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TUNEL RAJHRAD NA VYSOKORYCHLOSTNI TRATI RS 2
RAJHRAD TUNNEL ON THE RS2 HIGH SPEED LINE

ALES VEVERKA, KATARINA REVAY

ABSTRAKT

Cldnek predstavuje hloubeny tunel navrZeny na vysokorychlostni Zeleznicni trati. Tato p¥ipravovand cesta je soucdsti ambiciézniho pro-
jektu vybudovdni novych rychlych Zelezni¢nich spojeni po Ceské republice. Predmétny tunel se nachdzi na tiseku oznaceném RS 2 (Rychld
spojeni, usek ¢. 2) v Jihomoravském kraji, na okraji mésta Rajhrad, po kterém je pojmenovany. Po dokonceni 44 km dlouhého iseku bude
tato vétev trati v budoucnu navazovat jako preshranicni isek na Zeleznicni sit Slovenska a Rakouska. V prispévku jsou popsdny nejen tech-
nické parametry tunelu, predpoklddand technologie jeho vystavby a geologické podminky v lokalité, ale jsou uvedeny i prekdzky, se kterymi
se projektant pri ndvrhu témér 1 km dlouhého tunelu musel vyporddat.

ABSTRACT

The article introduces a cut-and-cover tunnel designed for high-speed railway. This route in preparation is part of an ambitious project
to build new high-speed railway connections across the Czech Republic. The tunnel in question is located on a section named RS2 (Fast
Connection, section nr. 2) in the South Moravian region, on the outskirts of Rajhrad city, after which it is called. After completion of the
44km long section, this part of a track will connect to the Slovakian and Austrian railway networks as a border crossing in the future. The
article describes not only the technical parameters of the tunnel, the expected technology of its construction, and the geological conditions
of the location, but also obstacles are mentioned, with which the designer had to deal during the design of the almost 1km long tunnel.

uvoD

Kvalita a dostupnost dopravni infrastruktury statu vzdy svédci
o jeho vyspélosti. Dostupné, rychlé, kulturni a spolehlivé cestova-
ni je znamkou spravného fungovani dané spolecnosti. Pokud jde
o prepravu osob a cestovani po Zeleznici konkrétné, je Ceska Zelez-
nicni sit jednou z nejhustéjsich draznich siti na svété. Nove plano-
vané vysokorychlostni trat¢ (VRT) navic nabidnou k dostupnosti
stavajici zelezni¢ni dopravy i dalsi pozitivni hlediska jako rychlost
a z ni vyplyvajici Casovou tsporu, zvySeni kapacit oproti stavajicim
tratim a v neposledni fad¢ udrZitelny rozvoj cestovani.

TUNELY NA VRT - TUNEL RAJHRAD

Patet dopravy po Zeleznici v CR tvoii spojnice dvou nejvétsich
Zeleznicnich uzld, kterymi jsou Praha a Brno. Z nich jsou plano-
vany zcela nové a modernizované traté ,,Rychlych spojeni* (RS)
smérem do okolnich stati — obr. 1. Vysokorychlostni trat¢ (VRT)
jsou do této infrastruktury RS zaClenény a vlaky systému RS tak
budou moci vyuzivat nejen nové VRT (pro rychlost az 320 km/h),
ale také zmodernizované Casti konvencnich trati (pro rychlost az
200 km/h) [1, 2].

Aktudlné — tzn. v tnoru 2025 — jsou v pfipravé tyto useky VRT:

¢ RS 1 VRT Praha-Brno—Ostrava (délka 385 km);

¢ RS 2 VRT Brno-Breclav (délka 44 km);

e RS 4 VRT Praha — Usti nad Labem — DrdZdany (délka 137 km);

¢ RS 5 VRT Praha — Hradec Kralové/Pardubice — Vratislav (dél-

ka 273 km).

Pourziti tunelovych staveb na trasich VRT je logické z divodu
technickych, ale i vSeobecné socidlnich. Vyhodné to muze byt
v mistnich podminkach, a to jak pro pfekondni pfirodnich terén-
nich prekazek, tak soucasné pro minimalizaci dopadu zasahu do
zivotniho prostiedi v lokalité. Na navrhovanych VRT trasach v celé
CR je proto pldnovéno celkem na pét desitek tunelovych staveb.

V rdmci projektové piipravy vysokorychlostnich trati v CR byly
v prosinci roku 2021 zapocaty projektové prace na dokumentaci
pro tzemni rozhodnuti (DUR) pro tsek RS 2 VRT Jizni Morava.

INTRODUCTION

The quality and accessibility of the transport infrastructure
of a state always resemble its advancement. Accessible, fast,
civilized, and reliable travel is a mark of the correct functionality
of a certain society. When it comes to the transport of people and
travelling on railways specifically, the Czech railway network is
one of the densest railroad networks in the world. Newly planned
high-speed lines (VRTs) will offer in addition to the accessibility
of current railway transport even other positive points of view,
such as speed and therefore time savings, expanding capacity in
relation to the current tracks, and last but not least sustainable
development of travelling.

TUNNELS ON THE VRT - RAJHRAD TUNNEL

The backbone of transport on railways in the Czech Republic
is made up of a link between the two largest railway hubs that
are Prague and Brno. From those wholly new and modernised
tracks of ,,Fast Connections* (RS) are planned, in the direction
of surrounding states — Fig. 1. High-speed lines (VRT) are
incorporated into this RS infrastructure, and trains of the RS system
will therefore be able to use not only the new VRT tracks (for
speeds up to 320km/h) but also modernised parts of conventional
tracks (for speeds up to 200km/h) [1,2].

Currently —i.e. in February 2025 — these sections of VRT are in
preparation:

* RS 1 Prague-Brno—Ostrava VRT (length 385km);

e RS 2 Brno-Bteclav VRT (length 44km);

e RS 4 Prague — Usti nad Labem — Dresden VRT (length

137km);

* RS 5 Prague — Hradec Krélové/Pardubice — Vratislav VRT

(length 273km).

The usage of tunnel structures on VRT tracks is logical due to
technical but also generally social reasons. It can be advantageous
in local circumstances, not only for overcoming natural terrain
obstacles but also simultaneously for minimising the impact of the
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intervention on the environment
of the location. Hence for the
proposed VRT routes in the
Czech Republic, there are fifty
tunnel structures planned in total.

Within the designing stage of
high-speed tracks in the Czech
Republic, in December 2021
began design works the
documentation for the zoning
and planning permission (DUR)
for the RS 2 Jizni Morava VRT
section. This track partially lines
the axis of the current railway,
and a part of it is guided along
a completely new route. The
length of this section is 34.3km
and the future maximum speed
here has been established at
320km/h. In this section there

on
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Obr. 1 Situace pldanovanych trati VRT
Fig. 1 Planned VRT lines layout

Tato trat ¢asteCné kopiruje osu stavajici Zeleznice, Cast je vedena
ve zcela nové trase. Délka tohoto tseku je 34,3 km a budouci ma-
ximalni rychlost zde je stanovena na 320 km/h. V useku se nachazi
19 mostnich konstrukci, 19 novych nadjezdt a také 1350 m dlouha
mostni estakada.

Mezi Modficemi a Sakvicemi byl v pfedchozi studii proveditel-
nosti navrzen pii okraji Rajhradu hloubeny tunel (obr. 2), jehoZ rea-
lizaci bylo tfeba podrobn&ji rozpracovat ve stupni DUR, obdobng
jako u pfislusného dseku trati. Cistopis DUR tunelu tak byl predan
objednateli, kterym je Sprdva Zeleznic, s.0. (SZ) v z4¥i 2024.

GEOLOGICKE POMERY LOKALITY

Uzemi umistnéni budouciho tunelu Rajhrad patif z geomorfolo-
gického hlediska do Dyjsko-svrateckého tvalu, detailné pak lezi na
hranici Dyjsko-svratecké nivy a Rajhradské pahorkatiny.

Na zéklad€¢ predbéZzného inZenyrskogeologického prizkumu
zpracovaného firmou AZ GEO, s.r.o0. 1ze v aktivni z6né konstrukce
tunelu predpokladat nasledujici poméry: Kvartérni pokryv reprezen-
tuji zeminy proménlivého genetického pivodu (eolické a fluvialni
sedimenty). Uzemi je vyrovnino antropogennimi navazka-
mi o mocnosti 1,0 az 2,3 m, charakteru prevazné hliny piscité

zdroj www.vrtky.cz source www.vrtky.cz

are located a total of 19 bridge
structures, 19 new overpasses, and
also a 1350m long bridge viaduct.
In between Modfice and Sakvice, a cut-and-cover tunnel was
proposed at the edge of Rajhrad in the previous feasibility study
(Fig. 2), whose realisation had to be more thoroughly elaborated
at the DUR level, similar to the corresponding track section. The
DUR clean copy of the tunnel was therefore handed to the contract
owner, who is Spréava Zeleznic, s.0. (SZ), in September of 2024.

GEOLOGICAL CONDITIONS OF THE LOCATION

The location of the future Rajhrad tunnel belongs from
a physiographical standpoint to the Dyjsko-svratecka depression,
in detail lying on the boundary of the Dyjsko-svratecka plain and
the Rajhrad uplands.

On the basis of the preliminary engineering geology inves-
tigation processed by the company AZ GEO, s.r.o., it is possible
to expect the following conditions in the active zone of the tunnel
structure: quaternary cover representing soils of variable genetical
origin (eolian and fluvial sediments). The area is levelled by
anthropogenic backfill with a thickness of 1.0 up to 2.3m, mainly
sandy mud (F3 MSY) and clayey sand (S5 SC) in character,
with fragments of construction waste. Following are eolian
sediments (loess, loess loam) of Pleistocene age and Svratka
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Obr. 2 Situace tunelu
Fig. 2 Tunnel layout
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(F3 MSY) a jilovitého pisku (S5 SC) s tlomky stavebniho odpa-
du. Nasleduji eolické sedimenty (spraSe, sprasové hliny) pleisto-
cenniho stafi a fluvidlni pleistocénni sedimenty Svratky pfi bazi
kvartéru. Malo proménlivé sprase a sprasové hliny (pfevazné F6
CI-CL) znac¢né kolisaji v mocnosti (od 1,9 az do 13,2 m). Fluvidlni
sedimenty feky Svratky, které tvori bazi kvarternich uloZenin, maji
znacné variabilni zrnitostni sloZeni. Stfidaji se vrstvy hlinitych pis-
ki (S4 SM, mocnost do 0,5 m), pis€itych jild pevné konzistence
(F4 CS), jilt z nizkou aZ stfedni plasticitou (F6 CL-CI, mocnost
do 0,5 m) a piski s pfimési jemnozrnné zeminy (S3 S-F, mocnost
0,9 az 5,9 m). Lokalné se pii bazi fluvidlniho souvrstvi vyskytuji
1 ulehlé Stérky s pfimési jemnozrnné zeminy (G3 G-F).

Predkvartérni podlozi, navrtané v hloubce 9,6 az 15,2 m, pred-
stavuji neogénni (miocénni) jily (tzv. tégly) s vysokou az velmi
vysokou plasticitou (F§ CH-CV, F7 MH), lokalné s prechodem do
jila piscitych (F4 CS, mocnost vloZek piscitych jild do 1 m). Pfi-
povrchové vrstvy neogénnich jilt reprezentuji tzv. potrhané jily.
Ty jsou znamé prekonsolidaci a ndchylnosti ke svahové nestabilité.
Jsou také objemové nestdlé s tendenci k bobtnani ¢i smrStovani,
coz je ddno vysokym obsahem jilovych minerali (illit/smektity).

Rezultat: Zakladova spara konstrukce hloubeného tunelu se bude
nachdzet v prostiedi tvofeném vyhradné neogénnim jilem.

Podzemni voda je zde vazana na propustné fluvidlni zeminy. Jedna
se o kvartérni zvodeii s volnou, lokdlné aZ mirné napjatou hladinou.
Voda byla narazena v hloubce 6,6 az 14,5 m a ustélila se v hloubce
7.9 az 12,6 m. Na zakladé laboratorni analyzy podzemni voda ne-
vykazuje agresivitu na betonové konstrukce podle CSN EN 206-1
— Beton — Specifikace, vlastnosti, vyroba a shoda. Pro zatfidéni
podle normy CSN 03 8375 — Ochrana kovovych potrubi uloZenych
v pudé nebo vodé proti korozi, vykazuje velmi nizkou agresivitu
(stupeni I.) ptisobenim pH, vysokou agresivitu (stupen IV.) vlivem
plsobeni siranti a chloridll, velmi nizkou agresivitu (stupen I.) vli-
vem pusobeni agresivniho CO, a vysokou agresivitu (stupeil IV.)
vlivem vodivosti [4].

Tuel

fluvial sediments at the base of the Quaternary. Sparsely variable
loess and loess loam (mainly F6 CI-CL) substantially fluctuate in
thickness (from 1.9 up to 13.2m). Fluvial Pleistocene sediments
of the Svratka River which form the basis of Quaternary deposits
have a significantly variable granular composition. Alternating are
layers of muddy sand (S4 SM, thickness up to 0.5m), sandy clay
of solid consistency (F4 CS), clay with low to medium plasticity
(F6 CL-CI, thickness up to 0.5m), and sand with fine-grained
soil admixtures (S3 S-F, thickness 0.9 up to 5.9m). Locally at the
base of the fluvial strata even dense gravel with fine-grained soil
admixture occurs (G3 G-F).

Pre-Quaternary bedrock drilled at a depth of 9.6 to 15.2m
resembles Neogene (Miocene) clays (i.e. tégly) with high to very
high plasticity (F8 CH-CV, F7 MH), locally with a transition to
sandy clays (F4 CS, thickness of sandy clays partings up to 1m).
Near-surface layers of Neogene clays represent the so-called
fissured clays. Those are well known for overconsolidation and the
susceptibility to slope instability. They are also volume unstable
with the tendency to swell or shrink, which is given by the high
contents of clay minerals (illites, smectites).

Result: The foundation base of the cut-and-cover tunnel
construction will be located in an environment comprised of
exclusively Neogene clay.

Groundwater is tied to permeable fluvial soils. It is a Quaternary
groundwater body with a free, locally even slightly confined
groundwater level. Water was encountered at a depth of 6.6
up to 14.5m and it settled at a depth of 7.9 to 12.6m. On the
basis of laboratory analysis, the groundwater does not show
aggressiveness towards concrete structures according to CSN EN
206-1 — Concrete — Part 1: Specification, performance, production
and conformity. For classification according to norm CSN 03 8375
— Ochrana kovovych potrubi uloZenych v piidé nebo vodé proti
korozi, it shows a very low aggressiveness (level I.) due to pH, high
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Obr. 3 Vzorovy pricny rez tunelem
Fig. 3 Typical cross-section of the tunnel

routed initially in a left curve and
subsequently straight ahead. The




TECHNICKE RESENi VLASTNIHO TUNELU

Osa tunelu je vedena na okraji mésta Rajhradu v blizkosti zastav-
by, je semknutd mezi t€leso dilnice D52 a vytizenou komunikaci
III. tridy €. 42510, pod kterou ¢aste¢né zasahuje. Tato komunikace
je dulezitou obsluznou trasou, kterd bude v dobé vystavby stile
v provozu formou prelozky.

Horizontalné je tunel od jizniho portalu vedeny tdolnicovym
obloukem poloméru 40000 m, zbyvajici ¢ast k severnimu portalu
je upadnice klesajici 4 %o. Smérové je tunel vedeny zpocatku v
levém oblouku a nasledné v pfimé. Tunel Rajhrad je navrZeny jako
dvoukolejny, o celkové délce 948 m, v celém tseku je osova vzda-
lenost koleji 4,5 m a maximdlni ndvrhova rychlost je 230 km/h
— obr. 2.

Severni (vjezdovy) portél je navrZzen v km 10,204, jizni (vyjez-
dovy) portdl je navrzen v km 11,152 pfipravované nové trati mezi
Modficemi a Sakvicemi. Na jiznim rozhrani tunelu je navrZena
zména ndvrhové rychlosti; v tunelu je stanovena na 230 km/h,
za vyjezdem z tunelu smérem na Breclav je ndvrhova rychlost
320 km/h. Pred vjezdem do tunelu smérem od Brna je navrhova
rychlost 230 km/h.

Definitivni osténi tunelu je navrZeno z monolitického Zelezobe-
tonu v obdélnikovém profilu s §itkou st€ny 1000 mm a nejveétsi
tloustkou stiechovitého stropu 1150 mm. Prdjezdny prifez tune-
lu vychézi z vydaného manuélu pro VRT, pro navrhovou rychlost
v tunelu 230 km/h. Svétla vyska tunelu je tak 7,0 m nad temenem
kolejnice (TK), svétld Sitka tunelu je 13,0 m. Upraveny pii¢ny
fez ma tak svétlou plochu nad TK cca 90,9 m? a vyhovuje pro-
storové pruchodnosti Z-GC (oznaceni priuchodnosti: Z — zakladni,
G — gauge [prirfez], C — oznaceni tfidy) (obr. 3).

Vzhledem k délce tunelu do 1 km neni navrZena zadnd nezavisla
unikova cesta. Tunel tak bude vybaven jen tinikovymi chodniky
§itky 2000 mm na obou stranch tunelu. Unikové chodniky budou
doplnény podélnym madlem, ve kterém bude integrovano nouzové
osvétleni, které bude napajeno ze zdlohovaného zdroje.

V tunelu bude na zdklad€ kolejového feSeni provedeno zapusténé
Stérkové loZe. Odvodnéni loZe bude realizovano pomoci vnitinich
bocnich drendzi doplnénych Cisticimi a reviznimi Sachtami, které
budou umistény v konstrukci tnikového chodniku. Drenazni po-
trubi je na obou portdlech ukonceno revizni Sachtou vné tunelu,
umisténou ve zpevnénych plochach pred portaly.

Pod obéma tnikovymi chodniky budou v betonové vyplni umis-
tény kabelovody a chranicky pro vedeni zabezpecovacich, sdélo-
vacich a silnoproudych kabeld, dile zde bude kanalizacni potrubi
drendZi a v neposledni fadé nezavodnény pozarni vodovod min.
DN100. Tento suchovod bude zavodnén v piipadé pozaru. Zdrojem
pozarni vody bude samostatna ptipojka vody.

Vétrani tunelu bude pfirozené podéIné, za vyuziti pistového a ko-
minového efektu. Rozdil vysek mezi portély je cca 4,3 m.

Konstrukce hloubeného tunelu je po celé délce opatiena hyd-
roizolacnim souvrstvim proti podzemni vodé s podélnymi rubovymi
drenazemi. Vyskové vedeni trasy v tunelu je ve spadu a umoziuje
odvodnéni tunelu gravitacné. Je navrZzeno hydroizola¢ni souvrstvi
z PVC v celkové tloustce 30 mm, a to véetné signalni vrstvy. Izo-
lacni souvrstvi bude ochrdnéné geotextilii, na stropni desce také
vrstvou betonové mazaniny.

Portalové stény tunelu jsou navrZené jako svislé, Zelezobetono-
vé. Vzhledem k hlubokym zafezim pred vjezdem i na vyjezdu z tu-
nelu bude v pripadé severniho (vjezdového) portalu sténa z obou
stran navazovat na zarubni a opérné zdi podé€l rajhradské ulice Sta-
réd posta. Na jiznim (vyjezdovém) portalu bude portdlova zed mirné

zalomena. Zalomend hrana bude tvorit konstrukci pro vyrovnani
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Rajhrad tunnel is designed as a twin rail tunnel with a total length
of 948m, throughout the whole section the axial distance of tracks
is 4.5m and the maximum design speed is 230km/h — Fig. 2.

The northern (entrance) portal is designed at km 10.204, the
southern (exit) portal is designed at km 11.152 of the newly in
preparation track between Modfice and Sakvice. On the southern
boundary of the tunnel, a change in design speed is projected,
in the tunnel it is established at 230km/h, after the exit from the
tunnel in the direction of Bieclav the design speed is 320km/h.
Prior to the entrance to the tunnel in the direction from Brno the
design speed is 230km/h.

The secondary lining of the tunnel is designed to be from
cast-in-situ reinforced concrete rectangular in cross-section with
a wall 1000mm wide and the thickest roof ceiling of 1150mm.
The tunnel gauge is based on the released manual for VRT, for
a 230km/h design speed in the tunnel. The vertical clearance of
the tunnel is therefore 7.0m above the running surface of the rail
(TK), clearance width of the tunnel is 13.0m. The modified cross-
section therefore has an area above the TK ca. 90.9m? and satisfies
the spatial passability Z-GC (designation of passability: Z — basic,
G — gauge, C — class marking) (Fig. 3).

In regards to the tunnel length being below 1km no independent
escape routes have been designed. The tunnel will therefore only
be equipped with escape pavements 2000mm wide on both sides.
Escape pavements will be provided with a longitudinal handrail, in
which emergency lighting will be integrated that will be powered
from a backup supply.

In regards to the rail solution an embedded ballast bed will be
carried out in the tunnel. Drainage of the bed will be realised using
inner lateral drainages supplemented by cleaning and inspection
shafts that will be positioned in the structure of the escape
pavement. Drainage piping ends at both portals with an inspection
shaft outside of the tunnel, situated inside hard-surfaced areas in
front of the portals.

Underneath both of the escape pavements in the infill concrete,
cable ducts and line piping will be placed for the routing of
interlocking systems, communication, and high voltage cables,
next there will be drain sewerage piping, and last but not least dry
fire water main min. DN100. This dry fire main will be irrigated in
the case of a fire. The source of fire water will be an independent
water connection.

Tunnel ventilation will be natural longitudinal with the use of
the piston and chimney effects. The elevation difference between
the portals is ca. 4.3m.

The cut-and-cover tunnel structure is equipped along its entire
length with layered waterproofing against groundwater with
longitudinal underside drains. The vertical route location in
the tunnel is at a downgrade heading and allows gravitational
tunnel drainage. Layered waterproofing from PVC is designed at
a total thickness of 30mm, including a signalling layer. Layered
waterproofing will be shielded by geotextile, on the ceiling slab
also with a layer of concrete screed.

The portal walls of the tunnel are designed as vertical from
reinforced concrete. In regards to deep cuts before the entrance and
on the exit from the tunnel in the case of the northern (entrance)
portal a wall on both sides will connect to revetment and retaining
walls along Stard posta Street in Rajhrad. The portal wall will be
slightly bent on the southern (exit) portal. The bent edge will create
a structure for levelling vertical differences between the original
and grade-sloped terrain to the left of the tunnel. In the right part,
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Obr. 4 Charakteristicky pricny rez
Fig. 4 Characteristic cross-section

vySkovych rozdili mezi pivodnim a upravenym svahovanym teré-
nem vlevo od tunelu. V pravé ¢asti bude portilova zed navazovat
na opérnou zed podél ulice Stara posta.

U jizniho (vyjezdového) portalu tunelu bude nastupni plocha pro
slozky IZS, se samostatnym piijezdem z ic¢elové komunikace. Zde
se bude nachézet i technologicky objekt tunelu, ve kterém bude
umisténo zafizeni pro provoz jak tunelu, tak i pfilehlych ¢asti VRT.

K severnimu (vjezdovému) portdlu bude vzhledem k jeho poloze
v tzkém zérezu v kolejisti zbudovan pouze pési pristup, a to scho-
distém vedenym z ucelové komunikace vychodné od severniho
(vjezdového) portalu. Prosakla voda bude tunelovou vnitini drena-
Zi odvadéna na tento portdl, kde bude vyusténi do Sachty spolecné
s odvodnénim kolejového loze.

Vystavba hloubeného tunelu bude probihat v paZené stavebni
jameé (obr. 4). Vzhledem k celkovému situacnimu uspotadani, har-
monogramu vystavby, geologickym a geotechnickym podminkam,
je navrh stavebni jamy uvaZzovan predevSim z pohledu moznych
zajisténi stavebni jamy:

* kotvend pilotova sténa — v mistech bez o¢ekavani velkych pfi-
toklt podzemni vody do stavebni jamy a s vétsi poZadovanou
hloubkou vetknuti konstrukce vynucenou geologickymi a geo-
technickymi poméry;

* kotvend sténa z prevrtavanych pilot — v mistech s ocekavanim
vétsich pfitokl podzemni vody a s vét§i poZadovanou hloubkou
vetknuti konstrukce vynucenou geologickymi a geotechnicky-
mi poméry;

the portal wall will connect to the retaining wall alongside Stara
posta Street.

By the southern (exit) tunnel portal there will be a site for IRS
services with a separate entrance from an access road. Here,
a technical building of the tunnel will be located as well, in which
technology for the operation of the tunnel and also adjacent parts
of VRT will be installed.

To the northern (entrance) portal due to its location in a narrow
cut in the rail, only pedestrian access will be built with a staircase
leading from an access road to the east of the northern (entrance)
portal. Seeping water will be directed to this portal via inner
drainage where there will be an outlet to a shaft that is also for
draining the trackbed.

The construction of the cut-and-cover tunnel will be carried out
in a sheated excavation pit (Fig. 4). In regards to the overall situ-
ational layout, construction schedule, geological and geotechnical
conditions, the design of the excavation pit is considered primarily
from the standpoint of possible support of the excavation pit:

e anchored pile wall — in places without the expectancy of

large influxes of groundwater into the excavation pit and with
a higher required depth of the restraint demanded by geological
and geotechnical conditions;

e anchored secant pile wall — in places with a higher expected

influx of groundwater and a higher required depth of the
restraint demanded by geological and geotechnical conditions;




Obr. 5 Rozfdzovany postup vystavby a) provedeni prelozky silnice II1. tiidy ¢. 42510, b) vystavba provizornich mosti,
¢) vykop stavebni jamy a zacdtek stavby tunelu, d) dosaZeni kritickych mist kriZeni stavebni jamy a silnic smérem do

Rajhradu, e) dokonceni tunelu, f) findlni provedeni zdsypovych konstrukci

Fig. 5 Phased construction stages a) carrying out a relocation of the No. 42510 class III. road, b) construction of tem-
porary bridges, c) excavation of the construction pit and the start of tunnel construction, d) reaching critical locations
of crossings of the excavation pit and roads in the direction to Rajhrad, e) tunnel completion, f) final execution of

backfill structures

 kotvena pilotova sténa doplnéna rozepienim — v mistech sta-
vebni jamy bliZe povrchu, kde neni mozné navrhnout efektivné
kotevni konstrukce.

Tubus tunelu bude ochranény piskovym obsypem, na ktery bude
navazovat zasyp findlni. Ten bude provedeny prednostné z vy-
téZeného materidlu, pokud bude tento materidl vyhodnocen jako
vhodny. Pfipadné miZe byt vyt€Zend zemina chemicky upravena
a pouzita zpét do zasypu. Aby byla konstrukce tunelu zatéZovana
rovnomérné, bude zasypové téleso provadéno a hutnéno postupné
po vrstvach. Rozdil vysek zasypu vlevo a vpravo mezi konstrukei
tunelu a zajisténim jamy pii zasypavani nesmi presdhnout 1,0 m.
Docasné zajisténi jamy bude demontovéno a pilotové stény budou
ubourany do hloubky pfiblizn€ 2 m pod findlni Groven terénu.

Zpétné zasypy budou provddény podle urovné terénnich Gprav
v trase a okoli tunelu. V blizkosti obou portélil se predpoklada pre-
sypani nad drovei stavajiciho terénu. VyuZije se vykopek a pozitiv-
né to prispéje k celkové bilanci naklddani s vytéZenym materidlem.

POSTUP VYSTAVBY

Podle navrZzeného technického feSeni je postup vystavby prosty:
provést piloty k zajisténi stavebni jamy, realizovat vykop s postup-
nym kotvenim (pfip. rozepfenim) pilotovych stén, vystavét Zelezo-
betonovy tubus tunelu, provést hydroizolace a zpétné zdsypy. Do
takto relativné jednoduchého postupu vsak v tomto pripadé vstu-
puji dalsi naro¢né aspekty prostredi, ve kterém ma stavba probihat.

Silni¢ni kfizovatky na silnici smérem do mésta Rajhrad ziistanou
v provozu, z tohoto diivodu budou v predstihu vystavény mostni
provizorni konstrukce, které dopravu z preloZené silnice do més-
ta Rajhrad prevedou. Frekventovana severojizni trasa zapadné od
Rajhradu tak bude zachovéna, pii¢né propojeni smérem do mésta
bude na zminénych kfizovatkich vyuzitelné i v pripadé vystavby
v téchto mistech.

Prelozky inZenyrskych siti v pfedstihu jsou pak samoziejmosti.
Jednou z nich je i preloZeni ¢asti vysokotlakého plynovodniho po-
trubi u jizniho portélu tunelu. Pfiblizné v poloviné délky tunelu bude
ziizena i konstrukce pro provizorni prevedeni ¢asti inZenyrskych
siti.
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 anchored pile wall supported
by bracing — in places where
the excavation pit is closer to
the surface, where it is not
possible to design effective
anchoring structures.

The tunnel tube will be protected
by a sand pack which will be
followed by a final backfill. That
will be carried out preferentially
from excavated material, provided
that this material will be evaluated
as suitable. Alternatively the
excavated soil can be chemically
cured and used back in the
backfills. In order for the tunnel
structure to be evenly loaded, the
backfill body will be carried out
and compacted step by step in
layers. The variation of backfill
height on the left and right
amongst the tunnel construction
and the securing of the excavation
pit during filling must not exceed
1.0m. Temporary excavation pit securing will be disassembled and
pile walls demolished up to a depth of approximately 2m beneath
the final terrain level.

Backfill will be carried out according to the level of terrain
finish en route and in the vicinity of the tunnel. Nearby both of
the portals a pour above the current level of terrain is expected.
Excavated material will be utilised and that will positively add to
the total balance sheet of handling the excavated material.

CONSTRUCTION PROCEDURE

According to the proposed technical design the procedure
of construction is simple: carry out piles for the securing of
the excavation pit, realise the pit with sequential anchoring
(eventually bracing) of the pile wall, build the reinforced concrete
tube of the tunnel, carry out waterproofing and backfills. Into such
an uncomplicated advance nevertheless come in this case other
challenging aspects of the area in which the construction is set to
take place.

The intersections on the road in the direction of Rajhrad
City will remain in operation, for that reason temporary bridge
structures will be built in advance, which will reroute traffic into
Rajhrad City from the diverted road. Busy north-southern route
to the west of Rajhrad will therefore be preserved, and transverse
interconnections into the city will be usable on the aforementioned
intersections even in the case of construction in these places.

Relocation of infrastructural networks in advance are common-
place, one of them even being a diversion of high-pressure gas line
piping at the southern portal of the tunnel. Approximately at half
the length of the tunnel even a structure for provisionally diverting
a part of infrastructural services will be constructed.

To make the construction procedure clearer, an animation was
prepared that clearly displays the procedure of construction in
a timely horizon. This animation is mainly intended to introduce
the construction to the broader public and explain the construction
timetable of the tunnel and adjacent structures. In question are six
vital phases of construction, whose description and location are
obvious from Fig. 5.
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Pro zptehlednéni postupu vystavby byla zpracovana animace,
kterd nazorné zobrazuje postup vystavby v Casovém sledu. Tato
animace je ur€end predevsim pro predstaveni stavby Sirsi vefejnosti
a vysvétleni harmonogramu vystavby tunelu i souvisejicich staveb.
Jde o Sest zasadnich fazi vystavby, jejichZ popis a umisténi jsou
patrné z obr. 5.

SLOZITOSTI PROJEKTOVEHO RESENI

Projektovani hloubenych tuneld se miZe jevit v podzemnim sta-
vitelstvi jako jednodussi neZ projektovani tunelll raZzenych. Pfi vy-
stavbé v oteviené jam€ nemusi investor, projektant ani zhotovitel
fesit fadu problémi, které se vyskytuji pouze v podzemi. I stavba
mélkych tuneltt ma sva specifika, kterd mohou znacné ovlivnit fi-
nalni navrh hloubené konstrukce, a to predev§im tam, kde je pro-
jekt komplikovanéjsi, financné ndkladnéjsi a projektant se proto
musi vyporadat s fadou prekéazek.

Projekt tunelu Rajhrad se musel vyporadat s nékolika problé-
my. K nemalym lze zafadit napf. geologické podminky lokality,
popsané vyse. Jiz prvni navrh zajisténi stavebni jamy jednoduchou
zaporovou sténou vzal za své vzhledem k parametrim zastiZenych
zemin — miocennich jili. Od pouZiti technologie vystavby s pod-
zemnimi sténami bylo po ekonomickém a technickém posouzeni
také upusténo. Zvolené zajisténi kombinaci kotvenych pilotovych
stén a rozepreni jamy se vysledné jevilo jako nejefektivnéjsi, a to
s ohledem na ekonomické a technické moZzZnosti.

Pro dalsi faze projektu bude zapotiebi provést podrobny hydro-
geologicky prizkum lokality. JiZ jen proto, aby se vyloucilo riziko
ovlivnéni reZimu podzemnich vod vlivem vystavby. Tuto obavu
vyslovili obyvatelé mésta Rajhradu. Také investor, ktery si je to-
hoto nebezpeci védomy, o¢ekdva dalsi navrhy, jak ochranit pfilehlé
okoli tunelu, véetné vodniho rezimu $irSi oblasti.

Neposledni komplikaci je pozadavek na zachovani dosavadni
dopravni obsluZnosti mésta Rajhrad v koordinaci vystavby a ne-
preruseni provozu na vytiZenych ulicich Stara posSta, Syrovickd
a Stefanikova. Pro ochranu t&chto, pro obyvatelstvo dileZitych,
dopravnich tepen a zachovani hromadné dopravy bude jesté pred
zahdjenim stavby tunelu provedena pielozka ulice Stard posta a zfi-
zeni mostnich provizorii.

ZAVER

V dobé pripravy ¢lanku pokracuje prace na dalSich fazich pro-
jektu, probiha vyjednédvani s dotCenymi tfady, majiteli pozemkd,
zastupci samospravy, vcetné prezentaci projektovych reseni Siroké
vefejnosti. Pfipominky a podnéty investor analyzuje a podle potieby
zadéava zpracovatelim podnéty na zmény projektové dokumentace.

Ty budou bezprostiedné zapracovany do podrobné dokumentace ve
stupni DPS jiZ podle nového Stavebniho zékona.

Ing. ALES VEVERKA, ales.veverka@mottmac.com,
Ing. KATARINA REVAY, katarina.revay@mottmac.com,
Mott MacDonald CZ spol. s r.o.
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DIFFICULTIES OF THE DESIGN SOLUTION

Designing cut-and-cover tunnels within underground con-
struction can seem less sophisticated than designing mined tunnels.
During construction in an open pit, the investor, designer, or even
contractor do not have to deal with a series of problems that occur
only underground. Even the construction of shallow tunnels has its
own particularities that can significantly influence the final design
of a cut-and-cover structure, namely where the project is more
complicated and financially costly, and the designer therefore has
to overcome a series of obstacles.

The Rajhrad tunnel project had to cope with several problems.
To those considerable ones belong for example geological
conditions of the location described above. Already the first
concept for excavation pit securing by a simple sheeting wall has
taken its toll due to the parameters of encountered soils — Miocene
clays. Using construction technology with underground walls was
also abandoned after an economical and technical evaluation. The
chosen support of excavation by a combination of anchored pile
walls and strut bracing has in the end shown as the most effective
with regards to economic and technical capabilities.

For further project phases, a detailed hydrogeological survey
of the location has to be carried out. Even just for ruling out
the risk of influencing the groundwater regime as a result of the
construction. This concern was expressed by the inhabitants of
Rajhrad City. As well as the investor, who is aware of this risk,
expects further proposals on how to protect the nearby vicinity of
the tunnel including the water regime of the broader region.

Thelastcomplicationis arequestto preserve the existing transport
services of Rajhrad city in coordination with the construction and
to not interrupt the traffic on busy streets Stard posta, Syrovicka,
and Stefanikova. For the protection of these arterial roads that
are vital for the inhabitants and for preserving mass transit even
before the commencement of the tunnel construction a relocation
of Stard poSta Street will be carried out and temporary bridges
established.

CONCLUSION

At the time of preparation of this article works on the further
phases of the project continue, and negotiations with concerned
authorities, land owners, and self-government representatives
are being held, including presentations of the project solutions to
the general public. The investor analyses remarks and objections
and as needed assigns the objections for changes in the design
documentation to the authors. Those will immediately be
incorporated into a thorough documentation at the DPS level
already according to the new law.

Ing. ALES VEVERKA, ales.veverka@mottmac.com,
Ing. KATARINA REVAY, katarina.revay @mottmac.com,
Mott MacDonald CZ spol. s r.o.
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