2 x mesh 2 x mesh
girders at top heading lattice girders lattice girders
h =100 mm h =120 mm h =150 mm
Predpokladana deformace < 30 mm <40 mm < 50 mm

Anticipated deformations

nou délkou z&béru az na max. 2 m podstatné zrychlit razbu, a tim i sniZit
vyslednou cenu za metr vyrazeného tunelu.

ZAVER

PFi trasovani novych trati by bylo vhodné pfistupovat k navrhu trasy s védo-
mim, Ze tunely jsou stavby velmi ndkladné a maji sva specifika. Pfi rozhodo-
vani o umisténi tunelu zpravidla hraje zésadni roli cena, kterd odpovida délce
tunelu. Je v8ak otazkou, zda nejkratsi tunel predstavuje z hlediska dlouhodobé
perspektivy vidy tu nejoptimalnéjsi variantu. V komplikované financni situaci
vede snaha o minimalizaci vykupu pozemkU a zkraceni tunelové Casti stavby
Casto k ,uvéznéni” kolejového feseni do tunelu ve smérovém oblouku malého
poloméru. V konecném dsledku tato ,Uspora” znamena degradaci traté na
nékolik generaci a prakticky vylucuje moznost vylepseni parametr( trati
v budoucnosti.

Nova rakouskg tunelovaci metoda se jiz pomalu za€ina v pfipadé Zelezni¢nich
tunell v siti Ceskych drah zabydlovat. Po Uspés$né realizaci tunelu Veprek
(projekt ILF Consulting Engineers, realizace Metrostav), slavnostné uvedeném
do provozu 27. 5. 2002, nasledovaly projekty tunelt Krasikovsky I. a Il
(Metroprojekt Praha) a Nového spojeni (SUDOP Praha). Pokud pomineme
Novy trebovicky tunel (ILF Consulting Engineers), navrZeny jako razeny pod
ochranou stropni desky a podzemnich stén, a jednokolejny tunel Biezensky,
kde v soucasné dobé probihd razba metodou obvodového vrubu (projekt
SUDOP Praha, realizace Metrostav), budou nebo jiz jsou ostatni Zelezni¢ni
tunely razeny pomoci NRTM. Tato skute¢nost ukazuje, Ze NRTM je moderni
metodou pouZitelnou v Sirokém spektru horninovych prostredi, kterd umoz-
nuje dosazeni pfiznivych ekonomickych vysledka.

Rok 2003 bude v Ceské republice rokem zelezni¢nich tuneld. V prabéhu roku
bude ve vystavbé 7 razenych Zeleznicnich tunell, coz je stav, ktery nema
v historii Ceskych drah obdoby. Jedna se o jasny signél, ze modernizace
zeleznicnich koridoru a, rozvoj zelezniéni dopravy zastava v Ceské republice
nezastupitelné misto. Uspésna realizace staveb s dobrymi technickoekono-
mickymi vysledky predstavuje spolecny cil investord, projektantti i dodavatel(.

Plvodni terén
Existing terrain

Hutnény zasyp plocha = 204,06 m’
Compacted backfill area = 204,06 m’
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Obr. 11 Snizeni rozsahu zemnich praci pouzitim metody ,Zelva” na vyjez-
dovych portéalech
Fig. 11 Reduction in the earthwork scope at exit portals by means of the
“Turtle” method

the invert execution, and the reinforcement of the primary lining by lattice
arches has been designed for the top heading excavation only. This, together
with the round length increased up to 2 m, allows a substantial acce/e_ratlon of
the excavation work and, as a result, also a reduction of the final unit cost of
one excavated meter of the tunnel.

CONCLUSION

It would be reasonable during the process of designing alignments of new
tracks to realise that tunnels are very expensive structures and that they have
their own particulars. Usually the deciding factor in the process of selecting the
tunnel location is the initial cost, which depends on the tunnel length.
Although, whether the shortest tunnel variant is always the optimal one is
questionable in terms of a long term perspective. In a cony)hca;‘ed financial
situation, an effort to minimise the need for buying land and achieve as short
tunnel section length as possible often leads to a decision to “confine” the rail
track within a tunnel whose horizontal curve diameter is too small. Eventually,
this ”$avm?” means a degradation of the track for several generations ahead
and virtually makes a future improvement of the track impossible.

The application of the New Austrian Tunnelling Method to railway tunnels
becomes radua;?/ established within the network of Czech Railways’ tracks.
Designs for the Krasikov | and Il tunnels (Metroprojekt Praha) and the New
Connection (SUDOP Praha) followed after the successful completion of the
Veprek tunnel construction (ILF Consultmg Engineers designer, Metrostav a.s.
contractor), which was inaugurated on 27 May 2002. If we dismiss the New
Trebovice cover-and-cut tunnel (ILF Consulfmg ngineers) excavated under the
protection provided by the roof deck and diaphragm walls, and the Bfezno sing-
le-track tunnel which is currently being excavated by the mechanical pre-cut-
ting method (SUDOP Praha designer, Metrostav a.s. contractor), the other rail
tunnels will be or are being driven by the NATM. This fact proves that the NATM
is a modern method applicable within a wide range of rock environments,
which allows favourable economic results to be reached. . )
The year 2003 will be the year of rail tunnels in the_Czech Republic. Seven rail
tunnels will be under construction during the )/ea_r. There has been no analogy
to this state in the history of Czech Railways. It signals clearly that the process
of upgrading railway corridors and developing the rail transport is keeping an
irreplaceable position, This is because successful implementation of projects
achieving good technical and economic results is a common goal of investors,
designers and contractors.
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Obr. 12 Finanéni zastoupeni jednotlivych etap vystavby tunelu Veprek
Fig. 12 Distribution of finances among the individual phases of the Veprek
tunnel construction





