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PROJEKT NOVEHO TREBOVICKEHO TUNELU

THE NEW TREBOVICE TUNNEL PROJECT
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Optimalizace tratového Useku Krasikov - Ceské Trebova je soucésti vystav-
by 2. 7elezniéniho koridoru. Clanek popisuje navriené technické Feseni
nového tiebovického tunelu, ktery je soucasti uvedeného tratového Useku.
Stavajici dvoukolejna trat je mezi stanicemi Trebovice a Rudoltice v Cechach
vedena jako dvé samostatné, stavebné jednokolejné traté. Kolej €. 2 provo-
zovana ve sméru z Rudoltic do Trebovic prochazi starym tiebovickym tune-
lem. Kolej €. 1 vede po povrchu a je provozovana ve sméru z Trebovic do
Rudoltic. Toto kolejové uspofadani vzniklo ve tficatych letech minulého sto-
leti pfi zdvoukolejiovani hlavnich Zelezni¢nich trati ve sméru zapad -
vychod s ohledem na sklonové poméry.

Projekt stavby tunelu vypracovala firma ILF Consulting Engineers, s. r. 0.,
jako subdodavku pro firmu Metroprojekt, a. s., ktera zpracovala projekt stav-
by celého tratového Useku.

INZENYRSKO-GEOLOGICKE POMERY

Geologické prostredi, ve kterém bude realizovana stavba, je tvoreno terci-
ernimi jily tuhé aZz pevné konzistence s vyskytem piscitych proplastkd
a ¢ocek. Pisecné polohy, uzaviené v nepropustném komplexu neogennich
jilt, jsou zpravidla zvodnélé s napjatou hladinou podzemni vody. Kvartérni
pokryv lezici na neogennich jilech tvofi antropogenni, fluvialni a fluviodelu-
vialni sedimenty o celkové mocnosti v ose tunelu od 2,8 do 10,3 m. Fluviélni
sedimenty, zastoupené rlizné zrnitymi pisky, tvofi ve stfedni ¢asti projekto-
vaného tunelu podstatnou ¢ast nadlozi.

V téchto kvartérnich fluvialnich sedimentech se vytvari mélky kolektor spod-
ni vody zavisly na mnozstvi srazek. Hladina podzemni vody se v kvartérnich
sedimentech objevuje asi 1 -7 m pod povrchem. Zjistény vykyv hladiny,
zpusobeny povrchovymi srazkami, ¢inil maximalné 1 - 1,5 m. V terciernich
jilech je podzemni voda véazana téméf vyhradné na piséité viozky a polohy
s dobrou pralinovou propustnosti. Samotné jily tvofi pro vodu prakticky
nepropustné prostiedi. Ve stfedni ¢asti tunelu prizkum zastihl v hloubce
21,0 m rozsédhlou akumulaci zvodnélych piskl, vytvafejicich vyznamny
kolektor se znaénou kapacitou podzemni vody. Pfitomnost zvodnélych
poloh vytvafi v tomto jiz tak staticky nekvalitnim prostredi znaény rizikovy
faktor.

Navaziky vétsiho rozsahu se vyskytuji v blizkosti vyjezdového portalu, kde je
stavajici Zelezniéni trat vedena na nasypu. Nasyp tvofi s nejvétsi pravdépo-
dobnosti mistni vytéZené kvartérni materidly, zejména soudriné zeminy
charakteru $térkovitych jild.

V misté vytézené piskovny u komunikace prvni tidy 1/43 Ceska Trebova -
Svitavy se nachazi v soucasnosti jiz uzaviena skladka tuhého komunalniho
odpadu. Béhem provedeného prizkumu ani mistnim Setfenim se nepodafilo

H
e s -]
Obr. 1 Vizualizace - pohled na vjezdovy tfebovicky portal
Fig. 1 Visualisation - a view of the Tfebovice entrance portal

INTRODUCTION

The optimisation of the Krasikov — Ceské Trebova rail line section is part of
the project of the Railway Corridor 2. The article describes the technical solu-
tion of the new Tiebovice tunnel, located on the above-mentioned rail line
section.

The existing double-track line between the Trebovice and Rudoltice
v Cechéch stations consists of two in terms of construction independent
single-track lines. The track No.1, operates in the direction from Rudoltice to
Trebovice, passes through the old Trebovice tunnel. The track No.1 operates
from Trebovice to Rudoltice and leads at grade. This arrangement of the
lines originated in the 1930s in the process of doubling of main railway
tracks at the west-east direction with respect to their gradients.

The tunnel design was developed by ILF Consulting Engineers, s.r.o. as
a sub-contract work for Metroprojekt a.s., who prepared the overall design of
the whole rail line section.

GEOLOGICAL CONDITIONS

Geology in which the construction will be carried out consists of Tertiary
clays of stiff to solid consistency, with occurrence of sandy interbeds and
lenses. The sandy interbeds, closed in an impermeable complex of Neogene
clays, are usually water bearing, with confined groundwater level. The
Quaternary nappe overlying the Neogene clays is formed by anthropogenic,
fluvial and fluvial-diluvial sediments of a total thickness from 2.8 to 10.3 m
at the tunnel axis. The fluvial sediments represented by various granular
sands form a substantial part of the overburden at the central part of the
designed tunnel.

A shallow groundwater collector, depending on the volume of precipitation,
originates in these Quaternary fluvial sediments. The groundwater table
appears about 1 - 7 m under the surface in the Quaternary sediments.
A maximum movement of the groundwater table caused by atmospheric
precipitations amounted to 1 - 1.5m. Groundwater in the Tertiary clays is
nearly always connected with sandy inserts and interbeds with good intrinsic
permeability. The clays proper create an environment virtually impermeable
for water. The investigation encountered a vast accumulation of water bearing
sands in the central part of the tunnel, at a depth of 21.0 m, forming a signi-
ficant collector of a considerable ground water capacity. In terms of statics,
the presence of the water bearing interbeds represents an important risk factor
within this generally low quality environment.

Man-made fills of a greater extent occur in the vicinity of the exit portal,
where there is the existing rail track on an embankment. Most likely the
embankment consists of local excavated Quaternary materials, cohesive
soils of a gravelly clays character above all.

A currently cancelled municipal solid waste landfill exists in the space of an
abandoned sand pit near to the Ceskd Trebova - Svitavy 1/43 primary road.
The trials to determine both the exact extent of the landfill and the type of
the waste during the investigation failed. The Consultant proposed execution

br. 6 Vizualizace - pohled nf;_vjezdovy portél a zarubni zdi
Fig. 6 Visualisation - A view of the entrance portal and retaining wall
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Tab. 1 Fyzikalné-mechanické vlastnosti zastizenych materiall - charakteristické hodnoty
Table 1 Physical and mechanical properties of materials encountered - characteristic values

1. 2. 3. 4, 5. 6. 7. 8.
Navazky Piscité Jily Pisek Stérk Jil s vysokou | Jil tuhy Pisek
Man-made hliny s nizkou jemné jilovity plasticitou az pevny jemné
fills Sandy plasticitou zrnény Clayey High s vysokou zrnény
loams Low Poorly gravel plasticity clay| az velmi Poorly
Parametr plasticity grained vysokou grained
Parameter clays sand plasticitou sand
High to very
high
plasticity, stiff
to solid clay
Zattidéni dle CSN 73 1001 F3MSY FSCH
Classification according to cs ! F3MSO F6CL, F4CS | S2SP, S3SF G2GC F8CH, F2CG c ’C S2SP, S3SF
the CSN 73 1001 e G, L
Obﬁgg‘z‘;‘;ttw:i;’,'gka yn [kNme) | 18,0 18,0 19,3 17,5 19,5 20,0 19,5 18,0
Modul pretvarnosti E 8
Modulus of deformation | def| (MPa) 4 4 g L B g (7,9 - 15,0) 2
szzggg‘;"racfgo v| m 0,35 0,35 0,35 0,28 0,35 0,35 0,42 0,30
Totalni dhel vnitiniho
treni o 0
Apparent angle of Qu| © v Y L v (0,0 - 3,6) )
internal friction
Totélni soudrznost 90
Apparent cohesion Cu [ (kPa) 30 40 40 60 (50 - 140) -
intercept
Efektivni Ghel
vnitiniho treni o 15
Effective angle of Pef ) 17 25 25 29 25 K (12,2 - 18,4) 30
internal friction
Efektivni soudrznost 23
@
Effective cohesion of | (kPa) w L L v W A (13 - 26) 0
Linearni bobtnavost 7
Linear swelling b (kPa) 0,80 - - (1.3-22,6) -
property ! !
Bobtnaci tlak
v oedometru (kPa) ) ) ) 120 )
Swelling pressure (82 - 276)
in oedometer
Obsah organickych 5
latek (%) = = = =
Organic content liB =1

zjistit pfesny rozsah skladky ani typ uklddaného odpadu. Pro zjisténi ales-
pon pfiblizného rozsahu skladky navrhl zpracovatel dokumentace geofyzi-
kalni méreni. Zakladni geotechnické parametry uvadi tab. 1.

STARY TUNEL

Ve vzdalenosti 120 m od nové navrhované trasy se nachazi stary tfebovicky
tunel. Archivni materialy a zkusenosti nasich predkd poskytly cenné infor-
mace o horninovém prostiedi a téZkostech spojenych jak s vystavbou tunelu,
tak i predportalovych zafezd. Stavebné a prostorové jiz nevyhovujici tunel
byl vybudovan jadrovou metodou v letech 1842 - 1845 jako dvoukolejny za
velkého pracovniho nasazeni a obéti vSech zuéastnénych. Béhem stavby
doslo k vice neZ pétindsobnému prekroceni rozpoétu. Jesté pfed zahéjenim
razby tunelu navrhl inspektor Negrelli zfizeni tunelu v otevieném zarezu.
Proti této varianté stala celd fada namitek a zejména pak poukaz na obtize

of geophysical measurements to determine the landfill extent at least app-
roximately.

EXISTING TUNNEL

The existing Trebovice Tunnel is located at a 120m distance from the newly
designed route. Archive documents and our ancestors’ experience provided
valuable information on the ground and the troubles connected with both
the tunnel and pre-portal open cuts construction. The tunnel, inadequate in
terms of its structure and space arrangement, was built using the German
system within the years 1842 - 1845 as a double-track tunnel, with an
immense endeavour and sacrifices by all participants. The budget was crossed
more than fivefold. Inspector Negrelli had proposed that the tunnel con-
struction be built in an open cut even before the tunnel excavation was started.
A series of objections against this variant were raised, primarily an idea of
troubles connected with the construction of much smaller cuts at the tunnel
portals. Also a construction of a deep cut instead of the tunnel was refused
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spojené s vystavbou mnohem mensich zarezl na portalech tunelu. Rovnéz
zfizeni hlubokého zéfezu na misto tunelu bylo odmitnuto s ohledem na
vysoké naklady na Udrzbu a zajisténi prdjezdnosti.

P¥i razbé a pfi zdéni osténi zplsobovalo velké problémy nestabilni hornino-
vé prostiedi. V modrém plastickém jilu se za pfitomnosti vzduchu opét
nastartovaly velkym tlakem pozastavené hnilobné procesy. Navic byl jil
vydatné dotovan podzemni vodou z pisCitych proplastki a ¢ocek, z kvartér-
nich pokryvu, ale i srazkovou vodou pfivadénou do podzemi téznimi a pii-
stupovymi Sachtami. PGsobenim vody a vzduchu ménil jil svoji konzistenci
a bobtnal. Zemni jadro ponechané uprostied tunelu jako opora pro vydievu
nevzdorovalo dostate¢né zemnim tlakiim, vydreva praskala. Zdivo patek
klenby se bofilo do rozmacéeného jilu. Vystavba tunelu délky 508 m trvala 31
mésicd.

Krétce po zahdjeni provozu se vsak objevily zdvady na obezdivce, které
vedly na nékterych mistech k zajisténi tunelu vydfevou a peélivému sledo-
vani poruch. Situace vyvrcholila rozhodnutim o opusténi tunelu a zfizeni
objizdné trasy po povrchu se zahajenim provozu v roce 1866.

Po vzniku Ceskoslovenské republiky bylo rozhodnuto tunel obnovit a pro-
vozovat v ném jednu z koleji zdvoukolejnéné traté Olomouc - Ceska
Trebova. Tunel byl ¢aste¢né znovu vyrazen a opatien novou obezdivkou.
Profil tunelu mél napfisté zlistat uz pouze jednokolejny. Obnova tunelu trva-
la 24 mésicli. Smérové a vyskové vedeni koleje ¢. 2 umoznilo prevést zelez-

mi sklonovymi poméry.
NOVY TUNEL

Novy tiebovicky tunel délky 550 m se nachazi v S§irokém plochém sedle tzv.
Trebovské brané, vyuzivané jiz od pradévna jako dopravni cesty. Tunel je
situovany jizné od tunelu stavajiciho, podchazi vzdusné vedeni 22 kV, silni-
ci 1/43 Ceska Trebové - Svitavy a kolej &. 1 stavajici trati Krasikov - Ceska
Trebova. Tunel lezi ¢asteCné v pfimé a Castetné ve smérovém oblouku
0 poloméru 850 m.

S ohledem na inZenyrsko-geologické poméry dotéené lokality a dochované
materidly o stavbé a rekonstrukci starého tfebovického tunelu jsme zvazo-
vali nékolik variant vystavby nového tunelu nebo i zfizeni hlubokého zafezu.
Vzhledem k dfive schvalenému smérovému a vySkovému vedeni trasy byl
vylouéen hluboky otevieny zafez. Z celé fady moznosti, od zfizeni tunelu
v oteviené stavebni jamé po cyklickou razbu pod ochranou klenby vytvorené
mikrotunelovanim popf. zmrazovanim horniny, zvitézila metoda kombinujici
hloubeni s razbou pod ochranou stropni desky a podzemnich stén. Jedna se
tedy o pouZiti metody ,Zelva”.

Zpracovani celého projektu tunelu probihalo pomoci poéitace. Vyhody digi-

Obr. 2 Staticky vypocet - vodorovné deformace
Fig. 2 Structural analysis - horizontal deformations

because of the high cost of maintenance and problems in ensuring its pas-
sability.

The instable ground caused serious troubles in the course of the tunnel drive
and masonry work. Putrefactive processes in the blue plastic clay, which had
been suspended as a result of the high pressure, resumed in the presence of
air. In addition, groundwater was amply supplied to the clay by sandy inter-
beds and lenses, the Quaternary cover, but also by storms bringing water
underground through hoisting shafts and access adits. The clay changed its
consistency and swelled by the presence of water and air. A ground core left
in the tunnel centre as a support for timbering failed to resist the ground
pressures sufficiently, the timbering broke. The masonry of the vault foo-
tings sunk into soaked clay. The 508m-long tunnel construction took 31
months.

Shortly after the tunnel operation commencing, defects in the lining appea-
red, resulting at specific locations in a necessity to support the tunnel by tim-
bering and monitor the defects carefully. The situation culminated by a deci-
sion to abandon the tunnel and establish surface diversion routes, with the
operation beginning in 1866.

After the Czechoslovak Republic origination, it was decided that the tunnel
would be restored and one of its two tracks operated on the Olomouc -
Ceska Trebovéa double-track line. The tunnel was partially re-excavated and
equipped with a new liner. For the future, one track was to remain in the tun-
nel cross section only. The tunnel reconstruction took 24 months. The hori-
zontal and vertical alignment of the track No.2 allowed the rail track to find
more favourable gradient conditions for passing over the col at Trebovice in
the direction from Rudoltice to Trebovice.

THE NEW TUNNEL

The new 550m long Trebovice tunnel is placed in a wide flat col, so-called
Trebovice Gate, used as a transport route from of old. The tunnel is situated
to the north of the existing tunnel. It passes under a 22 kV aerial line, the /43
Ceskd Trebovd - Svitavy road, and the track No.1 of the existing rail line
Krasikov — Ceska Trebova. The tunnel is partially straight, partially in an
850 m radius curve.

We have considered several variants of the new tunnel construction, or even
establishment of a deep open cut because of the engineering geological con-
ditions of the given location and preserved documents on the existing
Trebovice tunnel construction and reconstruction. The deep open cut has
been excluded with respect to the horizontal and vertical alignment appro-
ved previously. A combination of cut-and-cover method and excavation
under the protection of a roof deck and diaphragm walls, i.e. the “Turtle”
method has won out of the number of options, starting from the tunnel con-
struction in an open box to a cyclic excavation under the protection of a vault
created by microtunnelling or ground freezing.

The whole design was developed using computer. Advantages of digital pro-
cessing proved primarily in the earthwork design. A survey of the actual
shape of the area surface served in establishing the surface digital model.

Obr. 3 Staticky vypocet - svislé deformace
Fig. 3 Structural analysis - vertical deformations
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Obr. 4 PFi€ny fez tunelu v podzemnich sténach
Fig. 4 Cross - section through the tunnel at the diaphragm walls
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talniho zpracovani se projevily zejména u navrhu zemnich praci. Pro vytvo-
feni digitdlniho modelu terénu slouzilo geodetické zaméfeni skute¢ného
tvaru stavajiciho povrchu Gzemi. Model potom umoziil provést 3D navrh
stavebni jdmy véetné rozdéleni na jednotlivé etapy odtéZovani a zpétného
presypani konstrukce.

POPIS KONSTRUKCNIHO RESENI A PRICNY REZ

V podélném sméru se tunel déli na 44 tunelovych pasl. Tunelovou troubu
tvofi dvé fady podzemnich stén, prosté ulozend stropni deska a Castecné
vetknuta deska spodni. Pouze portalovy pas P2 (vyjezdovy, rudolticky portal)
je budovan v oteviené stavebni jAmé jako uzavieny rdm. Délka bloku beto-
naze spodni (resp. horni) desky 12,5 m odpovida délce tunelového pasu.
Délka jedné lamely podzemni stény je 6,25 m, tzn. dvé lamely v jednom
pasu. VSechny vzdalenosti jsou méfeny na ose tunelu.

V mistech zamk{ podélnych lamel jsou pod drovni dna tunelu vybudovany
lamely pFi€né, rozpérné. Na nutnost rozepfit podzemni stény i ve spodni
Urovni jesté pred zacatkem razby poukazal staticky vypocet (obr. 2 Staticky
vypocet - vodorovné deformace, obr. 3 Staticky vypocet - svislé deformace).
Rozepfenim podzemnich stén lamelami zajistuje stabilitu podélnych pod-
zemnich stén v predstihu jiZ v okamziku zahajeni razby. Zaroven odpada slo-
Zitd manipulace s rozpérami pod stropni deskou tunelu.

Z hlediska pouZité nosné konstrukce je tunel rozdélen na dva typy, které se
lisi tloustkou stropni desky a hloubkou podzemnich stén. Pouziti pfislu§né-
ho typu konstrukce odpovidéa vysce nadlozZi a tunel déli na tfi useky (¢asti).
V prvni ¢asti dlouhé 125 m ma stropni deska vysku 900 mm, podzemni stény
o tloustce 800 mm jsou hluboké 18 m. Ve stiedni ¢asti o délce 312,5 m maiji
podzemni stény hloubku 20 m a vyska stropni desky 1200 mm. Posledni tieti
¢ast délky 100 m ma dimenze jednotlivych konstrukci stejné jako ¢ast prvni.
Spodni deska je po celé délce tunelu vysoka 1500 mm.

PFicny fez tunelu je navrzen pro ,Sdruzeny tunelovy prdjezdny prifez pro
elektrizovanou trat” s pojistnym prostorem 300 mm podle navrhu normy
CSN 73 7508 - Zelezniéni tunely. Nutné rozméry vnitfniho teoretického lice
ovliviiuje déle prevyseni koleje 135 mm a vyrobni tolerance podzemnich
stén. Osa tunelu odvozend pro potieby vystavby z os koleji €. 1a 2 je 0 130
mm odsazend od osy koleji (obr. 4 Pfi€ny fez tunelu v podzemnich sténach).
Tunel je vybaven zachrannymi vyklenky situovanymi vstficné po obou stra-
nach tunelu. Vzdalenost vyklenkl je 25 m méfeno na ose tunelu. Ve vyklen-
cich jsou déale umistény kabelové Sachty a v kazdém druhém Sachty s vyto-
kovymi ventily pozarniho suchovodu, zasuvky pro odbér elektrické energie
a vypinace osvétleni (obr. 5 Pidorys vyklenkd).

PoZarni suchovod je stejné jako devitiotvorové kabelové multikanaly pro
prevod slaboproudych a silnoproudych vedeni zabetonovan do pochozi
stezky o $ifce 900 mm. Dal$i bezpeénostni prvek predstavuje madlo osazené
po obou stranéch tunelu.

Trakéni vedeni je zavéSeno na nosnych konzolach pfipevnénych k boku osténi
pomoci vysokopevnostnich ocelovych kotev & 20 mm, resp. & 16 mm, osa-
zovanych do vrtd v Zelezobetonovém osténi z betonu C25/30 dodatecné.
Odvodnéni kolejového loze je feSeno v pfiEném sméru vyspadovéanim vypl-
fiového betonu pod kolejovym lozem od stfedu tunelu ve sklonu 3 %
k postranim tunelovym stokdm ulozenym v drazce vytvofené ve spodni
desce tunelu. Zde je umisténa drenazni roura o & 200 mm s plochym dnem.
Voda je v podélném sméru svedena ve sklonu traté cca 7 %o k rudoltickému
(vyjezdovému) portalu.

Podél podzemnich stén definitivniho osténi jsou v pochozi stezce navrieny
podélné odvodovaci Zlaby. Ukolem téchto Zlabil je zachytit pFipadné pri-
saky pres osténi tunelu a zabranit tak namrzani pochozi stezky v zimnim
obdobi.

Obr. 7 Vizualizace - osténi tunelu
Fig. 7 Visualisation - the tunnel liner

Subsequently the model allowed development of a 3D design of the con-
struction pit, including its division into individual phases of excavation and
backfilling of the structure.

THE STRUCTURAL SOLUTION AND CROSS SECTION DESCRIPTION

Longitudinally, the tunnel is divided into 44 tunnel belts. The tunnel tube
consists of two rows of diaphragm walls, freely supported roof deck and
partially restrained bottom slab. The P2 portal belt (exit, the Rudoltice por-
tal) is built in an open pit as a closed frame. The length of one casting block
of the bottom (or roof) slab of 12.5m corresponds to the width of one tunnel
belt. The length of one panel of the diaphragm wall is 6.5 m, i.e. two panels
are in one belt. All distances are measured at the tunnel axis.

Transversal bracing panels are constructed under the bottom level at the
locations of the longitudinal panels’ interlocking. The necessity of bracing
the diaphragm walls also under the bottom level even before the excavation
beginning was shown by the structural analysis. (Fig. 2 Structural analysis -
horizontal deformations, Fig. 3 Structural analysis - vertical deformations)
The bracing of the diaphragm walls by the panels provides the stability of
the longitudinal diaphragm walls already at the moment of the excavation
operations beginning. In the same time the complex handling braces under
the tunnel roof deck is avoided.

From the load bearing structure aspect, the tunnel is divided into two types
differing in the roof deck thickness and the diaphragm walls depth.
Application of the particular type of structure depends on the overburden
thickness. The tunnel is divided into three sections (parts). For the first section
125 m long, the deck is 900 mm thick, and 800 mm-thick diaphragm walls are
18 m deep. Diaphragm walls are 20 m deep and the roof deck 1,200 mm thick
in the 312.5 m long central part. The last part, the third one, is 100 m long,
and the dimensions of its individual structures are identical with those of the
first part. The bottom slab is 1,500 mm thick along the whole length of the
tunnel.

The tunnel cross section has been designed for the “Combined tunnel struc-
ture clearance for electrified railway” with a safety space of 300 mm, according
to the draft standard CSN 73 7508 - Rail Tunnels. In addition, the required
dimensions of theoretical internal surface are affected by the track superele-
vation of 135 mm and manufacturing tolerances of diaphragm walls. The
tunnel axis design, deduced for the construction needs from the axes of the
tracks No. 1 and 2 is offset from the tracks” axes by 130 mm. (Fig. 4 Cross
section through the tunnel at the diaphragm walls)

The tunnel is equipped with safety recesses situated in a non-staggered
manner along either side of the tunnel. The recesses spacing is 25 m, mea-
sured on the tunnel axis. The recesses also contain cable shafts, and, in each
other recess, shafts with outlet valves of fire dry piping system, electric out-
lets and light switches. (Fig.5 Recesses layout)

The fire dry piping is, same as the nine-way cable multiple cable ducts for
low tension and power lines, embedded in the 900 mm wide concrete emer-
gency walkway. Another safety element is a handrail installed along both
sides of the tunnel.

Traction mains are suspended on carrier brackets fixed to the lining sides by
means of high-strength steel anchors 20 mm or 16 mm in diameter, inserted
subsequently into holes drilled into the C25/C30 reinforced concrete liner.
Rail bed drainage system has been solved by 3 % transversal sloping of blin-
ding concrete under the rail bed from the tunnel axis to side tunnel ducts laid
in a groove created in the tunnel bottom slab. There are drainage pipes 200 mm
in diameter with flat bottom laid there. Longitudinally, water is led at the
track gradient of about 7 %. to the Rudoltice exit portal.

Longitudinal drainage ducts in the escape walkway have been designed
along the diaphragm walls of the final lining. The purpose of those ducts is
to intercept potential leakage through the tunnel lining, thus to prevent for-
mation of ice on the escape walkway in winter season.

Obr. 8 Vizualizace - vyjezdovy rudolticky portal
Fig. 8 Visualisation - the Rudoltice exit portal
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TECHNOLOGIE VYSTAVBY
Prace na povrchu

V$echny prace provadéné z povrchu musi byt z diivodu prelozky komunikace
1/43 Svitavy - Ceska Trebova rozdéleny na dvé etapy.

Nejdfive se zhotovi objizdna komunikace a potom budou zahajeny prace na
¢asti jdmy u rudoltického portalu tunelu. Prvni fazi je odtézeni stavebni jamy
na uroven pro hloubeni podzemnich stén. Stavebni jdma bude odtéZovéana
postupné po jednotlivych etadZich na Uroven asi 426 m n. m. Vyska jednotli-
vych etazi rozdélenych 1,5 m Sirokymi lavicemi nepfesahuje 4 m. Stabilitu
v§ech etdZi zajiStuje jednotny sklon 1:2 a 100 mm stfikaného betonu s jed-
nou vyztuznou siti. Druhou etaz navrzenou v pis¢itych sedimentech (S2SP,
S3SF) navic zajistuji zardzené hieby @ 25 mm a délky 4 m.

Béhem odtéZovani prvni ¢asti stavebni jamy dojde k odkryti skladky TKO.
Podle geofyzikalnich méfeni dno sklddky zhruba odpovidd dnu stavebni
jamy. Vzhledem k nezndmému charakteru ulozeného odpadu musi pfimo na
misté rozhodovat o jeho zpracovani kvalifikovany pracovnik.

Z urovné dna stavebni jdmy budou do pfedem pfipravenych vodicich zidek
hloubeny a betonovény podzemni stény po jednotlivych lamelach. Podéiné
Zelezobetonové lamely osténi tunelu z betonu C25/30 a s vyztuZi 10 505 (R)
maji délku 6,25 m. Soucasné s lamelami tunelového osténi jsou v mistech
zamkl lamel podélnych betonovany rozpérné lamely pficné z prostého
betonu. Nosnou ¢ast rozpérné lamely tvofi beton C25/30. Zbyvajici ¢ast
lamely, uréenou k vybourani pfi razbé tunelu, vypliiuje beton C8/10.

Po Upravé koruny jednotlivych lamel se na upraveny terén mezi podzemni
stény vybetonuje vrstva podkladniho betonu, poloZi se separaéni PE folie
a néasledné smontuje vyztuz. Upravena koruna podzemnich stén bude o$et-
fena krystalizaénim nastfikem. Do budouci spary se pfipevni expanzni tés-
nici pasky.

Na upraveny terén je vybetonovana stropni deska tunelu. Délka bloku beto-
naze desky odpovida délce tunelového pasu a ¢ini 12,5 m. Po odbednéni je
do pfipravenych zlabk( zhutnén krystalizaéni tmel a vnéjsi lic stropni desky
se osetfi krystalizaénim nastfikem. Nasledné se okolo stropni desky zfidi
jilové tésnéni a deska je zpétné presypana do tvaru plvodniho terénu. Po
provedeni prvni faze vystavby je komunikace 1/43 Svitavy - Ceska Trebové
prelozena zpét do své plivodni osy a cely postup se opakuje na strané tunelu
blize k tfebovickému portalu.

Prace pod ochranou stropni desky a podzemnich stén

Po ukonceni zpétnych zasypl nasleduje od rudoltického portalu dovrchni
raiba kaloty tunelu. Urover dna kaloty je +0,574 od TK. Rozhodujici roli
hraje ochrana dna pfed poskozenim tézkou dopravou, ale i pfed rozméace-
nim technologickou vodou nebo vodou z piskovych ¢o¢ek. Maximalni délku
zabéru v kaloté ur€uje vzdalenost priénych rozpérnych lamel. Bezpe¢nost
razby zvy$uji 10 m dlouhé prizkumné pfedvrty provadéné v predstihu pro
zjisténi a odvodnéni zvodnélych poloh piski. Kalota bude odtézena v celé
délce tunelu.

Razba druhé etaZe probiha ze dna kaloty s ustupem. Provizorni zaji§téni dna
betonem C16/20 s vyztuznou siti nasleduje ihned po odtézeni. S minimalnim
technologickym odstupem za provizornim zaji§ténim musi byt provedena
betonaz spodni desky definitivniho dna tunelu.

Pred montazi vyztuze se oSetii pracovni spary krystaliza¢nimi natéry a osadi
tésnici expanzni pasky. Po montézi vyztuZe je na povrch betonu provizorniho
zajisténi dna aplikovan krystaliza¢ni nastfik. Po zabednéni Cela se vybeto-
nuje 12,5 m dlouhy blok spodni desky.

Do predem pfipravenych zlabkd u pracovnich spar bude zhutnén krystali-
zacni tmel. Zaroven se zatmeli i spary zamk( jednotlivych lamel podzemnich
stén. Na ocistény povrch podzemnich stén je nanesen krystalizaéni nétér.

Hloubeny tunel

Tunelovy pas P2, rudolticky (vyjezdovy) portél je budovéan v oteviené sta-
vebni jamé jako hloubeny tunel. Technologie vyplyva z nevhodnych terén-
nich podminek pro budovani podzemnich stén. Stabilitu jamy zajistuje kot-
vena pilotova sténa. Navrh pilotové stény je vyvolan nutnosti zajistit zaklad
mostniho provizoria prevadéjici po dobu vystavby kolej ¢. 1.

IZOLACE, VODOTESNOST OSTENI

Osténi tunelu navrzené jako jednoplastové z betonu odolného proti prisa-
kdim vody prebira a pIni mimo funkce nosné i funkci izolace. Pro posileni
vodotésnosti betonového osténi budou aplikovany na osténi krystalizacni
natéry. Jedna se o doposud nejvétsi pouziti téchto materiald v siti Ceskych
drah.

Krystalické materidly jsou praskové kompozity na bézi portlandského
cementu, velmi jemného kfemicitého pisku a mnoha aktivnich chemikalii.

CONSTRUCTION METHOD
Surface operations

All operations performed from the surface have to be divided into two stages
due to the /43 road from Svitavy to Ceska Trebova diversion.

First, the diversion road is to be built, and then the work on the pit at the
Rudoltice tunnel portal can be started. The first stage consists in excavation
of the construction pit to the level required for the diaphragm walls excavation.
The construction pit will be excavated progressively, banquet by banquet, to
a level of about 426 m a.s.l. The thickness of particular banquets divided by
1.5 m wide benches does not exceed 4 m. Stability of all banquets is ensu-
red by a unified slope of 1:2 and 100 mm thick shotcrete with one layer of
reinforcing mesh. In addition, the second banquet designed in sandy sedi-
ments (S2SP, S3SF) is supported by 4m long driven spiles 25 mm in diame-
ter.

The municipal solid waste landfill will be uncovered in the course of the first
part of the construction pit excavation. According to the geophysical survey,
the landfill bottom roughly corresponds to the construction pit bottom.
Because of the fact that the character of the deposited waste is unknown,
a qualified professional has to decide on its processing just on the spot.
The diaphragm walls will be excavated and cast one panel after the other in
a guide trench pre-prepared at the construction pit bottom level. The longi-
tudinal C25/30 reinforced concrete panels with 10 505 (R) reinforcement are
6.25 m long. Concurrently with the tunnel lining panels, bracing transversal
concrete panels are cast at the locations of the longitudinal panels locks,
made from plain concrete. The load bearing part of the bracing panel is from
C25/30 concrete. Remaining part of the panel, which is to be broken during
the tunnel excavation, is from C8/10 concrete.

After treating the crowns of individual panels, a layer of blinding concrete
will be poured on levelled ground between the diaphragm walls, a separati-
on PE membrane will be placed, followed by reinforcement bars. The treated
crown of the diaphragm walls will be provided with crystallic spray. Sealing
bands will be fixed to the future joint.

The concrete tunnel roof deck is cast on the levelled ground. The length of
12.5 m of one block of deck built within one pouring operation corresponds
to the width of one tunnel belt. After stripping the form a crystallic com-
pound is compacted in prepared grooves, and external surface of the roof
deck is provided with crystallic spray. Subsequently clay sealing is carried
out around the roof deck, and the slab is backfilled to the original terrain
shape. After completion of the construction phase one the I/43 road Svitavy
- Ceska Trebova will be relocated back to its original alignment, and the
whole procedure will be repeated on the tunnel side closer to the Trebovice
portal.

Operations under the protection of the roof deck and diaphragm walls

Uphill top heading excavation follows after completion of the backfills. The
top heading bottom level is 0.574 above the top of rail level. Protection of the
bottom against damage by heavy traffic or soaking with technological water
or water from the sand lenses plays a deciding role. Maximum length of
advances at the top heading depends on the distance of transversal bracing
panels. The excavation safety is improved by 10 m long investigation bore-
holes drilled in advance to determine and drain water bearing sand inter-
beds. The top heading will be excavated within the overall tunnel length.
The excavation of the second banquette is carried out from the top heading
bottom, at some distance. Temporary support of the bottom by C16/20 conc-
rete with steel mesh follows just after the excavation. The bottom slab of the
final invert has to be cast with a minimum technological break after the tem-
porary support. Day joints are treated by crystallic spray before reinforce-
ment placement, and expansion sealing strips are installed. Crystallic spray
is applied on the concrete of the bottom temporary support after the rein-
forcement placement. The 12.5 m long block of the bottom slab is cast when
the formwork stop end has been installed.

Crystallic compound will be compacted in pre-prepared grooves in the day
joints. In the same time the interlocking joints between individual panels of
the diaphragm walls are filled with the sealing compound. The crystallic
spray is applied on cleaned surface of the diaphragm walls.

Cut-and-cover tunnel

The tunnel belt P2, i.e. the Rudoltice exit portal, is built in an open box exca-
vation as a cut-and-cover tunnel. The technique follows from terrain conditi-
ons unsuitable for construction of diaphragm walls. The box stability is
ensured by an anchored pile wall. The pile wall has been designed because
of a necessity to provide foundation of a temporary bridge bearing the track
No.1 during the construction time.

INSULATION, WATER-TIGHTNESS OF THE LINING

Apart from the load bearing function, the single pass tunnel lining, designed
from water leakage resisting concrete, assumes and discharges the function
of insulation. To improve the concrete liner’s watertightness, crystallic paints
will be applied on the liner. This has been a case of the largest scope of appli-
cation of those materials throughout the network of Ceské Drahy (Czech
Railways).
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Pfed aplikaci se smés michd s vodou, ¢imZ vznikne kaSovitad smés, které se
formou natéru nebo nastfiku aplikuje na povrch betonu. Chemikalie vyvolaji
katalitickou reakci, zpUsobujici tvorbu nerozpustnych vlaknitych krystall
v porech a kapilarach betonu. Samotna vrstva krystalického natéru nema
tésnici funkci, beton se dotésni pfimo uvniti kapilarni struktury proti pruni-
kim kapalin ve vSech smérech. K aktivaci potfebuji krystaliza¢ni latky vodu
pronikajici do konstrukce. Jedna se v podstaté o nosi¢ aktivnich chemickych
latek. Neni to tedy povrchova izolace.

KrystalizaCni natér se aplikuje vzdy na dostupné plochy osténi, tzn. horni lic
stropni desky, vnitini lic podzemnich stén a horni lic provizorniho zajisténi
dna.

Na povrch pracovni spary je opét pouzit natér krystalizatnim materidlem
jako zakladni opatfeni proti priniku vody. Do kazdé spary se osadi dva
expanzni tésnici pasky a po zabetonovani druhé ¢asti konstrukce se do pfedem
pfipraveného nebo do osténi vysekaného pozlabku ve tvaru ,U” zhutni
krystalizaéni tmel. Ten zde plini funkci pojistky pfi selhani expanznich pasku.
Vsechny spary zamkd lamel se vysekaji na zdravy beton a spary budou
dotésnény krystalizaénim tmelem.

NAVRH GEOTECHNICKEHO MONITORINGU

Kontrolni geotechnické sledovani béhem vystavby je rozdéleno na systém
povrchového sledovani béhem hloubeni stavebni jamy a méfici systémy
béhem razby.

V rémci realizace povrchovych zemnich praci navrhujeme pro sledovani
chovani horninového masivu standardni geodetickou metodu. Systém
méfeni spociva ve vytvofeni méficich profilt z pevnych bod, jejichz posun
v Case se sleduje a vyhodnocuje. V jednotlivych profilech se po obou stra-
nach stavebni jamy rozmisti celkem Sest pevnych geodetickych bodu.
Ostatni metody pouZitelné z povrchu, jako napf. inklinometrické vrty reali-
zované na dné stavebni jamy v tésné blizkosti podzemnich stén, jsme
s ohledem na pochybné zajisténi funkcnosti po zasypani jamy vyloucili.
Monitoring realizovany z tunelu béhem razby slouzi k méfeni deformaci
zelezobetonové konstrukce a zmén v okolnim geologickém prostiedi, vyvo-
lanych touto €innosti. Ke zjisténi velikosti deformaci véetné vyvoje defor-
maci a naslednému porovnani s vypoétovymi hodnotami jsou navriena
geodetickd méreni, doplnéna mérenimi deformacnimi. Tato méfeni zajistuji
malé strunové deformetry ve stropni a spodni desce a tycové strunové
deformetry v podzemnich sténach.

Pfi sledovani zmén v geologickém prostfedi se omezujeme na sledovani
otevieného dna tunelu. Pfi sledovani deformaci dna se jedna predev§im
o kluzny deformetr. Toto zafizeni umoZfiuje monitorovat axialni deformace
(zkraceni pfip. prodlouzeni) podél méfené pFimky, kterou predstavuje speci-
alné vystrojeny svisly vrt v geologickém prostiedi. Samotny méfici pfistroj
je pfenosna sonda a méreni maji etapovy charakter.

Pro doplnéni informaci ze dna hloubeného tunelu jsou navriena méridla
porového tlaku. Predpokladéame, ze vztlak plsobici na dno tunelu se projevi
poklesem porovych tlakd, dal$i vyvoj porovych tlaki oéekavame pii nasled-
ném zatizeni spodni deskou a konsolidaci jilu v podzakladi. Osazeni méfidel
predpoklddame zatlaéenim pfimo do odkrytého dna pfed pokladkou pod-
kladniho betonu. Navrhujeme poufZiti piezometr(i se strunovym cidlem na
snimani tlaku vstupujici vody.

ZAVER

Novy tiebovicky tunel je objemem investi¢nich nakladd urcité jednim z nej-
vétéich stavebnich objekt( v ramci modernizace koridorovych trati v Ceské
republice. Jedné se zaroveh o dilo unikatni kubaturou budovanych pod-
zemnich stén, navrzenym jednoplastovym osténim i rozsahem pouZitych
krystalizacnich natér(.

Realizace stavby klade velké naroky na koordinaci jednotlivych stavebnich
postupd, ale i kvalitu provadénych praci. Nasi snahou bylo maximélné zjed-
nodusit konstrukéni feseni, a tim vlastni provadéni stavebnich praci. Pfesto
bude zélezet na vSech U¢astnicich vystavby a pfedev§im na technickém
dozoru investora, zda bude tunel realizovan v poZzadovaném terminu i kva-
lité. Tak bude konecné po vice nez 150 letech realizovan zamér inzenyr
budujicich drahu z Olomouce do Prahy prevést trat sedlem u Trebovic dvou-
kolejnym tunelem.
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Crystallic materials are powder composites based on Portland cement, very
fine silica sand and many other active chemicals. Before application the mix-
ture is mixed with water. Resulting slurry is applied on concrete surface by
brushing or spraying. The chemicals bring on a catalytic reaction causing
development of insoluble fibrous crystals in concrete pores and capillaries.
A layer of the crystallic paint itself does not exhibit the sealing function.
Concrete is sealed against liquid leaking in all directions just inside its capil-
lary structure. Any crystallic substance needs water seeping into the struc-
ture for its activation. Basically it is a carrier of active chemicals. It is no sur-
face insulation.

Crystallic paint is always applied to accessible surfaces of the lining, i.e. to
the upper surface of the roof deck, internal face of diaphragm walls and
upper face of temporary bottom support.

The day joint surface is again treated with the crystallic substance paint
as a basic measure against water leaking. Two expansion sealing bands are
installed into each joint, and when the other part of the structure is cast, cry-
stallic compound is compacted in an in advance prepared groove or in
a U-shape groove pre-cut in the lining. The compound fulfils a function of
insurance in case of the expansion strips failure.

All joints at the panels interlocking are to be cut out up to sound concrete,
and the joints sealed by the crystallic compound.

GEOTECHNICAL MONITORING PROPOSAL

The checking geotechnical monitoring performed in the course of the con-
struction works is divided into a system of surface monitoring during the
construction pit excavation, and measurement systems during the excavation.
In the framework of execution of surface earthworks, we propose the moni-
toring of the rock mass by standard surveying method. The measurement
system consists in establishment of measurement profiles, whose move-
ment with time is observed and assessed. Six firm surveying points are
installed in individual profiles along either side of the box excavation. With
respect to an uncertainty in securing their function after the open box back-
filling, we excluded the other methods applicable from the surface, e.g. inc-
linometer boreholes realised at the open box bottom at a close vicinity of
diaphragm walls.

The monitoring performed from the tunnel during excavation is used for
measurement of the reinforced concrete slab deformation and changes in
the surrounding geological environment resulting from this activity.
Geodetic survey complemented by measurement of deformations has been
proposed for the determination of the magnitude of deformations, including
development of the deformations and subsequent comparison with design
values. Those measurements are carried out with small vibrating wire strain
meters in the roof and bottom slabs, and rebar vibrating wire strain meters
installed in diaphragm walls.

In the process of monitoring changes in the geological environment, we con-
fine ourselves to monitoring of the open bottom of the tunnel. Primarily we
use gliding deformation meters. This apparatus allows monitoring of axial
deformations (contraction or extension) along a measured straight line,
which is represented by a specially equipped vertical borehole drilled in the
geological environment. The measuring apparatus proper is a portable
probe, and the measurements are of a multi-stage character. Pore pressure
gauges have been proposed to supplement the information from the cut-
and-cover tunnel bottom. We assume that the uplift pressure acting on the
tunnel bottom will cause a decrease in pore pressures. We expect other
development of the pore pressures during the subsequent loading by the
bottom slab and consolidation of clay in the sub-base. We expect that the
measuring instruments will be installed by pressing directly into the unco-
vered bottom, before blind concrete pouring. We propose application of pie-
zometers with vibrating wire sensors transmitting the pressure of entering
water.

CONCLUSION

In terms of capital expenditures, the new Trebovice tunnel ranks certainly
among the largest constructions developed in the framework of the Corridor
rail links in the Czech Republic. In the same time it is unique by the volume
of diaphragm walls, by the design of the single pass lining, and the extent of
crystallising paints applied.

Execution of the construction puts heavy demands on co-ordination of par-
ticular building procedures, but also on the quality of the works. The aim of
our endeavour was to maximally simplify the design, thus also to ease the
construction operations. Anyway, it will depend on all construction partici-
pants, on the construction supervision above all, whether the tunnel will or
will not be completed on time and in good quality. Then the intention of the
engineers building the railway from Olomouc to Prague to pass the
Trebovice coll by a double-track tunnel will eventually be accomplished.
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