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NOVY ZELEZNICNI TUNEL DEBOREC BUDOVANY V RAMCI
MODERNIZACE TRATI V USEKU SUDOMERICE - VOTICE
NA 4. KORIDORU
DEBOREC - A NEW RAILWAY TUNNEL CONSTRUCTED WITHIN
THE FRAMEWORK OF MODERNISATION OF TRACK IN SUDOMERICE -
VOTICE RAILWAY SECTION, ON RAIL CORRIDOR NO. 4

TOMAS JUST

ABSTRAKT

Modernizovand cdst 4. Zeleznicniho koridoru v tiseku Sudomérice — Votice predstavuje 17 km nové budované dvoukolejné trati umisténé
prevdziné v nové trase. Vzhledem k clenitosti terénu a optimalizaci trasovdni je soucdsti stavby mnoho umélych staveb vcetné 20 Zelez-
nicnich mosti, 7 silnicnich nadjezdit a dvou tunelii Mezno a Deborec. V minulém cisle casopisu Tunel (3/2019) byl publikovdn cldnek
[5]. Uvedeny cldnek prinesl zdkladni informace o budovaném novém Zeleznicnim dvoukolejném tunelu Deborec a podrobné se vénoval
provddeénému geotechnickému monitoringu (GTM) i popisu zastiZenych hydrogeologickych podminek. Tento prispévek se proto zaméril
zejména na popis ndvrhu projekcniho tesent, jeho optimalizaci v pritbéhu tvorby realizacni projektové dokumentace (RDS) a rovnéZ shrnul
poznatky z dosavadniho pritbéhu praci realizovanych k 31. 8. 2019. K tomuto datu byly vyhloubeny a zajistény stavebni jamy obou portdlii
a z vwyjezdového (praZského) portdlu je vyraZeno a primdrnim osténim zajisténo 336 m tunelu v kaloté a 290 m v jddre.

ABSTRACT

The part of the railway corridor No. 4 in the Sudomérice — Votice track section being modernised represents 17km of newly constructed
double-rail track located mostly on a new route. With respect to the rugged terrain and the optimisation of the track delineation, the project
comprises many artificial structures including 20 railway bridges, 7 railway fly-overs and two tunnels, Mezno and Deborec. The paper
concerning one of the structures was published in the last issue of TUNEL journal (3/2019). The paper brought basic information about
the new double-rail tunnel, Deborec, and dealt in detail with the geotechnical monitoring (GTM) being conducted, as well as description
of the hydrogeological conditions encountered. For that reason, my paper has focused itself first of all on the description of the proposal
for the design solution, its optimisation during the course of the development of the detailed design (design of means and methods) and
also summarised the knowledge gathered during the course of the work carried out before 31* August 2019. As of this date, construction
pits for both portals have been excavated and stabilised and 336m of the tunnel top heading and 290m of the bench have been excavated

Jfrom the exit (Prague) portal respectively, and supported with a primary lining.

uvop
Novy dvoukolejny Zelezni¢ni tunel Debore¢ ma celkovou délku
660 m. RaZena Cast tvori 562 m a dvé 49 m dlouhé hloubené Casti
jsou umisténé pfi obou portalech v prostoru stavebni jamy. Smérové
je osa tunelu vedena v prvni poloviné v levém oblouku o poloméru
1400 m a nasledné v pfimé linii. Pidorys tunelu je zndzornén na
obr. 1. Tunel v celé délce klesa ve sklonu 10,57 %o a 11,00 %o. Podél-
ny fez tunelem je zndzornén na obr. 2. Prijezdny prifez v tunelu je
stanoven jako sdruZeny tunelovy prijezdny prifez pro elektrizova-
nou trat. Osova vzdalenost koleji je 4000 mm. Konstrukce osténi tu-
nelu je dvouplastova s mezilehlou hydroizolaci z PVC folie. Tloust-
ka primarniho osténi zévisi na tfidé vyrubu a pohybuje se v rozsahu
150-400 mm. Minimdlni tloustka definitivniho osténi razené Casti
tunelu je 350 mm a 600 mm u hloubenych tunelii. Vzorovy pficny
fez tunelem na patkdach je na obr. 3. V tunelu jsou navrZeny zéchran-
né vyklenky Sitky 2000 mm, vySky 2200 mm a hloubky 750 mm.
V blizkosti obou portald bude vybudovéana piistupova komunikace
s nastupni plochou pro zachranné slozky. V tunelu bude po pravé
strané veden pozarni suchovod s pfipojnym mistem v Sachté pred
vjezdovym portdlem tunelu, kde je situovana i pozarni nadrz.
Drazni stani¢eni trasy vzristd od Ceskych Bud&jovic k Praze,
pricemz razba tunelu je vedena od vyjezdového portalu opacnym
smérem. Proto je pro raZbu tunelu zavedeno staniceni v tunelovych
metrech (TM). Tunel je raZen dovrchné Novou rakouskou tunelovaci

INTRODUCTION

The total length of the new double-rail Debore¢ railway tunnel
amounts to 660m. The mined part is 562m long; two 49m long
cut-and-cover parts are located at both portals, in the spaces of the
construction pits. Directionally, the tunnel centre line in the first
half is on a left-hand curve with the radius of 1400m and the next
line is straight. The tunnel ground plan is presented in Fig. 1. The
tunnel descends throughout its length at the gradients of 10.57%o
and 11.00%ec. The tunnel longitudinal section is presented in Fig. 2.
The clearance profile is designed as a combined tunnel clearance
profile for electrified track. The track centre distance is 4000mm for
the straight section. Double-shell lining with an intermediate PVC
waterproofing membrane is designed. The thickness of the primary
lining depends on the excavation support class; it varies within the
range of 150-400mm. The final lining of the mined part of the tunnel
is 350mm thick as the minimum, whilst the thickness of 600mm is
designed for the cut-and-cover parts. A typical cross-section of the
tunnel on footings is presented in Fig. 3. Safety recesses 2000mm
wide, 2200mm high and 750mm deep are designed for the tunnel. An
access road with a mustering area for rescue units will be established
in the vicinity of both portals. The dry fire main will be led on the right
side. The connection point will be in a manhole in front of the tunnel
entrance portal, where a fire protection reservoir is also situated.

The railway track chainage grows from Ceské Bud&jovice towards
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Obr. 1 Situace stavby, zaddvaci dokumentace, SUDOP PRAHA
Fig. 1 Construction site layout, tender documents, SUDOP PRAHA

metodou (NRTM). Investorem stavby ,,Modernizace trati Sudomeé-
fice — Votice* je SZDC s.0., generdlnim dodavatelem celé stavby je
spole¢nost OHL ZS, a.s. Jako zhotovitel praci na tunelu Debore¢
byla vybrana spole¢nost TUBAU a.s. a zhotovitel realiza¢ni projek-
tové dokumentace spolecnost MPI projekt a.s. Stavba je realizoviana
podle smluvnich podminek FIDIC — Cerven4 kniha.

POPIS TECHNICKEHO RESENI

Stavebni jamy vjezdového a vyjezdového portalu

Stavebni jamy obou portald byly v dokumentaci pro stavebni po-
voleni (DSP) navrZzeny obdobnym zptsobem. OdtéZovani stavebni
jamy probiha po etdZich za soucasného zajiStovani stability svaht
stitkanym betonem s vyztuznou siti a kotvenim htebiky zahdnény-
mi do vrti vyplnénych cementovou zalivkou. Sklony svahi stavebni
jamy jsou s ohledem na vysledky IG prizkumu navrzeny jako svahy
docasné tak, aby byla zajisténa jejich stabilita po dobu vystavby tu-
nelu. Svahy, které nebudou zpétné zasypany, jsou provedeny v defi-
nitivnim sklonu jako svahy trvalé. Stavebni jama je v prostoru hlou-
benych tunelt paZena kotvenym zaporovym pazZenim z ocelovych
valcovanych profilii I 360 osazenych do vttt @ 600 mm. Pfi hloubeni
jamy se za priruby odkrytych valcovanych profilti osazuje vodorov-
né paZeni tvorené dievénymi paZinami. V predepsanych trovnich,
danych statickym vypoctem, se provadi kotveni zépor predpinanymi
lanovymi kotvami pies ocelové prevazky osazené ve vodorovném
sméru pred vnitini pfirubu vilcovaného I profilu.

V ramci tvorby RDS byly navrZeny, projednany a prijaty drobné
optimalizace vySe popsaného technického feseni. Tvar a koncepce
zajisténi stavebnich jam zustaly zachovany. Zmény jednotlivych prv-
ki a také upravy jejich geometrie se tykaly:

Prague. The tunnel excavation proceeds from the exit portal, in the
opposite direction. For that reason chainage measured in tunnel
metres (TM) is introduced for the tunnel excavation purpose. The
tunnel is being excavated uphill using the New Austrian Tunnelling
Method (NATM). The project owner for the “Modernisation of the
Sudoméfice — Votice rail line” is SZDC s.o. (Railway Infrastructure
Administration, state organisation), OHL ZS, a.s., is the general
contractor for the whole project. TUBAU, a.s., was chosen as the
contractor for the Debore¢ tunnel; MPI Projekt, a.s., was chosen
as the contractor for the detailed design. The contract is realised in
compliance with the FIDIC — Red Book contractual conditions.

DESCRIPTION OF TECHNICAL SOLUTION

Construction pits for the entrance and exit portals

The construction pits for both portals were designed in the final
design similarly. The construction pit is excavated at stages, with
concurrent stabilisation of the slopes with shotcrete, welded mesh
and nails driven into boreholes filled with cement grout. Slopes of the
construction pit are designed, taking into consideration the results of
the EG survey, as temporary slopes so that their stability is ensured
during the tunnel construction period. The slopes which will not be
backfilled are carried out as definite ones. The construction pit in the
space of cut-and-cover tunnels is braced by anchored soldier beam
and lagging walls formed by I 360 rolled-steel sections inserted into
boreholes @ 600mm. Horizontal bracing formed by wooden lagging
is placed behind the flanges of the exposed rolled-steel sections
during the pit excavation. Anchoring of the soldier beams with
pre-tensioned cable anchors passing through steel walers installed
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Obr. 2 Podélny ez tunelem, zaddvaci dokumentace, SUDOP PRAHA

Fig. 2 Longitudinal section through the tunnel, tender documents, SUDOP PRAHA
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Obr. 3 Vzorovy pricny rez tunelu v primé linii, RDS, MPI projekt

Legenda: 1 — primdrni osténi SB C20/25; 2 — hydroizolacni souvrstvi; 3 — defi-
nitivni osténi Zelezobeton C30/37-XC1, XF1, XAl; 4 — pojistny prostor 300 mm;
5 — sdruZeny tunelovy privez dle CSN 737508; 6 — vztaznd linie kinematickych
obrysii pro vozidla GC

Fig. 3 Typical cross-section through tunnel on straight line, detailed design,
MPI Projekt

Legend: 1 — primary lining SC20/25; 2 — waterproofing layers; 3 — final lining,
reinforced concrete C30/37-XC1, XF1, XAl; 4 — safety margin space 300mm;
5 — conjugate tunnel cross-section according to CSN 737508; 6 — reference line
for cinematographic contours for GC cars

e Upravy poctu kotevnich trovni;

e Upravy poCtu pramencu a délky jednotlivych kotev;

e zmény profilu ty¢i svislych prvki zédporového pazeni, vyjma
portdlové stény jsou ostatni stény kotveny bez pouZiti kotevnich
prevazek, a to primo pies jednotlivé zapory vytvorené ze sloZe-
ného prutu z dvojice ty¢i IPE 300;

e Upravy délky a rozteCe svislych prvkid zdporového pazeni;

e zmény (zvétSeni) profilu vrtu pro zépory.

Ucelem navrZenych zmén bylo zejména zkriceni doby vystavby.

RazZeny tunel
V DSP bylo pro geotechnické podminky zastizené v ramci po-
drobného geotechnického prizkumu stanoveno pét zdkladnich tech-
nologickych tfid vyrubu NRTM (2, 3, 4, 5a, 5b). Pro kazdou vystro-
jovaci tfidu byly stanoveny zakladni vystrojovaci prostredky:
o stifkany beton SB25 (C20/25) tloustky 150, 200, 250, 300
a 400 mm;
e vyztuzné prihradové oblouky vysky 100, 130, 180, 230
a 300 mm;
* svafované vyztuzné sité;
e prilozky raznych profilti a délek;
* svorniky riiznych typi a délek (HUS, SN, IBO);

horizontally before the internal flanges of the rolled-steel I section is
carried out at the prescribed levels.

Minor optimisations of the above-mentioned technical solution
were proposed, discussed and adopted within the framework of the
development of the final design (design of means and methods).
The geometry and concept of the stabilisation of the construction
pits remained unchanged. Changes in individual elements and
modifications of their geometry related to:

* changes in the number of anchoring levels;

* changes in the number and lengths of strands in individual

anchors;

 a change in the profile of the soldier beams, with the exception

of the portal wall, the other walls are anchored without using
anchored walers, directly through individual composite soldier
beams formed by pairs of IPA 300 sections;

* modification of the lengths and spacing of vertical elements of

the soldier beams and lagging walls;

* changes (enlargement) in the diameter of the boreholes for

soldier beams.

The purpose of the proposed changes was first of all to reduce the
construction period.

Mined tunnel

Five basic NATM excavation support classes (2, 3, 4, 5a, 5b)
were determined for the geotechnical conditions encountered at the
final design level within the framework of the detailed geotechnical
investigation. The following means of support were determined for
each excavation support class:

* shotcrete SC25 (C20/25) 150, 200, 250, 300 and 400mm thick;

* reinforcing lattice girders 100, 130, 180, 230 and 300mm high;

¢ welded mesh;

e straps with various cross-sections and lengths;

e various types and lengths of rock bolts (HUS, SN, IBO);

¢ needles driven ahead of excavation face;

* micropiles;

* jet grouting.

The scope of application of the individual support elements
depends on the geotechnical prognosis for stability of excavation and
results of geotechnical measurements conducted during the course of
the construction.

Minor optimisations and modifications were adopted, first of
all for excavation support class 5, within the framework of the
development of the design of means and methods. As opposed to
the previous design degree, the 119m long class 5b application
section was divided into 47m long and 72m long 5bl and 5b2
application sections, respectively. Class 5bl differs from class 5b2
by the omission of the vertical excavation sequence (side drifts and
central pillar) in the top heading. In addition, the system of drilling
for the canopy tube pre-support was modified for class 5b to drilling
from the so-called “chapels”, i.e. drilling from gradually expanded
excavation. Horizontal jet grouted pillars designed to stabilise the
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e predrazené jehly;

* mikropiloty;

e tryskova injektaz.

Rozsah pouziti jednotlivych vystrojovacich prvkl je zavisly na
geotechnické progndze stability vyrubu a vysledcich geotechnickych
méfeni béhem stavby.

V ramci tvorby RDS byly navrZeny, projednany a pfijaty drob-
né optimalizace a zmény zejména pro vystrojovaci tfidu 5. Oproti
predchozimu stupni doslo k rozdéleni tfidy 5b délky 119 m na tfidu
5bl délky 47 m a tfidu 5b2 délky 72 m. Trida 5bl se 1isi od 5b2
vypusténim vertikalniho ¢lenéni vyrubu v kaloté. Déle byl pro tfidu
5b upraven zplsob vrtani mikropilotového destniku z tzv. kaplicek,
tedy postupné se rozsifujictho vyrubu. Zamkové pilife z trysko-
vé injektdZe pro zajisténi stability vyrubu v kaloté byly nahrazeny
24 kusy sklolaminatovych injektovanych kotev Durglass typu P30x5
délky 12 m. Instalace kotev je navrZena kazdych 8,1 m, tedy vzdy
po dokonceni razby jedné kaplicky pod ochranou mikropilotového
destniku. Prognoéza zastoupeni jednotlivych vystrojovacich tfid byla
prevzata z predchoziho stupné dokumentace.

INFORMACE Z PRUBEHU REALIZACE

Pfipravné prace

Predpokladany termin zahdjeni praci a preddni stavenis$té byl
v soutéZnich podminkach (tedy i v nabidce zhotovitele) stanoven na
1.9.2017. Tento termin zajiStoval potfebny ¢as pro nezbytné predsti-
hové prace (uzavieni ndjemnich smluv s vlastniky pozemka nutnych
pro vybudovani stavebnich dvori a stavenistnich komunikaci, kaceni
mimolesni i lesni zelené apod.). Vybér zhotovitele byl poznamenan
prutahy a predani prvni etapy a rozhodujici ¢asti stavenisté probehlo
az 24. 4. 2018. Toto zpoZzdéni mélo dopad zejména na zajisténi pro-
ndjml pozemki pro docasné zabory, které byly ve vétSiné pripada
zemé&dé&lsky vyuZivany, a proto bylo nutné vyckat do sklizné, a to
i vzhledem k zemédé€lskym dotacnim programtim. Naro¢né a kom-
plikované bylo i dohledani vSech vlastniki té€chto pozemki a uzavie-
ni najemnich smluv. V ramci pripravy zakazky byly totiz uzavieny
pouze smlouvy o smlouvich budoucich a souhlasy s provedenim
stavby. Sjedndni podminek prondjmu, véetné ceny, bylo jiZ véci zho-
tovitele. Potfebné pozemky a staveniStni komunikace k vyjezdové-
mu portédlu tunelu Deborec byly pripraveny do konce Cervence 2018.

V dostatecném predstihu pred vlastni stavbou bylo nutné roz-
b&hnout procesy pro vybudovani staveniStni piipojky VN, povoleni
trhacich praci velkého rozsahu, povoleni stavby zafizeni stavenisté
a povoleni vypousténi dilnich vod.

Vykop a zajisténi stavebnich jam portald tunelu

Zemni prace na vyjezdovém portdle byly zahajeny 30. 7. 2018.
V soubéhu s postupnym prohlubovanim stavebni jamy probihalo
i odtéZovani navazujiciho zéfezu ZelezniCni trati a budouci obsluzné
komunikace. Nejprve byla odtéZena svahovana horni partie stavebni
jamy na troven hlav kofenovych zapor. Svahy stavebni jamy byly
zajistény KARI siti a stiikanym betonem. Pro nastfik byla zvolena
prefabrikovand smés a suchy zpisob nastiiku. Obvod stavebni jamy
byl z vnéjsi strany ochranén vybudovanym zemnim valem a draté-
nym oplocenim. Dalsi etapou praci bylo vrtani a osazovani svislych
prvki kotenovych zapor v prostoru stavebni jamy budouciho hlou-
beného tunelu. Kofeny zapor byly provedeny z prostého betonu, zby-
14 cast vrtu byla az k povrchu zasypéna stabilizovanym materidlem
z vyvrtu. Pii nasledném prohlubovani byl prostor mezi zdporami
postupné vypliiovan dfevénymi pazinami a zapory aktivovany v na-
vrzenych kotevnich drovnich predpjatymi pramencovymi kotvami.
V ramci realizace stavebni jamy portalu byl pro zajisténi razby tvod-
nich metri tunelu proveden mikropilotovy deStnik délky 12 m vrtany

excavation in the top heading were replaced with 24 pieces of 12m
long, P30x5 type, Durglass groutable glassfibre reinforced plastic
anchors. The anchors are designed to be installed every 8.1m, i.e.
always after completion of excavation of one ‘“chapel” under the
protection of the installation of the canopy tubes. The prognosis
for the representation of individual excavation support classes was
borrowed from the preceding design degree.

INFORMATION FROM THE PROGRESSING REALISATION

Preparation work operations

The assumed deadline for the work commencement and handing
the construction site over to the contractor was set in the competition
conditions (therefore also in contractor’s tender) to 1% September
2017. This term provided the time required for the advanced
works (closing lease agreements with owners of land necessary for
developing of construction yards and construction site roads, cutting
and felling non-forest and forest greenery etc.). The contractor selec-
tion was affected by delays. The handing of the first stage and the
deciding part of the construction site over took place as late as 24
April 2018. This delay had an impact first all on ensuring rentals
of plots of land for temporary use for construction, which had been
used agriculturally, therefore it was necessary to wait until harvest,
even with respect to agricultural funding programmes. Even finding
of all owners of the plots of land and closing lease agreements was
complicated. The reason was that the only preliminary agreements
of lease and agreements with the construction works were concluded
within the framework of the construction preparation. Negotiating the
lease conditions including costs was already the contractor’s business.
The plots of land and construction site roads to the exit portal of the
Deborec tunnel were prepared before the end of July 2018.

It was necessary to start the processes for building a high voltage
connection line and obtaining permission for large-scale blasting,
construction permission, and permission for construction site
facilities and disposing of mine water.

Excavation and stabilisation of construction pits
for tunnel portals

The earthwork operations commenced on 30" July 2018. The
gradual excavation of the adjoining cutting for the railway track
and the future service road proceeded concurrently with the gradual
deepening of the construction pit. The sloped upper part of the
construction pit was excavated first, up to the level of the heads of the
root-strengthened soldier beams. Slopes of the construction pit were
stabilised with KARI welded mesh and shotcrete. A prefabricated
mixture for the dry process was chosen for the shotcrete application.
The circumference of the construction pit was protected from the
external side by an earth embankment and chain link fence. In the
next work stage, drilling and installation of vertical elements of
the root-strengthened soldier beams was carried out in the space of
the construction pit for the future cut-and-cover tunnel. The roots
of the soldier beams were wrapped by unreinforced concrete, the
remaining part of the borehole was backfilled up to the surface with
the stabilised material obtained during drilling. During the course
of the subsequent deepening, the space between the soldier beams
was step-by-step filled with wooden lagging and the soldier beams
were activated at the designed anchoring levels with pre-tensioned
stranded anchors. Canopy tube pre-support 12m long was carried
out within the framework of the work on the construction pit for
the purpose of stabilising the initial metres of the tunnel excavation.
Holes for the tubes were drilled in parallel with the tunnel centre
line (without the fan-shaped opening). The sloped walls in the space
in front of the cut-and-cover tunnel (with the exception of the walls
braced by the soldier beams and lagging) were stabilised similarly to



rovnobézné s osou tunelu (bez rozevieni do véjite). Svahované stény
v prostoru pfed hloubenym tunelem (mimo zaporové paZzeni) byly
zajistény obdobné jako horni partie KARI siti a stfikanym betonem
doplnénym o kotevni trny (hebiky). Vykop a zaji§téni stavebni jamy
vyjezdového portdlu byly dokonceny do 30. 11. 2018 a nasledné
byly zahdjeny piipravné prace pro razbu tunelu.

Stavebni jama vjezdového portilu byla budovdna obdobné jen
s drobnymi rozdily. Z diivodu umisténi horni hrany portilové stény
v blizkém soubéhu s mistni komunikaci bylo mezi stavebni jamu
a komunikaci osazeno z bezpecnostnich diivodii silni¢ni svodidlo
JSEM-2/H2 v délce 100 m. Kofenové zapory zde byly vrtany ve
dvou etapach. Prvni z drovné upraveného pivodniho terénu podél
komunikace, kde byly provedeny zépory portilové stény a zbylé za-
pory z urovné dna horni svahované partie. V tomto piipadée byl vrtan,
pro zajisténi bezpec¢ného prichodu razby pod silni¢ni komunikaci,
mikropilotovy deStnik délky 18 m. Prace na hloubeni a zaji$téni sta-
vebni jamy vjezdového portalu byly provadény v klidnéjsim tempu
pfizpisobeném jinym prioritdm v rdmci koordinace vystavby v ob-
dobi od 22. 11. 2018 do 6. 7. 2019.

RazZba tunelu z vyjezdového portalu

Pred vlastni razbou tunelu bylo vybudovano nezbytné zafizeni sta-
venisté. Na docasné pronajatych plochéch je umisténo zazemi stavby
sloZené z kancelarskych a socidlnich kontejnerti, parkovaci plochy,
venkovni skaldové plochy, plochy pro meziskladku rubaniny a dr-
tici linku. V trvalém zaboru na pidorysu stavebni jamy a ¢asti na-
vazujiciho zafezu trati jsou kontejnerové sklady, venkovni skladové
plochy, havarijni sklad, opravarenska hala, elektrodilna, ventiltor,
plocha pro myti mechanizace a pod trovni terénu zasobnik techno-
logické vody a sestava pro CiSténi a Gpravu vypousténé vody. Vzhle-
dem k nemoznosti vyuziti existujiciho zdroje vody je technologicka
voda navaZena a pitnd zajiSt€na formou balené vody. Zdroj elektrické
energie je z vybudované staveniStni kioskové trafostanice 630 kVA.
Beton je dovdZen z betonarky ve Voticich s dojezdovou vzdalenosti
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the upper part, with KARI welded mesh and shotcrete, supplemented
by anchoring nails. The excavation of the construction pit for the
exit portal was finished before 30™ November 2018 and preparation
operations for the tunnel excavation commenced subsequently.

The construction pit for the entrance portal was built similarly,
only with minor differences. For safety reasons, a 100m long JSEM-
2/H crash barrier was installed between the construction pit and
the local road running close, in parallel with the upper edge of the
portal wall. Drilling for the root-strengthened soldier beams was
carried out at two stages. The first one from the level of the levelled
original terrain along the road, where the soldier beams of the soldier
beam — lagging portal walls were installed; holes for remaining
soldier beams were drilled from the level of the bottom of the upper
sloped part. In this case, boreholes were carried out for 18m long
canopy tube pre-support designed to ensure safe passage under the
road. The work operations on the excavation and stabilisation of the
construction pit for the entrance portal proceeded at a slower pace,
adapted to other priorities within the framework of the coordination
of the construction activities in the period between 22" November
2018 and 6" June 2019.

Tunnel excavation from the exit portal

The required site facilities were built prior to the commencement
of tunnel excavation. Office and social containers, a parking area,
an external storage area and an area for intermediate tunnel muck
stockpile and a crushing plant were installed on the temporarily
leased land. Container stores, external storage areas, an emergency
warehouse, a repair and maintenance shed, an electrician workshop,
a fan, an equipment washing area and, under the terrain level, an
industrial water reservoir and a discharge-water cleaning and
treatment facility are placed on the land within the ground plan of
the construction pit and a part of the adjoining cutting for the track
permanently acquired for construction. Industrial water is brought by
tankers and drinking water is ensured in the form of bottled water.
Electric power is supplied from a 630k VA transformer kiosk built on

< o e
Joto JiFi Bednafik photo Jiri Bednarik

Obr. 4 Pohled na vyjezdovy portdl véetné umisténi zarizeni stavenisté a soucasnou polohu Zeleznicni trati
Fig. 4 View of the exit portal inclusive of location of construction site and current location of the railway track
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foto Tomds Jut photo Tomds Just
Obr. 5 Vrtdni mikropilotového destniku v tunelu
Fig. 5 Drilling for canopy tube pre-support in the tunnel

13 km. Pohled na vyjezdovy portél véetné umisténi zafizeni stave-
nisté je na obr. 4.

Razba tunelu byla zahijena z vyjezdového portalu 19. 1. 2019.
Na zaklad€ znalosti geologie ovéfené pii hloubeni stavebni jamy se
postupovalo podle VT5b1. Nejprve byly instalovany celbové lami-
natové kotvy a nésledné€ byly uvolnény lanové kotvy a demontovany
prevazky v profilu kaloty. Poté byl vybouran prostup zédporovou por-
talovou sténou. Razba ve VT5b1 probihala pod ochranou mikropilo-
tovych destniki tvorenych z 33 ks mikropilot z injektovanych trub
@ 114/10(8) mm, délky 12 metra. Prvni deStnik byl navrtin soub&z-
né s osou tunelu jiz pii hloubeni stavebni jamy, dalsi véjite destnikt
byly vrtané z Celby tunelu z postupné se rozsifujiciho profilu, tzv.
kaplicek s prekrytim 4 m — viz obr. 5. Vyhodou tohoto feseni je vy-
uziti celé délky mikropiloty bez nutnosti vyfezavani ¢asti mikropilot
zasahujicich do profilu tunelu v ptipadé jejich vrtani ze standardniho
nezajistény prostor nad hlavami pracovnikd v piipadé vyfezavani
mikropilot. Negativem pak je nutnost vyroby vétsiho poctu prihrado-
vych rami (BTX), které umozni postupné rozsifovani vyrubu a také
zvétSeni kubatury vyrubu a stfikaného betonu primarniho osténi.
V tomto piipadé byly pouzity tfi typové sady rami BTX doplnéné
o vkladané distancni prvky tii velikosti. Celkem bylo z tunelu navrta-
no 6 véjifa destnikt a ve VT5b1 bylo vyrazeno prvnich 59 m od por-
talu. V této vystrojovaci tiide byl profil horizontaln€ ¢lenén na kalo-
tu, jadro a dno s protiklenbou. Cely profil byl uzaviran v primarnim
po 16,2 m. V nasledujicich vystrojovacich tfidach jiz byl raZzen pouze
profil na patkach, horizontaln€ ¢lenény na kalotu a jadro. Postupné
se prechazelo pres vystrojovaci tiidy VT5a, VT4 a VT3 az do VT2
a zpét na VI3 a VT4. V tab. 1 je znazornéno skutecné zastoupeni
vystrojovacich tiid a jejich porovnani s predpokladem dle projektu
v popisovaném useku vyraZzeném do 31. 8. 2019. Jsou zde uvedeny
také informace o primérnych délkach zabéra a praimérné rychlosti
razby v jednotlivych VT.

V prubehu razby byly zastizeny zvétralé az navétralé pararuly pev-
nostni tfidy R4 aZ RS, misty aZ R6. Hornina byla silné rozpukana se
smérem sklonu foliace cca 270-300° a nepriznivym tklonem vrstev
cca 40-45° smérem ven z Celby. V oblasti geologickych poruch do-
chézelo k obCasnému nezadoucimu vyjizdéni bloka horniny z neza-
jisténého vyrubu. S pfibyvajicimi metry razeb se zvySovala pevnost
horniny, zastizené pararuly byly mirné zvétralé, postupné az zdravé
pevnosti R4 aZ R3. Od stani¢eni TM 183 do TM 302 byly zastiZeny
pevné kompaktni horniny prezentované kvarcity pevnostni tfidy R2.
Od TM 102 bylo k rozpojovani horniny vyuzivano trhacich praci. Na
obr. 6 je zachycena Celba v kalot€ ve stanic¢eni 127,3 TM.

foto Milan Kissler photo Milan Kossler

Obr. 6 Pohled na ¢éelbu ve stanic¢eni 127,3 TM
Fig. 6 View of excavation face at chainage TM 123.7

the site. Concrete is brought from a batching plant in Votice located
at the access distance of 13km. A view of the exit portal including the
location of the construction site is presented in Fig. 4.

The tunnel excavation commenced from the exit portal on 19"
January 2019. Taking into consideration the knowledge of geology
verified during the excavation of the construction pit, the excavation
proceeded in compliance with requirements for the ESCS5bl
excavation support class. In the first step, glassfibre reinforced plastic
anchors were installed into the excavation face. Subsequently, the
cable anchors were loosened and the walers within the top heading
cross-section were dismantled. An opening was cut through the
soldier beam and lagging wall. The excavation categorised as the
ESC5B1 proceeded under the protection of umbrellas, canopy tube
pre-support, consisting of 33 grouted canopy tubes @ 114/10(8)mm,
12m long. The holes for the first umbrella were driven in parallel
with the tunnel centre line already during the excavation of the
construction pit. Drilling for the next umbrella fans was carried out
from the face of the tunnel excavation, from the gradually expanded
profile, the so-called “chapels”, with 4m overlaps — see Fig. 5. The
advantage of this solution is that the whole length of the tube is used,
without necessity for cutting away parts of the tubes extending into the
tunnel profile in the case of drilling for them from the standard tunnel
profile. This solution is, in addition, safer because no unsupported
space originates above the heads of workers in the case of necessity
for cutting away parts of the tubes. The negative fact is that a greater
number of lattice girders (BTX) are necessary to make the gradual
expansion of the excavation possible; in addition, the volumes of
excavation and shotcrete for the primary lining are greater. In this
case, three type sets of BTX lattice girders supplemented by three
sizes of spacer elements were used. In total, drilling for 6 fans of
tubes was carried out in ESC5b1 class in the initial 59m long section
behind the portal. In this excavation support class, the excavation
sequence was divided horizontally into top heading, bench and invert.
The whole profile was closed by the primary lining, in the beginning
in 8.1m long sections, later, in more favourable geology, in 16.2m
long sections as the maximum. In the subsequent excavation support
classes, only a profile of tunnel on footings was driven, with the
horizontal excavation sequence consisting of top heading and bench.
The excavation gradually proceeded through support classes ESC5a,
ESC4 and ESC3 up to ESC2 and back to ESC3 and ESC4. The actual
representation of excavation support classes and its comparison with
the assumption according to the design in the described section being
excavated until 31* August 2019 is presented in Table 1. In addition,
the table presents information about average lengths of excavation
rounds and average rate of excavation in individual support classes.

Weathered to slightly weathered paragneiss classified as strength



Tab. 1 Porovndni zastoupeni vystrojovacich tiid na dosud vyraZeném tiseku
dl.335m

Tab. 1 Comparison of representation of excavation support classes on the
335m long, so far finished excavation section
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5b1 47 m 59m 63 0,94 m 0,64 m
5b1 47m 59m 63 0.94m 0.64m
5a 84 m 43 m 38 1,13 m 1,26 m
5a 84m 43m 38 1.13m 1.26m
4 36m 46 m 34 1,35 m 2,71m
4 36m 46m 34 1.35m 2.71m
3 72m 29 m 19 1,53 m 2,90 m
3 72m 29m 19 1.53m 2.90m
2 24 m 158 m 89 1,78 m 3,22m
2 24m 158m 89 1.78m 3.22m

Na razbu tunelu je pouzita obvykla stojni sestava tvofena nasle-
dujicimi stroji:
e vrtny viz ATLAS COPCO BOOMER ROCKET L2C s adapté-
rem pro vrtani mikropilot;
¢ tunelbagry LIEBHERR R 934 B Litronic a LIEBHERR R 944 C
Litronic s pfisluSenstvim;
* mobilni pracovni ploS§ina DC16/HL;
 otocny teleskopicky manipuldtor Manitou MRT 1640;
¢ kolovy kloubovy naklada¢ VOLVO L180H;
» mobilni stiikaci stroj MEYCO POTENZA;
 kloubové dempry VOLVO A25D 6x6 TS, A25E 6x6 TS
a CAT 725;
» pomocné stroje kompresor INGERSOL, injektdzni cerpadla na
cementovou a chemickou injektaz.
Predpokladané prace jsou provadény v nepretrzitém dvousmeén-
ném provozu.

Trhaci prace
Soubor vstupnich hodnot pro trhaci prace byl zpracovin ve stej-
nojmenném dokumentu jako soucast DSP a zadédvaci dokumentace.
V tomto dokumentu byly stanoveny hodnoty mezni naloZe na casovy
stupen pro jednotlivé tfidy NRTM od 2,4 do 8,0 kg. Tyto hodnoty
byly prevzaty a zapracovany do generdlniho projektu trhacich praci,
ktery byl piiloZen k Zadosti o povoleni trhacich praci na mistné pii-
slugny Obvodni bafisky dfad (OBU). Nasledn& OBU vydal rozhodnu-
ti o povoleni trhacich praci za dodrZeni podminek v ném uvedenych,
mezi které zapracoval rovnéZ pripominky dcastnikd fizeni. Nékteré
uvedené podminky mély omezujici dopad na planovany postup pra-
ci. Jednalo se zejména o omezeni maximalni nidloZe na jeden Casovy
stupeni na 2,4 kg a omezeni na provadéni trhacich praci pouze v den-
nich hodinich od 7:00 do 22:00 hod. V dusledku omezeni naloZe
na ¢asovy stupeil nebylo mozné provadét zabéry na délku vétsi nez
1,6 m, a to ani ve vystrojovaci tfidé 2 umoziujici zabér az 2,2 m.
Omezeni trhacich praci na denni dobu neumoznilo provadét vice nez
2 zabery za den. Dal§imi stanovenymi podminkami, které jiz nemély
nepiiznivy dopad na provadéni samotné razby, bylo doplnéni objektti
k pasportizaci a vodnich zdroji k monitorovani nad ramec projektem
predpokladané oblasti dosahu ucinkil trhacich praci (pasmo izoseis-
ty o rychlosti kmitani 5 mm/s). Redlné dosud zaznamenané hodnoty
seismickych tcinkt trhacich praci jsou pod 1/10 hodnoty varovné-
ho stavu. Rozpojovani horniny je provadéno pomoci trhavin Austin
Powder (Emulex 1, Emulex 2+ a Austrogel P) a Explosia (Perunit E).

Roznét je neelektricky prostfednictvim rozbuSek Shockstar TS.
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classes R3 to RS, locally even R6, were encountered during the course
of the excavation. The rock was heavily fractured with the foliation
dipping at ca 270-300° and unfavourable dipping of rack beds ca
40-45° off the excavation face. Sporadic undesirable slipping of
rock blocks from the unsupported excavation took place in the area
of geological faults. The rock strength increased with the growing
metres of excavation; the paragneiss encountered was moderately
weathered, gradually even fresh, with the strengths R4 to R3. From
chainage TM 183 to TM 302, hard compact rock represented by R2
strength class quartzite was encountered. From TM 102, blasting
was used for disintegration of rock. The excavation face at the top
heading at chainage TM 127.3 is presented in Fig. 6.
The tunnel was driven using a common set of equipment consisting
of the following machines:
e ATLAS COPCO BOOMER ROCKET L2C drill rig with an
adaptor for drilling for canopy tubes;
e LIEBHERR R 934 B Litronic and LIEBHERR R 944 C Litronic
excavators with accessories;
* DCI16/HL mobile mine access platform;
e Manitou MRT 1640 rotary telescopic manipulator ;
¢ VOLVO L180H articulated wheeled loader;
* MEYCO POTENZA mobile spraying machine;
e VOLVO A25D 6x6 TS, A25E 6x6 TS and CAT 725 articulated
dumpers;
e auxiliary machines: compressor INGERSOL, grouting pumps
for both cement and chemical grout.
The construction site is operational 24/7 in 2 work shifts.

Blasting operations

The set of input values for blasting operations was prepared in
a document of the same name as part of the final design and the
tender design. The values of the limit charge weight per delay
ranging from 2.4 to 8.0kg were set in this document for individual
NATM excavation support classes. These values were taken over and
incorporated into the general blasting design, which was attached to
the application for blasting permit submitted to the locally relevant
Regional Mining Authority (RMA). Subsequently, the RMA issued
the blasting permit containing conditions to be observed with
comments of parties to the proceedings incorporated in them. Some
of the conditions had a restricting influence on the planned rate of
excavation. Among them there was, for example, reduction in the
maximum charge limit for execution of blasting to 2.4kg per round
and restriction of blasting to be carried out only in the daytime from
7:00 am to 22:00 pm. As a result of the reduction of the charge per
round it was not possible to increase the excavation round length
more than to 1.6m, even not in excavation support class 2 allowing
for the round length up to 2.2m. The limitation of blasting operations
to the daytime did not allow the tunnellers to carry out more than
2 excavation rounds per day. Other prescribed conditions, which did
not have unfavourable influence on the excavation work, comprised
an addition of structures to be subjected to a condition survey and
water sources to be monitored over the scope of the assumed area
of the effect of blasting operations (isoseismal zone of Smm/s peak
particle velocity). The real, until now recorded, values of seismic
effects of blasting operations are lower than 1/10 of the value of the
warning state. Rock is disintegrated using explosives Austin Powder
(Emulex 1, Emulex 2+ and Austrogel P) and Explosia (Perunit E).
Shockstar TS non-electric detonators are used for priming.

Geotechnical monitoring

As described above in the abstract, monitoring is mentioned in this
paper only briefly with respect to the paper on GTM published in the
previous issue of TUNEL journal. Project monitoring is not part of
contractor’s task. It is provided by the project owner through another
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Geotechnicky monitoring

Jak jiz bylo uvedeno v abstraktu, vzhledem k publikovanému ¢lan-
ku o GTM v piedchozim Cisle Casopisu Tunel, je v tomto prispévku
monitoring zminén jen strucné. Stavebni objekt monitoringu neni
soucasti zakazky zhotovitele, ale zajistuje jej investor prostiednic-
tvim dodavatele SG Geotechnika a.s. Soucasti monitoringu je obvyk-
1y rozsah provadénych méfeni a sledovani: méteni deformaci priméar-
niho osténi (konvergencni méreni), extenzometricka méteni, méteni
zatizeni primarniho osténi (tenzometry), inklinometrickd mérent,
geodetické sledovani deformaci svaht stavebnich jam, dynamicka
a akustickd méfeni (iCinky trhacich praci), geodetické sledovani po-
vrchu (nivelace), hydrogeologicky monitoring, inZenyrskogeologic-
ké sledovani kvality horninového masivu, technicky dozor investora,
geodetickd dokumentace vyrubu kaloty (profilace), méfeni tvaru pri-
mérniho osténi (skenovani), pasportizace okolni zastavby. Vysledky
z GTM jsou vyhodnocovany na pravidelnych schiizkdch rady moni-
toringu (RAMO) konanych s 14denni Cetnosti a v pfipadé potieby
operativné. RAMO je sloZena ze zdstupcl investora, projektanta,
zhotovitele razeb a zhotovitele GTM, piipadné pfizvaného specia-
listy. Cilem je minimalizovat moznost vzniku mimoradnych situaci,
a pokud by nastaly, tak jejich rychlému a odbornému zvladnuti. Na
poradach RAMO jsou projedndvany a upravovany dil¢i nasazeni vy-
strojovacich prvka a doplitkovych opatieni v jednotlivych VT tak,
aby byla razba efektivni a ekonomickd. VSechny aktudlni vysledky
a dokumentace jsou dostupné vSem zainteresovanym uUcastnikiim
vystavby on-line v informac¢nim systému GTM BARAB.
ZAVER

Dosavadni zkuSenosti z vystavby tunelu Debore¢ potvrzuji dileZi-
tost kvalitni pfipravy zakéazky. Na strané zadavatele je to dostatecny
inZenyrskogeologicky prizkum, bezvadnd zadavaci dokumentace,
zajisténi legislativnich poZadavki, projednani realizace a souviseji-
cich dopadii se samospravou obci, dotéenymi organizacemi a vlast-
niky pozemku. Na stran€ zhotovitele, po ziskani zakazky, pak vCasné
zajisténi potrebnych povoleni, dohod, ndjemnich smluv a v dnesni
dobé i problematické zajisténi potiebnych kapacit (persondlnich,
strojnich i materidlovych) v daném Case.

V dobé tvorby tohoto pfispévku je vyraZzeno 60 % délky tunelu
a dosavadni vysledky jsou pfiznivé. Pomér skutecného zastoupe-
ni jednotlivych VT oproti progndze v projektu je posunut smérem
k leh¢im vystrojovacim tfiddm. Rovnéz chovani horninového masi-
vu prezentované méfenim deformaci na primarnim osténi je vyrazné
niZ8i oproti pfedpokladim. Kone¢né zhodnoceni bude mozZné aZ po
vyrazeni zbyvajici ¢asti a nisledném dokonceni celého tunelu, coz
by mélo probéhnout v 2. poloviné roku 2020.

Ing. TOMAS JUST, tjust@ohlzs.cz, OHL 78, a.s.
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contractor, SG Geotechnika a.s. Among others, the monitoring
comprises the following usual scope of measurements and
observations: measurements of deformations of the primary lining
(convergence measurement), extensometer measurements (strain
gauges), inclinometer measurements, monitoring of deformations
of slopes of construction pits by surveying methods, dynamic and
acoustic measurements (effects of blasting operations), monitoring
of terrain surface by surveying (levelling), hydrogeological monito-
ring, engineering geological monitoring of rock mass quality, client’s
technical supervision, survey documentation of the top heading
excavation (profiling), measurements of the primary lining contour
(scanning), condition surveying of buildings in the excavation vicinity.
GTM results are being assessed at regular meetings of the Monitoring
Board (MB) held with the frequency of 14 days or operatively if
necessary. The Monitoring Board consists of representatives of
the project owner, the contractor for tunnel excavation and the
contractor for the GTM, and, if necessary, a specialist invited to the
meeting. The objective is to minimise the possibility of development
of extraordinary events and, if they take place, to allow for quick
and professional coping with them. During the Monitoring Board
meetings, partial use of excavation support elements and application
of supplementary measures in individual excavation support classes
are discussed and modified so that the excavation is effective and
economic. All current results and documents are available on-line
to all interested construction parties in GTM BARAB information
system.

CONCLUSION

Previous experience from the construction of the Debore¢ tunnel
confirms the importance of good quality preparation of the works. On
the project owner side, it is sufficient engineering geological survey,
faultless tender design, meeting legislative requirements, timely
concluding negotiations about the realisation and relating impacts
with self-government of municipalities, affected organisations and
land owners. On the contractor’s side, after getting the order, it is
timely obtaining all permissions, agreements, lease agreements
and, today, even the problematic ensuring the required capacities
(personal, mechanical and material).

As of the moment of writing this paper, 60 per cent of the tunnel
length has been completed and the results obtained to date are
favourable. The proportion of the actual representation of individual
excavation support classes in comparison with the prognosis in the
design is shifted towards lighter classes. Also the rock mass behaviour
presented by the measurement of the primary lining deformations is
significantly easier in contrast to assumptions. The final assessing
will be possible only after the excavation of the remaining part is
finished and after the subsequent completion of the whole tunnel,
which should take place in the 2" half of 2020.
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