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UZEL 5 PLZEN, TUNELOVY OBJEKT KRIZENI ZELEZNICNI
_ A SILNICNI TRASY
NODE 5 PLZEN, TUNNEL OBJECT ON INTERSECTION
OF RAIL AND ROAD ROUTES

LUDEK RAJS, TOMAS KOHOUT, PETR SVOBODA

ABSTRAKT

Intravildn velkych mést celi stdle vétsimu nedostatku prostoru pro vedeni tras dopravnich cest pri jejich rekonstrukci ¢i zcela novém
vedeni. Dopravni inZenyri musi proto pouZit svého divtipu a pri trasovdni tohoto druhu staveb prichdzet s novymi a neotrelymi FeSenimi.
Jednim z prikladii popsaného fenoménu je projekt ,,Uzel Plzern, 5. stavba — Lobzy — Koterov*, v jehoZ rdmci dochdzi ke kriZeni silnicnich
a Zeleznicnich tras pod takovym iihlem, Ze bylo tieba jej realizovat mimotiroviiové. Cldnek popisuje technické parametry zminéného projek-
tu. PribliZuje geologické podminky, do kterych je stavebni objekt zasazen, projekcni pripravu stavby a v neposledni fadé shrnuje dosavadni
poznatky z jeji realizace.

ABSTRACT

The urban areas of large towns face an increasing lack of space for designing routes for transport structures during their reconstruction
or completely new routes. Traffic engineers must therefore use their ingenuity and come up with new and innovative solutions when
designing routes for this type of construction. One of the examples of the described phenomenon is the project ,, Plzeri Node, 5" construction
section — Lobzy — Koterov* in which the road and railway routes cross at such an angle that a grade-separated design had to be used. The
paper describes the technical parameters of the above-mentioned project. It describes the geological conditions in which the construction
object is placed, the design preparation of the construction and, last but not least, summarises the knowledge gained so far from the work.

1. UvoD 1. INTRODUCTION

Vystavba tzv. Nového spojeni v Praze, které je vyznamnym Ze- The construction of the so-called New Connection in Prague,
lezni¢nim uzlem spojujicim Hlavni nadrazi, Masarykovo nadrazi | Wwhich is an important railway junction connecting Hlavni Nadrazi
a nadrazi Libef, Vysocany a HoleSovice, piinesla mj. do stavitel- | railway station, Masarykovo NadraZi railway station and Liber,

Vysocany and HoleSovice stations, among other things, brought a
new term into the construction terminology. That term is ,, Tunnel
bridge®, i.e. a structure in which the routes cross on separate grades
in such a way that the one at a Loir height level is led in a cut-and-
cover tunnel and, on the contrary, the one at a higher height level is
led on the roof deck of the cut-and-cover tunnel. As part of the New
Connection, a tunnel bridge was built on km 3.319 under the Prague
— Turnov railway track. It is 130m long. A principally similar type

ské terminologie novy pojem. Tim pojmem je ,tunelovy most™,
tedy konstrukce, v rdmci které se mimotroviiové kiizi trasy tim
zpusobem, Ze ta na niz$i vyskové drovni je vedena uvnitf hloube-
ného tunelu, naopak ta ve vyssi vyskové urovni je vedena na strop-
ni desce hloubeného tunelu. V rdmci Nového spojeni byl tunelovy
most realizovan na km 3,319 pod trati Praha — Turnov. Jeho délka
je 130 m. Principialné podobny typ konstrukce md v budoucnu

vzniknout v Plzni, jen s tim rozdilem, Ze zatimco na Novém spo- | o siructure is to be created in Plzeii in the future, with the only
Jeni (obr. 1) se kfiZily dvé ZelezniCni trasy jednoho spravce, do- | difference being that while two railway routes of one administrator
jde v Plzni ke kfiZeni Zelezni¢nich a silni¢nich tras dvou riznych | crossed at the New Junction (Fig. 1), railway and road routes of two
spravcl — Reditelstvi silnic a dalnic (RSD) a Spravy Zeleznic (SZ). different administrators — the Directorate of Roads and highways

(RSD) and Railway Administration (SZ) — will cross in Plzeii.

2. PROJECT PREPARATION

The new construction of the road route 1/20 is being prepared
by the RSD. It is an important backbone road that carries transit
transport through the center of Plzen and at the same time links
Karlovy Vary, Pisek and Ceské Budgjovice. This road is to run for
a substantial part of its length near the Plzeti — Ceské Budé&jovice
railway line and is to cross it at approximately at the chainage of
1.350km. The crossing should take place at a very sharp angle,
which does not allow the use of classic bridge structures.

While the two structures meet spatially, they diverge in time. The
railway administration is already carving out a set of structures
called Plzent Node (Fig. 2), in the case of the /20 road, the design
is being processed at the stage of the design for issuance of zoning
and planning decision, and the construction is expected only in
Fig. 1 New Connection the years 2029-2032. It was therefore decided that the so-called
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2. PRIPRAVA PROJEKTU

Novostavbu silni¢ni trasy 1/20 pfi-
pravuje RSD. Jednd se o diileZitou
patefni komunikaci pfevadejici tran-
zitni dopravu prfes centrum Plzné
a napojujici soucasné Karlovy Vary,
Pisek a Ceské Budgjovice. Tato ko-
munikace mé byt v podstatné Casti
své délky vedena v blizkosti Zelez-
ni¢ni traté Plzeii — Ceské Budgjovi-
ce s tim, Ze cca v km 1,350 ji ma
krizit. Ke kiiZeni ma dojit pod velmi
ostrym thlem, ktery nedovoluje po-
uzit klasické mostni konstrukce.

Zatimco prostorové se obé stav-
by potkavaji, casové se rozchéze-
ji. SZ jiz soubor staveb s ndzvem
Uzel Plzeni realizuje (obr. 2), u sil-
nice 1/20 probiha zpracovani do-
kumentace ve stupni DUR, s jejim
provedenim se pocita az v letech
2029-2032. Bylo proto rozhodnuto,
Ze v misté kfiZeni obou tras bude
v predstihu proveden tzv. zarodek budouciho silni¢niho tune-
lu tak, aby jeho konstrukce zbytecné€ nenavySovala objem praci
stavby drahy, ale zaroven takovym zplsobem, aby jej bylo moz-
né vyuzit pro stavbu silni¢niho tunelu, bez podstatného dopadu
stavebnich praci jak na konstrukci trati v nadlozi, tak na drazni
provoz.

i TR ;
Obr. 2 Letecky pohled na stavbu

Zakladni udaje o stavbé

Lae

Uzlu 5
Fig. 2 Aerial view of the Node 5 construction

stub of the future road tunnel will be constructed in advance at
the intersection of the two routes so that its construction does
not unnecessarily increase the volume of railway construction
work, but at the same time in such a way that it can be used for
the construction of the road tunnel without signifiant impact on
construction operations neither on the construction of the railway
track in the overburden nor on the railway operation.

Basic project data

Nazev stavby Uzel Plzen, 5. stavba — Lobzy —Koterov
Investor stavby Sprava zeleznic, s. 0. Prolect name Plze#i Node, 5" construction section — Lobzy -
Nézev objektu S0 93-38-61 Tunelovy objekt v km 346,510 : Koterov

Y Kfizeni se silnici 1/20, 1. Cast Project owner Spréava zeleznic, s. 0.
Investor objektu Reditelstvi silnic a dalnic CR 5 SO 93-38-61 tunnel object at km 346.510
Projektant objektu SUDOP PRAHA a.s. Objectname for intersection with road 1/20, part 1
Zhotovitel SdruZeni Metrostav a.s. Object owner Reditelstvi Silnic a Dalnic CR

a Chladek & Tintéra, a.s.

Zhotovitel konstrukci Zakladni staveb, a.s.

specialniho zakladani

Geotechnicky

monitoring GEOtest, a.s.
Geotechnicky dozor .

e lora SG Geotechnika a.s.

3. INZENYRSKOGEOLOGICKE A HYDROGEOLOGICKE
POMERY

Stavba zarodku tunelu probiha pfevazné v prostfedi fi¢ni tera-
sy. InZenyrskogeologicky profil je konformni (od povrchu terénu):
kvarterni pokryvy, hrubozrnna klastika terasy, prachovce a bridli-
ce skalniho podloZi.

Pro stavbu zasadni $térky terasy odpovidaji tfidé G3/G-F a jsou
typicky ulehlé. Obsahuji kameny a balvany aZ do velikosti presa-
hujici profil prizkumnych sond. Mocnost této vrstvy je proménna
v zavislosti na pribéhu geologického podloZi. Ve Stércich byly
ovéfeny nepribézné jemnozrnné vlozky klasifikované jako F4/CS,
piip. F6/CL, konzistence pevné.

Predkvartérni podloZi vystupuje nejblize povrchu v severni ¢asti
staveniSté — cca 5 az 6 m pod stavajicim terénem — v mistech nad
horni hranou zafezu Zelezni¢ni trati. Odpovida to hloubce pouhych

Object designer SUDOP Praha a.s.
Consortium of Metrostav a.s. and Chladek
Contractor & Tintéra, a.s.
Contractor for
specialist foundation | Zakladani staveb, a.s.
structures
Geotechnical moni-
toring GEOtest, a.s.
Project owner’s
geotechnical SG Geotechnika a.s.

supervision

3. ENGINEERING GEOLOGICAL AND HYDROGEOLOGICAL
CONDITIONS

The construction of the tunnel stub takes place mainly in the
environment of a river terrace. The engineering geological profile
is conformal (from the ground surface): Quaternary covers, coarse-
grained clastics of the terrace, siltstone and shale of the bedrock.

Terrace gravels, which are essential for the construction,
correspond to class G3/G F and are typically compacted. They
contain rocks and boulders up to a size exceeding the profile of the
probe holes. The thickness of this layer is variable depending on
the course of the geological bedrock. Discontinuous fine-grained
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cca 1 az 1,5 m od urovné temene kolejnice (TK) v zarezu stavajici
Zelezni¢ni traté. Dale k jihu predkvartérni podloZi upada a méni se
i jeho charakter. V oblasti nad zafezem Zeleznicni trati bylo zasti-
Zeno v hloubce 7 aZ 8 m pod terénem, coz odpovida hloubce cca
5,5 a7 6,5 m pod trovni TK stavajici trati. V severni ¢4sti stavenisté
je podloZi tvoreno prachovcem, pfi povrchu tfidy RS, hloubéji R4,
resp. R4 az RS [5]. V jizni ¢asti staveniSté je predkvartérni podlozi
budovéno stfidanim prachovce bfidlici, u povrchu a hloubéji kva-
lity RS, resp. RS az R6. Predkvartérni podloZi v§ak nebylo viibec
zastizeno dvéma sondami pfedbéZného geotechnického prizkumu
ani do hloubky 12 a 14 m. Proto byly v ramci podrobného geo-
technického prizkumu v blizké poloze provedeny ovéfovaci vrty,
které pak zastihly pfedkvartérni podloZi v obvyklé hloubce. MiZe
to nasvédcovat existenci uzkych hlubokych strzi nebo ptehlou-
benych koryt feky. Tyto obavy se v§ak béhem vystavby zarodku
tunelu zatim nepotvrdily, nicméné nepfimym dikazem by mohla
byt pomérné vysoka propustnost i zvodnéni terasy a podlozi, za-
znamenand pii Cerpani vody ze stavebni jamy [1].

4. PARAMETRY A STAVEBNI RESENI BUDOUCIHO
SILNICNIHO TUNELU

Silnice 1720 bude pod trati vedena v tunelu, ktery bude realizo-
van castecné metodou Celniho odtéZovani pod ochranou stropni
desky a castecné hloubenim v pazené stavebni jamé. Ta bude za-
jisténa docasnou konstrukei tvofenou sténou z prevrtavanych pilot
kotvenych pramencovymi kotvami. Pidorysny rozsah jamy tak
muze pln€ vyuZzit velmi stisnény prostor jak pro zafizeni stavenis-
té, tak i pro vlastni provadéni konstrukci. Pazici sténa je navrZena
jako (docasné a pfimétfen¢) vodonepropustnd, vetknutd do skal-
niho podloZi a uzaviena po celém obvodu tak, aby i pfi realizaci
konstrukci z pracovnich ploSin pod urovni HPV (hladiny podzem-
ni vody) nepresahly pritoky podzemni vody mnoZstvi zvladatelna
provoznim ¢erpanim.

Hloubeny tunel bude mit obdélnikovy pficny profil, pfevazné
dvoukomorovy. Ve stani¢eni budouci silnice /20 se vSak tato za-
kladni geometrie tunelu méni, a to ndsledovné:

Tuel

interbeds classified as F4/CS or F6/CL, with hard consistency,
were verified in the gravels.

The pre-Quaternary bedrock emerges closest to the surface in
the northern part of the construction site — approx. 5 to 6m below
the existing terrain — in places above the upper edge of the railway
track cutting. This corresponds to a depth of only approx. 1 to 1.5m
from the level of the top of the rail in the existing railway track
cutting. Further south, the bedrock declines and its character also
changes. In the area above the railway track cutting, it was found at
a depth of 7 to 8m below the ground, which corresponds to a depth
of approx. 5.5 to 6.5m below the top of rail level of the existing
track. In the northern part of the construction site, the underlier
consists of siltstone, at the surface class RS, deeper R4 or R4 to
R5 [5]. In the southern part of the construction site, the bedrock is
built by siltstone alternating with shale, at the surface quality RS
and deeper quality R5 to R6. However, the pre-Quaternary bedrock
was not encountred at all by the two probes of the preliminary
geotechnical survey even to a depth of 12 and 14m. Therefore,
verification boreholes were carried out in a nearby location as part
of a detailed geotechnical survey. They encountered the bedrock
at the usual depth. It may indicate the existence of narrow deep
ravines or over-deepened riverbeds. However, these concerns have
not yet been confirmed during the construction of the tunnel stub,
however, indirect evidence could be the relatively high permeability
and aquifer saturation of the terrace and bedrock, recorded when
water was being pumped from the construction pit [1].

4. PARAMETERS AND CONSTRUCTION SOLUTION
TO THE FUTURE ROAD TUNNEL

The 1/20 road will run under the railway track in a tunnel,
which will be carried out partly by the top down system under the
protection of the roof deck and partly by excavation in a braced
construction pit. The pit will be secured by a temporary structure
consisting of a secant bored pile wall anchored with stranded
anchors. The ground plan extent of the pit can thus fully utilise the
very constricted space both for the equipment of the construction
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Obr. 3 Pricny ez hloubenym tunelem
Fig. 3 Cross-section through the cut-and-cover tunnel




Obr. 4 Fréza a drapdk pro realizaci podzemnich stén
Fig. 4 Hydrofraise mill and grab for construction of diaphragm walls

e km 0,360-0,380

Prufez bude vpravo doplnény kiidlem z podzemni stény. Kiidlo
umoZziiuje napojeni zarezu silnice 1/20 na nasep Zelezni¢ni trati.

* km 0,380-0,450

Prava tunelova trouba, jednokomorovy tunel. Na tuto troubu pak
v budoucnosti navaze zétez silnice 1/20.

* km 0,450-0,580

Zakladni profil dvoukomorového tunelu.

V tunelu je navrzena kategorie pozemni komunikace T-7,5 podle
CSN 73 7507, smérové rozdélena. Kazdy dopravni smér povede
v samostatném jizdnim pasu se dvéma jizdnimi pruhy, kazdy jizd-
ni pas bude vedeny v oddélené tunelové troubé. Nouzovy chodnik
je navrzeny vZdy po obou stranich jizdnich pasi. Navrhova rych-
lost v tunelu je 70 km/h.

Pfi¢ny fez zdrodku budouciho tunelu je patrny z obr. 3. Svétla
Sitka je 10,7 m, vyska prajezdniho prostoru je 4,8 m, s toleranci
+0,15 m. Celkova délka objektu je 220 m, z toho celkova délka
zastropeného tunelu ¢ini 200 m, s délkami levé tunelové trouby
130 m a pravé tunelové trouby 200 m.

Statické feSeni tunelu musi respektovat zatéZovaci stavy ménici
se v prubéhu vystavby a nasledné v obdobi uzivani. Jak je uvedené
jiz vyse, jde o jednokomorovy nebo dvoukomorovy rovinny ram,
ktery nelze pfi ¢elnim odtéZovani uzaviit vnitini zdkladovou des-
kou; to je moZné az v kone¢ném stadiu stavby.

Pro budouci tunel na silnici I/20 tak jiz byly v rdimci moderniza-
ce zelezni¢niho uzlu Plzen dokonceny nasledujici casti:

* svislé nosné stény tunelu;

* stropni deska tunelu vybetonovana na upraveném zemnim té-

lese;

* plosna vnéjsi hydroizolace stropni desky tunelu;

e zpevnény zelezni¢ni spodek trati z prostého betonu, nacha-
zejici se v prechodové oblasti, pfedchazelo tomu nezbytné
docasné zajisténi stavebni jamy (viz vyse) se soubéznym cer-
panim vody.

Svislé nosné stény tunelu jsou provedené jako monolitické

Zelezobetonové podzemni (obr. 4). Krajni v tlou§tce 1200 mm,

32. rocnik - €. 1/2023

site facility and for the construction
operations themselves. The shoring
wall is designed to be (temporarily
and reasonably) impermeable, keyed
into the bedrock and closed around
the entire perimeter so that, even
when carrying out structures from
working platforms below the water
table level, groundwater inflows do
not exceed the amount manageable
by operational pumping.

The cut-and-cover tunnel will have
a rectangular cross-section, mainly
with two chambers. However, at the
future 1/20 road chainage, this basic
tunnel geometry changes as follows:

* km 0.360-0.380

The cross-section will be sup-
plemented on the right side by a wing
of the diaphragm wall. The wing
makes the connection of the cutting
of the road 1/20 to the embankment
of the railway track possible.

e km 0.380-0.450

The right-hand tunnel tube, single-chamber tunnel. In the future,
the 1/20 road cutting will connect to this tube.

* km 0.450-0.580

Basic profile of a double-chamber tunnel.

The dual carriageway category T-7.5 according to CSN 73
7507, is designed in the tunnel. Each traffic direction will lead in a
separate carriageway with two lanes, each carriageway will be led
in a separate tunnel. The emergency walkway is always designed
on both sides of the carriageways. The design speed in the tunnel
is set at 70km/h.

A cross-section of the stub of the future tunnel can be seen in
Fig. 3. The clearance profile width of 10.7m and the clearance
profile height of 4.8m are designed, with a tolerance of +0.15m.
The object is 220m long in total, of which the total length of the
roofed tunnel is 200m, with the lengths of the left-hand tunnel
tube of 130m and the right-hand tunnel tube of 200m. The static
design of the tunnel must respect the load conditions that change
during construction and subsequently during the period of the use.
As mentioned above, it is a single-chamber or double-chamber
plain frame that cannot be closed by an internal base slab during

Obr. 5 Betond? stropni desky
Fig. 5 Concreting of a roof deck slab
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Obr. 6 Izolace stropni desky
Fig. 6 Roof deck waterproofing

sttedové 1500 mm. Jsou vetknuté 7,5 m pod droveni spodni hra-
ny vnitfni desky tunelu. Hloubka i tloustka stén byly navrZeny
s ohledem na postup odtéZovani pod ochranou stropni desky tune-
Iu a rovnéz na zatiZeni od definitivniho provozu silni¢niho tunelu,
taktéz se zapocCitanim vztlaku.

Stropni deska tunelu byla navrzena jako monolitickd Zelezo-
betonova (obr. 5), rimovée spojend se svislymi sténami. Na spod-
nim lici je deska pfi navdzani na stény zesilend v délce 1000 mm
nabeéhy vysokymi 500 mm. Na hornim lici je navrZena ve stfecho-
vitém slonu 2 % od osy pozemni komunikace. V podélném sméru
je rozdélend na dvanact dilatacnich celkti, odpovidajicich dvéma
nebo tfem lamelam podzemnich stén.

Pfi stavbe silni¢niho tunelu bude ramova konstrukce dokomple-
tovana spodni vnitini zakladovou deskou.

Nosné stény i stropni deska jsou
provedené z vodonepropustného be-
tonu. Stropni deska je navic z rubu
chranéna izolaci (obr. 6) proti tlako-
vé vodé. Tu predstavuje penetracné
adhezni nétér, pasova izolace z mo-
difikovaného asfaltu, ochranna vrst-
va netkané geotextilie a separacni
PE folie tloustky 0,3 mm. V rozich
je hydroizolace pretazena pres pra-
covni spdru stropni desky a svislych
nosnych stén [2].

5. POSTUP REALIZACE
STAVBY

Stavebni prace byly zahijeny
v listopadu 2020. V prvni fazi rea-
lizace byly provadény bez omezeni
provozu na stavajici dvoukolejné
trati. Probihaly pfipravné prace, bylo
zfizovéno zafizeni staveniSté a bu-
dovény konstrukce vzdalené od ko-

the top down construction system
W o operations; this is only possible in
g the final stage of construction.

For the future tunnel on the 1/20
road, the following parts
already been completed as part of
the upgrading of the Plzen railway
junction:

* vertical load bearing walls of the

tunnel;

* tunnel roof deck concreted on a
treated track formation;

e external sheet waterproofing of
the tunnel roof deck;

e stabilised track bed made of
plain concrete, located in the
transition area, this was preceded
by the necessary temporary
shoring of the construction pit
(see above) with simultaneous
pumping of water.

The vertical load-bearing walls
of the tunnel are made as a monolithic
reinforced concrete diaphragm walls
(Fig. 4). The outer ones 1200mm thick, the central one 1500mm
thick. They are keyed 7.5m below the level of the lower edge of
the inner slab of the tunnel. The depth and thickness of the walls
were designed taking into account the excavation procedure under
the protection of the tunnel roof deck and also the load exerted by
the final operation of the road tunnel, also taking into account the
buoyancy. The roof deck of the tunnel was designed as monolithic
reinforced concrete structure (Fig. 5), frame-connected with the
vertical walls. On the lower surface, the slab is reinforced at a
length of 1000mm with 500mm high haunches when connecting
the walls. On the upper surface, a saddle roof-like slope of 2% from
the road axis is designed. In the longitudinal direction, it is divided
into twelve expansion units, corresponding to two or three lamellae
of the diaphragm walls. The lower inner base slab will be added

have

lejisté. Posléze byla vyloucena kolej

Obr. 7 Zarizeni stavenisté pro vyrobu lamel
Fig. 7 Construction site facility for production of lamellas
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Obr. 8 Stavebni jama
Fig. 8 Construction pit

¢. 2 (obr. 7), rychlost provozu na koleji ¢. 1 byla omezena, byly
preloZeny kolizni draZni sité a na trakénim vedeni bylo s ohledem
na bezpec¢nost prace pod vysokym napétim zfizeno v rozsahu sta-
venisté neutrdlni pole. Soucasti této faze byla realizace konstrukci
na sever (vpravo) od stavajici koleje ¢. 1. Nejprve byla provedena
tésna paZena stavebni jama (obr. 8). Slo o pravou stranu stave-
nisté, prostory mezi stdvajicimi kolejemi a rovnéZ na severnim
i jiznim okraji uzemi. Ve stavebni jamé byly postupné provede-
ny vodici zidky a klasickym postupem zfizeny podzemni stény
(obr. 9).

Svislé spary mezi lamelami podzemnich stén byly provedeny ve
stop-end profilu, s t€snicimi pasy ve sparach a trubi¢kou tésnici
injektaZe. Sparové pasy musely byt vytaZzeny do takové vySky nad
horni hranu podzemnich stén, aby je bylo mozné navazat v dila-
taCnich sparach na pasy stropni desky, pfipadné je zabetonovat do
stropni desky u spar mezilehlych.

Podzemni stény bylo tfeba prebetonovat alesponn o 500 mm
s tim, Ze nasledné byly ubourdny na droven pracovni spary strop-
ni desky tunelu. Pro snazs$i odseparovani vyztuze od betonu byly
pouZity plastové navleky.

Hloubeni podzemnich stén bylo v zeminach provadéno lano-
vym drapdkem a v podlozi hydrofrézou. V nékterych mistech
bylo nutné prekonat pazici pilotové stény. Ty byly proto vyztuZe-
né pouze sklolaminatovou vyztuzi (GFRP). Toto feSeni se velmi
osvédcilo, bylo vSak tfeba upravit zavddéni hydrofrézy do pilotové
stény.

Jistou prekazkou pro stavebni price bylo geologické prostie-
di. Pfi hloubeni jedné z prvnich lamel doslo pfi Cisténi jejiho dna
k uvolnéni cca 65 m® horniny ze stény ryhy. Jednalo se o rozpa-
davé, silné podrcené biidlice v hloubce pod trovni pracovni plo-
Siny cca 4 az 10 m. Lamela byla bezodkladné vycisténa, sanova-
na zalitim betonem nizké pevnosti a pretéZena s dokoncenim po
sanaci. Objem a poloha kaverny byly odvozeny z konsumpcnich
kiivek sana¢ni smési. K obdobné poruse doslo jesté jedenkrat, na-
vic s uviznutim frézovaci hlavy. PotiZe zpisobilo, s nejvyssi prav-
dépodobnosti, poruSeni podloznich bfidlic v hloubce 4 aZ 10 m
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to the frame structure during the
construction of the road tunnel. The
load-bearing walls and the roof deck
are made of waterproof concrete.
The roof deck is, in addition,
protected from the reverse-side
by waterproofing (Fig. 6) against
pressurised water. This consists
of a penetration-adhesive coating,
modified asphalt waterproofing
mats, a protective layer of non-
woven geotextile and a 3mm thick
separation PE membrane. In the
corners, the waterproofing overlaps
the working joint between the roof
deck and vertical load-bearing walls

(2].

5. CONSTRUCTION PROCESS
HISTORY

Construction works started in
November 2020. In the first phase
of the works, they were carried
out without traffic restrictions on

Obr. 9 Budovdni objizdné trasy
Fig. 9 Construction of by-pass route

the existing double-track line. Preparatory work was underway,
construction site facility was set up and structures far from the
railway yard were built. Later, track No. 2 was excluded (Fig. 7),
the speed of traffic on track No. 1 was limited, the colliding track
networks were relocated and, with regard to the safety of work
under high voltage, a neutral field was established on the catenary
line within the scope of the construction site. Part of this phase
was the work on the structures to the north (right) of the existing
track No. 1. First, a tight, braced construction pit was carried
out (Fig. 8). It concerned the right side of the construction site,
the spaces between the existing tracks and also on the northern
and southern edges of the territory. Guide-walls were gradually
constructed in the construction pit and diaphragm walls were
carried out using the classic procedure (Fig. 9). The vertical
joints between the lamellae of the diaphragm walls were made
in a stop-end profile, with waterbars in the joints and a sealing
grouting tube. The waterbars had to be pulled to such a height
above the upper edge of the diaphragm walls that it was possible
to connect them in the expansion joints to the waterbars in the roof
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TuNel

Obr. 10 Armovdni 1. dilatace a podklad pro 2. dilataci

Fig. 10 Placement of reinforcement of expansion joint 1 and base for expansion joint 2

s porusenim stavu jejich napjatosti pii hloubeni. ReSenim potizi
bylo zkraceni zdbérné délky lamel na minimum. To v8ak soucasné
vedlo k nepfijatelnému zpomaleni postupu vystavby a k navyseni
poctu svislych spar zvySujicich tak riziko pronikani vody. Pracov-
nici firmy Zakladani staveb proto navrhli pouziti predstihového
zpevnéni bridlic klasickou injektazi cementovou suspenzi. Toto
feSeni bylo uc¢inné a realizovatelné bez vyrazného dopadu do har-
monogramu realizace stavby. Technicky $lo o sanacni injektaze
horninového prostiedi vysokotlakou injektazi vrtt, hlubokych
13 m, ve dvou fadach po obou stranich budoucich podzemnich
stén, Sachovité v zdkladnim rozponu 1x1 m. Po zavedeni (obou
typi) opatfeni k dal$im incidentim tohoto druhu na stavbé jiz
nedoslo.

Obr. 11 Betond? dilatacniho dilu 1
Fig. 11 Concreting of expansion block 1

deck, or to cast them into the roof
deck at the intermediate joints. The
diaphragm walls had to be concreted
at least 500mm higher, taking into
consideration the fact that the height
had to be subsequently reduced
to the level of the day joint of the
tunnel roof deck. To make it easier
to separate the reinforcement
from the concrete, plastic sleeves
were used. Excavation of the
diaphragm walls was carried out
in the soil with a rope grab and in
the bedrock with a hydrofreise mill.
In some places, it was necessary to
overcome the bracing pile walls.
They were therefore only reinforced
with  fibreglass  reinforcement
(GFRP). This solution proved to
be very successful, however, it was
necessary to adjust the insertion of
the hydrofreise mill into the pile wall.
The geological environment was
a certain obstacle for construction
work. During excavation for one
of the first lamellas, when cleaning its bottom, approx. 65m? of
ground released from the trench wall. It was a disintegrating,
heavily fractured shale, approximately 4 to 10m below the level
of the working platform. The lamella was immediately cleaned,
stabilised with low-strength concrete to be re-excavated during
post-stabilisation finishing work. The volume and position of the
cavern were derived from the consumption curves of the stabilisation
mixture. A similar failure occurred once more, in addition with the
hydrofreise milling head getting stuck. The problem was caused,
most likely, by the failure of the underlying shale at a depth of
4 to 10m with upsetting their state of stress during excavation.
The solution to the problem lay in shortening the pulling length
of the lamellas to a minimum. However, this simultaneously led
to an unacceptable slowdown in
the construction process and to an
increase in the number of vertical
joints, thus increasing the risk
of water penetration. Therefore,
the employees of the Zakladani
Staveb company proposed the
use of advance consolidation of
shales by classic grouting with
cement suspension. This solution
was effective and feasible without
significantimpacton the construction
schedule. Technically, it involved
consolidation grouting into the
rock environment by high-pressure
injection of grout into boreholes (13
m deep, in two rows on both sides
of the future diaphragm walls, in
a staggered pattern in a basic span
of 1x1m). After the introduction
of (both types of) measures, no
further incidents of this kind
occurred on the construction site.
Even below the water table level,




Pazici konstrukce ani pod urovni HPV pohledové nevykazovala
znamkKy prusaki, presto bylo nutné kontinualné Cerpat vodu vy-
tékajici ze dna stavebni jamy, tedy z podloZi. Vycerpanou vodu,
zjevné Cistou, v§ak nebylo mozné, s ohledem na provozni predpisy
provozovatele stokové sit€, vypoustét do prilehlé méstské kanali-
zace. Tato obtiz byla piekonana tak, Ze se voda odvadi (za prabéz-
nych kontrolnich rozborti podle podminek stanovenych Povodim
Vltavy) do pfilehlé feky Uslavy potrubim starého nevyuZzivaného
vytlacného tadu, jehoZ Sachty se nachéazeji v prostoru stavenisté.
Stav a dostatecna té€snost fadu byly pred pouzitim zkontrolovany
kamerovymi a tlakovymi zkouSkami.

Nasledoval zpétny zasyp této ¢asti zarodku tunelu a pres dokon-
Ceny usek zastropeni byla poloZend docasnd objizdka Zeleznice,
véetn€ trakce a ostatniho prisluSenstvi, napojend na koncich do
nového stavu koleje €. 2. Také u trakéniho vedeni objizdné trasy
bylo z hlediska bezpecnosti pred ucinky vysokého napéti zfizeno
na dobu vystavby zarodku tunelu neutralni pole.

Po prevedeni Zelezni¢ni dopravy na objizdnou trasu mohla
byt vyloucena stavajici kolej ¢. 1 a zahijena druhd faze vystav-
by zarodku tunelu zahrnujici realizaci zbyvajicich konstrukcei na
jih (vlevo) od plvodni trati. Nejprve byla dokoncena uzaviena
stavebni jama a probéhlo hloubeni na pracovni droveil zpevné-
ného dna. Poté byly odstranény déle nepotiebné a kolizni tseky
sttedové linie paZeni (lisek mezi plivodnimi kolejemi). Z pracovni
drovné dna jamy byly, obdobné jak je rozvedeno vySe pro prv-
ni fazi stavby, provedeny vodici zidky, podzemni stény a tseky
stropni desky (obr. 10, 11) v rozsahu druhé faze vystavby zarodku
tunelu.

6. ZAVER

V dobé tvorby ¢lanku jsou betonovany jednotlivé stropni des-
ky zéavérecné etapy realizace zarodku budouciho silni¢niho tunelu.
Termin dokonceni je jaro roku 2023. Budou tak v ¢asovém predsti-
hu uskutecnény zéakladni kroky pro realizaci budouciho tunelu na
preloZce silnice 1/20.

V kontextu soucasnych podminek pfipravy a realizace vyznam-
nych, a to nejen dopravnich a inZenyrskych staveb v CR se jedna
o pfipad ne zcela obvyklého, ale o to spravnéjsiho pfistupu dvou
velkych statnich investori pti koordinaci navrhu a realizace navza-
jem se ovliviiujicich tras a objekti. A v neposledni fadé je vlastni
realizace prezentovaného objektu dobrym prikladem kvalitni pii-
pravy projektu a ndsledné dobré spoluprace dodavatele, projektanta
a investora pfi vystavbe.
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the bracing structure did not visually show signs of seepage, yet
it was necessary to continuously pump water flowing from the
bottom of the construction pit, i.e. from the subbase. However,
it was not possible to discharge the drained water, which was
apparently clean, into the adjacent municipal sewer system due
to the operating regulations of the sewage network operator.
This difficulty was overcome by diverting the water (subject to
ongoing control analyses in accordance with the conditions set by
the Vltava River Basin Administration) into the adjacent Uslava
River through the forcemain of an old, unused discharge line, the
shafts of which are located in the area of the construction site. The
condition and sufficient tightness of the pipeline were checked by
a camera and pressure tests before use. This was followed by the
backfilling of this part of the tunnel stub, and a temporary railway
bypass, including the catenary and other accessories, was laid
over the completed section of the roof deck, which was connected
at the ends to the new state of track No. 2. Also, a neutral field
was established for the catenary line of the bypass route, from the
point of view of safety against the effects of high voltage, for the
duration of the construction of the tunnel stub. After the diversion
of railway traffic to the bypass route, the existing track No. 1
could be excluded and the second phase of the construction of the
tunnel stub could be started, including the work on the remaining
structures to the south (left) of the original line. First, a closed
construction pit was completed and excavation was carried out to
the working level of the consolidated bottom. After that, further
unnecessary and conflicting sections of the central line of the
bracing (the section between the original tracks) were removed.
From the working level of the bottom of the pit, similar to what
is detailed above for the first phase of construction, guide walls,
diaphragm walls and sections of the roof deck (Fig. 10, 11) were
made in the scope of the second phase of the construction of the
tunnel stub.

6. CONCLUSION

At the time of the creation of this paper, the individual roof
deck slabs of the final stage of the future road tunnel stub are
being concreted. The completion date is spring 2023. In this way,
the basic steps for the work on the future tunnel on the 1/20 road
interchange will be carried out in advance. In the context of the
current conditions for the preparation and execution of significant,
and not only transport-related and engineering projects in the Czech
Republic, this is a case of not quite usual, but the more correct
approach of two large state owners of projects in coordinating the
design and constructing of mutually influencing routes and objects.
And last but not least, the actual construction of the presented object
is a good example of quality project preparation and subsequently
good cooperation between the contractor, designer and client
during construction.
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